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SYNOPSIS

The hydraulic gates are moving equipm'cnfél installed in dams, barrages, hydropower
projects, re'sérvoir, canél etc. for regulatiﬂg ﬂow They are most important components
of any water resources projécts. They n‘eed specialized expertise in regard to selection,
plannihg and design, erection and maintenance. -Any deviation in satisfying, the
intended purposes can have- disturbing results, and sometimes may cause danger to the
entire project. Vertical lift gate and radial gate are frequently used in water resources
projects. These gates are designed as per guidelines given in various handbooks of
hydroelectric engineering, gates & valves and different Indian Stahdard Codes. These
are based on generally two-dimensional design approaches. However, in actual
practice, each structure behaves as a three-dimensional structure. Hence displacements
and stresses are developed in all three directions. The accurate scenery of displacement
(deflection) and stress in “different compohents of the gate, such as, ‘skin plate,
horizontal girder, vertical end girder, vertical stiffener and their joints, wheel etc. for
Vertical lift gate are relatively complex and' can be examined through three dimensional

analysis.

In this dissertation an attempt has been made to analyses the stresses and displacements
at vital parts with useful form Finite Element Model through ANSYS software. A
comparative study between .convcntlioﬁéf two-dimensional design and three-
dimensional FEM results has been made to find out the effectiveness of two-
dimensional design procedure. This study i§ limited to skin plate, horizontal girder,
vertical end girder, vertical stiffener, and wheel of an existing “Fixed Wheel Vertical
Lift Gate” fitted in Tailrace Channel of Dharésp Power House.

Two-dimensional and Three-dimensional Comparison Study shows that, gate can be
designed with confidence, reliably and cost effectively with FEM as a three-
dimensional structure because the three-dimensional results are more accurate than the
two-dimensional design results, which indicates that two-dimensional design procedure

is conservative.



LIST OF NOTATIONS

SINo. NOTATION -  DETAILS.
1. UX- ' Displacemént in X—_cﬁréction
2. UY Displacement in Y-direction
3. UZ Displacement in Z-direction
4. XROT ~ _ Rotation about X-direction
5.  YROT Rotation about Y-direction
6. ZROT Rotation about Z-direction
7. DOF Degrees of Freedom '
8. SX.or.o, Bending Stress in X-direction

9. SY.or.o, Bending Stress in Y-direction

10. SZ..or.o, Bending Stress in Z-direction

11, SXY ..or,.fxy Shear Stress in X%Y plﬁne
12. SYZ.or.t, Shear Stress in Y-Z plane

13.  SXZ..or.x, Shear Stressin X-Z plane

14. SF Shear Force

15. BM,orM Bending Moment

16. Iy Moment of Inertia about X-direction
17. 1, Moment of Inertia about Y-direction
18. I, Moment of Inertia about Z-direction
19. Z " Section Modulus

20. mm Millimeter

21. cm Centimeter

22. kg - Kilogram

23.  kg-cm Kilogram-Centimeter

24. t ‘Tonne, Thickness

25. E Young’s Modulus of Elasticity

26. v Poison’s Ratio

27. p Density

28. P Hydraulic Pressure

29. £ f Flexural or Bending.,St.ress it Top or Bottom fibre
30. Sc,fc Contact Stress or Cbmbined Stress
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CHAPTER - 1

BASIC CONCEPT OF VERTICAL LIFT GATE

1.1 INTRODUCTION

Construction of hydraulic structures like barrage, dam, weir etc. across rivers for
the purpose of flood control, irrigation, power generation, recreation etc. are very
common. The gates are used in these hydraulic structures-to control and regulate the

flow of water. They are also known as water regulating equipment.

Many type of gates are in successful bperation. However, few of these may be
suitable or economical for a specific situation. The tough job is to select and design the
most appropriate type and size of gate, which will meet the hydraulic, operational, site -
condition and economic requirement.’ The conditions like water head which couid be
low, medium or high, the locations like spillway, barrage, intake, navigation channels
etc., frequency and. mode of Operational requirement etc. are some of the basic

considerations for the selection and successful installation of gates.

The failure of a gate may cause serious hazard and terrible situations, which may
not only result in loss of life but may necessitate closing of project requiring high
~ expenditure in rehabilitation and replacement of damaged gates. Therefore, the gates
are the moSt important components on any water resoilrces project. So, it needs
specialization and expertise for selection, planning, designing, erection as well as

maintenance.

1.2 VERTICAL LIFT GATE

The vertical lift gates are rectangular in shape and supported by guides in which
gates move vertically in their own plane. The gates consist of a framework to which a
skin plate is attached. The skin plate is normally placed on the upstream face in order to
avoid accumulation of debris. The skin plate may also be placed on the downstream
face in case of intake gates on face of dam. The main load of water pressure is
transmitted through the framewqu to the piers. The hoisting mechanism of the gate

must be strong enough to withstand the weight of the gate and overcome the friction
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developed due to water pressure and movement of the gate. Different types of vertical

lift gate’s frame structures are shown in Fig.1.1.

Figure: 1.1 Types of framework of vertical lift gate (Grishin, MM)

(a) unitary; (b) sectionalized; (¢) double; (d) with flap.

To reduce the friction, various devices have been developed and fitted with the

gates and some structural development and modification are done on the track

(movement surfaces) which leads following sub-division of vertical lift gates.

i) Sliding type,

(ii) Fixed wheel type,
iii)  Stoney or Roller type, and
iv)  Caterpillar or Coaster type.

In this dissertation study is focused to fixed wheel type vertlcal lift gate, which

is commonly used now a days.

1.3 FIXED WHEEL VERTICAL LIFT GATE

The structural arrangement is SImllar in all vertical 11ft gates. A typical structural

arrangement of a fixed wheel vertical lift gate is shown in F1g 1.2 The main

components of this gate are:

1.

2
3.
4

Skin plate;

Horizontal stiffeners;

Vertical stiffeners;

Horizontal girders;

-
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SR Cross‘ties' (diaphragms);

6. ' Cross-bars; | -
7. Vertical end girders;
8. VWheels;
9.

, - Gilide rollers and
10.  Rubber seals.

Horizbntal girders are made in the -form of continuous beams. For opening up to
Sm I-beams are generally used but for wider openings, I-beams of composite sections
or fabrlcated beams may be used To reduce the width of the grooves, beams are
curtailed at ends to extend of 0.40 — 0. 65 of its height at the opening. Also spacing of
the beam is progresswely reduced from top to bottom as shown in fig.1.2 such that load

on each beam is almost equal,

] o e —

= (812-02004
2= (240~ 8I5IH

‘Figure: 1. 2 Fixed wheel vertical-lift gate (Grshin, MM)
() lateral arrangement; (b) longitudinal arrangement (cross ties are- continuous
-diaphragms); (c) cross-section and side view.
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Wheels are mounted on the vertic;;i‘l’ end girders of the gate leaf and move on the
tracks, which are anchored into the piers, and thus carry the water loads, transmitted

through the horizontal girders to the vertical end girders. -

s

On small low head gates, double flanged wheels are used to guide the gate leaf
while moving under loads. On the large size gates, separate guide.rollers and wheels
without flanges are used as shown in Fig.1.2. Different wheel arrangements are shown

below in Fig.1.3.

) TR

Figure: 1.3 Wheel support arrangement of VL gates (Grishin, MM) |

(a) Cantilever wheels; (b) between vertical end girders; (c) wheels joined by carriages.

In the earlier designs, cast iron wheels were used, but with the technological
advancement, surface hardened cast steel wheels and surface hardened tracks are being
used, which may carry loads as much as 150 tonnes per wheel. By the use of self
lubricated bronze bushing or anti-friction roller bearing in the wheels, the HdiSting _

capacity is reduced effectively.

Different sealing arrangements are sﬁdwn in fig.1.4.

Figure: 1.4 Crest gate seal arrangement (Grishin, MM)
(a), (b) bottom seal; (c), (d) side seal;

The. fixed wheel gates are frequently used in structures like medium and
moderately high head barrages, spillways, sluices and outlets, tunnel intakes etc. for the
advantages such as (a) Short length of piers, (b) Simplest in construction, (c) Easy of
erection, (d) Provide good sealing, (e) Large span can provide goo_(i navigation and (f)

Multi-tier gates reduce height of operation decks.
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Figure: 1.5 Fixed wheel vertical lift gate with multiple sections (Grishin, MM)

(a) view from head side; (b) side view.

For minimizing the size and capacity of transporting, handling and hoisting

. equipment and greater ease in shipment and erection, the following developments have

been made;

.o

The vertical lift.gatés can also bq'-:fi_ttéd with overflow sections, where limited
overflow is required. When Substantial overflow is required, a hook type gate is
used. ‘

I.arger vertical lift gatgs can be manufactured in sections with an articulated
joint between seétions. It is 6ften possible to mount four wheels on each section
to omit adjustment of wheels. For reducing high room of operation structure, the
gate can also be divided into two or more leaves moving independently either in
the same or separate grooves as shown in Fig.1.5. They are known as multi-tier
vertical llft gates being used in USA; Europe and also in India. Small floods,
floating debris or ice can pass over the upper leaf in its lowered position and

rising of the heavier lower leaf is _nbt required.

“In one leaf high head vertical lift gate, the large number of horizontal girders

can be omitted by the use of box girder type vertical lift gate.
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o For »reducing hoisting loads, most of the veftical lift gates are counterbalanced.
To prevent the counter weight from entering into water when the gate is lifted,
the counter weight is reeled 2:1, so that it travels on half the distance. This
results in an additional load on the supefstructure of the order of 2.7 times the

mass of the gate.

When the gates are fully closed and rest on sill the followiﬁg forces actonit.

i. Hydrostatic pressure; o

ii. Silt pressure; -

iil. Self-weight etc.

- When the gates are partially opened the following forces act on_it

i. Hydrostatic pressure; '

ii. Rope tension;

iii. Self-weight;

iv. Hydraulic down pull etc.

The loads are transferred from skin plate to vertical stiffener to horizontal girder
to vertical end girders and finally to tracks and piers through wheels. Due to the loads
deflections take place and therefore, stresses are developed in various parts of the gate.
Each side of the gate carries half of the total load acts on it. The joints of skin plate K
with vertical stiffeners and horizontal girders are expected high stress zone. Similarly
the joints between horizontal girders and vertical stiffeners as well as with vertical end
girders are also expected to be high stress zone. Generally the gate is designed as per
guidelines given in various handbooks of hydro-electric engineering, gates and valves
and IS: 4622: 1992, Indian Standard Fixed Wheel Vefti_cal-lift Gate’é Structural Design
Recommendations (2°. revision) etc. which are. based on _ two-dimensional
conventional approach. However these guidelines don’t spell in clear terms about the
stress conditions at the joints mentioned above. This can be visualized with the help of

three-dimensional analysis, which may confirm that the design is safe and economical.

1.4 SCOPE OF STUDY

In this dissertation an attempt has been made to study Stresses and Displacements
(deflection) in a Fixed Wheel Vertical-lift Gate's different components like skin plate,

horizontal girders, end girders, vertical stiffeners and wheel in two-dimensional as well
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as three-dimensional by the Finite Element Method when the gate rests on the sill.
Thls analysis is carrled out by the ANSYS-S 4 software which is based on FEM and to
compare the results of three- dlmensmnal analysis and two-dimensional analysis as well
as conventionally designed for establishing the effectiveness and utility of these
'.analyses ’
The fixed whccl vertical lift gate adopted for this study is installed at the tailrace
channel of Dharasu Power House India. One gate is splitted into two equal parts as
-shown in Fig.1.6. Also the system of units adopted is kg for force instead of Newton

because of prevailing procedures in Bangladesh.

The design of th1s gate is based on following IS codes:
i IS-— 4622 — 1992: Indian Standard Fixed Wheel Vertical-lift Gates Structural
Design Recommendations.
ii. IS- 226 — 1975: Specification of structural steel standard quality.
ii. IS —2062 — 1982: Specification for structural steel for fusion welding quality.
iv. IS—823- 1964 Code of practice for manual metal arc welding of mild steel.
v. IS-318- 1981 Specification for leaded tin bronze ingots and castings.
vi. IS-1030-1982. Carbon steel casting for general engineering purposes.
vii. IS-1570 (pért V): 1985 Schedule for wrought steels for general engineering

purposes

1.5 ARRANGEMENT OF DISSERTATION

This dlssertatlon consists of six chapters.
Chapter — 1: covers concept of vertical lift gate.
Chapter — 2: contains basic concept of finite element method.
Chapter — 3: contains design data, hydraulic loads, design considerations, design
criteria for skm plate vertical stiffeners, horizontal girders, wheel and summary
of conventlonal results of the fixed wheel vertical Jift gate. Details of design |
: calculatlon for static condltlon is appended in APPENDIX — A.
Chapter - 4: contains basic FEM Model of vertical lift gate and wheel by
ANSYS 5.4 program. | |
- Chapter — 5:'contains ANSY'S analyses results and summary of comparison with
conventional two-dimensional design results.

Chapfer — 6: contains conclusion, suggestion and scope of further study.
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Figure: 1.6 FW Vertical-Lift Gate at Tailrace Channel of Dharasu Power House.

1-8



o CHAPTER - 2
BASIC CONCEPT OF FINITE ELEMENT METHOD

2.1 INTRODUCTION
The finite element method has déveloped simultaneously with the increasing use of

high-speed electronic digital computers.

In brief, the basis of the finite element method is the representation of a structure (say
a gate) by an assemblage of subdivisions called finite elements. These elements are
considered interconnected at joints, which afé calléd nodes. Simple functions (usually,
‘polynomials) are chosen fo approximate the dlstnbutlon of the actual displacements over
each finite element. These functlons ate called displacement functions. The dlsplacement
functions are expressible in terms of the dlsplac;ments at the nodal points. The final
solution yields the approximaté displacements at discrete locations i.e. nodal points in the
body. '

A vanatlonal prmc1ple of mechamcs such as the principle of minimum potential
energy, is usually employed to obtam the set of equ111br1um equations for each element.
The - equilibrium equations for the entire body are then obtained by combining the
equations for individual elements in such a way that continuity of displacements is
preserved at the interconnected nodes. These equations are modified for the given
displacement boundary conditions and then solve to obtain the unknown displacements. By
using these displacements, the strains and stresses are computed. This method provides

approximate, but acceptable solutions.

IS

2.2 SUMMARY OF THE FEM ANALYSIS PROCEDURE

' The sequence of steps as stated below describes the actual solution process that is
followed in setting up and solving any equilibrium structural problem in FEM. These steps

are.
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2.2.1 Discretization Of The Continuum

The continuum is the physical body or structure (say, gate) beihg analyzed.
Discretization may be simply described as the process in _whicﬁ the given body is
subdivided into an equivalent system of finite elements. Different type elements are used
for different continuums. Line or bar shape (beam) elements are used for representing
beam like structure in two-dimensional and three-dimensional; shell elements are used for
plates in two-dimehsional and three-dimensional; triangular, rectangular or quadrilateral
shape solid elements are used in two-dimensional solid model and tetrahedron, rectangﬁlar
prism or arbitrary hexahedron shape sclid elements are used in three-dimensional solid
model. One must decide, what type, size and arrangements of the finite elements will give

an effective representation of a given continuum for a particular problen considered.

For choosing element size a general guideline is that, where stress or strain
gradients are expected to be comparatively flat i.e. the variation is not fast, coarse mesh
may be used for reducing the computation effort and where stress or stain gradients are
expected to be relatively steeper fine mesh should be used to get more accurate results.
Thcoretlcally speaking, to get an exact solution the requlred number of nodal points is

infinite. So, a compromise has to be made between computatin effort and accuracy

2.2.2. Selection Of The Interpolatfbn Or Displacement Funt:tion

The assumed displacement functions repfeseﬁt only approximately the actual or
exact distribution of the displacements. ﬁ"o ensure convergence to the correct results, the
displacement function should be able to represent the true displacement distribution as
closely as possible. | |

There are three interrelated factors, which inﬂucnce the selection of a displacement

function.

First, the type and degree of the displacement function must be chosen V(Since, ﬁsually, a
polynomial is chosen; only the degree of the polynomial is open to decision.).
As for example, for a 3 nodded triangular element the linear polynomial of degree

one as stated below



- CONCEPT OF FEM

$p=a +a,x+a,y. §))

is appropriate.

Where a1, a,, a3 are constants which can be expressed in terms of¢ at these nodes.

For a 4 nodded quadrilateral a polynomial of degree two as stated below

¢ = a1 +az X +azy + axy (ii)

is appropriate.

An 8-nodded quadrilateral has 8 a; in its polynomial expansion and can represent a

parabolic function.

Second, the particular (nodal points) displacement magnitudes that describe the function

must be selected.

Third, the function should satisfy convergence criteria, which ensure that the numerical

results approach the correct solution. These criteria are:

Criterion 1: The displacement functions should be so chosen such that it must be

- continuous within the element and must be compatible with the adjacent

Criterion 2:

elements.

‘'The first part is automatically satisfied if displacement functions are

polynOmials The second part implies that the adjacent elements must deform
without causmg openings, . overlaps or discontinuities between them. This can
be satlsfled if dlsplacements along the side of an element depend only upon
dlsplacements of the nodes occurrmg on that side. Since the displacements of
nodes on the common boundary will be same, displacement for boundary line

for both elements will be identical.

The displacement functions must include the rigid body displacements of the
element.

Basically this condition states that, there should exist such combinations of

- values of coeff1c1ents in displacement function that cause all points in the

elements to experience the same displacement.
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Criterion 3: The displacement functions must include the constant strain states of
elements. This means fﬁat, there should exist such vcombipation_saof values of
the coefficients in the displacement function that' cause all pdints on the
element to experience the same strain, The necessity of this requirement can
be understood if we imagine that the continuum is divided into infinitesimally
small elements. In such a case the strains in each element approach constant
values all over the element.‘ The temms a3 and ag in the following equations -

u(x)=a, +a,x +a,y

v(y)=a, +a.x+ay o - (33)

~ provide for uniform strain in x and.y directions.

The elements, which-meet first criterion, are called compatible or conforming. The
elements, which meet second and third criteria, are called complete. For plain strain and
plain stress and three-dimensional elasticity the three conditions mentioned above are

easily satisfied by linear polynomials.

2.2,3. Derivation Of The Element Stiffness Mairix

The stiffness matrix consists of the coefficients of the equilibrium equations
derived from the material properties ([D}elasticity matrix) and geometric propertiés (B}
strain matrix) of an element (i.e. stiffness matrix K] rﬁB]T[D][B]dV) and obtained by the

use of the principle of minimum potential energy.

The stiffness matrix relates the displacements at the nodal points to the applied
forces at the nodal points. The distributed loads/forces applied to the structure are
converted into equivalent concentrated forces at the nodes. The equilibriulﬁ relation
between stiffness matrix [K, nodal force vector {F}°, and the nodal displacement vector
{8}°, is expressed as a set of simultaneous linear algebraic equations as

[K]*{8}° ={F} |
The stiffness matrix for an element depends upon:
i.  The displacement functibn; _
ii.  The geometry of the element, and

iii.  The local material properties (Young’s modulus E andPoisson’s ratio . ).

2-4
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The local material propeiﬁee~. a§ stdted above are ome of the factors, which
determine st'iffn'ess‘ matrix. For an elastic isotropic body, Modulus of Elasticity (E) and
P01sson s Ratio (v) dcﬁne the local material propertles The stiffness matrix is essentially a

‘ symmetric matrix, which follows from the prmc1p1e of stationary potential energy, that “In
an elastic structure work done_ by internal forces is equal in magnitude to the change in
strain energy”. And also from Maxwell Betti reciprocal theorem which states that: “If two
set of loads {F}; and {F}, act on a structure, work done by the first set in acting through
‘displacements caused by the second set is equal to the work done by second set in acting

through displacements caused by first set.

2.2.4. Assembly. Of The Algebraic Equatlons For The Overall Discretized
Continuum
This process includes the assembly of the overall or global stiffness matrix for the
‘entire body from the individual element stiffness matrices, and the global force or lad
3 vector from the element nodal force vectors.
* The most common assembly techmque is known as the “direct stiffness method ”
In general, the basis for an assembly method is that the displacement at a node to be the
same for all elements adjacent to that node: The overall equilibrium relation between the
total stiffness matrix [K]-, the total load vector {F} and the nodal displacement vector for
the entire body {8} will again be expressed as a set of simultaneous equations.
[KI{8}={F};
‘The global stiffness matrix [K] will be banded and also symmetric of size n x n;
where, n = total number of nodal degrees of fréedom in the entire body.
The steps involved in generation of global stiffness matrix are:
i.  All elements of global stiffness matrix [K] are assumed to be equal to zero;
ii. - Individual element stiffness matrices [K] are determined successively;
iii. Thé element k; of element stiffness matrix are directed to the address of
element Kj; of global stiffness matrix which means
Kyj=Zky;
Sumlarly nodal load {F;}* at a node ‘i’ of an element ‘e’ is directed to the address

of {F;} of total load vector i.e.
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{F} == {F}*

Then these equations can be solyed. after appropriate modification by imposing the
geometric boundary conditions. A geometric boundary condition arises from the fact that

displacements may be prescribed at the boundaries or edges of the body or structure.

Nodal Degrees of Freedom: The nodal displacements and rotations are necessary to
specify deformation of the finite elements  completly, are called degrees of freedom
(DOF) of elements. b ' |

Nodal Forces and Loads: Generally when subdividing a structure we select nodal
16cations that coincide with the locations of the concentrated external forces. In case of
distributed loading over the body such as wate.r pressure on dam or the gravity forces the
loads acting over an element are distributed to.'the nodes of that element by principle of
minimum potential energy. If the body forces are due to gravity only thén they are equally

distributed among the nodes of each element. N

Boundary Conditions: A problem in solid mechanics is not completely specified unless
boundary conditions are prescribed. Boundary conditions arise from thé fact that a;‘ certain .
poihts or near the edges,. the displacementé are prescribed. The physical significance of this
is that a loaded body or a structure is free to experience unlimited figid body motion unless
some supports or kinematics constraints are impbsed that will ensure the equilibrium of the
loads. These constraints are called boundary conditions. There are two basic types of
boundary conditions, geometric and natural. One of the principal advantageév of Finite
Element Method is, we need to speéify only geometric boundary conditions, and the
natural boundéry conditions are implicitly satisfied in the solution procedure as long as we
employ a suitable valid variational principle. In other numerical methods, solutions are to
be obtained by trial and error method to satisfy boundary co;lditioﬁs whereas in Finite
Element Method boundary conditions are inserted prior to solving algebraic equations and

~

the solution is obtained directly without requiring any trial.
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2.2.5. Solutions For The Unknown Displacements
The assembled algebraic equations are solved for the unknown displacements. In
linear equilibrium problems, this is a relatively straightforward application of the matrix
| algebra techniques i.e. solved for {8} wherein [K] and {F} are already determined. The
equations can be solved either by iterative or- elimination procedure. Once the nodal
displacemerrfs are foond, then element strains or stresses can be easily found from
generalized Hook’s law for a linear isotropic material However, for non-linear problems,
the desued solutlons are obtained by a sequence of steps, each stp involving the

mod1f1cat10n of the snffness matrix and /or load vector.

~

' 2.2.6. Computatton Of The Element Strams And Stresses From The Nodal
Displacements
For certain cases, 'thé magnitudes of the primary unknowns- i.e. the nodal
displacementé will be all to meet the requirement for an engineering solution. However,
strains and stresses can be derived and computed from the nodal displacements as follows:
* Strain vector {e}=[B].{d}";
Stress vector {6}=[D].{e};

2.3 MATHEMATICAL MODEL OF FEM ‘

2.3.1 | General

" Most Engineers and Scientists studying physical phenomena are involved with two
major tasks: '
i.  Mathematical formulation of the physical process;

ii. ~ Numérical analysis of the mathematical model;

Development of " the mathematical model of a process is achieved through
assumptlons concerning how the process’ works. In a numerical simulation, we use a
numerical method and a computer to evaluate the mathematical model. While the

“derivation of the g:overning equations for most problems is not onduly difficult, their

2-7
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solution by exact methods of analysis is a formidable task. In such cases, approximate
methods of analysis provide. alternative means of finding solution. Among this finite

element method is most frequently used.

Finite element method has the following three basic fedures:
i. A geometrically complex domain of the problem is represented as a
collection of geometrically simple sub domains called finite elements.
il Over each element the approximation functions are derived using the basic
idea that any continuous function can be represented by a linear
combination of algebraic polynomials.
iii.  Algebraic relations among the undetermined coefficients (i-e. nodal values)

are obtained by satisfying the governing equations over each element.

The approximation functions are derived using concepts from interpolation theory
and are called interpolation functions. The degree of interpolation functions depends on the

number of nodes in the element and the order of differential equation l;eing solved.

2.3.2 Interpolation Function

The finite element approximation U”(x,y)of u(x,y) over an element Q° must

satisfy the following conditions in order fof the apprOXimate solution to be convergent to
the true one. “
i U° must be differentiable.
ii. The polynomials used to represent U° must be complete (i.e. all terms
beginning with a constant term up to the highest order used in the
polynomial, should be included in Uf). |

iii.  All terms in the polynomial should be linearly independent.

The number of linearly independent terms in the representation of U’ dictates the

shape and number of nodes in the element.
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2.3.3. Displacement Function
For a typical finite element ‘e’ defined by nodes i,k etc. the displacements {f}

within the element are expressed as:

A =[N]{8}° 2.1)
Where  [N]=[Ni Nj Np..]
And’ {8)°={& & Om..} 2.2)

The components of [N] are in general functions of position and {8}" represents a

listing of nodal displacements for a particular element.

For the three dimensional element

I T3 - | 2.3)

w

represents the displacements in x,y and z directions at a point within the element and

- | | | .‘ )
{5.'}_: Vi - _ : (2.4) '
w, '

i

are the corresponding displacements of node i.

[Ni] is equal to [IN] where N; is the shape funetion of node i and I is an identity matrix.

2.34. Strains
With displacements known at all points within the element, the strains at any point
can be determined. Six strain components are relevant in three-dimensional analysis and

the strain vector can be expressed as:
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ou
0x
|9
S 3y |
Ez aZ K . '
§}= <'€ L= J ou v L | ' (25)
Xy —_—
€, dy ox
e,| |,
S 0z dy
ow du
ow—— + —
[dx - 0z ]

which can be further written as:

 G-BbY -bes. by e

in which [B;] is the strain displacement matrix.

[B;] is given by

B 0]

ox ' '

A

dy
A |
Z L v

Bl oy, @n

B S S ¢

ay ox

o A AN,

‘ 0z  dy

Wy W,

| 0z ox

with other sub matrices obtained in a similar manner simply by interchange of
subscripts. |

For isoparametric elements

x= 2Ni'xi’y =2 N.y;,z= EN.'Z;'

2-10
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zN,u,,v ZN, ,,w=2Niwi (2.8)

the summation being over total number of nodes in an element. Because the displacement
model is formulated in terms of the natural coordinates E, 1 and ¢ and it is necessary to

related Eq. (2.7) to the derivatives with réSpect to these local coordinates.

The natural coordinatest, M and ¢ are functions of global coordinates x,y, z. Using
the chain rule of partial differentiation we can write: |

oN; aN 6x+6N ay 6N 0z

2.9)
9 ox 0E oy as oz 0F

Performing the same differentiation with respect to the other two coordinates and

writing in matrix form:
(oN, m{ By 8z |[aN,) (N, )
K3 & 35 35 (| ox ax
AN IR A Y SA/ iy Kl (2.10)
on[ Jom am om[lay | "oy | ' -
oaN;| |[dx a8y az [|oN, oN,
BRI G

where [J] is given by:

CRCRCR

|95 9F .9

ox  dy 0z
Jl=l= = = 2.11
VS o (2.11)

» w

198 9L oL |

The matrix [J] is called the Jacobian matrix. The global derivatives can be found by

inverting [J] as follows:

2-11
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CANNCA
ox 35.. .
aN, .| oN, ' .

{—t=J {1 2.12
el o (212)
N, | N, |.

[ 9z ] &l

Substituting Eq. (2.8) into Eq. (2.11) the Jacobian matrix is given by

DR/ R
E6§xi Eagy,' 2652"
oN, AN, . «oN, ' |

TJl= skl Y iy, =i, : : .
D I s D e (2.132)
| oN, oN, S 0N,

_EE% 2 ot Yi E ot Zi-

N, W, ] [x% onom]

T s I M
-1 % s Y B (2.13b)

on on . . .

L A

T e

2.3.5. Stresses -

The stresses are related to the strains as:

vl=plg-E o) ; e

~ Where,
[D] is an elasticity matrix containing the appropriate material properties.
JEO} is the initial strain vector.
{0} is the stress vector given by
{a}= x,ay,az,axy,a_yz,oa}' and

{0, }is the initial stress vector.

2-12
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For linear elastic, isotropic material the elasticity matrix is given by:

A 0 0 ©
v 1-v v 0 0 0
v v 1-v 0 0 0 ‘
: . o ~1-2v o
E 0 0 0 - 0 0
Dl= 2.15
[] i1+yil—2vi . 2 Loy - _ 2.15)
» o, 0 0 0o =¥ o
- ._ 2
0o 0o 0.0 o X

2
where, E is the Young’s modulus of eIastii:ity and v is the Poisson’s ratio of the
material of the element. . | |
2.3.6. Stiffness Matrix
' - The stiffness matrix of the element is given by the following relation -
- FF-IkTey | (2.16)
where {F }‘ ‘js the element nodal load vector, {6}'z= nodal displacement vector and

[KT the element stiffness matrix given by:

K1-f fEIDEY  ew

.where V refers to the volume of the element.

~ The equivalent nodal forces are obtained as

i) Forces due to pressure distribution {px > Py pz}' per unit area given by:

el , :
¥l- fIv] {pJia _ | (2.18)
For the complete structure relation of the form given below is obtained

{}o}-{F}

. where {6} is the vector of global displacements, {F} the load vector and [K] the

© stiffness matrix.
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The global stiffness matrix [K] is obta.ined by directly adding the individqal
stiffness coefficients in the global stiffness matrix. Similarly the globail load vector for the
system is also obtained by adding individual element loads at the appropriate locations in
the global vector;

The mathematical statement of the assembly procedure is:

[K}= 2;1)3-1 [K

Fl=EEFY . @19
- where E is the total number of elements.

To transform the variable and the régiqn.with respect to which the integration is
made the rélationship. |
dA = dxdy = det[J HEdn -, - - (2:20)
dV = dxdydz = det[J |d&dnd{
is used.
Writing explicitly
H4
[ dxdy=[f detls |z dn (2.21)
5%
and the characteristic element stiffne_ss matrix can be exp'fessed as

K] -BTDIT selrkeon  em

-1-1

A 2 x 2 x 2 integration has been used for the three dimensional analysis.
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CHAPTER -3

CONVENTIONAL DESIGN OF VL GATE

3.1 INTRODUCTION

The conventionally the fixed wheel vertical-lift gates are designed on the basis
of guidelines given in various handbooks of hydro-electric engineering, gates & valves
and IS: 4622: Indian Standard Fixed Wheel Vertical-lift Gates Structural Design
Recommendati_ons.'Normally the skin plate is fitted on the upstream side of the
frameworks and it ‘can, be fitted on the downstream side also when advantageous as the
case of under study. The skin plate is supported by suitably spaced stiffeners either
vertical or horizontal or both. If horizontal stiffeners are used, these are supported by
suitably spéced vertical stiffeners, which are connected to horizontal girders
transferring tpé? lbz‘icl to the two vertieal end girders. The wheels are fitted to the vertical

end girders and ultimately loads are transferring'te wheel tracks & piers.

The gate under study is consisting of three horizontal girders, two vertical end

girders, twelve vertical stiffeners and four wheels two on each side.

3.2 DESIGN CRITERIA
3.2.1 Mam Components Of The Gate
i Skin plate
ii.  Vertical stiffener;
iii.  Horizontal girder;
v, Vertical end girder;
v.  Wheel;
© VI Wlleel axle;
vii.  Track and

viii.  Seal.

322 Deslgn of Skin Plate
| The skm plate and stiffeners are de51gned together in a composite manner. The -
skin plate is desxgned for either of the fol]owmg two conditions unless more precise

methods are available:
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a)  Inbending across the stiffeners or horizontal girders as applicable, or

b)  As panels in accordance with the procedure and support conditions given
in Annex C. of IS 4622. Sy

g
The maximum bending moment can bé found only after knowing the number of

horizontal girder and their location.

Number of horizontal girders is decided on economics. If the number of
horizontal girders increases thickness of skin plate decreases as such cost of horizontal

girder increases and skin plate decreases, and vice-versa as shown in graph.3.1.

| Cost of Skin plate

Cost of horizontal Girder

Total cost. of H:
Girder & Skin Pl

- Optimum no. of
horizontal Girder

—» Cost

———» No. of Horizontal Girder-

Graph: 3.1 .
The number of girders depends onthe total height of the gate but to be kept as

minimum as possible to simplify fabrication and erection and to facilitate maintenance.

The spacing of horizontal girders is based on the criteria that, load on all
girders is equal for economic reasons. If all girders carry equal load then cross section
of each girder throughout the gate height will be same and-ea‘sy of construction. The .
spacing of girders for equal loading can be found by:

1.  Analytical method;
i1.  Graphical method, or

iii. By trial and error.

Analytically for surface gate, on the basis of equal loading, spacing of the

horizontal girders is given by the following formula as shown in Fig.3.1.

_2a % / '
d 3\/;7 —(r-172 | . BD
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“Where, =~ "
d = distance of C/L of‘horiz_bntal girders from the top of the gate in m or cm;
H = total head of water in m or cm;
n= nrn_nber of horizontal girders;

. 1= sequence no. of the horizontal girders (1, 2, ------ n)

© WATER SURFACE

—

Figure: 3.1 Spacing of horizontal ;"girders.
The analytical method can also be-used for intake (submerged) gates with slite

‘ modlficatlon on the basis of equal loading. The fmal formulation is given as below.

,,,,,,, . y
, {r(Hz—H,2)+H,2} e -
d —?nx " H? ...an -\ T (32)

- Where,
dr = distance of C/L of horizontal girders from the top of water level in m or ém;
H = depth of water at the bottom of the gate in m or cm;
H, = depth of water at the top of the gate in m or cm;
n = number of horizontal girders;

r = sequence no. of the horizontal girders (1, 2, ------ 1)

: Graphlcally, for barrage gates the problem of girder spacing can also be solved as
follows given by Leliavsky. Let a b ¢ in Fig.3.2 be the triangle representing the water
pressure applied to the gate. Draw a semicircle with a b as diameter. Then divide a b
into equal intervals a aj, a; a5 ... ... of the number of girders to be used. Through the
points aj, az,. .....draw a set of parallcl lines at right angles to a b and mark the
intersections of these iines with semicircle as by, by, ... ... Draw arcs with centre at
point a through_.ﬂiq»poir]ts bi, by, ... ... which cut a b at_points ¢, ¢, yield the

positions of the horizontal lines ¢; di, ¢, do, .... dividing the area of the basic triangle

3.3
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in equal parts. Find the centroid of the areas a ¢; dy, d; ¢; ¢ dz, ...and space the girders

accordingly. o

Figure: 3.2 Spacing of girders ona barrége gate (Graphically).

The graphical method is also appli_cabié to two-tier and intake gates as shown in
Fig. 3.3 where opening requirements are such that: - |
a) top girder of top tier is subjected to repeated impaét. :
b) same is true for: _ '
| i.  top girder of lower tier,
ii. bottom girder of top tie/_r_f.- ©
In this case the top tier girders spacing‘is done as follows:
Divide the hypotenuse of wate‘r'pressure triangle into 2ny +1 equal parts.
Where, n; = numbef of intermediate girders in top tier = n; — 2,
1n; = riumber of gifd_é}'s in top tier:
Similarly, for the bottom tier, numbér of division = 2ny; +2;
~ Where, ny; = number of intermediate girders in bottom tier = n, — 2,

np, = number of girders in bottom tier.

Fo | O,
hy \ o b

o

.c p 7 ) b

Figure: 3.3 Spacing of girders on an intake gate (Graphically).
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A trial' and error method:daﬁ also- be applied for spacing of girders. All the
girders are of samesec;ti()n but the top and bottom girders each are supposed to carry
‘half the load. While the top girder is ﬂuéhgd__ with the gate, the bottom girder is placed a

little above the bottom in order that the bottom sealing is properly fixed.

Once horizdntal gir&crs are located to carry almost equal load, the skin plate can
be designed on bending either across the horizontal girders or vertical stiffeners.

Now, with reference to IS 4622: 1992, page 12, fig. 5, Annex-C, Clause
5.2.3(a). We have the following equation for stresses in skin plate. (Note: symbols of

stress & thickness have been changed).

S = bending stress in flat plate in N/mm? or kg/crhz;
K = non-dimensional factor depends on the values of a & b;
P = water pressure in N/.mnAl2 or kg/ cm? (relative to the plate centre);
a, b = bay width in mm or cm as shown in ref. and
t= élate thickness in mm or cm.
The values of ‘K’ are given with due consideration to biaxial bending in
contrast to simple bending of plates. Once stresses are found, they are converted into

equivalent stress as follows: -

e L TR — (3.4)
Where, |
S. = combined or‘equivjalent stress in N/mm” or kg/cm’;
S, = stressés in X’ direction in N/mm? or kg/cm?;
Sy= stresses in “Y” direction in N/mm? or kg/cm?;
~ S; = shear stresses in N/mm? or kg/cm®;
" In the above equation due consideration is to be given to proper sign of stresses
i.e. compression or tension. Finally Sc < Spermissivle - The values of permissible stresses
are giveh in the IS in-terms of Syp. In case of skin plate design Ss is neglected. In

considering the thickness of skin plate, due consideration is also given to corrosion
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allowance. Minimum corrosion allowance is 1.5 mm. The minimum thickness of the

skin plate shall not be less than 8 mm, exclusive of corrosion allowance.

3.2.3 Design Of (Vertical) Stiffeners
The vertical stiffeners are designed, as'sijnp‘ly supported beam on horizontal
girders as shown in Fig. 3.4. o

W udl .

R v v —

Figure : 3.4

~ Maximum Bending Moment, M’:W).(L2 /8 in kg-cm;
Where, ,' | .
udl W=Pb inkg/em;
P = water pressure in kg]émz;
B = spacing of vertical stiffeners in cm;

L = spacing of horizontal girders in cm. - -

Flexural or fibre stress is given by the following formula.

where, B
y = distance of the fii;fé from the neutral axis in cm;
I = moment of inertia about neutral axis m cm”;
Z =1/y, section modulus of .the'—sectio‘n in cm®.
For taking into account the section, due consideration is to be given on coacting -
width of skin plate.
Coacting width can be found; as per ANNEX— 'D' page 15 of IS 4'6"22:‘1992.and
also page 4, art. 5.2.4, coacting widths are given by:
iy 40t+B; _
Where, t = thickness of skin plate, and

B = width of stiffener flange in contact with the skin plate;

3-6
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ii)  0.11 span;
i) . Cenfre.' to centre of stiffencrs or girders;

The least of the above values shall be considered as coacting width.

3.24 Design Of Horizontal Girder

Number of horizontal girders, spacing or location is already mgntioned in the
section of design of skin plate. The horizontal girders are d;,signed as simply supported
beam on bending as shown in Fig. 3.5. W udl

(2 ¥ ’£+' 3,

P | y
'__—ptl l{ ——— Licaa - bl T
Rp - pl Ro

Lsup'or_t

A Figure : 3.5 °
Where, g

P = water pressure 1n kg/cm?’;
B = Width of water pressure on beam in cm;
Then Water load per unit length (udl), W =PxB in kg/cm;
Licad = C/C of vertical seals, load span on beam in cm;
Lsupport= C/C of wheels, support span of the beam in cm;

Reaction force on each support in kg; R,=Rqg = Wxiload/2;

1 = Offset of load from point P in cm;

X= Dis'tance of-any point in X direction from point P in cm;

: 'So,' B.M at a distance X in kg-cm, M = Rp.x —{W.(x-1)*2};
And max. BM in kg-cm, Mumex=Rp.Liupport/2 — {W(Lsuppors/2 = 1)* /2};

Flexural or fibre stress is given by the following formula.

where,
y = distance of the fibre from the neutral axis in cm;

I = moment of inertia about neutral axis in crn4

Z= I/y, section modulus of the sectlon in cm’.
For takmg into account the section, due cons1derat1qn is to be given on coacting

width of skin plate as described in the above section.

3-7
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Horizontal girders are made in the form of cbntiﬁuous beams. For opening up to
5 m I-beams are generally used and for wider openings Ibeams of composite sections
or fabricated beams may be used. Tq redflc.é'the width of the grooves, beams heights at
the ends are curtailed to extend of 0.40 — 0.65 of its height as shown in Fig: 1.2 because

of lesser bending moment but are checked for end shear force.

- Maximum deflection of the gate-under normal conditions of loading is limited
to 1/800 of the span. However, in case of gates with upstream top seals, the maximum
-deflection of the gate leaf at the top seal should not be more than 80% of the initial

interference of the seal.

The actual deflection can be found from the following formula:
5 wLt
actual = 5 4 x
384 EI
Where, W = load per unit length in Kg/cm;

“""""“"'""“'"""'"""".""'." (3.6)

L = supporting span of the girder;
E = modulus of elasticity of the materials in kg/cm® and

I = moment of inertia of the section in cm®.

3.2.5 Design Of Vertical End Girder

Load comes on vertical end girders from the horizontal girders and supported on
wheels as shown in Fig: 1.2 and 1.3. Design is carried out as cbntinuous_ beam by using
any of the methods used for analytical anal_yéis of statistically indeterminéte structures
viz. theorem of 3 moments or, moment d_iétribuﬁon methods in bénding,i such that

maximum bending stress,

S = ———M}““" xY < S

bending —

o

permissible

Then it is checked for shear as well as bearihg’ stresses.
Also design is to be checked for: .
i.  Normal operating conditions (when all the wheel touches the track) and

ii. Emergency operating conditions (when one of the wheels is off the track).

For 2™ conditions, permissible stresses are increased by 33% (as per IS clause-
6.2). However, before designing of vertical end girders, location of the wheels and

tread width of the wheels and pin diameter has to be known.

3-8
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The location of the -wheéls is decided by the following design criteria:
a) All wheels sho'u.ld carry ‘éaﬁal loads and their physical similarity in
* wheel diameter etc. can be assumed; ‘

b) Wheel pin should not interfere the horizontal girder.
In most cases wheels are conventiohally located symmetrically on both sides of
the horizontal girders. In some cases, the vertical end girders comprise of a flexible

arrangement where the girder is discontinuous between adjoining wheel pairs such that

the structure is statically determinate.

3.2.6 Design Of Wheel

The wheel capacity can be calculated on the basis of the stress in the tread. The
product of wheel ‘diameter and net tread“width, which can be determined by the
following formula, gives the req’ﬁired projected area:

Critical stress (kg/cmz)' on the projected area, Sc= 1.72 BHN — 154.93;

~ Allowable critical stress, S,c= SJsf, (sf =safety factor, 2 — 3);
Projeétéd' area of the wheel = wheel load/allowable critical stress
ie. Apa =Duxly =P /S;c; _

For an assumed suitable wheel diamgter, net tread width can be found or vice

versa. Then, wheel to be checked for contact stress. For line contact, contact stress

between wheel and track shall be calculated in accordance with the following formula:

: {PE
fo=0418 |— ~---m-mmmmm oo (3.7
o rl : .

where,
f, = contact stress in N/mm? or kg/cmz;
P = wheel load in N or kg;
E = modulus of elasticity of material in N/mm? or kg/cm?;
r = radius of wheel in mm or cm and

1 = tread width of wheel in mm or cm.

The permissible contact stress (as pér IS: 4622, 1992, page-18) at the surface of
the wheel is given by- ‘ :
foe= 1.4 UTS;
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3.2.7 Design Of Wheel Axle (Shaft)
Usually wheel axle is design as{"'s'imply supported beam in bending as follow:

M =
max
Sbending - I xY < Spermissible

where,
Sbending = bending stress in kg/cm® -

Mpax = maximum bending moment in kg-cm;
L nd
for shaft, moment of inertia, I =7 /6 4 in cm*;

D = diameter of the shaft in crﬁ; '
Y =D/2; and o
Spermissivle = permissible benc'liﬁé streés in kg/cm?;
Permissible bending stress, Sy, = U’fS/S; and
Permissible shear stress, Sps = 0.6 Spp; |

Then, it is checked for shear.

3.3 DESIGN CONSIDERATIONS OF THE VL GATE UNDER
STUDY S | o

Conventional design calculations are appended in Appendix —A. However,

summary of the approach and results is given below for convenience.

3.3.1 Design Data (Given and Assumed)

The gate is divided into two equal parts to facilitate transportation and at the
time of errection two pars is joined together by plate (in both sides) with rubber seal,
bolts & nuts Each gate is provided with two wheels on either side and are positioned in
such a way that they share the water load almost equally. Calculations have been done

for bottom most gate unit and the same is used for the top part too.

i.  Type of gate: Fixed wheel vertical lift gate;
ii.  Clear opening (height & span): 390 x 675 cm; |
- iii.  Actual size of gate (height & span): 410 x 758 cm;
iv.  Split size of gate (height & span): 205 x 758 cm;
v. Design Head of water: 1640 cm;
vi.  Design water pressure, P: 1.64 kg/cm?;

3-10



vii.

viii.

Xi.
Xii.

Xiii.

-~

No. of horizontal girder:
C/C spacing of horizontal girders:

End spacing of horizontal girder:

Load span, i.e. C/C of vertical seals:

Support span, i.e. C/C of wheels:
Final spacing of vertical stiffeners:

No. of wheels:

3.3.2 Skin Plate
Thlckness, t=2 cm;

DESIGN OF VL GATE

3;

75 cm;

27.5 cm;

690 cm;

725 cm;

55cm;’

4 (on each side: 2).

Interior panel (ref. appendix — A, art. 5.6 & 13.1):

Max bendmg stress in X direction, S, = Sz, = 529.14 kg/cm?® (with v stiffeners);
Max bendmg stress in Y direction, Sy = Sy, = 422.70 kg/cm? (with h girders);
Av. shear stress in XY plane, Sgyjav = Ss = 30.75 kg/cm?® (with h girders);

Max shear stress in XY plane S(xy)max =1.58; =

46.13 kg/cm® (with h glrders)

- - . Bottom panel (ref. appendix — A, art. 5.7 & 13.6):

Max. bending stress in X direction; Sx=S7y =145.73 kg/cm? (with v stiffeners);
Mazx. bending stress in Y direction, Sy.= Sex =211.77 kg/cm2 (with h.girders);
Awv. shear stress in XY plane, Suyjav = Ss = 22.55 kg/;:m2 (with v stiffeners);
Max. shear stress in XY plane, Sgyymax = 1.5S; = 33.83 kg/cm” (with v stiffeners);

- 3.3.3

Vertical Stiffener

The section adopted for vertical stiffener is shown in Fig. 3.6.

V stiff. pl 190x10 mm

. A
Y, Y,

82.5 ?(20_t,mm, sk pl coacting width with v stiff.

Figure : 3.6
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Table: 3.1 Sectional properties: o

Afem?) | Zi(em) | Zy(cm) Voo (om) | Gy(em) | L)

35.50 6.62 14.38 4.125 1550.7 95.17

Maximum bending stresses:

at top, f, = 270.74 kg/cm? (tension);

at bottom, f, = 588.14 kg/cm® (compression).
Maximum shear stresses:

at NA, fyna) = 225.54 kg/em?;

at skin pl, fys iy = 202.26 kg/om®.

3.3.4 Central Horizontal Girder - | «

The section adopted for central horizontal girder is shown in Fig. 3.7.

.oy " Skpl 750 x20t, coacting width
h >: <« t
Z iy 'A_"_
; z
NA ;
y ——m——— R = -y
Web 800/575x16t % Z
. tﬁ z. .
. N S
Flange 300x25t ! a
- | AL 2

Figure : 3.7

Table: 3.2 Sectional properties:

Position | A (cm®) | Z (cm) | Z( (cm) "Zb (cm) | Yw (cm) Iyy I, (cm®)
IR (cm)

Contre | 353 | 845 | 3334 | 5116 | 375 | 421662 | 75964.8

End 317 62.0 23.77 | 38.23 375 210254 | 75957.1

Maximum bending stresses (at the centre of the span):
at top, f, = 637.54 kg/cm® (tension);
at bottom, f, = 978.20 kg/cm® (compression).
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Maximum bending stresses (ét the middle of curtain section):

Maximﬁm deflection (at the centre of the span): dacuat = 0.54 cm.

at tdp, f; =395 23 kg/em? (tension);

at b_ottom,-fb‘= 635.64 kg/cm® (compression).

3.3.5 Bottom Horizontal Girder

The section adépted for bottom horizontal girder is shown in Fig. 3.8.

~ Sk pl 550 x20t, coacting width

> X .
G-
: : i A
vy _-_._‘“I._ ..... § ._._I\I._A. ______ _X _____ - y
Web 800/575x14¢ § ' z
i Zy X
R :f‘) . §
Flange 250x25t B .
: . AT A 4 ¥
! _
z
" Figure : 3.8
Table: 33 Sectional properties: _
Position | A (cm?) | Z (cm) | Zi(cm) | Zo (cm) | Y@@ | Ly, | L (cm?)
' | ' N (cm*)
Centre | 284.5 84.5 35.21 49.29 27.5 337942 | 31002.67
End 253 620 | 2523 | 36.77 | 275 | 168136 | 30997.52

Maximum bending stresses (at the centre of the span):
at top, f; = 728.03 kg/cm? (ténsion);
at bottom, fy, = 1019.18 kg/cm? (compression).

Maximum bending stresses (at the middle of curtain section):

Maximum deflection (at the centre of the span): dactar = 0.54 cm.

at top, f, = 454.57 kg/cm? (tension);

at bottom, fy, = 662.65 kg/cm? (compression).
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3.3.6 Vertical End Girder -
The section adopted for vertical end girder is shown in Fig, 3.9.

/

40 40 ' B
’l r "" Skin Plate. 20t
¥
Eg A A
N TR
] I
R R
3 -
S | B 1 |
I i
N ! 8 Nl
Web pl 575x16t y i N N
S i Y
N N M
Y : _._...._l._.._Né. §_. ________ v Y
\ | W\ ?
\ i y
\ | \ Z,
N Lo ¢
[
: v
!z‘ \ Flange pl 330x25t

o

Figure: 3.9

Table: 3.4 Sectional properties:

Condition A | Z(em) | Z (¢§;1) Zo (cm) | Yw(em) | I, |Iz(cm’)
(cmz) FUTI jcm“) : '

Without 282.5 62.0 37.83 | 24.17 16.5 125010 | 43459.2

hole ) , B

With 2457 | 620 | 4042 | 21.58 | 165 | 111900 | 36957.52

holes S '

Maximum bending stresses (at the location of wheel axle):
' at top, f; = 431.75 kg/cm? (compression);
at bottom, f, = 230.49 kg/cm® (tens_ion).
Maximum shear stress (at the NA): fway= 232.07 kg/em?;

3.3.7 Wheel
Design water pressure, P = 1.64 kg/cmz;
Load area, A = 690 x 205 = 141450 cm’;
Total water load, F =AxP = 231978 kg:
Load on each wheel, Fy, = F/4 = 57994.5 kg;
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Wheel size adopted is shown in Fig: 3.10.

Diameter, D,, =50 cm;

Tread width, Ly, = 15 cm;
Net trea,d ixiidth, Lyneyy =13 cm;
Width of the bearing, B = 12 cm;

Maximum:

Contaét stress, f. = 7532.93 kg/cmz;
Shear stress, f; = 2290 kg/cm?;

DESIGN OF VL GATE

’ ‘ .

_.1:2%111_ 50 cm

:

}

Figure: 3.10

T

3.4 SUMMARY OF CONVENTIONAL RESULTS

'T;l-ble 3.5 Maximﬁm value of Bending Stress:

Location/direction Max. Ben. Stress

S.N. | Part Name
_ of max. stress. (kg/em’)
1 Skin Plate. __X-direction with V stiffener . 529.14
.Y-direction with H girder 422.70
2 Vertical Stitfener Top Hinge (coacting with skinpl) | 270.74
| Eot;om of web - 588.14
3 Central horizontal Top 'ﬂange (coacting with skin pl) 637.54
girder | Bottom flange 978.20
4 Top/Bottom Top ﬂange'(coacting with skin pl) 728.03
horizontal girder — Fp A g | 1019.18
5 Vertical end girder Top flange (coacting with skin pl) 431.75
Bottom flange 230.49
6 Wheel Contact stress 7532.93
Shear stress 2290.00
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Table 3.6 Maximum Value of Deflection of Horizontal Girders: .

S.N. Part Name Max. Deflection '

(cm)
Centre horizontal girder 0.54
2 Top/Bottom Horizontal Girder 0.54

3.5 RESULT OF DESIGN ORGANISATION -

Power House Design Unit — II, IDO, Roorkee, UA, India has designed the
“Fixed Wheel Vertical Lift Gate” for_"_l‘ailrace Channel of Dharasu Power House,
Maneri Bhali Hydel Scheme Stage-II. ri“he same calculations have been carried out in
‘Excel Sheet’, which is appended in ‘Appendix-A’. It is found that maximum values of
stresses in skin plate, vertical stiffener, 'centre horizontal girder, top/bottom horizontal
girder, vertical end girder, wheel etc. are almost same. Deflections of the un-curtail
horizontal girders are found exactly same. After curtailment, deflections should be

slightly more than un-curtail girders and it’s found accordingly.
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CHAPTER -4

FEM MODEL OF VERTICAL LIFT GATE BY ANSYS |

4.1 INTRODUCTION

There are various finite element software and ANSYS is one of them. It is a
powerful tool in FEM analysis. Any complicated structure can be analyzed suitably by
ANSYS. It is reasonably flexible and has multi-physics capabilities i.e. options to
. analysis in various fields like mechanlcal structural, thermal, fluid, electromagnetic
etc. linear/nonlinear problems in varlous conditions like static, dynamic, transient,

harmonic, etc.

The ultimate purpose of a finite element analysis is to realize the behavior of an
actual engineering system. So, the prgifc_ifype object must be modeled accurately in
- physical and mathematical sense for éic'cura‘te results. A physical model consists of
geometrical shapes like key points, lines, gréa and volumes and a mathematical model
~ consists of nodes, elements, real constants and material properties. Therefore, selection
of proper element type and feeding of real constant is important. Then, appropriate
boundary conditions and loads are applied to represent the physical situation of the

system. Convergence of the results is checked with coarse to fine meshes.

In the beginning of analysis, physical modeling technique should be planned out
and the-elements types should be decided.

A general guideline for decidingfhe element size is that, where stress/strain
gradients are expected to be flat, coarse mesh and where stress/strain gradients are

likely to be steeper fine mesh should be used to get more accurate results.

4.2 SELECTION OF ELEMENTS -

Selection of proper element is most irnportant in ANSYS to have desired

results.

4.2.1 Element For Skin Plate
In three-dimensional analysis for skin plate three-dimensional SHELL element

must be used. Diversified three-dimensional SHELL elements are available in ANSYS.
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They are:
i.  Elastic 4 node 63;
ii.  Elastic 8 node 93;
iii.  Hyper 4 node 181; .
iv.  Plastic 4 node 43;
v. 16-Layer 91;
vi.  100-Layer 99.

In brief capabilities and properties of these shell elements are mentioned below: -

SHEELG63 ‘Elastic Shell’ as shown in Fig.4.1 has both bending and membrane
capabilities. Both in-plane and normal loads are permitted. The element has six degrees
of freedom at each node: translations in the nodal x, y and z directions and rotations
about the nodal x, y and z-axes. Stress stiffening and large deflection capabilities are
included. A consistent tangent stiffness matrix option is available for use in large

deflection analyses.

Hote:X and Y are in the plane of the element

X
Fig: 4.1 SHELL63 Elastic Shell

SHELL93 ‘8-Node Structural Shell’ as shown in Fig.4.2 is particularly well suited to
model curve shells. The element has six degrees of freedom at gach node: translations
in the nodal x, y and z directions and rotations about the nodal x, y and z-axes. The
deformation shapes are quadratic in both in-plane directions. The element has

plasticity, stress stiffening, large deflection and strain capabilities.
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o)

Fig: 4.2 SHELL93 8-Node Structural Shell

fSHELL181 ‘Finite Strain Shell’ as shown in Fig.4.3 is suitable for analyzing thin to
moderately thick shell structures. It is a fourfpode element with six degrees of freedom
at each node: translations ifi the x, y and z directions and rotations about the X,y and z-
axes. The dégeﬁ(;fate triangular option should only be used as filler elements in mesh
generation. This shell is well suited for linear, large rotation, and/or large strain non-
linear appﬁcations and accounts for followe%_ effects of distributed pressure. Change in
shell thickness is accounted for in nonlinear analyses. In the element domain, both full

" and reduced integration schemes are supported.

E - _»EL

(Triepgulac Cption - not recommended)

@ X\\V‘I ‘ @ ]

| o § ’
_F_lg 4.3 SHELL181 Finite Strain Shell
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SHELLA43 ‘Plastic Large Strain Shell’ as shown in Fig.4.4 is well suited to model
linear, warped, moderately thick shell structures. The element has four-nodes with six
degrees of freedom at each node: translations in the X, y and z directions and rotations
about the x, y and z-axes. The deformation Shapés are linear in both in-plane directions.
For the out-of-plane motion, it uses a mixed ihtcrpolation of tonsorial components. The
element has plasticity, cr;:ep, stress stiffening, large deflection, and large strain
capabilities. For a thin shell capability or if plasticity or creep is not needed, shell63

may be used.

(Note: x & y are in the plane of the elemént)‘ _
X Fig: 4.4 SHELL43 Plastic Large Stfain Shell,

SHELI191 ’16-Layer Structural Shell’ as shown in Fig.4.5 may be used for layered
applications of a structural shell model or for m_‘o.deling étrdctq;al sandwich structures
(fig. 4.5). Up to 16 different layers are permitted for applicaﬁons With the sandwich
option turned off. The element has four-nodes with six degrees of freedom at each

node: translations in the x, y and z directions and rotations about the x, y and z-axes.

SHELL99 °100-Layer Structurél Shell” may be used for layered applications of a
structural shell model. This element is an eJ;tell_lsio'n of the 16-layer SHELL91 shell
elements as shown in Fig.4.5 in that up to '1'00 different material layers are permitted.
The element has four-nodes with six degrees of freedom at each node: translations in

the x, y and z directions and rotations about the x, y and z-axes.
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HL = Towl Number of Layers

Bmens ‘;cnédl;ﬁ%sﬁmfm“‘“mmm”w)
-y )

Fig: 4.5 SHELLO1 16-Layer Structural Shell

X

ASSESSMENT: From the above briefs it is concluded that for vertical lift gate’s skin
plate (flat shell), SHELL63 ‘Elastic Shell’ element is a suitable element type.

4.2.2 Element For Girders/Beams
' In .three—dixnéﬁsional analysis for girders/beams three-dimensional BEAM
element must bé' used. Various three-dimensional beam elements are available in
ANSYS. Theyare: ~ ~
| | 1 =Elas;'t‘i‘c 4;
T Pl'as;ic 24;
iii. Tapefed 44;
In brief capabilities and properties of these BEAM elements are mentioned

below:

BEAM4 ‘three-dimensional Elastic Beam’ as shown in Fig.4.6 is a uniaxial element
with tension, compression, torsion and bending capabilities. The element has six

degrees of freedom at each node: translations in the nodal x, y and z directions and
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rotations about the nodal x, y and z-axes. Stress stiffening and large deflection
capabilities are included. A consistent tangent stiffness matrix option is available for

use in large-deﬂection analyses.

z
' J
: _ (MnodeK 1s omiied exd 8 = 0%,
| . the elemart y axis 35 panalelto
! the Rlobel X-¥ plar) .
} 85 W |
1‘1;‘ y ‘&
1137
Y8 .
: _
4
8 @ S SR
% T4 . ’Ez
@ n’ -I a y - - . ®4|v
3 s Y Tame
S 3V @ ‘ ? h‘“_...__w—_..t O,
Ty | e =
@/ 7 :TT ) l 6 ) ¥y
| | T | T3T7 -
X Fig: 4.6 BEAMA 3-D Elastic Beam, ™ b "l

BEAM24 ‘three-dimensional Thin-Walled Beam’ as shown in 'Fig.4.7 is a uniaxial
element of arbitrary cross-section (open or closed) _With tension-compressidn, bending
and St. Venant torsional capabilities. Any open cross section or single-celled closed
section can be used. The element has six degrees of freedom at each node: translations
in the nodal x, y and z dir;:ctions and rotations about the nodal x, y and z-axes. The
element has plastic, creep, and swelling cﬁﬁabiljties in the axial direction as well as a
user-defined cross section. If these capabilities are not needed, the elastic beams
BEAM4 or BEAM44 may be used. ' |

BEAM44 ‘three-dimensional Tapered Uﬁsymfnetric Beam’ as shown in Fig.4.8 is a
uniaxial element with tension, compression, torsion and bending capabilities. The
element has six degrees of freedom at each node: translations in the nodal x, y and z
directions and rotations about the nodal x, y and z-axes. This element allows a different
ﬁnsymmetrical geometry at each end and permits the end nodes to be offset from the

centroidal axis of the beam. If these features are not desired, the uniform symmetrical
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beam BEAM4 may be used. The effect 6f shear deformation is available as an option.

Another option is available for printing the forces acting on the element in the element

coordinate directions. Stress stiffening and large deflection capabilities are also

included.

hd ):4
. T Pl
{yx) - Element axis ’1 \_\
(¥ , 1) = Frincipal exis @ >~
/'y?

Ao

S 4

I §

Re
IS , @ T4,T8
. .—— I 0
; il
- =TS - 'uzln
IS — et S
b 12 comR
| . DSCZL ® i
} Ck | pe—% v
-
1 fi
i |
1 I
! E
i } TR
A E :
t 1
| [y
| ) ]
L |
T2,T5 3,17
Hote = Use subserizt 2 wih nodeJ w4

e K i ounitted and 8 = 0, 1he
ekanent 34 axis Is paraliel 1o.ths global X-¥
1 b4 Pm"

X4 oY

, X
Fig: 4.8 BEAM44 3-D Tapered Unsymmetric Beam.

ASSESSMENT: From the above briefs it is obvious that Girder/Beam components like

horizontal girders, vertical end girders, vertical stiffeners of the vertical lift gate under

“study posses unsymmetrical sections as shown in chapter-3, and therefore, BEAM44

‘three-dimensional Tapered Unsymmetric Beam’ element will be the most appropriate

for modeling them.

47
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NOTE: It is noted here that gate ta be meshed with two different type of elements and
their DOFs at the common nodes must be same. Both the selected‘>SHELL63 and

BEAM44 elements have same DOFs, which fulfill the required criteria.

4.2.3 Element For Wheel _
In three-dimensional solid model analysis for wheel three-dimensional SOLID
element must be used. A variety of three-dimensional SOLID elements are available in
ANSYS. They are: '
| i.  Brick 8 node 45;
ii.  Brick 20 node 95;
iii.  Tet 10 node 92;

Capabilities and properties of these three-dimensional SOLID elements are
mentioned below: ' ' ' ’
SOLID4S ‘three-dimensional 8-Noc_1_e_> Str11_ctural Solid’ as shown in Fig.-’-]_-.9 is used for
the three-dimensional modeling of solid :s_tructures_. The element is defined by eight-
nodes having three degrees of freedom zi't'éach node: translations-in the nodai X,yand z
directions. The element has plasticity, creep, swelling, stress stiffening, large |

deflection, and large strain capabilities:

SOLIDY95 ‘three-dimensional 20-Node Structural Solid’ as shown in Fig.4.10 is a
higher order version of the SOLID45. It can tole_raté irregular shapes withoﬁt as much
loss of accuracy. This element has compatibie -diéplacement shapes and is well suited to
model curved boundaries. The element ié defined by 20-nodes having three dpérées of
freedom at each node: translations in the noc?al»x, y and z directions. The elément may
‘have any spatial orientation. The elemeﬁf- has plasticity, creep, swelling, stress
stiffening, large deflection, and large strain cababiliﬁes. Various printout options are

also available.

SOLID92 ‘three-dimensional 10-Node Tetrahedral Structural Solid’ as shown in
Fig.4.11 is a quadratic displacement behavior and is well suited to model irregular
meshes (such as produced from various CAD/CAM systems). The element is defined
by 10-nodes having three degrees of freedom at each node: translations in the nodal x, y
and z directions. Tﬁe element also has plasticity, creep, swelling, stress stiffening, lérge

deflection, and large strain capabilities. ANSYS has free mesh option with this element..
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M 0,
1 KL
J
, (Brism option)
Elemst Cooedinate
System (shown for
KEYOPT(4)=1)
2
—y
' Swiace coxdinate system
X ;

-Fig: 4.9 SOLID45 3-D Struictural Solid.

M, N,0,BU, YW X

ELS
@ 7 R (Tuebirel Opion)

MNORU VWX

R .
J {Prism. Option)

Fig: 4.10 SOLID95 3-D 20-Node Structural Solid.

ASSESSMENT: From the above briefs it is clear that SOLID92 ‘three-dimensional 10-

Node Tetfahedral Sfmctﬁral Solid’ element will be most suitable for wheel model.
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Fig: 4.11 SOL(DQ2 3-D 10-Node Tetrahedral Structural Solid.

4.3 PARTICULARS OF THE SELECTED ELEMENTS
Particulars of the selected eleménts SHELLG63, BEAM44 and SOLID92 are

described below: o
4.3.1 SHELL63 Three-Dimensional Elastic Shell _

SHELL63 has been selected for meshing of skin plate‘of thé fixed wheel vertical
lift ‘gate. The element is defined by four nodes I, J , K and L having six DOFs at each

node as already mentioned above.

4.3.1.1 Input data for SHELL63 4
The geometry, node locations, and ti;e coordinate system for this element dre
shown in Fig: 4.1. The element is defined by four nodes, four tﬁicknesses; an elastic
foundation stiffness, and the orthotropic ‘Taterial propertieé. Orthotropic material
directions correspond to the elemeht coordinate directions. The element coordinate
system orientation is used for orthotropic material input directions, applied pressure
directions, and under some circumstances, stress 'oufput 'directions. For this "élement,
SHELL63 the default orientation generally has i—axis aligned with element i-j side, the z
axis is normal to the shell surface and the y axis perpendicular to the x and z axes.
Real Constant: TK(I), TK(J), TK(K), EFS, THETA ... ...; " '
The thickness is assumed to vary smoothly over the area of the element with the
thickness input at the four nodes. If the element has a constapt thickness, only TK(I)
need to be input, If the thickness is not constant, all four thickﬁesses must be input. The

elastic foundation stiffness (EFS) is defined, as the pressﬁre required producing a unit
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normal deflection of the foundatlon The EFS capability is bypassed if EFS is less than,

or equal to, zero

Material.Properties: EX, EY, ... NUXY, DENS, GXY .;

For isotropic material, only EX, NUXY , DENS are required to input.

Surface Loads: pressure: face 1 (I-J -K—_L)d-(b'ottom, in +Z direction), face 2 (I-J-K-L)
(top, in — Z direction), face 3 (J-I), face 4 (K-J), face 5 (L-K) and face 6 (I-L).

4.3.1.2 Output data for SHELL63
The solution outptit associated with the element is in two forms: 1) nodal
displacements included in the overall ncf)'dail :Solution and 2) additional element output

as shown in Fig: 4.12; stress output sX (Top) SX(Bottom) SY(Top), SY(Bottom) and

moments output

I — _ "X
fmnm’" B *‘/J
Fig: 4.12 SHELL63 Stress Qutput.

4.3.1.3 Assumptlons and restrictions for SHELL63

Zero area elements are not allowed. This occurs most often whenever the
elements are not numbered properly. Zero thickness elements or elements tapering
down to a zero thickneSs at any corner are not allowed. An assemblage flat shell

element can produce a good approximation to a curved shell surface provided that each
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flat element does not extend over more t__han a 15° arc. Shear deflection in not included
in this thin-shell element. The four nodes defining the eiement should lie in an exact
flat plane; however, a small out-of-plane tolerance is permitted so that the element may
have a slightly warped shape. If the warped is t00 severe, a fafal' rfiassage results and a_

triangular element should be used.

4.3.14 Shape function for three-dimensional 4-node quadrilateral shells
These shape functions are for three-dimensional 4-node quadrilateral shell
elements with rotational degrees of freedom (RDOFs) but without shear deflection and

without extra shape functions, such as SHELL63 with KEYOPT(3)=1 when used as a

quadrilateral: .. - » _
| 1
”=Z(”1(1_le—r)+"f(1+le"t),_, e A1)
+ U (1 + sX1+ t)+ u, (1 —‘SX1+'t»))' '
V= %(vl(l—S)....(analogous to u) A SOOI (- 7 |

w = not explicitly defined. Eouf overlaid triéngles (UK, JKL, KL, and LIJ) are
defined as DKT elements (Batoz (56), Razzaque (57)).------ » 125.3-3
The shape function is as per Fig: 4.13.

4.3.1.5 Stiffness matrix for three_—diinensional 4-node quadrilateral shells
The stiffness matrix for membrane stress having quadrilateral gedmetry, the

shape function equations (4.1) and (42) are used with points of integration 2x2. For

bending four triangles that are overlaid .ére used. Their sub triangles are referred to

equation 12.5.3-3 (ANSYS .Theory Ref.) and p_Oints of integration 3 (for each triangle).

4.3.1.6 Numerical integration for 3-D 4-node quadrilateral shells
The numerical integration that ANSYS uses is given below.
For 4-Noded Shell Elements (2x2 or 3x3)
The numerical integration of shell élement is givenby
11 m 1 :
‘E‘[ £,y Yxdy = ; 2 HjHif(ti,yj) R TR R C )
where,

f(xy) = function to be integrated,;
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Hi, Hj = weighing factors and -

1, m = number of integration (Gaussian Points).

Fig: 4.13 SHELL63 Shape Function.

Table: 4.1 Gauss integration constants:

No. of Int. Integration Point Locations Weighting Factor (Hi)
Points (xi)
1 000000 00000 00000 2.00000 00000 00000
2 7 | +£0.57735 02691 -89626 1.00000 00000 00000
3 ' + 0.77459 66692 41483 0.55555 55555 55556
0.00000° 00000 00000 0.88888 88888 88889

4.3.2 BEAMA44 Thrée-Dimensfonal Tapered Unsymmetric Beam

BEAM44 has been selected for meshing of honzontal glrders vertical end
girders and vertlcal stiffeners of the fixed wheel vertical lift gate. It is a uniaxial
element w1th tensmn compression, torsion and bending capabilities. The element is
defined by two or three nodes I, J and K(optlonal) and it allows a different
unsymmetrical geometry at each node. The element has six degrees of freedom at each

node: other properties and capabilities are already mentioned at the time of element

~ selection.
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4.3.2.1 lhput data for BEAM44

The geometry, node locations, and coordinate systeni for this element are
shown in fig: 4.8. The element is located by a ;eferénce coordinate systein (X,Y,Z) and
offsets. The reference system is defined by nodes I, J and K(optioﬁal) or an orientation
angle. The principal axes of the beam are in the element coordinate system (x.y,z) with
x along the cross section centroid (C.G.). The element x-axis is oriented from node I
(end 1) toward node J (end 2). * For the two-node option, the default (8 =0°)

orientation of the element y-axis is automatically calculated to be parallel to the global
X-Y plane.

Real Constants: at node I: AREA1, 171, Y1, T_KZBl, TKYBIL,.... TKZT1, TKYT1; and at
node-J: AREA2, 172, Y2, TKZB2, TKYB2, ..., TKZT2, TKYT2 .. (basic set).

The element real constants describe thé 'f)eaﬁl in‘terms of the cross-sectional area, the

area morﬁents of inertia, the extreme fibre distances from the centroid, the centroid

offset, and the shear constants. If any .values at end J are biank, default to the

corresponding end L.
Material Properties: EX, ... DENS, GXY, NUXY JREIN

Surface Loads: Pressures on face 1 (I-J) (-Z normal direction), face 2 (I-J)‘ (-Y normal
direction), face 3 (I-J) (+X tangential direction), face 4 (I) (+X axial direction), face 5

(J) (-X axial direction) and negative value for opp()site loading.

4.32.2 Output data for BEAM44 |

The solution output associated with the element is in two forms: 1) nodal
displacements included in the overall nodal solutions, and 2) additional element output
as shown’in table 4.2 (element output definitions). Several items are illustrated in Fig:
4.14. At each gross-section, the computed output consists of the direct (axial) stress and
four bending components. Then these five values are combined to evaluate ﬁlaximum

and minimum stresses, assuming a rectangular cross-section.

UX, UY and UZ are deflections in X, Y and Z directions respectively. In the

present analysis deflection in Z direction is important and a matter of concern,
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3 ' g y
. B ) 3

" e Bpm+s |
i il nzr—-l BDIR +8BYT —fe—]

DA S

1)";};’}/ }

BDIR
~-8DIR + EBYB
User oxput pols 1-4 8DIR + BBZD —--l )
BDIR —p——* ‘
Fig: 4.14 BEAMA44 Stress Output.

Table: 4.2 Beam44 Element Output Definitions (partial);
Name Definition~ O |R
SDIR Axial direct stress : 1 1
SBYT Bending stress on the element +Y side of the beam 1 |1
SBYB Bending stress on the element -Y side of the beam 1 |1
SBZT Bending stress on the element +Z side of the beam 1 1
SBZB Bending stress on the element -Z side of the beam 1 |1
SMAX Maximum stress (direct stress + bending stress) 1 |1
SMIN Minimum stress (direct stress - bending stress) 1 |1
MFOR(X,Y,Z) | Member forces in the element coordinate system x, y, [ 1 |1

| z directions.
MMOM(X,Y,Z) |-Member moments in the element coordinate system x, | 1 1
y, z directions.

For element definition table results, we have to define element table with

different key options item and sequence nos. -
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Table: 4.3 Beam44 (KYEOPT(9)=0) Ttem and sequence numbers for the ETABLE and
ESOL Commands: '

| ~KYEOPT(9)=0
Name Ttem . E . I J
SDIR LS ' 1 6
SBYT LS 2 7
SBYB LS 3 8
SBZT 1Ls 4 9
SBZB LS 5 10
SMAX NMISC 1 3
SMIN NMISC 2 4
MFORX SMISC i 7
MFORY SMISC 2 8
MFORZ SMISC 3 9
MMOMX | SMISC 4 10
MMOMY | SMISC E 11
MMOMZ | SMISC 6 12
SXY SMISC 13 6

4.3.2.3 Assumptions and restrictions for beam elements

The beam must not have a zero ,ffn'e’ngth or zero area. The beam can have any
cross-sectional shape for which the momeilts of inertia can be computed. The element
thicknesses are used in locating the extreme fibers for the stress calculations. Tapers
within an element, if any, should be gradual. If AREA2/AREAL1 or I2/I1 is not between
0.1 and 10.0, a warning message is printed. The element should not taper to a point
(zero thickness). The shear stresses are calculated independently of the shear
deflection.

(i) Cross-sectional area is averaged based on the areas by:

Ay = (A1 +yAA, +Az;/?f ;

(i) Moments of inertia are averaged based on the end moments of inertia by:

I, = ((1 +4/ D1, + 11, +4 LI} +1, /5
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4.3.2.4 Shape functions for beam elements
The shape functions as shown in Fig.4.15 for three-dimensional line elements

with RDOFs, such as BEAM44 are:

u =1(u, Q)42 Q4 5) e oo e e (4)
v=——(v,(1——(3 ))+v,(1+2(3 sz)))

6., (-5 Yi-5)-0., -5 f1+5)) e e (45)
w=%(w,(1f%é— ))+w,(1+ 2)))

L(e,J(L 2Y1-s)- Hy,(l X1+s) e e (4.6)

0, =—( 0, (=5)40,A+5) i (&)

Fig: 4.15 BEAM44 Shape Function.

The stiffness matrix is derived frdm the shape function equations (4.4), (4. 5),
(4.6) and (4.7). “The stress stiffness matrix is denved usmg equations (4.5) and (4.6),
and Load vector (pressures) using equations (4. 4) (4.5) and (4.6)..

4.3.2.5 Stiffness matrix for beam elements

The order of degrees of freedom (DOFs) is shown below in matrix form. The

stiffness matrix in element coordinates is (Przemieniecki (28)).
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AE/L
0 a,
0 0 a,
0 0o o0 GIL
0 0 dy -0 e,
0 c, 0 0 0 e,

[k, ]- ~AE/L 0 0 0 0 0 AFL
0 b, 0 0 0 d, 0 a,
0 0 b, 0 ¢ 0 0 0
0 0 0 -GJILO 0 0 0
0 0 d, 0 f, 0 0 O
0 c, 0 0 o0 f 0 d,
where, -

* Syrmetric

ay
0 GJ/L
C, 0 Cy .
0 0 0

A = cross-section area (input as AREA on R command)

E = Young’s modulus (input as Ex on MP command)

L = element length

G = Shear modulus (input as GXY on MP command)

if T
i1

X X

T.
J = torsional moment of inertia = {I *

Ix = Input as IXX on RMORE command

Jx = polar moment of inertia =1, + 1,

z = all,.g,)

ay=all,.9,) , | .
b.= b0,.4,)

f,=£{,.9, )

f, = b{l,,9,)

and where; a(I,¢)= LTI(Z]i—%);

-12E1

PA+9¢)

_ 6EI
NEY))

b(]a¢)=

cl,9)
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_-6EI - -
: _ (4+9)ET
e(l ) Livg)
v -¢)Er
12E1,
aqd wherg. ¢, = GA‘LZ
12E1,
¢ GA;L2

I; = moment of inertia normal to direction i (input as lii on't command)

A; = shear area normal to direction i = A/ F;

F; = shear coefficient (input as SHEARi on RMORE command).

4.3.2.6 Stress calculation for BEAM44

~ The axial stresses are computed analogously to BEAM4 as below:

Centroidal stress is given by:

Xi o,

where, o = centroidal stress (output quantity SDIR)
Fx; = axial force ( output quantity FX)

The bending stresses are given by:

o bnd _M i t
2,i = z
s,
o bnd __ M z,i t
51 -

where, oz,ib“d = bending stress in element x direction on the element +z side
of the beam at end I ( output quantity SBZ);
Oy, ™ = bending stress in element y direction on the element -y side
of the beam at end I ( output quantity SBY);
My, = moment about the element y axis at end i
M;; = moxﬂeﬁt about the element z axis at end i
t, = thickness of beam in element z direction (input as TKZ on R command)

t, = thickness of beam in element y direction ( input as TKY on R command)
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The maximum stress at cross-section i is computed by:

bnd

dir ' bnd
¢i’ JdOgi Oy
A .
max . ai v + Uznji + O‘SZ‘i
o, =maximum_of{ .- - ’
— ir bnd bnd
|G T Owy t O
O,Ju' + O,bnd + O,bnd

~

zb§ yi

where,
0% = output _quantity SDIR

bnd

Oy =

output _ quiantity_ SBYT

bnd

O,, =output_quantity SBYB

bnd

O, =output _quantity SBZT

bnd .

Oy "= output _quantity _SBZB

The minimum stress is analogously defined.

The assumption has been made that the cross-section is a rectangle, so that

maximum and minimum stresses occur at the extreme fibers.

4.3.3 SOLID92 Three-Dimensional 1d-Node Tetrahedral Structural Solid

SOLID92 has been selected for meshing of wheel of the fixed wheel vertical lift
gate. It has a quadratic displacement behavior and is well suited to mesh- irregular
shape. The element is defined by ten nodes having three DOFs at each node:
translations in the nodal X, y and z directions. The element also has plasticity, creep,
swelling, stress stiffening, large deflection, and large strain capabilities. (These. are

already mentioned at the time of element selection.)

4.3.3.1 Input data for SoLip92

The geometry, node locations, and the coordinate system for this element are
shown in Fig: 4.11. Beside the nodes, the element input data includes the orthotropic
material properties. Orthotropic material directions 'correspc'md to the element
coordinate directions. The element coordinate system orientation is used for orthotropic
material input directions, applied pressur’é directions, and under some circumstances,

stress output directions.

Real Constant: Nore.
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Material Properties: EX, EY, ... NUXY, DENS, GXY .. etc.

For isotropic material, only EX, NUXY, DENS are required to input.

Surface Loads: pressure;

4.3.3.2 Output data for SoLiD92

The solution output associated with the element is in two forms: 1) nodal
d1splacements included in the overall nodal solution, and 2) additional element output.
" Several items are 111ustratcd in Fig: 4. 16 The element stress directions are parallel to
the element coordinate system and surfz}_ce stress outputs are in the surface coordinate

system. ‘ R

e’ . Swixe (:oaum Sy

Fig: 4 16 SOLID92 Stress Qutput.

4.3.3.3 Assumptions and restrictions for SOLID92

The element must not have a zero volume. The element may be numbered
either as shown in-fig: 4.11 or may have node L below the IJK plane. An edge with a
removed niid-side node implies that the displacement varies linearly, rather than

parabollically, along the edge.

4.3.3.4 Shape function for SoLID92

These shape functions are for three-dimensional 10-node tetrahedral elements
such as SOLID92:

u=u, (2L1 'zl)Li T, (2Lz —l)Lz + uK(2L3 ‘1)L3 tu (2L4 ;1)L4

+4luy LiL, +uyL,Ly +uoL Ly +upL Ly +ugL,Ly +ugLsL, ) —  (4.8)
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v=v,(2L, -1)L,..... (analogoust _to _u) - o - @9

o

w=w, (2L, -1)L,.....(analogoust to_u) (4.10)

4.3.3.5 Stiffness, stress and pressure load matrices )

The Stiffness Matrix, Stress Stiffness Matrif(, Mass Matrix are derived using
shape function equations (4.8), (4.9) and (4.10) -with 4 points of integration, and -
Pressure Load Vector is also derived using the same equations with 3 pointé of .

integration.

4.4 ANSYS PROCEDURE OUTLINE

The ANSYS program has finite element analysis capabilities, ranging from a
simple, linear, static analysis to a complex, non-linear, transient dynamic analysis in

Multiphysics, Mechanical, Structural, Fluid, Thermai, Electro-magnetic etc.

A typical ANSYS analysis has three'distinct steps:
i.  Building the model; . A
ii.  Applying loads and obtaining the solution, and

ili.  Reviewing the results..

i) Building A Model: . ' ,
Building a finite element model requires more time than any other part of the
analysis. This is carried out by the use of the ANSYS PREP7 preprbcessor. It
includes: N | . '
< Specifying a Job name and Analysis Title;
<+ Setting preference; .
% Defining element type(s);
s+ Defining element real constants;
<+ Defining material properties and
< Creating the model geometry:
- describing the gedmetric sﬁape of the model, and

- meshing the géometry with nodes and elements.

i) Applying Loads And Obtaining The Solution: _
In this step, the following tasks are carried out by the use of the ANSYS
SOLUTION processor- A
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- Defining the Analysis Type and Analysis Options;
Applying -Boﬁhdary Conit.lition's“ i.e. displacement constraints;
Applying Loads; |
Specifying Load Step Options (if needed) and

VVVYYYVY

Initiating the Solution.

iii) Reviewing The Results:
In this stép, by the use of the AN SYS General Postprocessor we get:
0 Deformed shapes; .

o Contour display of results;

‘o Tabular listings to review and interpret the results of the analysis.

4.4.1 Setting Preference :
In ANSYS, different preferences are available for GUI filtering like Structural,
Thermal, ANSYs Fluid etc. Preference setting in the present works is Structural with

| Structural discipline options: h — Method.

4.4.2 Defining Element Type -
In ANSYS, versatile eléments are available iﬁ two-dimensional and three-
dimensional analyses. In the present works, followjng element types are used:
For gate: — |
Skin plate: SHELL63 three-dimensional Elastic Shell;
| Girders and stiffeners: BEAM44 three-dimensional Elastic Tapered
Unsymmetfic Beam; |
Wheel: - SOLID92 three-dimensional 10-Node Tetrahedral Structural
Solid.

-4.4.3 Defining Real Constants
In ANSYS, depending on the element type, real constant sets are prescribed.
These consist of different geometrical properties such as cross sectional area, moment

of inertia, added mass per unit length, initial strain etc. thickness of element at different

nodes etc.
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Real Constant Sets used in the present work:

a) Real constant set for skin plate’s SHELL63 element:

Real constant set No.=1; _ .
Shell thickness at node I, J, K and L, TR(EJ,K,L) = 2 cm;’
Dist from mid surface to top-and bottom, CTOP and CBOT =1 cm;

b) Real constant set for central horizontal girder’s BEAM44 element:

The positions of the real constant sets are shown in Fig: 4.17.

| : 11T
7 8 910 Fig: 4.17 CH Girder RC Set 11 12 13 14
Table: 4.4 real constant sets (section pg-_gp'e'rtieé) for central horizontal girder:
Set Node -1 Node -J
No- Ay Izz Iyy | TKzs | TKys | TKzr | TRyt | Ag Iz Iyy | TKz | TKyp | TKzr | TKyr
(cm) | (em®) | (em) | (ci) | (cm) | (cm) | (cm) | (cm) | (em®) | (em®) | (cm) | (cm) | (cm) | (cm)

2 353 7596 | 4216 | 51.1 37.5 333 | 375 - - - - - - -
481 | 620 |6 4 '

6 317 7595 | 2102 | 382 | 375 23.7 37.5 - - - - - - -
7.13 54.0 3 7

7 317 7595 | 2102 | 382 | 375 | 23.7 | 375 326 759571 2554 | 41.5 37.5 26.1 37.5

] 713 1540 |3 7 9.05 | 09.0 3 -

8 326 7595 | 2554 | 41.5 375 261 -| 37.5 335 7596 3055 | 44.7 375 | 285 37.5
9.05 | 09.0 3 : 097 | 940 |4 1-

9 335 7596 | 3055 | 44.7 375 28.5 37.5 [.344 | 7596 | 3609 | 47.9 375 309 | 37.5
097 | 940 | 4 1 - 289 (610 |6 2

10 344 7596 | 3609 | 47.9 | 37.5 | 30.9 37.5 | 353 7596 | 4216 | 51.1 375 {333 | 375
2.89 61.0 6 ] 2 _ t 4.81 62.0 6 ) 4

11 353 7596 | 4216 | 51.1 375 333 375 344 7596 | 3609 | 47.9 375 309 | 375
4.81 | 62.0 6 4 B 289 [61.0 | 6 2

12 344 7596 | 3609 | 479 | 375 | 309.(375 335 7596 3055 | 447 | 375 | 285 | 375
289 [ 610 |6 2 ’ 0.97 -.9.4.0' 4 : 1

13 335 7596 | 3055 | 44.7 1375 | 285 37:5 .| 326 7595 | 2554 | 415 | 375 | 261 | 375
097 | 94.0 4 1 : 9.05 09.0 13

14 326 7595 | 2554 | 41.5 | 375 26.1 |.37.5 ] 317 7595 | 2102 | 38.2 | 375 | 23.7 | 375
9.05 09.0 3 7.13 540 3 7

c) Real constant set for top/bottorﬁ horizontal girder’s BEAM44 element:

15

The positions of the real constant sets are shown in Fig: 4.18.

T

3

15

18 19 20 21
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Table: 4.5 real constant sets (section properties) for top/bottom horizontal girders:

Set ~ Node -1 ) Node - §

No- Ay Izz Iyy TKzs | TKys | TKzr | TRyt | As Izz Iyy TKzg | TKys | TKzr | TKyr
(cm) | CcmY) | (em®) | (cm) | (cm) | (cm) | (cm) | (cm) | (em®) | em®) | (cm) | (cm) | (cm) | (cm)

3 284. | 3100 | 3379 | 49.2 | 275 | 352 | 275 - -- - - - - -
5 267 | 420 |9 1

15 253 3099 | 1681 | 36.7 | 27.5 | 252 | 275 - - - - - - -

752 | 361 |7 3
18 253 3099 | 1681 | 36.7 | 27.5 | 252 | 275 | 260. | 3099 | 2043 | 399 | 275 | 276 | 275
1752 [ 361 (7 3 ' 88 881 (553 |3 9

19 260. | 3099 | 2043 | 39.9 (275 |27.6 | 275 | 268. | 3100 | 2446 | 43.0 | 275 | 301 | 275
88 881 (553 |3 9 75 0.1 431 |7 8

20 268. | 3100 | 2446 | 43.0 | 275 | 30.1 | 275 | 276. | 3100 | 2891 | 46.1 | 275 | 326 | 275
75. 0.1 431 | 7 8 63 138 | 289 |9 9

21 276, | 3100 | 2891 | 46.1 | 27.5 | 32,6 | 275 | 284. | 3100 | 3379 | 49.2 | 275 | 352 | 275
63 138 | 289 |9 9- 5 2.67 420 |9 1

22 284, | 3160 .1 3379 | 492 [ 275 1352 | 275 | 276 | 3100 | 2891 | 46.1 1275 |326 | 275
5 267 | 420 |9 11 63 138 | 289 |9 9

23 276. | 3100 | 2891 [ 46.1 | 275 | 32.6° 1275 | 268. | 3100 | 2446 | 43.0 | 27.5 | 30.1 | 275"
63 138 | 289- |9 9 .. 75 0.1 431 |7 8

24 268. | 3100 | 2446 | 43.0 | 27.5 | 30.1 1275 | 260. | 3099 | 2043 | 399 | 275 |[276 |275
75 0.1 431 | 7 8 do- 88 881 (553 |3 9

25 260. | 3099 | 2043 | 39.9 | 275 | 27.6 27.5 | 253 3099 | 1681 | 36.7 | 27.5 | 252 | 275
88 881 553 |3 9 752 | 361 |7 3

d) Real constant set for vertical end girder’s BEAM44 element:

The positions of the real constant sets are shown in Fig: 4.19.

T - - - T

s o, !t s ® 5

16 17 16 17
Fig: 4.19 Vertical End Girder RC Set.

Table: 4.6 real constant sets (section properties) for vertical end girder:

Set Node -1 ' Node -J

No. -
Ay TKzp | TKyp | TKzr | TKyr | Ay Iyvy TKzg | TKys | TKzr | TKyr

(cm) | (em') | (emt | (em) | (em) |.(em) | (em) | (cm) | emY | em) | (em) | (em) | (em) | (em)
5 282. | 4345 | 1250 | 241 | 16.5 | 37.8 | 16.5 -

5 9.2 100 |7 3
16 282. | 4345 | 1250 { 241 [ 16,5 | 37.8 | 165 | 245. | 3695 | 1119 | 215 | 165 | 404 [ 165
5 9.2 100 7 - 3 7 7.52 | 000 8 2
17, 245. | 3695 | 1119 | 21.5 | 16.5 | 404 | 16.5 | 282. | 4345 | 1250 | 24.1 | 16.5 | 37.8 | 165
7 7.52 | 00.0 8 "2 S 9.2 100 |7 3

e) Real constant set for vertical stiffener BEAM44 element:
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Table: 4.7 real constant set (section properties) for vertical stiffener:

Set - Node-I T o . Node -J
No- A [Tz | Iyy | TKzs | TKys | TRzr | TRyr | Az [1zz | Iyy | TKzs | TKys | TKzr | TKyr
(cm) | (em®) | (em® | (cm) | (cm) | (cm) | (ém) | (cm) | (em®) | (em®) | (cm) | (cm) | (cm) | (cm)

4 355 | 951 11550 | 143 | 412 | 6.62 | 4.12 - - - - - -
7 7 8

f) Real constant set for Wheel SOLID92 element:

Not required:

4.4.4 Defining Material Properties
In ANSYS, available material propér'ties' optioris are:
Constant: S
Isotropic;
Ofthotropic;
Temp dependent:
Linear;
Nonlinear;
Defined material properties under study in Isotropic:
i.  For gate made of Structurél Steel: . o
Young’s modulus, EX = 2.01 x 10° kg/cm?;
Poisson’s ratio, NUXY = 0.27; ’
Density of material, DENS = 0.00785 kg/cm’.
ii. For Wheel made of Cast Steel IS 1030-1998, Grade C:
Young’s modulus, EX = 2.10 x 10° kg/cm?;
Poisson’s ratio, NUXY = 0.27;
Density of material, DENS = 0.00785 kg/cm?®.

4.4.5 Creating The Solid Model Geometry

The ultimate purpose of a finite element analysis is to re-create mathematically

the behavior of an actual engineering system. In other words, the analysis must be an

accurate mathematical model of a physicél prototype. In the broadest sense, this model

comprises of all the nodes, elements, material properties, real constants, boundary

conditions, and other features that are used to represent the phjsical system. In ANSYS

terminology, . Model generation mean . the process of ‘defining the geometric
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configuration of the model’s nodes and elements. The ANSYS program has . the

following approaches for model creation:

b)

4.4.6

main steps:

a) Creating a solid model within ANSYS;
b) Using direct generation and

c) Importing a model created in a CAD system,;

Creating a solid model within ANSYS
In this approach, solid model can be created either by Bottom up or Top down
techniques. .

Bottom up means creation of solid model entities from lowest order to higher

~order ie. 1. create keypoints, then-use- those keypoints to define lines, then

areas by lines, and then volu.mee by 'é}eag:

Top down means generatioh'bf m(')de’l~using geometric primitives, which are
fu'llyfde’finedAli’ries, aréas, and volumes. If a primitive is created, the program

automatically creates all the ‘lower’ “entifies associated with it.

.Using direct generation:

Direct generation is the approach in which -we can define the nodes and
elements of a model directly. In some cases, this approach is suitable but
usually it is inconvenient since it commonly require about ten times as many

data entities to define a model as compared to solid modeling.

Creation of solid model geometry in the present study

For the VL Gate and Wheel both the models are created by bottom up appfoach.

Meshing The Solid Model Geometry

The procedure for generating a mesh of nodes and elements consists of three

the element attributes (i.e. element type, material property, real
: ( apphcable) element coordinate);
i, S

‘me h 'controls (optional). ANSYS offers a large number of mesh
~-co A oljf optlons (default smart size, manual size) that we can choose

from-to suit our needs.

‘ iii. Generating the mesh by free or mapped mesh.
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Meshing solid model in the present Study:

For the VL Gate: mesh sizes are controlled by setting number of divisions on
the lines manually, and then areas and appropriate lines are free meshed.

For the Wheel: setting suitable SmartSize option mesh siie is controlled, and

then the volume is free meshed.

4.4.7 Applying Loads On The Model

The main goal of a finite elemeént -analysis is to examine how a structure
responds to certain loading conditions. Specifying the proper loadﬁlg condition is,
therefore, a key step in the analysis. We can apply loadé on the model in a variety of
ways in the ANSYS program. We can apply loads either on the solid model (on

keypoints, lines, areas) or on the finite element model (on nodes and elements).

The word loads as used in ANSYS includes boundary conditions (DOF
constraints) as well as other externally and internally applicd loads. They are divided
into six categories:

* DOF constraints (like UX,.... RX, ...); |

* Forces (such as concentrated loads);

* Surface loads (like pressure loads) ;

* Body loads (such as gravity loads);

* Inertia loads (like inertia due to motion) and

* Coupled field loads.

Applying loads on the model in the present study:
a) Boundary conditions for the VL gate model:

- ~ ANSYS

REOR

vod  1.%d

FAR4PAIALAURA NS

Yertical Lift Gate (model-C)

Fig: 4.20 VL Gate Applied BC, Pressure and Reaction Forces.
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For two nodes located at the wheel fixation points of the left hand side on the
vertical end girder where UX, UY and UZ =0; and two nodes on the other side at the
same location UY and UZv = 0; and all the nodes at the bottom of the gate UY = 0;
which are shown in the Fig: 4.20.

b) Boundary conditi_onS for the wheel model:

RFOR

48,62
99.067
151.515
203.962
256,41
308.857

361.305

413,752

G

Pt

Wheel (3D-Modelj FERONT VIEW - SIDEVIEW
Fig: 4.21 Wheel Applied BC PresSuyt_: and Reaction Forces.

On the bottdm contact line, for the most left node UX, UY and UZ =0; for the
most right node UX, UY =0; and for othér nodes on the same line UY = 0; and for two

nodes on chamfering zone UX = 0, which are shown in the Fig: 4.21.

¢) - Pressure loads on the VL gate model: ,

A constant pressure 1.64 kg/_cm2 is applied on the skin plate’s SHELL63
elements (face-2) between the,t_w_o. vertiééi"[:;ide seals. The total water loads on the gate
comes to (690x205x1.64) 231978 kg. Since Qariation of pressure is negligibly small
and therefore, constant pressure has been used in conventional design. The applied

pressure value and reaction forces are seen in the Fig: 4.20.

d) Pressure Loads on the wheel model:
Load on each wheel is 57994.5 kg. This load is coming from shaft-bearing on

the wheel. It is assumed that this load will act on the bottom half area under the bearing
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on the wheel hole as a distributed load varying ten times from horizontal middle
(P1=46.62 kg/cm?) to bottom (P,=466.17 kg/cmzj with gradient <-69.93> (“-¢ sign
relates with the coordinate system). The applied pressure values and reaction forces are

seen in Fig: 4.21.

4.4.8 Comparison Of Reaction Forces And Applying Loads

To check the validity of the-FEM model a comparison of the resultant of
reaction forces and applied loads are made. |
a) Reaction forces on the VL gate mod'elz o

ANSYS Listing of reaction forces arélﬁiv.en below:

PRINT F REACTION SOLUTIO.NS PER NODE

*%%%%* POST1 TOTAL REACTION SOLUTION LISTING ok kkk

LOAD STEP= 1 sSuBsTEB=. 1
TIME=  1.0000 . LOAD CASE= 0

THE FOLLOWING X,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES

NODE FX FY - F3

1 .00000
6 : .00000
17 .00000 .00000 -57995.
36 .00000 .00000 ° -57994.
53 .00000
1072 . .00000
1076 .00000 -57994.
1088 .00000 -57995.
1108 .00000

TOTAL VALUES -
VALUE .00000 .00000 -.23198E+06

The total value of the reaction forces is same as applied total water loads.

b) Reaction forces on the wheel model:
ANSYS listing of reaction forces are given below:
PRINT F REACTION SOLUTIONS PER NODE

**x%%%* POST1 TOTAL REACTIOﬁ-SOLUTION LISTING *X***

THE FOLLOWING X,Y¥,Z SOLUTIONS ARE IN GLOBAL COORDINATES

B

NODE FX FY ' . FZ

29 -41.426 3601.4

30 33.725

31 36.529 " 3714.8 ~¢23337E-02 .
32 -28.527 : :

400 5385.2
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401
402
403
404
405
406
407
408

TOTAL VALUES

VALUE .30177

3245.
5268.
4193.
7752.
4592.
6942.
3545.
5617.

53859.

SRR UN
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~.23337E-02

The total value of the reaction forces is 7.13% less than the applied total loads

that is within acceptable limit <= 10%. The comparison indicates that the loads applied

on the model have been correctly incorporated.

4.4.9 Checking Of Convergence Of The ANSYS Results

Checking of Convergence of the ANSYS results with coarse to fine meshes is

required for confirmation of the ANSYS convergence criteria. For this the gate and

wheel models are meshed with three different sizes elements varying from coarse to

-fine and is-distinguished as Model-A, B and C as stated below:

a) Convergence of the VL gate model results:

Model-A: Consists of number SHELL63 elements = 102 and BEAM44 elements = 129;

T otal number of elements = 23i; in BHG, max. stress, SBZB = -984.79;

Model-B: Consists of number SHELL63 elements = 372 and BEAM44 elements = 255 ;

Total number of elements = 627; in BHG, max. stress, SBZB = -988.41;

Model-C: Consists of number SHELL63 elements =1066 and BEAM44 elements = 427;

Total number of elements =1493; in BHG, max. stress, SBZB= -988.62;

Design stress, f, =1019.18 kg/cm? (compression).

b) Coﬁvergence of the wheel model results:

Model-A: Consists of total number of SOLID92 elements = 2530 (by SmartSize 8);

And max. stress, SEQV = 8431;

Model-B: Consists of total number of SOLID92 elements = 11464 (by SmartSize 6);

And max. stress, SEQV = 6390;

Model-C: Consists of total number of SOLID92 elements = 14663 (by SmartSize 4);

And max. stress, SEQV = 6580; ~

Design contact stress, f; = 7532.93 .k‘g/cmz;

From the above it is observed that the ANS‘:{é results are convergent.

}
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CHAPTER -5

VALIDATION OF FEM RESULT
5. 1 INTRODUCTION

Essentlally two geometncal models are built within ANSYS program; one for
Fixed Wheel Vertical Lift Gatc and another for Wheel. Then both the models are

meshed with three different sizes element for convergence test as already mentioned in

chapter-4. Here, for both the objects only the fine mesh ‘Model-C’s results are
represented for analysis and validation since it would give more accurate results, and

those would be close to the design results:- *

The validation of the results depends on professional - experience and
engineering judgment. When conventlonal design results are available then we can

compare and validate the FEM RESULTS takmg these results as a guideline.

At first FEM RESULTS for Vertlcal Lift Gate’s are represented and then the same

= for Wheel are discussed.

5.2 VALIDA TION OF THE RESULTS OF THE VL GA TE
First of all hydraullc loads are applied on the ANSYS model of VL gate.

Deflections and stresses in skin plate, horizontal girders, vertical end girder, vertical
stiffeners are obtamed from FEM analysis are compared with the results of two-

dlmens1onal conventlonal approach

52.1 Loads Oh‘Tl'ie VL Gate
A constant hydrostatic pressure 1.64 kg/cm? is applied between the vertical side

:sea_ls in the +Z direction (i.e. back side of the gate like design casc) as seen in Fig: 5.1.

HE¥OR

Vertical Lift Gate (model-C}

Fig: 5.1 VL Gate Applied Pressure &iReaction Forces.
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FEM RESULT

The reaction forces are found in the —Z direction at the four-wheel fixing points.

"The reaction forces are obtained, as -57995.0 and -57994.0 are one side, and -57994.0
and -57995.0 on the other side as shown ih Fig: 5.1. The total hydrostatic load on the
gate is (690x205x1.64 =) 231978 kg (AppendiX-A), which is same as ANSYS total

reaction force. So, hydrostatic loads acting on the gate is properly accounted in the

FEM model.

5.2.2 Skin Plate FEM Result

In conventional approach the skin plate was designed as panels in accordance

with procedure and support conditions given m Annex-C of IS: 4622. Maximum

stresses and deflection are mentioned in table: 5.1 for ready reference.

Table: 5.1 Maximum stresses in skin plate (ref. Appendix-A).

Location & direction of maximum stress/deflection | Max. Value Unit
X-direction with V stiffener (bending stress) 529.14 | kg/em®
Y-direction with H girder (bending stress) » 422.70 kg/cm®
XY-plane (shear stress) T : e 46.13 | kg/om®
Deflection at the centre of the horizontal girdér 0.54 - cm
Limited deflection (L/800) | ' 0.90625 Cm

FEM RESULTS (deflection and stresses) are, presented in contour plots (nodal &

element solutions) as well as graphically in different sections as here after:

' BOTTOM VIEW

Vertical Lift Gate (model-C)

Fig: 5.2 VL Gate Contour Plots Deﬂections.

5-2

Uz {AVG)

DMX =.600109
SN =-.046576
SMX =.600109
-.046576
. 025278
. 097132

: . 168986
- 1

.24084
.312693
. 3684547
. 456401
. 528255
.600108




of the gate vary from 0. 528255 t0.0.600109 cm.

' NODAL SOLﬁTIGH

PowerGraphics

ANSYS

FEM RESULT

om the ‘Fig: 5.2 and contour legend that deflections at the centre span

SX  (AVG)
-454.135

-353.216
-252.297
-151.378
-50, 459
50.459

151.378
252,297
353.216
454,135

Yertical Lift Gate {model-C)

(AVG)
-380.928

-=304.055
-217.182
-130.309

- -43.436
43.436

'130.309
217.182
304.055
390.928

Fig: 5.3 Skin Plate Contour Plots Stresses SX, SY (Nodal Solution).

It is visible from the Fig: 5.3 & contour legends that, maximum stresses in the

X-direction (window=1) are varying from +/-353.216 to +/-454.135 kg/cm? those are
occurring with vertical stiffeners and in Y-direction (window=2) are varying from +/-

304.055 to +/ 390 928 kg/cm with honzontal girders.

1

ELEHENT SDLUTIUH

PowerGraphics

SX (NOAVG)
-454,746
~-353.691
-252.637
-151.582
wy -50.527
$ . 50.527
151.582
252.637
353.691
454,746

Vertical ‘Lift Gate. (model-C}

SY (NOAVG)

-401,779
-312.495
-223.211
-133.926
-44.642
44,642

-133.926
223.211
312.495
401.779

Fig: 5.4 Skin Plate Contour Plots Stresses SX, SY
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FEM RESULT

_ It is apparent from the Fig: 5.4 and contour legends that, maximum' stresses in
the X-direction (window=1) are varying from +/-353.491 to +/-454.746 kg/cm? those

are happening with vertical stiffeners and in Y-direction (wmdow=2) are varying from

+/-312.495 to +/-401.779 kg/cm® with honzqntal glrders.

i

SKIN PLATE BOTTOM

NODAL SOLUTION ¢

¢

.Sx.

SHNB=-399.275
.SMXB=494, 959
-345.711
-256.839
-167.968
T -79.096
9.776
 98.648
187.52
276.392
365.263
454,135

Vertical Lift Gate (model-C}

4

SMNB=-230. 965
SMXB=452.636
~177. 401
~114.253
-51.106
12.042
75.19
138.337
201.485
264.633
327.78
390.928

Fig: 5.5 Skin Plate Contour Plots Stresses SX, SY with Error Estimétion (NS).

1 SKINP BOTTOM

ELEMENT SOLUTION

Vertical Lift Gate (model-C)

SY (NOAVG)

SMNB=-401.847

SMKB=593.304
-348.283
-259.058
-169.832
-80.607
8.619
97.844

_ 187.069
-276.295
365. 52
-454.1746

SHNB=-233.918
SMXB=453. 367
@ -183.04l
-118.061
~53.081
11.899
76.879
$141.859
206.839
=2 271.819
336.799
401.779

e 0 -
E *
=] ¥

Fig: 5.6 Skin Plate Contour Plots Stresses SX, SY with Error Estimation (ES).
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FEM RESULT

It is noticeable from the Fig: 5.5, 5.6 and contour legends that maximum
stresses on the bottom side of skin plate in the X direction (wind=1): at centre of the
'panels are varying from —256.839 to —345.711 kg/cm® and with error estimation
(SMNB=) ~399.275 kg/(v:m2 (nodal solution); —259.058 to —348.283 kg/cm® and SMNB=
— 401.847 kg/cm® (eleihent soln.)(*-* Comp.), whereas with the vertical stiffeners are
varying from 365.263 to 454.135 kg/cm?® and SMXB: 494.959 kg/cm? (nodal solution);
365.52 to 454.746 kg/cm and SMXB= 593.304 kg/cm’ (element soln.)(tension), and in
the Y direction (wind=2): at centre of the ‘parels are varying from —114.253 to —
177.401 kg/cm® and SMNB= —230.965 kg/cm® (nodal soln.); —~118.061 to —189.041
kg/cm® and SMNB= -233.918 kg/cm® (element soln.), whereas with the horizontal
girders are varying froin 336.799 to 401.779;:kg/cm? and SMXB= 453.367 kg/cmz.

1 . NODAL SOLUTION . ANSYS| s wvo

-88.205
-68.604
-49.003
-29.402"
-9.801
9.801
29.402
49.003
68.604
88.205

UIND=2
-100. 768
~77.349
-53.931
-30.512
-7.093
e 16.326
39.744
e
86.582
110,001

Vertical Lift Gate {model-C)

Fig: 5.7 Skin Plate Contour Plots Stresses Shear Stresses SXY.

It come into view from the Fig: 5.7 and contour legends that maximum shear
stresses in the skin plate are happening (wind=1, nodal soln): 88.205 kg/cm® and
(wind=2, elément soln): 100.001 kg/émz'- and these are taking place neither on the
horizontal girders nor on the vertical stiffeners rather inside the panels. Shear stresses

on the honzontal girders and vertlcal stiffeners are negligibly small.

It is»noticeafjle from Fig: 5.8 and contour legends that maximum Von Mises
SEQV stresses are also taking place with the vertical stiffeners and horizontal girders
ranging from 362.81 to 408.144 kg/cm?, SMxB= 542.776 kg/cm? in element solution

B
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FEM RESULT

(wind=1); and at same locations rangmg from 356. 91 to 401474 kg/cm SMXB—
442.297 kg/cm? in nodal solution (wind=2).

7 D ] SMXB=542.776
. ELEMENT SOLUTION  SEQV (I-IUAVG] , ‘

45.471
90.805
136.139
181.473
226.808
272.142
317.476
362.81
408.144
SMXB=442.297
w  -40148
44.965
59529
n,l34.092
mmm L178.656
g 228-219
[
|

267.783
312.346
356.91

Vertical Lift Gate (model-C) S ‘ — - 401.474

Fig: 5.8 Skin Plate Contour Plots Von Mises SEQV Stresses.

From the FEM RESULTS it appears that element solutions are closer to the
design results and it is also observed during convergence study that, when mesh sizes

are fine, element and nodal solution results come closer.

ANSYS provides tools to make sections in the model and analyses displacement,
various stresses at different directions as well as VON MISES SEQV stress. So, FEM
RESULTS are represented graphically along diffefcnt sections of-the skin plé.te. At the
time of analyses it is observed that FEM RESULTS are same along top/bottom of the
gate, along top/bottom horizontal girders and along sections between top and central as
well as central & bottom horizontal girders due to same spacing and constant pressure.
The gate and therefore, results are also symmetric on both sides of the mid-span. As
such, ANSYS graphical results are represexitcd along: top/bdttom of the gate, top/bottom
and central horizontal girders, between: top/bottom of the gate & top/bottom horizontal
girders, central and top/bottom hsrizontal girders, and along vertical end girder, vertical
stiffeners as well as between vertical stiffeners up to stiffener no. - 6. |

Note: All graphical results are presented from bottom (pressure) side of the skin plate
and so +ve results are with H girders/ V stiffeners and -ve results are in between.



FEM RESULT

Section Along Horizontal Direction (X — Dlrectlon) Total path length 758.00

Graph: 5.1 _
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5.1 RESULTS (PATH VARIABLES: ABOG)
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FEM RESULT

SUMMARY OF THE GRAPH: 5.2 RESULTS (PATH VARIABLES: COBP)

LABEL MAX MIN
SX 151.59 -140.22
SY 51.795 -52.082
SXY 68.302 -68.309 .

SEQV 135.37 .57158

Graph: 5.3
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SUMMARY OF THE GRAPH: 5.3 RESULTS (PATH VARIABLES: ABHG)
: LABEL : MAX MIN

SX 105.22 -61.666
SY 367.67 -45.523
SXY 3.3993 -3.4049
- SEQV 330.96 .87277

SUMMARY OF THE GRAPH: 5.4 RESULTS (PATH VARIABLES: BBCHG)

LABEL MAX MIN

SX 402.09 -340.92
SY ’ 106.94 -175.08
SXY 5.4150 -5.5633
SEQV 361.87 : 7.6886

Graph: 5.5

1  SIRESS ‘DISTRIBUTION IN SKIN PLATE ALONG CENTRAL HORIZONTAL GIRDER NANSYS
oo AL AL AT TA TR A A N
E _ o LAV AT AR i A
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SUMMARY OF THE GRAPH: 5.5 RESULTS (PATH VARIABLES: ACHG)
LABEL MAX °, MIN )

sx 112.83 -64.214
SY " 390.72 -42.611
SXY : 1.4964 ~.36948E-01
SEQV - 351.22 2.0701

Uz ‘ s .56870 -.46576E-01
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Graph: 5.6 : ’
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Graph: 5.7
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5.6 & 5.7 RESULTS (PATH VARIABLES)
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Section Along Vertical Direction (Y — Direction): Total path length 205.00
Graph: 5.8
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SUMMARY OF THE GRAPH: 5.8 RESULTS (PATH VARIABLES: AVEG)

LABEL MAX MIN

SX 191.42 : -21.282
Sy 67.029 ~-33.554
SXY 22.132 -22.131
SEQV 168.86 ) 16.740

Graph: 5.9
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SUMMARY OF THE GRAPH: 5.9 RESULTS (PATH VARIABLES: AVS1)

LABEL MAX MIN
SX 320.30 -53.783
Sy . 82.556 -57.305
SXY 5.9442- =5.9443 .
SEQV 289.19 9.7408
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' SUMMARY OF GRAPH: 5.10°RESULTS (PATH VARIABLES: AVS2)

MAX - - MIN
- 286.6 A -51.301

| g - 70.723 -52.356
lsxy .24592 ~.24595
 SEQVLY 259.79 7.1059

SUMMARY :OF ' GRAPH: 5.11 RESULTS (PATH VARIABLES: AVS3)
LABEL MAX ' MIN
Uz ' .40580 .39252

SX - 363.81 -59.695
sy. -~ 108.53 -46.662
'sxY'  8.6007. .. -8.6007
SEQV - , 32179if£%-*‘, 8.0216

Graph: 5.12 m:j-;;" -

1 STRESS DISTRIBUTION IN SKIN PLATE ALONG VERTICAL STIFFENER -4 ANSYS
D e Ya 5>
sz el /TN AN /

e TN 113 /
A TN TN
MR EnNEZan\w %

S gl

Y z N y/ SEY
B i s )
. P h4m T 4G OfF e TP G 1 TR e T o=

DISTaMNOE ¢ o~

2 . ,
o L ' ' ' _ SEQV
BRSO | S f/r_ﬁi ' AN
E‘ - AL ' ) /
) A O A R AN
N 'b; :\z—i\é‘ > = o l/‘:\jala o F S q4? E\%i 2 oS

DISDTANCE ( o ~)

‘|vertical Lift Gate (model-C)

SUMMARY OF GRAPH: 5.12 RESULTS (PATH VARIABLES: AVS4)
: LABEL: - " MAX . MIN
Uz , .48985 .47671

sX 454.13 -70.041
sY 152.88 ~41.305
SXY . .49554E-01 —.49564E-01
SEQVI 401.47 4.2628
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Graph: 5.13
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SUMMARY OF GRAPH: 5.13 RESULTS (PATH VARIABLES: AVS—S)

LABEL MAX _ MIN .
SX 452.36 ~71.969

SY 152.38 -41.922
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SEQV 399.89 2.8622
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From the Table: 5.2 it is obvious that, although FEM RESULTS are varying from
pahel to panel but well below the permissible values and the significant vélues (bold)
are quiet close to design results with little variations due to some assumptions made in
design methods as well as some ANSYS iteration errors, e.g. SMXB= 542.776 kg/cm?,

SMxXB= 442.297 kg/cm? (Fig: 5.8), which may be considered within acceptable range.

5.2.4 Horizontal Girders FEM Result

The vertical lift gate under study consists of three horizontal girders. The top
and bottom girders are geometrically same and central girder is heavy, and spacing is
equal .for all girders (ref. appendix-A,. page-16). Therefore, for constant applied
pressure, load behavior of the top and bottom girders are same, and subsequently FEM
RESULTS are presented for the cen'trai and ‘top/bottom girders. For ready reference,
design results are also mentioned hereunder '

Central Horizontal Girder: Méximum values are: Shear force = 42435.0 kg,
Bending moment = 8062659.0 kg-cm, Deflection = 0.54 cm, Bending stresé, on top
flange = 637.54 kg/cm?, bdttom ﬂange =-978.20 kg/cm? (ref: Appendix —A, page —16).

I CENTRAL HORZONTALGRDER | ANSYS

-43450
-33792
-24133
- -14475
- -4816
4843
14501
24160
33818
43477

19894
957507
. 190E+07
. 283E+07
.377E+07
o . 471E+07
" .565E+07
. 658E+07
. 752E+07
. B46E+07

‘BEHDING MOMEHNT DIAGRAM

-.00178
. 061607
.12493%4
.18838

.251767
.315154
378541
. 441927
. 505314
. 568701

Fig: 5.9 Central H Girder Contour Plo_ts Shear Force, Bending Moment & Deflection.

DEFLECTION

Vertical Lift Gate (model-C)
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FEM RESULT

It is evident from the Fig: 5.9 and contour legends that maximum values of

shear force 43477 kg, bending moment 8460000 kg-cm and deflection 0.568701 cm.

1 CENTRAL HORIZONTAL GIRDER

2.249
76.309
150. 369
224.43
298.49
372.55
446.61
520.67
594.73
668.79

E

% . ¥ Bl )

BEHDING STRESS DISTRIBUTIOH OH BOTTOM FLANGE

Vertical Lift Gate {model—t]

-1026

-912,628
-799.002
-685.375
-571.749

' ~344. 496
-230.87
-117.244
-3.617

Fig: 5.10 Central H Girder Contour Pl‘ots Bending Stresses on Top & Bottom Flange.

It is clear from the Fig: 5.10 and-contour 'Iégends that maximum values of

bending stresses at the centre of span on’ to‘i) flange (skin plate): 668.79 _kg/cm2

(tension) and bottom flange: -1026 kg/cm_? (compression). For details Element Table

results given in ET.5.1.

ET: 5.1 PRINT ELEMENT TABLE ITEMS PER ELEMENT (CHG)
*%*%% POST1 ELEMENT TABLE LISTING **%%%

STAT

ELEM

1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087

CURRENT
SBZT

2.2491
88.350
190.77
290.13
364.55
421.47
455.83
481.06
500.78
520.10
538.67
556.48
573.96
587.49
600.62
613.01
624.63
635.93
643.26
650.20
656.39

CURRENT

SBZB
-3.6173

-142.10
-306.82

-466.63
-578.99
-661.40
-707.04
-738.18
-768.45
~798.10
-826.59
-853.92
~-880.74
-901.50
-921.65
-940.65
2958.49
~975.82
-987.08
-997.73
-1007.2

CURRENT

SFgz

- 43477.
42670. -
41385.
36254.
34696.
29226.
27670.
22634.
22203.
21361.
20520. °
.20095.

' 15514.

15089.
14250.
13410.
12985.
8391.1
7965.9
7126.6
6287.2

5-22

CURRENT
BMY
19894.
.78149E+06
. 16874E+07
.25663E+07
.35633E+07
.45176E+07
.53214E+07
.60841E+07
.63336E+07
:65779E+07
.68128E+07

.70380E+07
.72590E+07

.74302E+07
.75963E+07
.77529E+07
.78999E+07
.80428E+07
.81355E+07
" .82233E+07
.83015E+07

CURRENT
BMX

91.127
~35.223
-16.523
-9.6532
-9.7178
-7.6791
~7.6542
~5.8558
-5.8471
-5.8385
~5.8299
-5.8216
-4.2701
-4.2627
-4.2553
-4.2480
~4.2408
-2.9022
-2.8957
-2.8893
-2.8829

-458,.123 .

-



FEM RESULT

SUMMARY OF GRAPH: 5.14 RESULTS (PATH VARIABLES: AVS6)

LABEL: MAX MIN

SX 451.69 -72.961

SY 152.22 -42.239

SXY .16514E-01 -.16514E-01
SEQV .399.29 2.3922

Graph: 5.15

1 STRESS DISTRIBUTION IN SKIN PLATE AL ONG VERTICAL STIFFENER -7

ANSYS

SX

. . DIST -NOE € o >
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FEM RESULT

SUMMARY OF GRAPH:
LABEL
Uz

SX
SY
SXY
SEQV

SUMMARY OF GRAPH:
LABEL
Uz

SX

SY
‘SXY

SEQV

Graph: 5.17

5.15 RESULTS (PATH VARIABLES: AVS7)

MAX s MIN
.57813 .56508
451.69 T ~72.961
152.22 . -42.,235
.14798E-01 -.14797E-01
399.29 2.3937

4

5.16 RESULTS (PATH VARIABLES: BVEG&VS1)
MAX MIN

.13197 . - .10208
113.30. - -268.20
374.39 -158.70
40.594 - -40.359
333.75 - 83.228

1  SYRESS DISTRIBUTION IN SKIN

PLATE BET VERTICAL STIFFENERS: 1 &2 ANSYS

===

Vertical Lift Gate {(model-C)

e AL T IA
T _ L1/ IANI AN
@ 74 AN \\ S¥Y
g s 37 /N (\\\ s,
e A INL NN LT R
e ‘//' \\\'// N sx
ST T e T e
LT
RN AN
8 ,.. I\ N LS T/
e VR W A\t AL
v v \
T S g mT Ly == b oA L gae s 17€"?os

DTS TANCE o —3%

SUMMARY OF GRAPH: 5.17 RESULTS (PATH VARIABLES: BVSl_ 2)

LABEL
Uz

SX

SY
SXY
SEQV

MAX . MIN
.25301 .22385
112.76 -345.01
383.82 -177.25
.48642 -.48571
342.89 73.614
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FEM RESULT

Graph: 5.18
1 STRESS DISTRIBUTION IN SKIN PLATE BETn VERTICAL STIFFENERS: 2 & 3 [\NS Y S
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SUMMARY OF GRAPH: 5.18 RESULTS (PATH VARIABLES: BVS2_3)

LABEL MAX . MIN

Uz .37079 .34184
sx 111.77 . -345.70
sy 383.10 -177.37
SXY .49809 . -.49814
SEQV 342.42 - - 74.398

Graph: 5.19

1 STRESS DISTRIBUTION IN SKIN PLATE BETn VERTICAL STIFFENERS: 3 & 4 NANSYS
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FEM RESULT

SUMMARY OF GRAPH: 5.19 RESULTS (PATH VARIABLES: BVS3 4)

LABEL MAX MIN
SX 105.36 -262.44
SY 390.30 -168.08
SXY - .38556 . -.38559 .
SEQV - 350.90 =~ 63.891
Graph: 5.20
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Graph: 5.21
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FEM RESULT

SUMMARY OF GRAPH: 5.20 RESULTS (PATH VARIABLES: BVS4_5)

LABEL . . MAX R MIN

Uz - .54067" - .50922

sX . 102.46 - -264.38

sy 388.21 ~168.01
SXY .89810E-01  -.89825E-01
SEQV 349.62 65.515

SUMMARY OF GRAPH: 5.21 RESULTS (PATH VARIABLES: BVS5_6)

LABEL MAX MIN
Uz .58507" .55366
SX 100.98 -265.90
SY ' 387.89 -168.48
SXY .42155E-01 -.42160E-01
SEQV 349.70 66.627
Graph: 5.22 ”
I SIRESS DISTRIBUTION IN SKIN PLATE BETH VERTICAL STIFFENERS: 6 & 7 _ ANSYS!

O A\ A
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Vertical Lift Gate. (model-C)

SUMMARY OF GRAPH: 5.21 RESULTS (PATH VARIABLES: BVS6;7)

LABEL MAX MIN
Uz .60011 .56870
SX 100.49 -266.41
SY | 387.77 - -168.64
SXY .49478E-02 ~.49426E-02
SEQV 349.72 : 66.999
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FEM RESULT

¥

5.2.3 Validation Of Skin Plate FEM Result
A comparison between conventionally .design_ results and FEM results of skin

plate for interior and top/bottom panels at éénters, with vertical stiffeners and

horizontal girders is presented in tabfc";i 52

Table: 5.2 Comparison of DESIGN and FEM results in skin plate.

Location & direction of Design FEM Variation
results ‘ (Il;zs}gll;g) Results Ref. graph (%)
(kg/cm®) /figure
a) Interior panels (ref. Appendix —A; page-8, art. 5.6) (FEM results for 14 panels)
Centre of the SX 251.77. 264.38 - Gr: 5.4, +5.01 to
panel 345.70 5.16-5.21 | +37.31
SY 160.11 168.01 - ’ +4.93 to
' 17737 | +10.78
SXY 33.'3_3 40.36 (max) ’ +21.09
Mid-point with SX 529.14 320.30 - Gr: 54, |-3947to
vertical stiffeners , 454.13 59-515 |-14.18
SY 158.74 . 82.56 — ’ -47.99 to
152.88 -3.69
SXY 0 5.94 (max) » ===
Mid-point with SX 126.81 100.49 - +Gr: 5.5, |-20.76to
central horizontal 113.30 5.16-5.21 | -10.65
girder SY 422,70 : - | 374.39 - » -11.43 to
: -1 390.72 -7.57
SXY 0 40.59 (max) ,, -

b) Top/Bottom panel (ref. Appendix —A, page-9, art. 5.7) (FEM results for 7 panels)

Centre of the SX 104.80 .. 89.21 - - Gr:.5.2, |-14.88to
panel 140.78 5.16-5.21 | +34.33
SY 48.06 13.62 — T -71.66 to
52.08 +8.36
SXY |33.33 35.41 (max)” ’ +6.24
Mid-point with SX 145.73 110.99 ~ Gr:5.2, |-23.84to
vertical stiffeners 164.68 5.9-5.15 | +13.00
SY 43.72 51.87 - ' v +18.64 to
54.50 +24.66
SXY 0- 7.05 (max) ' 9 =
Mid-point with SX 63.53 82.08 - Gr: 5.3, | +29.20to
top/bottom 102.91 5.16-5.21 | +61.99
horizontal girder | SY 211.77 334.40 - ’ +57.91 to
' ‘ 358.44 +69.26
SXY 0 : .1.96 (max) I -
Deflection at the centre 0.54  0.576 — Gr: 5.6-5.7 | +6.67 to
span of the gate, UZ (cm) 0.600 +11.11

FEM RESULTS are analyzed for fourteen interior and seven top/bottom panels.
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FEM RESULT

STAT CURRENT " CURRENT: CURRENT CURRENT CURRENT
ELEM SBZT SBZB SF2Z BMY BMX
1088 . 661.82 . -1015.6 5862.0 .83702E+07 —-2.8766
1089 666.92 -1023.4 1262.1 .84347E+07 -1.6819
1090 668.05 -1025.1 836.91 .84491E+07 -1.6760
1091 668.79 -1026.3 -2.4851 .84584E+07 -1.6701
1092 668.78 -1026.2 -841.88 .84582E+07 -1.6642
1093 '668.01 -1025.1 -1267.1 .84485E+07 -1.6584
1094  666.91 -1023.4 -5866.5 .84346E+07 -.52199
1095 ° 661.84 -1015.6 -6291.7 .83705E+07 -.51627
1096 656.38 -1007.2 -7131.1 .83014E+07 -.51049
1097 ~ 650.17 -997.68 -7970.5 .82229E+07 -.50465
1098 643.20 -986.98 -8395.6 .B1347E+07 -.49879
1099 635.90 -975.78 -12988. .80424E+07 .65884
1100 624.64 -958.50 -13413. .79000E+07 .66479
1101 612.98 -940.61 -14253. .77526E+07 .67084

1102 600.57 -=921.58 © -15092. .75957E+07 .67697
1103 587.41 -901.38 © =15517. .74292E+07 .68315
1104 573.92 = -880.67 © ~20095. .72585E+07 1.9139
1105 556.48 " -853.91° --~20520. .70379E+07 1.9202
1106 538.64 -826.54 - --=21361. .68124E+07 1.9267
1107 520.05 - . =798.01 -22203. .65773E+07 1.9333
1108 - 500:.70 ~768.33 -22634. .63326E+07 1.9399
1109 480.87 - =737.90 -27665. .60818E+07 3.2484
1110 455.79 -706.98 - -29221. .53209E+07 3.2654
1111 421.43 -661.34 -34689. .45172E+07 4.5513
1112 364.54 -578.97 . -36247. .35632E+07 4.5275
1113 290.21 -466.75 -41383. .25670E+07 2.5818
1114 190.88 -307.00 -42665. .16884E+07 3.7511
1115 88.267 -141.96 -43450. .78075E+06 9.2778

MINIMUM VALUES .

ELEM 1067 1091 1115 1067 - : 1068

VALUE 2.2491 -1026.3 -43450. 19894. -35.223

MAXIMUM VALUES _ _

ELEM 1091 1067 © 1067 1091 1067

VALUE 668.79 -3.6173 | 43477. .84584E+07 91.127

Top/Bottom Hbrizontal Girder: Maximum values of the design results are:
Shear force = 36777.0 kg, Bending moment = 6987630.0 kg-cm, Deflection = 0.53 cm,
Bending stress, on top flange = 728.03 kg/cm®, bottom flange = -1019.18 kg/cm” (ref:
Appendix —A, page —23). . o

P

It is distinct from the FEM RESULTS in Fig: 5.11, 5.12 and contour legends that,
maximum values of shear force 35222 kg, bending moment 6780000 kg-cm, deflection
0.576006 cm, bending stresses at the centre of span on top flange (skin plate): 706.213
kg/cm? (tension) and bottom flange: -988.618 kg/cm® (compression). For details

Element Table results are also listed in ET5 2.




FEM RESULT

1 TOP/BOTTOM HORIZONTAL GIRDER

-35222
-27395
-19568
-11741
~-3814
3913
11740

- 19567

27394
35222

'BENDING MOMENT DIAGRAM

"3793

756500

-151E4+07
« 226E+07
. 301E+07
. 377E4+07

.« 452E+07

. S27E+07
.603E+07
. 678E+07

i A O Ol

DEFLECTION

VYertical Lift Gate {model-C)

. 00521

. 068631
.132053
. 195475
. 258897
.322318
. 38574

.449162
.512584
. 576006

Fig: 5.11 Top/Bottom H Girder Contour Plots Shear Forcg, BendincLMoment & Déﬂection.

1 TOP/BOTTOM HORIZONTAL GIRDER

» 569103
78.974
157.379
235.784
314.189
392.594
470.998
549. 403
627.808
706.213

BEHDIHG STRESS DlSTRlBllTION OH BOTTON FLAHGE

Yertical Lift Gate {model-C)

-988.618

. -878.864

-769.11

-659.355
-549.601
-439.847
-330.092
-220.338
-110.584

. -.8294086

Fig: 5.12 Top/Bottom H Girder Contour Plots Bendinq Stresses on Top & Bottom Flange.

ET: 5.2 PRINT ELEMENT TABLE ITEMS PER ELEMENT (THG/BHG)

*%x%%%* POST1 ELEMENT TABLE LISTING **#%%%
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STAT CURRENT
ELEM SBZT
1116 .59055
1117 93.222
1118 203.14
1119 309.14
1120 388.09
1121 447.40
1122 483.16
1123 508.45
1124 529.42
1125 549.90
1126 569.43
1127 588.02
1128 606.19
1129 620.63
1130 634.58
1131 647.59
1132 659.66
1133 671.31
1134 679.24
1135 686.68
1136 693.17
1137 698.72
1138 703.86
1139 705.28 °
1140 706.21
1141 706.20
1142 - 705.24

- 1143 703.87
1144 698.78
1145 693.20
1146 686.68
1147 679.21
1148 671.33
1149 659.72
1150 647.63
1151 634.59
1152 620.61
1153 606.22
1154 588.09
1155 569.48
1156 549.92
1157 529.41
1158 508.32
1159 483.18
1160 447.41
1161 388.09
1162  309.22
1163 -203.23
1164 93.063

MINIMUM VALUES

ELEM 1116

VALUE .59055

MAXIMUM VALUES

ELEM 1140

VALUE 706.21

CURRENT
SBZB
-.86067
-135.86
-296.05
-450.54
-559.64
-638.49
-682.69
-711.77
-741.13
-769.80
-797.14
-823.16
-848.59
-868.81
-888.34
-906.56
-923.44
©-939.75

-950.86"

'~961.27
-970.36
-978.13
-985.32
-987.32"
-988.62
-988.60"
-987.26
-985.33
-978.21
-970.40
-961.27
-950.81
-939.78
-923.54
-906.61
-888.36
-868.79

-848.64 ©

~-823.26
-797.20
-769.82
-741.11
-711.59
~682.72
-638.51
-559.64
-450.66
-296.19
-135.63

1140
-988.62

1116
-.86067

CURRENT
SFZ
35222.
34505.
33273.
29235,
27727.
23513.
22008.
18262.
17855.
17055.
16257.
15855.
12563.
12161.
. 11364.
1.0566.
10165
'6879.8
6478.2
5680.9
4883.7
4482.2

©1200.0

798.47

1.2463
-795.98
-1197.5
-4479.9
-4881.4
-5678.7
'~6476.0
-6877.6
-10163.
-10565.
-11362.
-12160.
'~12561.
-15855.
-16257.
-17055.
-17855.
-18262.
-22011.
-23515.
-27731.
-29239.
-33274.
-34506.
-35222.

1164
35222.

1116
35222.
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CURRENT
BMY

3935.5

.62125E+06
.13537E+07
.20602E+07
.28642E+07
.36267E+07
.42733E+07
.48800E+07
.50814E+07
«52779E+07
.54654E+07
.56437E+07
.58181E+07
.59568E+07
.60907E+07
.62155E+07
.63313E+07
.64431E+07
.65193E+07
.65906E+07
.66530E+07
.67063E+07
.67556E+07
.67692E+07
.67781E+07
.67780E+07
.67688E+07
.67556E+07
.67068E+07
.66533E+07
.65907E+07
.65190E+07
.64433E+07
.63320E+07
.62159E+07
.60908E+07
.59566E+07
.58184E+07
.56445E+07
.54658E+07
.52780E+07
.50812E+07
.48788E+07
.42735E+07
.36268E+07
.28642E+07
-.20607E+07
.13544E+07
.62018E+06

1116
3935.5

1140
.67781E+07

FEM RESULT

CURRENT
BMX
46437.
46060.
45607.
35206.
34823.
26572.
26215,
19317.
19172.
18929.
18688.
18547.
12467.
12331.
12097.
11862.
11725.
6025.6
5890.3
5657.1
5423.5
5287.7
-245.75
-381.00
-614.07
-847.10
-982.29
-6528.9
-6664.9
-6898.6
-7132.0
-7267.3
~13009.
~13146.
-13382.
-13616.
-13752.
~19913.
-20054,
-20296.
~20540.
-20685.
-27716.
-28074.
-36387.
-36770.
-47031.
-47481.
-47856.

1164
-47856.

1116
46437.



FEM RESULT

5.2.5 Validation Of Horizontal Girders FEM Result

A comparison between conventionally design results and FEM results of

horizontal girders is presented in table: 5.3.

Table: 5.3 Comparison of DESIGN and FEM results of horizontal girders.

Name and Location of Design «FEM Variation
maximum value results Results | Ref. fig/ET (%)
a) Central horizontal girder:
Shear force in kg " +/-42435.0 | +/-43477.0 | Fig: 5.9, +2.45
(Begin/end) ET:5.1
Bending moment in kg-cm 8062650.0 | 8458400.0 ’ - +4.91
(Centre of span)
Bending stresses in kg/cm® (centre of span) .

Top flange (skin plate) 637.54 668.79 | Fig: 5.10, +8.04

ET: 5.1

Bottom flange -978.20 -1026.30 » +4.92
Deflection (centre of span) ~0.54 0.568701 | Fig:5.9 +5.31
b) Top/Bottom horizontal girder:
Shear force in kg +/-36777.0 +/-35222 | Fig:5.11, -4.23
(Begin/end) - | ET:5.2
Bending moment in kg-cm 6987630.0 | 6778100.0 ’ -3.00
(Centre of span) '
Bending stresses in kg/cm” (centre of span)

Top flange (skin plate) 728.03 706.21 | Fig:5.12, -3.00

ET:5.2

Bottom flange -1019.18 -988.62 1 . -3.00

Deflection (centre of span) 0.54 0.576006 | Fig:5.11 +6.67

From the Table: 5.3 it appears that FEM shear force as well bending moment on
central horizontal girder is more than design values whereas on the top/bottom
horizontal girders are less; this indicates, é‘qual sharing of load for equal spacing by the
horizontal girders as assumed in design consideration is deviating. So, FEM results are
reflecting accordingly. However, FEM RESULTS are quiet close to design results with

little variations, which are within acceptable limit.

5.2.6 Vertical End Girder FEM Result
The vertical lift gate under study consists of two vertical end girders at the left

and right most end of the gate. In all respect, such as, geometry, loads, both the VE
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FEM RESULT

girders are same (ref. appendix-A, page;30). Therefore, load behavior of both the
girders is same, and in that case FEM 'RE,S_U-L.TS are presented only for the left/right
girder. For ready referencé, maximum valp.és of the design results are also mentjoned
here. Shear force (T/B HG): +/-36777.0 kg, Bending moment (wheel support point): -
1195253 kg-cm, Bending . stresées, top flange (skin plate): -431.75 kg/cm?
(compression) & bottom flange: 230.49 kg/cm’ (tension). |

ANSYS

1 VERTICAL END GIRDER

-.111E+07
~984546 ~
-856414
-728281 -
-600149
-472017
-343884
-215752
-87619

40513
‘WIND=3 ’

SHEAR FORCE
DIAGRAM

-.uulL7yg
-.442E-03
. 896E-03
.002234

. 003572

. 00481

. 006249

. 007587

. 008925
.010263

. BENDING MOMENT
DIAGRAM

ﬁ . , DEFLECTION
Y .

VYertical Lift Gate (model-C)

Fig: 5.13 VE Girder Contour Plots Shear Force, Bending Moment & Deflection.

It is distinct from the FEM RESULTS m Fig: 5.13 and respective contour legends
that, maximum values of shear force at'the points of bottom/top horizontal girder are
+/-35620 kg, bending moment at the wheel support points are —0.111E+07 kg-cm,
deflection at the both ends are 0.010263 cm and centre —-0.00178 cm.

It is noticeable from Fig: 5.14 and contour legends that, bending stresses at the
wheel support points on top flange (skin‘ plate): -401.917 kg/cm?® (compression) and
bottom flange: 214..'581 kg4/cm2 (tension). For details Element Table results are also
listed in ET: 5.3.
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~ v -401.917
1 f..fERTICAL END GIRDER YHEEL % _355.897
A -309.877
z  BHG -263.858
E__Y g -217.838
BEHDIHNG STRESS . :i;; 3;3
DISTRIBUTIOH OH 2. 779
TOP FLANGE o
) (SKIN PLATE) .
: 12.26
2 7.833
ﬁﬁg 16.88
41.592
66.305
91.018
115.73
! 140. 443
R BENDING STRESS 165.156
E_Y B DISTRIBUTION OH é‘ii' g g‘i
- BOTTOM FLANGE .
Vertical Lift Gate (model-C)
Fig: 5.14 VE Girder Contour Plots Bending Stresses on Top & Bottom Flange.
ET: 5.3 PRINT ELEMENT TABLE ITEMS PER ELEMENT (VEG)
*%%%% POST1 ELEMENT TABLETNISTING %%k
STAT CURRENT CURRENT CURRENT ‘CURRENT CURRENT
ELEM SBZT SBZB SFZ - BMY BMX
1214 - .21929E-01 ~.14010E-01 -155.11 72.463 1118.7
1215 -.38768 .24769 -251.93 -1281.1 2452.7
1216 -1.1046 .70574 -249.66 -3650.2 3001.1
1217 12.260 ~7.8328 ~35411. 40512. -780.42
1218 -103.80 66.316 -35438. ~.34300E+06 57.414
1219 =219.92 140.51 -35620. -.72672E+06 2053.2
1220 -401.91 214.58 22131. -.11127E+07 4615.2(WHEEL)
1221 =-265.59 169.69 21888. —-.87764E+06 7244.1
1222 -195.25 124.75 21714. —-.64521E+06 9203.5
1223 -125.47 80.162 21686. -.41461E+06 9968.3
1224 =55.741 35.614 -21694. —.18420E+06 —9967.1
1225 -125.40 80.119 - ~-21728. - . -.41438E+06 -9215.6
1226 -195.21 124.72 -21889. - -.64507E+06 -7274.2
1227 -265.55 169.66 -22133. -.87752E+06 -4648.8
1228 -401.89 214.57 35620. -.11126E+07 -2085.3(WHEEL)
1229 -219.97 140.54 35437. -.72690E+06 -94.629
1230 -103.83 66.338 - 35411. -.34311E+06 748.29
.1231 -1.7973 1.1483 249.72 -5939.4 -3000.4
1232 -1.0865 .69421 251.94 -3590.5 ~-2452.5
1233 -.40834 .26089 155,11 -1349.4 ~-1118.7
MINIMUM VALUES
ELEM 1220 1217 1219 1220 1224
VALUE  -401.91 -7.8328 ~-35620. ~-.11127E+07 -9967.1
MAXIMUM VALUES
ELEM 1217 1220 1228 1217 1223
VALUE 12.260 - 214.58 35620. 40512. 9968.3
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5.2.7 Validation Of Vertical End Girder FEM Resul_t

A comparison between conventionally design results and FEM results of

vertical end girder left/right is presented in Table: 5.4.

FEM RESULT

Table: 5.4 Comparison of DESIGN and FEM RESULTS of vertical end girder.

Name and Location of Design FEM Variation
maximum value results Results | Ref. fig/ET (%)
Shear force in kg +/-36777.0 | +/-35620.0 | Fig: 5.13, -3.15
(T/B H Girders) ET:5.3
Bending moment in kg-cm -1195253.0 | -1112700.0 | - » -6.91
(Wheel support points)
Bending stresses in kg/cm® (wheel support points)

Top flange (skin plate) -431.75 -401.91 | Fig: 5.14, -6.91

. ET:5.3 -
Bottom Aﬂange 230.49 214.58 ’ -6.90

From the Table: 5.4 it appeafé that FEM shear force as well bending moment at
the respective locations on vertical end girder is slightly less than design results and
therefore, FEM stresses are reflecting accordingly. However, FEM RESULTS are quiet
close to design results with a few variations due to FEM iteration errors that are within

acceptable boundary.

5.2.8 Vertical Stiffeners FEM Result

The vertical lift gate under study consists of twelve vertical stiffeners. All the
stiffeners are equally spaced and geometrically same (ref. appendix-A, page-5, 10). The
gate and thérefore, results are symméfric on both sides of the mid-span. As such, FEM

RESULTS are presented for six set vertical stiffeners from the left side.

For ready reference, design results are re-mentioned here. Maximum values are:
Shear force = 3382.50 kg, Bending moment = 63421.90 kg-cm, Bending stress, on top
- flange (skiﬂ plate) = 270.74 kg/cﬁlz, bottom web = 588.14 kg/cm? (ref: Appendix —A,
page —14, art. 6.8). |

Vertical Stiffener-1: It is obvious from the FEM RESULTS as presented in Fig.
5.15 and contour legends that, maximum values of shear force at the location of central
horizontal girder are +/-2376 kg and bending moment at the same location is — 44546

kg-cm.



FEM RESULT

l .
veRTicaL ANSYS
STIFFENER: 1
{FROM LEFT)
.
SHEAR FORCE
i DIAGRAMM
2
A
L v
. BENDING MOMENT
Vertical Lift Gate (model-C) S DIAGRANM
Fig: 5.15 V stiffener-1 Contour Plots Shear Force, Bending Moment.
1 BENDING STRESS DISTRIBUTION ON RISV
VERTICAL STIFFEHER: 1 T ANSYS
k-
TOP FLANGE
(SKIH PLATE}
2

[

BOTTOM WEB
VYertical Lift Gate {model-C)

-2376
-1848
-1320
-792.125
-264.067
263.59
- 792.048
1320
1848
2376

.
—
—
—
—

WIND=2
-44546
~-38245
-31943 -
© -25641
-19340
-13038
-6736
-434. 447
5867
12169

-190.171
-163. 268
-136.366

-82.562
-55.659
-28.757
-1.855
25.048
51.95

WIHD=2
~-112.8486

120.903
179.341
237.778
296.215
354.652
413.09

Fig: 5.16 V stiffener-1 Contour Plots Bendmg Stresses on Top ﬂange & Bottom web.

1t is visible from Fig: 5.16 and contour legends that, maximum bending stresses

at top flange (skin plate) 190 17 kg/cm?® (comp) and bottom web
(tension). :
For detalls Element Table results are also listed in ET. 5.4.
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ET: 5.4 PRINT ELEMENT TABLE ITEMS PER ELEMENT (Vs-1)

FEM RESULT

(As pep'mod_el position of horizontal girders are shown here only)

STAT CURRENT :~. . CURRENT ' "CURRENT CURRENT
ELEM .. SB2ZT :....  SBZB - SFZ BMY
"1254 <2.0611 -+  4,4772. -466.22 -482.81
1255 .-18.870 40.989 ~1077.2 -4420.2
1256 -60.506 131.43"° =149%F70 -14173.
1290 -162.77 -353.58 ~ 2204.5 -38129.
1291 - -62.274 . 135.27 1667.5 ~-14587.
1292 | 12.782 -27.765 . 856.32 ©2994.1
1293. 51.433 -111.72 -85.769 12048.
1294  48.052 -104.38 -1027.9 11256.
1295 2.2799 -4.9523 ~-1839.2 534.04
1296 --81.479 176.99 -2376.3 -19086.
1374 -190.15 413.04 2376.2 -44541.
. 1375 -81.825 177.74 1838.7 -19167.
1376 1.0370 . -2.2525 1027.6 242.91
1377  47.496 -103.17 85.803 11126.
1378 51.937 -112.82 -856.18 12166.
1379  13.992 -30.393 ~-1667.3 3277.5
1380 -61.938 134.54 = -=2204:3 -14509.
1458 -118.85 . 258.17 - 1491.0 -27841.
1459 =61.025 . 132.56 ° 1077.2 -14295.
1460 -20.306 ~  44.108 466.22 -4756.5
MINIMUM VALUES
ELEM 1374 - 1378 ‘1296 1374

VALUE '-190.15° -112.82 -2376.3 —44541._

MAXIMUM VALUES . :
ELEM 1378 1374 1374 1378

VALUE 51.937 413.04 2376.2 12166.

1 i _ ,
VERTICAL ANSYS
STIFFENER: 2

L
SHEAR FORCE
DIAGRAM
2
ko
BEHDING MIOMENT
Vertical Lift Gate (model-C}) y DIAGRAM

Fig: 5.17 V stiffener-2 Contour Plofs Shear Force, Bending Moment.
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FEM RESULT

DISTRIBUTIOH

1 VERTICAL STIFFENER: 2

BENDIHG STRESS

e

TOP FLAHGE
{SKIH PL ATF)

Vertical Lift Gate {(model-C)

BOTTOM WEB

-198.923
-170.615
-1l4z.308
~114.001
-85.694
-57.386
-29.073
-.771976
27.535
55.842

WIND=2
-121.301

309.122
370.612
432.101

Fig: 5.18 V stiffener-2 Contour Plots Bending Stresses on Top flange & Bottom web.
[ 4 .

I

ET: 5.5 PRINT ELEMENT TABLE ITEMS PER ELEMENT (VS-2)
STAT CURRENT CURRENT CURRENT CURRENT
ELEM = SBZT SBZB SFZ BMY
1257 -3.2384 7.0344 —445.99 -758.58
1258 -19.053 41.388 -1089.2 ~-4463.1
1259 -60.701 131.86 -1558.5 -14219.
1297 -156.55 340.06 2238.8 -36672.
1298 -55.140 119.78 1646.1 -12916.
1299 18.548 =40.290 815.36 4344.8
1300 55.196 -119.90 -132.76 12929,
1301 49.827 -108.23 -1080.9 11672.
1302 2.0467 -4.4459 -1911.9 479.43
1303 -84.355 183.24 -2504.8 -19760.
1381 -198.91 432.08 - 2504.7 -46595.
1382 -85.395 185.50 1911.8 -20003.
1383 .38933 -.84571 1080.9 91.199
1384 49.126 -106.71 0 132.71 11507.
1385 55,842 -121.30 -815.41 . 13081.
1386  20.149 -43.769 -1646.2 4719.9
1387 -54.158 117.64 -2238.8 -12686.
1461 -121.69 264.33 1558.5 -28505.
1462 -61.678 133.98 '1089.2 -14448.
1463 -20.691 44.945 445.99 -4846.8

MINIMUM VALUES

ELEM 1381 1385 1303 1381
VALUE -198.91 -121.30 -2504.8 -46595.
MAXIMUM VALUES :

ELEM 1385 1381 1381 1385
VALUE 55.842 432.08 2504.7 13081.
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FEM RESULT

Note: Since shear force and bending moment diagrams are almost similar with tiny
variation of magnitude, so only stress contours and element table listings are presented.

1 VERTICAL STIFFENER: 3

ANSYS

Vertical Lift Gate (model-C)

BENDIHG STRESS
DISTRIBUTION
on

L

TOP FLAHGE

(SKIH PLATE)

2

.

BOTTOM WEB

-196.637
-168.485
-140.334
-112.182
-84.031
-55.879
-27.728
. 423713
28.575
56.727

=2
-123.222
~-62.071
-.9203%81
60.231
121.381
182.532
243.683
304.834
365.885
427.136

Fig: 5.19 V stiffener-3 Contour Plots B_éfliiin Stresses on Top flange & Bottom web.

ET: 5.6 PRINT ELEMENT TABLE ITEMS PER ELEMENT (VS-3)

STAT CURRENT
ELEM SBZT
1260 -.93127
1261 -19.039
1262 -61.318
1304 -146.68
1305 -51.520
1306  20.759
1307 56.462
1308 49.612
1309 =.83740E-01
1310 -87.523
1388 -196.63
1389 -87.200
1390 -.65351
1391  49.314
1392 56.726
1393  21.294
1394 -51.879
1464 -117.52
1465 -61.336
1466 -19.754

MINIMUM VALUES

ELEM 1388

VALUE -196.63

MAXIMUM VALUES

ELEM 1392

VALUE 56.726

CURRENT
SBZB

2.0229
41.358
133.20
318.62
111.91
“-45.094

-122.65"
-107.77
.18190

‘190.12-
427.12
189.42
1.4195
-107.12
-123.22
-46.254
112.69
255.28
133.23
42.910

1392

~123.22

1388
427.12

e

CURRENT
SF2
-481.00
-1080.8
-1436.3
2072.7
1592.0
786.35
-156.33
-1099.0
-1904.7
-2385.5
2385.5
1904.7
1099.0
156.28
~-786.39
-1592.0
-2072.7
1436.3
1080.8
481.00

1310
-2385.5

1388
2385.5

5.33

CURRENT
BMY
-218.14
-4459.9
-14363.
-34359.
-12068.
4862.8
13226.
11621.
-19.616
-20502.
~46059.
-20426.
-153.08
11551.
13288.
4987.9
-12152.
-27529.
-14368.
-4627.3

1388
-46059.

1392
13288.

CURRENT
BMX
464.39
873.57
805.47
-1172.5
-1172.1
-648.35
6.2583
659.83
1180.9
1178.8
-1178.8
-1180.9
-659.82
~6.2445
648.36
1172.1
1172.5
~805.47
-873.57
-464.39

1389

-1180.9

1309
1180.9
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1 VERTICAL STIFFENER: 4 BEHDING STRESS ANSYS
: DISTRIBUTION
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i Y
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’ (SKIH PLATE)
2
BOTTOM WEB
i v _
Vertical Lift Gate (model-C)

-192.885
-165.128
-137.371
-109.615
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-54.101
~-26.345
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56.926

-123.654
-63.361
-3.068
B S57-226
o 117,510
177.812

358.692
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Fig: 5.20 V stiffener-4 Contour Plots Bending Stresses on Top flange & Bottom web.

ET: 5.7 PRINT ELEMENT TABLE ITEMS PER ELEMENT (VS-4)

STAT CURRENT CURRENT CURRENT CURRENT
ELEM SBZT SBZB " SFZ BMY
1263 1.3790 ~2.9954 -515.27 323.02
1264 -~19.019 41.313 -1071.9 ~4455.1
1265 -61.915 134.49 -1314.4 ~14503.
1311 -139.03 302.01 1917.4 ~32568.
1312 -49.632 107.81 1547.4 ~11626.
1313 21.694 ~-47.123 767.62 5081.6
1314 56.926 ~123.65 -168.20 1 13335.
1315 49.117 -106.69 -1104.0 11505.
1316 -1.9223 4.1757 -1883.9 ~450.29
1317 -89.788 195.04 -2254.0 ~21032.
1395 -192.88 418.97 2254.0 ~45181.
1396 -88.088 191.35 1883.9 - ~20634.
1397 -1.3790 2.9954 1104.0 ~-323.01
1398 49.233 ~106.94 168.16 11533.
1399 56.803 =123.39 -767.66 13306.
1400 21.145 -45.931 -1547.5 - 4953.1
1401 -51.338 111.52 =-1917.4 ~12026.
1467 ~-113.35 246.22 1314.4 ~-26552.
1468 -60.964 132.43 1071.9 ~14281.

1469 -18.785 40.805 515.27 ~4400.2

MINIMUM VALUES ,
ELEM 1395 1314 1317 1395
VALUE -192.88 -123.65 '-2254.0 -45181.

MAXIMUM VALUES

ELEM 1314 1395 1395 1314
VALUE 56.926 418.97 2254.0 13335.
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DISTRIBUTIOH

TOP FLAHNGE

1 Vw L B—E—'M—S—S ANSYS e —193.511
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-26.211
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WIND=2
-124.771
-64.202
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Fig: 5.21V stiffener-5 Contour Plots Bending Stresses on Top flange & Bottom web.

ET: 5.8 fRINT ELEMENT TABLE ITEMS PER ELEMENT (VS-5)

STAT  CURRENT - CURRENT CURRENT CURREN

ELEM SBZT SBZB SF2 BMY
1266 1.3617 -2.9579 -515.89 318.97
1267 -~19.057 41.396 -1072.0 -4464.1
1268 -61.959 134.59 -1314.5 -14513.
1318 -137.46 298.60 1909.7 -32200.
1319 -48.414 105.17 1539.6 -11341.
1320 22.552 -48.988 760.10 5282.7
1321 57.440 C -124.77" ~-175.08 13455.
1322 49.317 -107.13 -1110.3 11552.
1323 -2.0049 4.3550 " -~1889.8 -469.63
1324 -90.138 195.80 -2260.0 -21114.
1402 -193.51 420.33 2260.0 -45328.
1403 -88.441 192.11 1889.8 ~20717.
1404 -1.4640 3.1800 1110.2 -342.93
1405 49.433 -107.38 175.04 11579.
1406 57.318 -124.51 -760.14 13426.
1407 22.005 -47.800 -1539.7 5154.6
1408 -~50.117 108.87 -1909.7 -11740.
1470 -113.40 246.32 1314.5 -26563.
1471 -61.009 132.52 1072.0 -14291.
1472 -18.827 40.895 '515.89 -4410.0

MINIMUM VALUES ..
ELEM 1402 1321 1324 1402
VALUE -193.51 -124.77 -2260.0 -45328.

MAXIMUM VALUES

ELEM 1321 1402 1402 1321
VALUE 57.440 420.33 2260.0 13455.
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FEM RESULT -

o —193.796
-165.852
| -137.908
B -109.965
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-26.134
1.81
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57.697
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Fig: 5.22 V stiffener-6 Contour Plots Bending Stresses on Top flange & Bottom web.

ET: 5.9 PRINT ELEMENT TABLE ITEMS PER ELEMENT (VS-6)

STAT CURRENT CURRENT - CURRENT CURRENT CURRENT
ELEM SBZT SBZB SFZ : BMY BMX
1269 1.3540 -2.9412 -516.37 317.17 .37716E-02
1270 -19.082 41.451 -1072.3 -4470.0 -.37250
1271 -61.995 134.66 -1314.6 -14522. -.69373
1325 -136.80 297.16 1906.7 -32045. -1.7099
1326 -47.887 104.02 © 1536.7 -11217. -1.4243
1327 22.944 -49.839 757.15 5374.5 ~1.0820
1328 57.697 -125.33 -178.03 13515. -.78690
1329 49.439 -107.39 -1113.2 11581. -.57940
1330 -2.0182 4.3840 -1892.8 -472.76 -.47449
1331 -90.287 196.12 -2263.0 -21149. -.46066
1409 -193.79 420.95 2263.0 -45394. .46212
1410 -88.591 192.44 1892.8 -20752. .47551
1411 -1.4777 3.2099 1113.2 -346.14 .57993
1412 49.554 -107.64 178.00 lle608. .78701
1413 57.575 -125.07 -757.19 13487. 1.0818
1414 22.397 -48.651 -1536.7 5246.4 1.4240
1415 -49.591 107.72 -1906.8 -11616. 1.7096
1473 -113.44 246.42 1314.6 -26573. .69373
1474 -61.045 132.60 1072.3 -14300. 37250

1475 -18.853 40.952 516.37 -4416.2 -.37736E-02

MINIMUM VALUES :
ELEM 1409 1328 . 1331 1409 ‘1325

VALUE = -193.79 -125.33 -2263.0° -45394. . =1.7099
MAXIMUM VALUES .
ELEM 1328 1409 1409 1328 : 1415

VALUE 57.697 420.95 2263.0 13515. 1.7096
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5.2.9 Validation Of Vertical Stiffeners FEM Result

It is obvious from the Fig: 5.15 - 5.22 and ET: 5.4 — 5.9 that, maximum values
are occurring with central horizontal girder which also varying from: shear force:
2376.2 - 2504.7 ‘kg; bending moment: -44541 - -46595 kg-cm, bending stress, top
flange (skin plate): -190.15 - -198.91 kg/em” and bottom web: 413.04 - 432.08 kg/em”,

A comparison between conventionally designed results and maximum FEM

results of vertical stiffeners is presented in Table: 5.5.

Table: 5.5 Comparison of DESIGN and FEM RESULTS of vertical stiffeners.

Name and Location of Design FEM Variation
| maximum value results Results | ReLig/BT |

Shear force in kg +/-3382.50 | +/-2504.7 | Fig: 5.17, -25.95
(Central H Girders) : ET:55
Bending moment in kg-cm -63421.90 -46595 » -26.53
(Central H Girders) ] ‘
Bending stresses in kg/cm” (Central H Girders)

Top flange (skin plate) - -270.74 -198.91 | Fig: 5.18 |  -26.53

ET:5.5
Bottom web 5 88.14 432.08 by -26.53

From the Table: 5.5 it appears that, FEM maximum shear force as well bending
- moment with the central horizontal girder ére 25.95% & 26.53% less respectively than
design results and therefore, FEM sv‘é‘resses are r'eﬂecting accordingly. This indicates
that, assumption made in design calculation is deviatiﬁg to some extent to conservation
sidé. However, FEM results are parallel to design results with 26.53% variations due to

some FEM iteration errors and assuch, may be considered within acceptable boundary.

5.3 VALIDATION OF THE RESULTS OF VL GATE’S WHEEL

The wheel model is built up from SoLID92, three-dimensional 10-node
tetrahedral structural solid element. From article 5.3.1 ‘Loads on the VL Gate’ it is
clear that, the reaction force at fhe four-wheel fixing points: 57995.0 kg which is
exéctly same as conventional design load. So, the same amount of varying distributed

load is applied on the wheel axle bore as described in the previous chapter-4.
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5.3.1 Wheel FEM Resuit » o

In conventional approach the wheel was designed as flat wheel with line contact
in accordance with procedure given in ‘Annex-F of IS: 4622. For ready reference
maximum value stressés are mentioned here. Contact stress, fc =7532.93 kg/cm®
(permissible 9800 kg/cm?), Shear stress, f; = 2290.01 kg/cm® (permissible 4900
kg/cm?). ' )

In SoLip92, FEM results are availéble in X, Y & Z directions, XY, YZ & XZ
plahes as well as Von Mises Seqv in Nodal Solution & Element Solution, and therefore,
results are presented accordingly. Since loads are _épplied in Y-direction so, FEM

stresses are the most important in Y-direction as well as in XY plane.

'1' : . 1 o ' k y
- NANSYS

A ~ ' NODAL SOLUTION
1)'4 (AVG)

PowerGraphics

DMX =.00612
SMN =-.006071
-.006071
-.005397
-.004722
-.004047
-.003373
-.002698
-.002024
-.001349
-.675E-03
o

Wheel {3D-Model-C(4}}
Fig: 5.23 Wheel ‘Contour Plots Deformation UY.

From the Fig: 5.23 and contour legend it is noticeable that, maximum

deformation: DMX = 0.00612 cm.

From the Fig: 5.24, 5.25, 5.26 and contour legends it is observed that, maximum
 stresses on the line of contact of wheel in X-direction, SX: -2207 kg/cr'n2 (Nodal
Solution) & -4182 kg/cm® (Element Solution);' Y-direction, SY: -4728 kg/cm® (Nodal
Solution) & -9070 kg/cm® (Elemént Solution), Z-dircction, SZ:  -1450 kg/cm® (Nodal
Solution), -2603 kg/cm? (Element Solution) respectively. ’
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1 Fig: 5.24 Wheel Contour Plots Stress SX.

NODAL SOLUTIORN
s5X (AVG)
SHNB=-5116
-2207
~-1899
-1591
-1283
-975.499
-667.539
-359.578
-51.618
256.343
564.303
SHXB=2674

Wheel (3D-Model-C{4))

VIND=2
ELEMENT $OLUTIC
SX  (NDAVG)
SMNB=-6591
——  -4182
BN 359
— A

n  -2250
~1606
-961.702
-317.547
326.607
970.762
1615
SMXB=3288

L Fig: 5.25 Wheel Contour Plots Stress SY.

NODAL SOLUTION
SY  (AVG)
SHNB=~7637
-4728
-4141
-3554
-2968
-2381
-1794
-1208
~-621.033
-34.352
552.33
SMXB=2463

Uheel {3D-Model-C(4))

WIND=2
ELEMENT SOLUTI
35Y¥  (HOAVG)
SMNB=-11979
) -9070
- =7724
- -6379
] -5033
~3687
~2342
-996.08
349,57
1695
3041

R

SIXB=5041
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1

ANSYS

NODAL SOLUTION

Fig: 5.26 Wheel Contour Plots Sfresses S7Z.

SZ

(AVG)

Wheel {3D-Model-C(4))

1 Fig: 5.27 Wheel Contour Plots Shear Stresses SXY. ANSYS

Vheel (3D-Model-C{4))
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SHMNB=-4359

-1450
-1266
-1082
-897.8
-713.898
~529.995
-346.092
-162.19
21.713
205.615

SMXB=2315

WIND=2
ELEMENT SOLUTION
SZ (NOAVG)
SMNB=-5512
-2603
-2230
-1858
-1486
-1114
-741.79¢
-369.65%
2.491
374.634

746,777
SMXB=2542

NODAL SOLUTION
SXY  (AVG)
SHNB=-3037
-634.021
-499.183
-364.345
-229. 508
-94.67 .
40.168
175.006
309.844
444. 681
579.519
SHXB=2947

WIND=2
ELEMENT SOLUTION
SXY (NOAVG)
SINB=-5798
-2889
-221%
-1549
-878.75
-208.708
461.334
1131
1801
2471

3142
SHXB=5874
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L Fig: 5.28 Wheel Contour Plots Shear Stresses SYZ.  JAINISYS

Wheel {3D-Model-C{4})

1 Fig: 5,29 Wheel Contour P

lo

A

ot oy, A
e ‘\*1._,\_‘

Wheel (3D-Model-C({4))

FEM RESULT

NODAL SOLUTION
SYZ  (AYG)
SMNB=-2871
-452.608
-358.434
-264.26 .
-170.087
-75.913
18.261
112.434
206.608
300.782

394.956
SMXB=3127

WIND=2

"ELEMENT SOLUTION

SYZ {NOAVG)
SHNB=-4147
~1639
-1229
-819, 585
-409.868
-.150773
409. 567
819.284
1229
1639
2048
SHXB=4781

NODAL SOLUTION
SXZ (AVG)
SHNEB=-284l1
-224.734
-179.985
-135.235
-90.486
-45.736
-.986439
43.763
88.513
133.262
178.012
SMXB=2977

UIND=2
ELEMENT SOLUTION
SXZ (NOAYG)
SMNB=-3212
-474. 428
-351.21
-227.993
-104.775
18. 443
141.661
264.879
388.097
511.315

634.533
SIXB=3267
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1 Fig: 5.30 Wheel Contour Plots Von Mises Seqv. ' Y| SEQV (AVE)
- ,, : ANSYS NODAL SOLUTION

: .910648
336.861
672.811
1009
1345
1681
2017
2353
2689
3024
SHX =3024
SMXB=5893

WIND=2
ELEHENT SOLUTIOH

.835197
By
854.879

1709
2563
3417
4271
5125
5973
6833
7687
SHX =7687
SIXB=100986

Wheel (3D-Model-C(4))
From the Fig: 5.27, 5.28,75.29 and contour legends it is in plain sight that,

maximum shear stresses on the line of contact of the wheel in XY-plane, SXY: -
634.021 kg/cm® (Nodal Solution) and 3142 kg/cm® (Element Solution), YZ-plane,
SYZ: -452.608 kg/cm® (Nodal Solution) and 2048 kg/cm? (Element Solution), XZ-
plane, SXZ: -224.734 kg/cm” (Nodal Solution) and 634.53:; kg/cm? (Element Solution)
respectively. From the Fig: 5.30 and cdnf'oﬁr tlegehds it is observed that, maximum Von
Mises Equivalent stresses on the line of contact of the wheel:. Seqv = 3024 kg/cm2

(Nodal Solution) and Seqv = 7687 kg/cm” (Element Solution).

Now ANSYS graphical (path) results along the line of contact of the wheel and
equal stress contour plots are presented for clear understanding of the distribution of

stresses in the wheel.

SUMMARY OF THE PATH VARIABLES (Along Contact Line for gr: 5.23)

LABEL MAX MIN

SX -1468.8 -2187.2
SY -2862.4 -4688.9
SZ -926.69 ~1434.6
SXY 214.75 -293.12
SYZ 394.96 -452,.61
SXZ2 67.623 -34.171
SEQV 3024.5 1733.4
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1 Graph: 5.23 Wheel Stresss Distribution Along Line of Contact. ANS 1 S
3024 .4 - = — SEQV
\\
2253.1
1481.7
710.4
-6C. 8

-832.2 gp— s

~1603.5 — ~— — $%
] . | ——]
M“-u-._\___,..-l-"'"—'—
-2374.9
o ‘ .
-3146.2 e . —=
L . ™~
e . S|
~-3717.5 1T— - — &Y
" . 1. ""\\ B e
-4688.9 - .
o 1.8 3.6 5.5 7.3 9.2 11.Q
.9 2.7 4.6 & .4 8.3 10. 1 12

Distance Along Contact Lirne { em)

Wheel (3D-Model-C(4)) ] . )

1 Fig: 5.31 Wheel Equal Stress Contour Plots

NODAL SOL
SY (AVG)

SMNB=-7637
-4728
-414]1
-3554
-2968
-2381
-1794
-1208
-621.
-34.3
552.3
SMXB=2463

Wheel {3D-Model-C{4})

From the Graph: 5.23 and Fig: 5.31 it is observed that maximum stresses are

occurring at the two ends of the contact line.
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Finding the Depth of influence of maximum Stresses:

For this in ANSYs model a section is made in YZ-plane along the line of contact
of the wheel. Then ANSYS Paths are defined & stresses are mapped on it from the
contact line to vertically upward to 10 cm at two ends & mid-pbint of the contact line

and in between as shown in Fig: 5.31 marked as 1, 2, 3, 4 & 5.

1 Fig: 5.32 Wheel ANSYS Path Operation

ANSYS

AHSYS Path

Contactline 127/ 3 4 5

Wheel (3D-Model-C(4))

11  Graph: 5.24 Wheel Stress Distribution Along Path-1. ANSYS
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-2854. 1 7
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1 Graph: 5.25 Wheel Shear Stress Distribution Along Path-1

ANSYS
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Graph: 5.26 Wheel Stress Distribution Along Path-3 ANWS
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Note: Since, it is observed at time of analysis that, stress distribution is almost same for

the paths 2, 3 & 4 so, mid-path’s results are presented here only.
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L

Theel

Graph: 5.27 Wheel Shear Stress Distribution Along Path3. - ANSYS
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1 Graph: 5.28 Wheel Stress Distribution Along Path-5. ANSYS
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1 Graph: 5.29 Wheel Shear Stress Distribution Along Path-5. ANS 1 S
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From the Graph: 5.24 to 5.29 it is-observed that, the depth of influence of the

maximum stresses are varying from the contact line to a depth: 1.5 — 2.3 cm.

5.3.2 Validation of Wheel FEM Result
It is obvious. from the Fig. 5.24 - 5.30 and Graph: 5.23 that, maximum SY and

SXY Stresses are taking place with contact line, which also varying between nodal and
element solutidns: contact stress SY= -4728 kg/em® (NS) & -9070 kg/cm® (ES) and
shear stress: SXY= -634.021 kg/cm® (NS) & 3142 kg/cm® (ES), and Von Mises Seqv
stress: Seqv = 3024 kg/cm? (NS) and 7687 kg/cm® (ES). For clear understanding, a

comparison between design and maximum FEM results is given in Table: 5.6.

Table: 5.6 Comparison between DESIGN and FEM results of the Wheel.

5-47

Name' and Location of Design FEM Variation
maximum value results [ Results Ref. figigr (%)
Contact stress on contact 753293 | -4728 (NS) | Fig: 5.25, -37.23
line: SY (kg/cm?®) -9070 (ES) | Gr: 5.23 +20.40
7687 (Eqv) | Fig: 5.30 +2.00
Shear stress on contact 2290.01 | -634(NS) | Fig:5.27 -72.31
line: SXY (kg/cm?) 3142 (ES) +37.20
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From the Table: 5.6 it appear that, FEM mziximum contact stress (SY) varying
from —37.23% to +20.40% and the upper limit is less than the permissible contact stress
9800 kg/cm?, and maximum shear stress (SXY) varying from —72.31% to +37.20% and
it also well below the permissible shear stress 4900 kg/cm?. Hdwevér, these variations
might be for some assumptions made in design consideration as well as some FEM

iteration errors and as such, may be considered within acceptable margin.

54  SUMMARY OF COMPARISON GF THE DESIGN & FEM RESULTS

For better understanding between the variation of DESIGN and FEM results a
summary comparison for the significant stresses/deflection only is shown in Table: 5.7.

Table: 5.7 Summary of comparison of the DESIGN and FEM results:

Location & direction of Design FEM Variation
results (nggg) ‘Results Ref. graph | (%)
-~ 7 | (kg/em® | [figure

a) Skin plate interior panel stresses in kg/cmz:

Mid-point with SX 529.14 | 454.13 Gr:54,5.95.15 | -14.18

vertical stiffeners :

SY 158.74 152.88 ’ -3.69

Mid-point with SX 126.81 113.30 Gr: 5552 15-16' -10.65

central horizontal I'gy™ 142570 390.72 , 757

girder. _ .

b) Central horizontal girder bending stresses at the centre of span in kg/cm®:

Top flange (skin plate) 637.54 668.79 | Fe&310.EL: +8.04

Bottom flange ' -978.20 -1026.30 s +4.92

Deflection (cm) 0.54| 0.568701| Fig:5.9 +5.31

c) Top/Bottom horizontal girder bending stresses at the centre of span in kg/cm’:

Top flange (skin plate) 728.03 706.21 | FedlnEL -3.00

Bottom flange ' -1019.18 -088.62 oy ' -3.00 -

Deflection (cm) "0.54 0.576006 | Fig:5.11 +6.67
| d) Vertical end girder bending stresses at wheel support points in kg/cm®*;

‘Top flange (skin plate) -431.75 . -401.91 | P31 BT -6.91

Bottom flange - 230.49 214.58 »s -6.90

) Wheel stresses on contact line in kg/cm®:

Contact stress (SY) 7532.93 | 7687 (Eqv) | Fig: 5.30 +2.00

 Shear stress (SXY) 2290.01 [ 3142 (ES) | Fig: 5.27 +37.20
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CHAPTER -6

CONCLUSION AND SUGGESTION

6.1 CONCLUSION

Three-dimensional analysis by Finite Element Method (FEM) through ANSYS
Program on a ‘Fixed Wheel Vertical Lift Gate’ and its comparison with conventionally
design results are presented in this study. This study reveals that three-dimensional
displacement and stress analyses are most suitable for predicting deflection and nature
of stress distribution in a composite indeterminate structure that is otherwise not

possible through two-dimensional approach. |

The following points/ remarks .may be made in view of the results and

discussion of this analysis:

o It is necessary to mention here that, initially two-dimensional design results are
checked by tw.‘o-dAi-mel_lsional FEM component-wise for horizontal girders,
vertical end girder, veftical stiffener and for skin plate’s (three-dimensional)
interior & exterior panel-wise 'vgith same loads & support conditions as in
design consideration. It is found tilat, for two-dimensional line elements, FEM
results match in to-to with design results except for the deflections in horizontal
girders which are almost same as found in three-dimensional analysis, and for
skin plate (three-dimensional shell elements as two-dimensional shell facility is
not available in Ansys 5.4) 'ANSYS significant stresses are 3% less in interior
panel & 160% more (far below the permissible stress) in exterior panel than the
design stressés. It shows that two-dimensional design approaches for beams are

OK and for skin plates it is conservative.

o Significant stresses obtained by three-dimensional analysis in skin plate taking
place either with horizontal girders or vertical stiffeners are less than the two-
dimensional design stresses, which indicates that, the two-dimensional approach

for skin plate design is conservative.

o In two-dimensional design appfoach for tapered section girders like horizontal
girders in this study, there is no direct method for determination of deflection

other than graphical approach, which may lead to erroneous result but three-
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dimensional FEM analysis gives results close to the exact result. In this study,
design deflection was 0.54 cm and the same by three-dimensional FEM are 0.56
cm in Central Horizontal Girder. & 0.57 ¢m in Top Horizontal Girder/Bottom

Horizontal Girder, which might be treated as exact deflections.

o In two-dimensional approach, though methods are available for spacing the
horizontal girders with equal loads but sometimes, it may be necessary to
rearrangé the spacing from easy/feasible manufacturing point of view. In that
case equal distribution of loads for space between two girders as assumed in
design consideration may deviate. This deviation i.e. actual load behaviors
might be modeled through three-dimensional FEM e.g. in this study, it is
observed that, actually the Central Horizontal Girder is sharing more loads
whereas the Top Horizontal Gird'er/Bo‘ttom Horizontal Girder is sharing less

loads than the design consideration.

o One most interesting thing “ the loading nature on the two vertical end girders
are exactly same as assumed in two-dimensional design consideration that,
concentrated loads come to it (VEGs) though horizontal girders” reveals from
FEM analysis. As a result, shear force and bending moment diagrams are
exactly same in two-dimensional as well as in three-dimensional FEM with

little variation of the magnitude.

s

o From the FEM shear force and beﬁding moment diagrams it is obvious that, the
each vertical stiffeners set is acted as-a continuous beam loaded uniformly and
supported on horizontal girders, - which is same as -two-dimensional design
concept, ‘simply supported beam between two horizontal girders’. Loads shared
by them are less than the design concept. So, two-dimensional design approach

is conservative.

o From the three-dimensional wheel analysis it is noticed that, contact line is
penetrating inside the model that is not éirﬁilar_ to the real case as rest on a flat
surface (track plate). The Variat_ionS'bf stresses between the nodal and element
solutions are quite significant. Th“é'eleméht solution results are very much close

to the two-dimensional design results: The depth of influence of the contact
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CONCLUSION AND SUGGESTION

stresses inside the wheel body is moderately clear in three-dimensional analysis

whereas it was not so clear in two-dimensional design.

Overall, it is obvious from this three-dimensional FEM ANSYS study that, the
two-dimensional design of the fixed wheel vertical lift gate for tailrace channel

of the Dharasu Power House is quite safe and satisfactory.

Therefore, it is obvious that, though two-dimensional design approach is much
more conservative, still for a complicated, expensive and durable structure
three-dimensional FEM analysis should be carried out for realization of actual

load behaviors prior to manufacturing and installation.

SUGGESTION FOR FURTHER STUDY

With different sizes gates a study may be carried out for finding an economical

gate size.
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Design Calculation of a VL Gate Appendix - A

Design of Fixed Wheel Vertical Lift Gates at Tail Race Channel of
' Dharasu Power House

1.0 Design Data Available:

1) Sill level : EL  820.10 m

2) Bottom of Brest wall _ : EL  824.00 m

3) Top of pier : EL 63884 m

4) Clear opening (height) : 3.90 m

5) Clear opening (span) : ' 6.75 m

6) No. of Bays ' : 4.00 nos.
7) Width of Pier ‘ B 1.90 m

8) Design Head ‘ S : 16.40 m

9) Type of Proposed Gates . : Fixed wheel gate.
10) No. of Gates reqﬁired . IR 4.00 nos.

2.0 Permissible Stresses: :

The stresses in different members under normal conditions due to dynamic loads and >
due to static loads after gaté as closed will not in any case exceed the maximum permissible
stresses specifired as below with reference to IS 4622 -1992 for Indian standard steel
(Annex-A).

Strenegth of matefials:

Yield stress| Tensile | Modulus of
¥ (kg/emz) Strength | Elasticity E
UTS (Kg/em?)

a) Structural steel:(As per IS 2062 -1980) (kg/cm?)
for thickness : 6 - 20 mm 2600.00 4200.00 2.01E+06
for thickness : >20 - 40 mm - _ ‘ 2400.00 4200.00
b) Carbon steel, Class-3 (IS 2004-1970) - 2750.00 5000.00
c) Brass 4200.00
As per IS 4622 : 1992 (ANNEX B) Wet condition:
a) Structural Steel: Accessible Inaccessible
i) Direct compresson and compresson in .
bending (thickness >20-40mm) : : 0.45y,=1080.00  0.40 y,= 960.00
ii) Direct tension and tension in bending
(thickness >20-40mm) : 0.45y,=1080.00 0.40y,= 960.00

iii) Shear in webs (thickness : 6 - 20 mm)  : 0.35 y,= 840.00 0.30 yy= 720.00
iv) Combined stresses

for thickness : 6 - 20 mm 1 0.60y,= 1560.00  0.50 y,= 1300.00
for thickness : >20 - 40 mm : 0.60y,=1440.00  0.50 y,= 1200.00
v) Bearing stress (thickness >20-40mm) 0.65 yp= 1560.00  0.55 y,= 1320.00
b) Other materials: ; '
1) Bearing stress for Bronze or Brass - : 0.035UTS= 147.00  0.030UTS= 126.00
ii) Bearing stress for Concrete (M-20) : 40.00
- iii) Bearing stress for Concrete (M-25) : 50.00

r
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Note: In emergency condition the permissible stresses will be increased by 13.5% of the
values specified for normal conditions as above. Gate leaf has been designed for wet-
accessible conditions and embeded parts for wet-inaccessible conditions.

3.0 Data Assumed:

a) The gate is divided into two equal parts to facilitate transportation while errection
splicing by both side, plate with rubber seal, bolts & nuts fit arrangement is to be
done. Each gate is provided with two wheels on either side and are positioned in such
a way that they share the water load almost equally. Calculation have been done for
bottom most gate unit and the same is used for the other top position too.

b) The rubber seal have to be provided-on river side of brest wall . Thus skin plate has to
be provided on the same side.

The following data are assumed:

i) Height of the unit gate, h = _ o : 205 cm
No. of unit gates per Bay, n = o -2
Total height covered, H=n.h = o . 410.00 cm
No. of girder provided per unit L 3
C/C spacing of the girder S . 75 cm
End spacing i.e. from ¢/l of girder to end of the unit : 27.5 cm

-C/C spacing of the vertical stiffeners 75 cm
' No. of wheels provided per unit on each side : 2
if) C/C of side seals (load span), L, = ' 690.00 cm
iii) C/C of tracks (wheel span), L, = o 725 cm
iv) Edge to edge of gate grooves o 775 cm
v) Height of top seal's ¢/l from the sill level - 390 cm
vi) Edge to edge of plates of groove, L, = . 4 7.58 m

All anchorage in 1st. stage concreting should be embeded in with M-25 grade
concrete and 2nd. stage concrete comprises of M-25 grade.

4.0 Design of Lower Unit of the Gate:
4.1 Water Load Diagram and Total Water Load on the Gates: -

X a =
§ | o
e | 8
™ = 1.23 kg/em®
'g B
2 _Vr
 — c
.2 — ? |8 1.435 kg/em®
g8, 1] A
< o5t yy
B 750 % - 4—| - s 1.64 kg/cm?
- anE vy [ -
275 T _
/. Fig: 4.1 Water Load Diagram

A-2 Introduction



Design Calculation of a VL Gate ' Appendix - A

4.2 Water Load on the Bottom Unit (unit-I)

Cto Cofside seal, L, - : = 690.000 cm
Height of gate, b, = 205.00 cm
- Water pressure at'ti‘)'p" of the gate, Py = 1.435 kg/ cm’
(Water Pr in.kg/cm2 = depth of water in metre/ 10;)
Water pressure at bottom of the gate, Py; = 1.640 kg/ cm”
Total water load on bottom unlt (umt -I), Foq {(Pu+Pp1)/2} L.y
. = 217479.4 kg
4.3 Water Load on the Top Unit (Umt-II)
Cto C of side seal, L = 690.000 cm
. Height of gate, h2 = 205.00 cm
- Water pressure at top of the gate, Ptz - 1230 ke/em’
Water pressure at bottom of the gate, Py, =  1.435 kg/em”
Total water load on top unit (unit-I),F,, = {(Pp+Pyy)/2}.Leh,
| = 188482.1 kg

Total water load on the entire gate, B, = (Fy1+Fyp) =  405961.5 kg

4.4 Check
Total Area of the Trapezium ie. load for unit span, A,, = {(P+Py)/2}.(h +h,)
= 5884 kg/cm
Total water load, F,, = A,,L,
: = 405962 kg
= 405.96 mt

The variation of water pressure with respect to gate height is very small. So, it can be

taken as 1.64 kg/cm over the complete gate unit height. The design will therefore be
more in safe side.

So, Design Water Pressure, P = 1.64 kg/cm2

A-3 : Introduction
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5.0 Design of Skin Plate:
The variation of water pressure with respect to gate height is very small. So, it can be
taken as 1.64 kg/cm2 for over the complete gate unit-I height. The design will therefore,
be more in safe side.

) So, design pressure, P = 1.64 kg/cm®
5.1 Check for Interior Panel:
Maximum panel size, a = 750 mm and b= - 750 mm
Assume thickness of the skin plate, t = 20 mm
Gate to be treated as painted with epoxy paint. Hence, taking no corrosion allowance into
consideration,
So, effective thickness of skin plate, t = 20 mm

Now, with reference to IS 4622 : 1992, page 12, fig. 5, Annex-C, Clause 5.2.3(a). We
have the equation: (Note: symbols of stress & thickness have been changed.)

K  Pxa’
§=——x—"F— - ()
100 t
Where, o
S = bending stress in flat plate in N/mm? or kg/crn2
K = non dimensional factor depends on the values of a & b.
P = water pressure in N/mm? of kg/ em® (relative to the plate centre).
a, b = bay width in mm or cm as :shown in figure below.
t = plate thickness in mm or'cm, - - Y
- Here, B o . > /I\ CH Girder
P= 0.16088 N/mm’= = 164kg/cm’ O A S -
Ca= 750 mm = “175 cm N
b= 750.mm = 75 cm 2 & @a |
t= .. 20mm = 2cm | I » Hpl—>x
b/a = 1.00 : T w Sax Sax
. . . -° BH Girder
Value of K is taken from table - 2 as below:
b/a | +/-Sax | +~Say | +-Ss | +/-Sy a2 al2 ANV

1.00 13.7 13.7 30.9 30.9 i\\{ '§
' Fig. 5.1 All edges rigidly fixed

Now, putting the above values in equation (I) we have,
+- S,= 315.956 kg/em’

' Sp= 315956 kgfom’

#- Su = 712.631 kefem®  (Max stress) <1080 kg/em”®
4/ S5, =03xS;,= 213.789 kg/em’
4 Se= 712631 kglom”  (Max stress) <1080 kg/cm’

H Sy =03xS,= 213789 kg/em’
Hence the plate thickness adopted is OK.

1 A-6 SkinPlate
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5.2 Check for Bottom Cantilever Portion of the Skin Plate:

W (udl)
AV VvV v v ¥ v , ¥
; _ 2
e L > e-b—» 4
Figure: 5.2 _ Here,
Here, W= 1.64 kg/cm b=~ 1cm

L= 27.5 cm t= 2 cm

My per om width = WxL42 = 620.125 kg-cm
Z for skin plate = (bxt?)/6 = 0.66667 cm’
£ for cantilever portion = M/Z = 930,188 kg/cm® <1080 kg/cm®
5.3 Check for Corrosion Allowance Taking into Consideration:
Consider corrosion allowance = . 1.5 mm

So, effective thickness of skin plate, t = 185 mm or 1.85 cm -
Now, putting the above values in equation (I) we have,

Max stress, Sy, = 832.878 kgfem® <1080 kg/cm®,  Hence safe.

5.4 Check for Bottom Panel (two short & one long edges fixed and one long edge simply

supported) :
Here, Y
P= 0.16088 Nimm’ 1.64 kejem” - T _
a= 275 mm = 2750 cm @ T Sz
b= 750 mm = 75.00 . cm : A\ '
t= 20mm = 2.00 cm .
b/a = 2.73 o
—> X

Value of K is taken from table - 2 as below:
bla_ | +-Ss | +-Ss, [ +-Sg | +-Spy o
3 374 12.0 74.0 47.1

2.5 36.6 133 73.2 47.0 . .

273 | 36.96 | 1271 | 7356 | 47.05 |- &‘,‘i, AN

Here the value of K is miaximum for stress, S, Fia. 5.3 §

B
mg—b

SSx

e | . b2
¢ —),4* Pf

Now, putting the corresponding values in equation (I) we have,

#-' Sg= 114.61 kg/em®

H Ssy= 3941 kglem®

+-' Sge=  228.09 kg/em’ (Max stress) <1080 kg/cm’
- Se=03xSy = 68.43 kg/em?

o Sp= 14587 kglem’

+- Sp=03xS;,=  43.76 kgfem’

Hence the plate thickness adopted is OK.

A-7 SkinPlate
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Appendix - A

5.5 Check for Coirosion Allowance (bottom panel) :

Consider corrosion allowance == . 1.5 mm

So, effective thickness of skin plate;"_t',: 185 mm or 1.85 cm
Now, putting the above values in equation (I) we have,
Max stress, S;y= 170.682 kg/em®  <1080kg/em®,  Hence safe.

- After Check with Combmed Stresses, Revise Calculatlon :
5.6 Check for Interior Panel:
The distance between vertical stiffeners is proposed as, 550 mm instead of 750 mm C/C.

Maximum panel sixe, a x b = 550 750 mm
So, effective thickness of skin plate, t = 20 mm Y
' > /]\ CH Girder
(D .

Here, _ *

P= 0.16088 N/mm’

a= 550 mm

b= 750 mm

t= 20 mm

b/a = 1.36

z

a2 a2

- Value of K is taken from table - 2 as below: %4' ' R
b/a ‘ +-Sgx | /- Sy | +-Ssx | +/- Sy Fig. 5.1 All edges rigidly fixed
1.5 . 22.1 12.2 | 455 |° 343
1.25 18.8 13.5 40.3 ¢ 33.9
1.36 20.30 12.91 42.66 34.08

Now, putting the above wvalues in equatlon (1) we have,
251.771 kg/em’”

+-

wn
2
"

- Sp= 160.105 kg/em”

4 Sy= 529136 kg/lem”  (Max stress) <1080 kg/cm’”
#" S3,=03xSy = 158.741 kgfem’ |
+-' Sy= 4227 kg/cm® (Max stress) <1080 kg/cm’

' Sy=03xS,= 126.81 kefem’
Hence the plate thickness adopted is OK.

SkinPlate
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5.7 Check for Bottom Panel (two short & one long edges fixed and one long edge simply

supported) : ' Y

Here, ' / -
P = 0.16088 N/mm? 1.64 kg/cm2 ‘/"Z. AS, -
a= 275 mm  27.50 cm -x N\
b= 550 mm 5500  cm >

= 20 mm  2.00 cm &

3
b/a = 2.00 | y
; » > X

Value of K is taken from table - 2 as below: Ssx || Sex
b/a +/- Ssx +/- SSy +/' Ssx +/- S7y

Bl-; Girder
2.00 3380 | 15.50 |.68.30 |-47.00 ’ l
‘ - . [, a2 l a2 N\

Here the value of K is maximum for stress, Sgr, /é} " Fin. 5.3 f%
Now, putting the corresponding values in equation (I) we have,

4 Ss= 104.80 kgfem”

4~ Sgy=  48.06 kefom’ |

42 Se= 21177 kgfom’  (Maxstress) <1080 kg/em’

+-' Sg=03xSe=  63.53 kefem®

Y Sy= 145729 kgfem”

Y S, =03xS,= 4372 kefew’

Hence the plate thickness adopted is OK. *

b/2

>

b/2

A-9 SkinPlate
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6.0  Design of Vertical Stiffener
6.1 Loading Arrangement :

The vertical stiffeners are designed as simply supported beam on horizontal girders.

W udl

Figure : 6.1
Here, ‘
L= 750 mm or 75 cm
P=  1.64 kg/em®
Load bearing width, b= 750 mm or 75 cm

The load on the vertical stiffener (udl), W =Pxb= 123.00 kg/cm
Then the reaction force at A & B, Rp=Rp=WxL/2= 4612.5 kg

Maximum Bending Moment, M=WxL*8= 86484.4 kg-cm .

6.2 Coacting Width of Skin Plate :

As per ANNEX- 'D' page 15 of IS 4622 : 1992, we have, L= 750 mm
: : ' So, B=L,/2 = 375 mm
L/B = 2.00
From Fig. 11, page - 15 of IS, corresponding to 1/B, we have V= 0.38
So, coacting width of skin plate = 2xV;xB= 285 mm
As per IS 4622 : 1992, page 4, art. 5 .2’.‘4, we have, coacting widths are given by:
a)40t+B; where, t= 'thickpess of sk_in plate, and
- B = width of stiffener flange in contact with the skin plate;
b) 0.11 span; - Here, span = 750 mm
c) centre to centre of stiffeners or girders;
Here, t= 20 mm B= 10 mm

a) coacting width=40t+ B=810.00 mm
b) coacting width = 0.11x span=  82.50 mm
c) coacting width = centre to centre of stiffeners = 750.00 mm -
Hence, coacting width calculated above, choosen as 82.5 mm and figured section:

A " PLE25x0 )
A@_ Ya____Y "I NA
3 Y
@ PL 190x10 E Ybl
Figurcj-::6.2

A-10 VerticalStiffener -
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6.3 Calculation of Neutral Axis and Section Modulus :

Appendix - A

Table: 6.1 .
Item No. | Item © Size A(em®) | Y(cm) AxY AY? | L(cm®
-b (cm) h (cm) (bxh) | distfromX | (cm3) (cm4) bh3/12ﬁ
1) skin plate 8.25 2.00f 16.50 1.00 16.50 16.50 5.50
2) web 1.00 19.00 19.00 11.50] 218.50| 2512.75| 571.58
Sum: 21.00] 35.50 235.00f 2529.25| 577.08
So, Y, = sum(AY)/sum(A) = 6.62 cm Y=h +h,=  21.00 cm
Y, =(Y-Y,)= 14.38 cm '
Y.=(Y, -hy) = 4.62 cm

Then, Iy = sum(AY?) +sum( Lyy) - sum(A)xY?:  1550.7 cm’
Z=lw /Y= 23425 cm’
Zo=Iya/Yy= 107.84 cm’
Za=Iy, /Y,= 335.67 om’

6.4 Check for Bending stresses:
f,=M/Z,= 369.19 kg/em’ (Tension)<1080 kg/em®,

f,=M/Z,= 802.01 kgfem’ (Compression) ~ <1080 kg/em®, Hence safe.

f =M/Z,= 257.65 kg/em’ (Tension)

6.5 Check for Shear stresses: v Y
Maximum shear force,V =R, = 4612.5 kg !
| T
We have, shear stress, : ._ AY X
Y¢ r
. = lb— frd Ab'Y === ()
~ Where, Yo ' ‘*I b |<"
A.Y(bar)=b,xhyx(hy/2 +Y,)+bxY,2/2 = 103.396 cm’
I= 1550.7 em®
b=by= 1.00 cm
Putting the values in equation (II), we have max. shear stress at NA,
fymy=  307.55 kg/em”
Shear stress at point 'A', ' < 840.00 kg/cm2
AY(bar)=bxhx(hy/2 +Y;)= 92.7254 cm’
Putting the values in equation (II), we have max. shear stress at point ‘A,
fy= - 27581 keg/em’
A-11 VerticalStiffener:
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>

6.6 Check for Combined Stresses for Skin plate with Vertical Stiffeners:

Skin Plate

Vertical stiffener

Figure : 6.3 a2 | 22 A

Stresses at point 'B'
Total stress in "Y' direction:

Sy =fyeity + Siytinpy = 552.98 kgfem”  (Tension)
Total stress in X' direction:” - _
. fox=Sekinpe = 712.63 kg/em®  (Tension)
' 0 kg/em®

Shear stress, £y

So, combined stress:

fo = sqrt( fay” + fax - Ty X fax +352) = 657.464 kg/em” < 1560.00 ke/em’

1l

Stresses at point 'A'
Total stress in "Y' direction:

2 .
fay =faiten) + Sayskin plate)eompy = 43.86 Kg/em _ (Tension)
Total stress in X' direction:
o fax = Sax(skin pllate) = -712.63 kg/Cle (Compression)
275.81 kefem’

_ Shear stress, f;,.
So, combined stress:
fo = sqrt( fgy? + fax’ - fay X fpx #36a0) = §77.059 kefem® < 1560.00 ke/em’

Hence, the section shoosen is safe.

A-12 : VerticalStiffener
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After Check with Combined Str,es'ses Revise Calculation (ref: seé-ls):

6.7 Coacting Width of Skin Plate :

As per ANNEX- D' page 15 of IS 4622 : 1992 we have, L, =
L= O.577Lspm-
LH = 0-423Lspan=

S0, B=Lyyu/2 = 375

So, Ly/B= 115

mum,

and

"LyB=

From Fig. 11, page - 15, corresponding Ly/B & L;/B, we have

V= 0.22 and

. V=

0.12

So, coacting width of skin plate at the centre = 2V; B =

and coacting width of skin plate at the support = 2V;B =

As per IS 4622 : 1992, page 4, art. 5.2.4, we have, coacting widths are given by:
a)40t+B; where, t = thickness of skin plate, and

0.846

Appendix - A

750 mm
432.75 mm
317.25 mm

165 mm
90 mm

B = width of stiffener flange in contact with the skin plate
750 mm

~ b) 0.11 span; Here, span =

c) centre to centre of stiffeners or firders;

Here, t= 20 mm
a) coacting width=40t+ B =
b) coacting width = 0.11x span=

B=

10 mm

.810.00 mm
© 82.50 mm
550.00 mm -

¢) coacting width = centre to centre of stiffeners =
Hence, the least value among the above coacting widths is 82.5 mm and figured section:

Y

5.
@ ————»j
)

PL82.5x20

(M

6.8 Calculation of Neutral Axis and Modulus of Section :

Table: 6.2
Item No. | Item Size Afem’) | y cm) | AxY | AY | Ly(cm?
b(cm) | h(cm) (bxh) | distfomX | (cm’) (cm® bh’/12
1) skin plate 825  200] 1650 100/ 1650 1650 550
2) web 1.00] 19.00] 19.00] 1150] 218.50] 2512.75] 571.58
Sum: 21.00] 3550 235.00] 2529.25] 577.08
So, Y, = sum(AY)sum(A)=  6.62 ¢m Y=h;+h,=  21.00 cm
Y,=(Y-Y,)= 1438 cm '
Y.=(Y; -h) = 4.62 cm .
Then, INA = sum(AY?) + sum( Iqelf) sum(ANY{ = . 15507 cm’
=Iya /Y= 23425 cm’ '
Z.,: Iua /Yy= 107.84 cm’
Za=1Iy,/Y,= 335.67 cm’
A-13

VerticalStiffener
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6.9 Check for Bending stresses:

Here,
L= 750 mm or 75 cm
P= 164 kg/em’
Load bearing width, b= 550 mm or 55 cm

The load on the vertical stiffener (udl), W =Pxb=  90.20 kg/cm
Then the reaction force at A & B, R,=Rg=WxL/2= 3382.5 kg

Maximum Bending Moment, M=WxL*/8= 63421.9 kg-cm
f,=M/Z,= 270.74 kg/em® (Tension)<1080 kg/em®,
f,=M/Z,= 588.14 kg/cm’ (Cc;mpression) <1080 kg/em”, Hence safe.
f,=M/Z,= 188.94 kg/em’ (Tension)

6.10 Check for Shear stresses:
Maximum shear force,V =Ry =  3382.5 kg

. : y . _
We have, shear stress, g . ¥ de 4 VAY
T1b g

= 2
s I (tn

Where, )

A.Y(bar)=b xhx(h,/2 +Ya)+b2xYa2 2= 103.396 cm’

1= 1550.7 cm*

 b=b,= 1.00 ¢m
Putting the values in equation (II), we have max. shear stress at NA,
fymw =  225.54 kefem’

Shear stress at point 'A', < 840.00 kg/cm2

A.Y(bar)=bxhyx(hy/2 +Y,)= 92.7254 cm’
Putting the values in equation (II), we have max. shear stress at point 'A’,
fio= 20226 kefem’

A-14 "~ VerticalStiffener
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Appendix - A
6.11 Check for Combined Stresses for Skin plate with Vertical Stiffeners:
‘;Z B Y
— ' N
TTEEE S Z A LT LA ) oy Skln Plate E
A N 0 * S4x N
Vertical stiffener ’ (gz
I 4
1 i L H—» —> X
Figure : 6.5 i

ll Il l ANN\N
N\

\2

Stresses at point 'B'
Total stress in "Y' direction:

' 2
fay =fysity + Sayskinplatey = 429.48 kg/cm

Total stress in 'X' direction:

: 2
fox = Saskin platey = 529.14 kg/em
Shear stress, fg = 0 ke/em’

So, combined stress:

\

(Tension)
(Tension)

fo = sqrt( fay” + fax - fay xfax #3523 = 487.016 kefem® < 1560.00 kg/em’”

Stresses at point 'A’
Total stress in "Y' direction:

. )
Loy =Lagsitnten) T Sayiskin plate)icomp) = 30.20 kg/em

Total stress in X' direction:

2
fAX = S3x(skin plate) = -529.14 kg/ cm
Shear stress, f;, = 202.26 kg/em’

So, combined stress:

(Compression)

fo = sqrt( £ + fxc- fpy X fax +3540) = 647.768 kglem’ < 1560.00 kg/em’”

Hence, the section shoosen is safe.

VerticalStiffener
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7.0  Design for Section of Horizontal Girder :
7.1 Girder Arrangement :

< 2050 . _ ﬂ

« 275 . + 250 + 756 l 275 Skin PI, t=20 mm

A TIIEITTES AL LTI ISHIT IS E TSI T T I HT I LSS LSS HTIHEEETHEL LTI ETEEETETTESL IS Ver Sﬁff PI 190x10 )

_8@516_» - [i&——Web PI. 800x14

SOOI &
SAOTCNNNR

NIRRT

800x14

? Flange PI. 250x25"\ Flange PI. 300x25

Pressure
side

7.2 Design for Central Horizontal Girder :

W udl

N IR S Z 2

: 1 Q
' I l( Lioad - )I f
RP o Lsupon > RQ

Figure : 7.2
Here, : E . Water pressure, P = 1.64 kg/em’
Width of water pressure on beam, B= 75.00 cm

Water load per unit length (udl), W =PxB= 123.00 kg/cm
Length of load span on the beam, Ly = 6900.00 mm or  690.00 cm

Centre to centre of wheel, Lgjpon = 725000 mm or  725.00 cm
Reaction force, R, = Ry = WxLj,g/2 = 42435.0 kg

Max B.M, M = RpxL,0n/2 -(WXL?,,0/8)= 8062650 kg-cm

7.3 Coacting width of Skin Plate with Horizontal Girder :
Asper IS 4622 : 1992, page 4, art. 5.2.4, we have, coacting widths are given by:

a)40t+B; where, t = thickness of skin plate, and
B = width of stiffener flange in contact with the skin plate;
b) 0.11 span; Here, span = 7250 mm
¢) centre to centre of stiffeners or girders;
Here, . t= 20 mm B= 16 mm

a) coacting width=40t+ B = 816.00 mm
b) coacting width = 0.11x span= 797.50 mm
c) coacting width = centre to centre of Girders = 750.00 mm
. Hence, coacting width calculated above, choosen as 750 mm (least).
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7.4 Calculation of Neutral Axis and Section Modulus :

|Y PL 750'x20 1)
e X Ref. Axis
A \ Ya Y‘ ~
___________ :r_._.._._._.._._: . NA
PL 800x16 N 3 :
Q) — Y .
§ Y
I
R
PL 300x25 N
———}W
i
Figure: 73
Table: 7.1
ltemNo. | Item | Size Al’) | Yem) | Axy | AY | Ly(em®)

b(em) .| hiem) | (bxh) |dsttomx| (m) | (em®) | bh¥12

(1) skin plate 75.00f - 2.00] 150.00 1.00] 150.00] 150.00 50.0

2 |web "1.60] 80.00] 128.00] 42.00| 5376.00] 225792| 68266.7
(). |Flange 30.00]  2.50] 75.00] 83.25| 6243.75| 519792]  39.1
Sum: 84.50| 353.00| _ | 11769.8] 745734] 68355.7
So, Y =sum(AY)sum(A)=  3334cm  Y=hythy+hy= 8450 cm

Y,=(Y-Y)= 5li6cm: !
Y,=(Y,-h)= 3134 cm . - ,
~ Then, Ty, = sum(AY?) + sum( L) - sum(A)xY,* = 421662 cm’

Z,=lwa /Y= 12646.5 cm’
Zy=Ina /Y,= 824236 cm’
Za=Tys/Y,= 13453.6 cm’

7.5 Check for Bending stresses:

f=M/Z,= 637.54 kg/em" " (Tension) <1080 kgfem’”, .
f,=M/Zy= 978.20 kg/em” (Compression) - <1080 kg/em®, Hence safe
f,=M/Z,= 599.30 kg/em’ (Tension)
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7.6 Check for Combined Stresses for Horizontal Girder with Skin plate :
Y PL 750 x20

L

PL 800x16
@ ———»

WAL LTSI SIS TSTI IS,
o

PL 300x25

(3)—’W%M+'Isas

h/>
Szy
¢ Sy
P

- bf2

a2 aj2 NN\

.
7

Figure: 7.4

Stress'es at point B’
Total stress in X' direction:

. 2 ..
fBX =ft(bcam) + S4x(skin plate) = 851.33 kg/ cm (TCDSIOH)
Total stress in 'Y' direction:
foy = Siyexnp = 71263 kg/em®  (Tension)
_ Shear stress, fg = 0 kg/em®

So, combined stress:

fo = Sqrt( fay” + fax - fay X fox +3S) = 791.15 kglem® < 1560.00 ke/em’

) ' - Hence safe.

Stresses at point 'A’

Total stress in X' direction:

fax =Faeamygeny + Stucokin pacyeompy = 385.51 kg/em”  (Tension)
Total stress in "Y' direction: , '
fAy_:_- $4y(skin plate),=  -712.63 kg/cmz (Compression)

2
Shear stress, f,, = V—QY—, = 0.00 kg/em®  (since, at a pt of max BM, V=0)

So, combined stress:
fo = Sqrt( fax” + fav’ - faxX fay +3fe) = 964.978 kefem” < 1560.00 ke/em”
Hence, the section shoosen is safe.

7.7 Check for Deflection of Centre Horizontal Girder :
Allowable deflection for centre girder, say d = L/800

Here, span, L = 7250 mm Then, d = 9.06 mm, or 0.90625 cm
And, actual deflection, dactl;al =2 WL (i
384  EI
. Here, W= 123.00 kg/cm E = 2.01E+06 kg/cm®
L= 72500 cm I= 421662 cm®

Now, putting the values in equation (III) we have,
Qacrar = 0.52208 cm < 0.90625 cm
Hence safe.
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7.8 Curtailment of Centre Horizontal Girder :

Size of the Horizontal Girder required adj'oining the End Girder will be as below:

Appendix - A

y  PL7s0x0
) !
777777 I /7 R A~ X Ref Axis
A S Ya Yt
N
___________ Nl ¥ NA
' PL575x16 \ ~
@ ————» M
%
% A l
PL 300x25
@) ————> S |
i Figure : 7.5
>-/ ) .
7.8.1 Calculation of Neutral Axis and Modulus of Section :
Table: 7.2 ' .
Item No. Item Size A (cm”) Y (cm) AxY AY? Ly (cm®)
b(em) | h(m) | (bxh) |distromx| (em’) | (em®) | bh¥12
€)) skinplate | 75.00 2.00] 150.00 1.00] 150.00{ 150.00 50.0
(2) web 1.60f 57.50[ - 92.00f 30.75| 2829.00 -86992| 25347.9
(3) Flange 30.00 2501  75.00] 60.75| 4556.25| 276792 39.1
Sum: 62.00] 317.00 7535.3| 363934| 25437.0
So, Y, = sum(AY)/sum(A) =  23.77 cm Y =h;+h, +hy= 62.00 cm
Y,=(Y-Y)= 3823 cm
Y.=(Y,-h))= 21.77 cm
Then, Iy = sum(AY?) + sum( L) - sum(A)xY = 210254 cm’
Z,=Iya/Y,= 88452 cm’
Zy=Ina/Yo= 5499.79 cm’
Za=Iys/Y,= 9657.8 cm’
7.8.2 Calculation of Bending Moment : -
Y W udl
! . '
|- .
N ———— T
1‘ Lload ’I J
Rp Lsopor Ra Figure : 7.6
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Here, Water pressure, P = 1.64 kg/cm2
Width of water pressure on beam, B= 75.00 cm
Water load per unit length (udl), W =PxB= 123.00 kg/cm
: Length of load on beam, Ly, = 6900.00 mm or 690.00 cm
Centre to centre of wheel, Lguport = 7250.00 mm or 725.00 cm
Reaction force, Ry = Rq = WxLypgy/2 = 42435.0 kg

Distance of the point in X direction , x = 90 cm (middle of taper sec)
Offset of load from point-P;’l = 17.5 cm .

So, B.M at a distance x , M = Rp.x -(W.(x-)*/2)= 3495891 kg-cm

7.8.3 Check for Behding stresses:

f,=M/Z,= 39523 kg/em’ (Tension) |

f,=M/Z,= 635.64 kg/em’ (Comp.) < 1080.00 kg/em®
£, =M/Z,= -361.98 kg/cm’ (Tension) Hence safe.

7.8.4 Check for Combined Stresses for,Cur.tail Central H Girder with Skin plate :

PL 750 x20
Y o (1)
Y
—X K X Ref.Axis A
A N S Y, 3
\ TY"’ o © A4S (L
___________ N—l——¥__ 1 NA S
PL575x16 N 8 & 3
575x X . v Z N n
(2) —————» )
N Y —» — X
N b S S
S % 2x 3x
PL 300x25 \ L )
@) ————» \ 4 ‘ a2 a2 AN\

dy Figure : 7.7
Stresses at point B’
" Total stress in X' direction: :
fix =Fipeamy + Sixcskinplatey = 609.02 kg/em”  (Tension)
Total stress in "Y' direction: )
fpy= S~4y(Skin placy = 712.63 kg/ em’” (Tension)
0 kg/cm2

74
i/V

Shear stress, fyg
'So, combined stress at pt B:
fo = sqri( fy® + fox’ - fay X fpx +3fp ) = 666.89 kg/em” < 1560.00 kg/em® -
Hence safe.
Stresses at point ‘A’
Total stress in X' direction:

. 2 .
fo =fA(beam)(tcn) + St}x(skin plate)(comp) = 148.19 kg/cm (TCDSIOH)
Total stress in "Y' direction: .

fay= Seyekinplaey = -712.63 kg/em®  (Compression)
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Shear force at a distance x, V= Rp - W.(x-) = 33517.5 kg
A.Y(bar)=b,xhyx(hy/2 +Y,)+b,xY,2/2 = 379474 cm’
I= 210254 cm® b=b,=  1.60 cm

Shear stress, fag = VIATY - 378.08 kg/em®
So, combined stress at pt A:

fc = sqrt( fay” + fax’- Fay X fax +3fas2) = 1031.63 kglem® < 1560.00 ke/cm®
Hence, the section shoosen is safe. '

7.8.5 Check for Deflection of Curtail Centre Horizontal Girder :
Allowable deflection for centre girder, say d = L/800

Here, span, L= 7250 mm Then,d= = 9.06 mm, or 0.90625 cm
Actual deflection: -

The mathematical determination of deflection becomes tedious when the section is not
uniform through out the length as here due to curtailment of girder's section. Graphical
determination technique may be conveniently applied. So with reference to Design of
Machine Members by Alex Vallance & Vention Levy Donghtie's book, page-194, we
have that texts on machines show that the second derivative of the deflection equation of
any shaft is expressd by Fhe relation. dy M =

dx’ “E T (IV_)

Where, y = deflection at a distance x from one end of the shaft in cm;
M = bending moment at section x in kg-cm;

E = modulus of elasticity of material in kg/cm2

I = rectangular moment of inertia if shaft area at the same section in cm*

A B ' ‘
1 —'1 l€¢——— Side seal =3450 ———

1
- i T |
= .
© CL of theI _ CL of gate

T ;

i
165 P <— 900*‘ l ‘ i
'4— 1800 : : '

|< : : 3625 ]
Here, web size is 800x16 mm from pt. E - F & 575x16 mm A - C as shown in above fig. -
Here; Water pressure, P = 1.64 kg/em’
Width of water pressure on beam, B=  75.00 cm

Water load per unit length (udl), W =PxB= 123.00 kg/cm
Length of load span on the beam, L,,g = 6900.00 mm or 690.00 cm
Centre to centre of wheel, Lyypon = 7250.00 mm or  725.00 cm
Reaction force, Ry = WxL,,,4/2 = 42435.0 kg

x =Distance from centre of wheel to pt. in X direction,
Offset of load from point P, 1 = 17.5 cm

So, B.M at different pt at a distance x , M = Rp.x - (W.(x-l)2/2) kg-cm
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Table: 7.3 E = 2.01E+06 kg—cm2
Point Size of web Size of flange | Dist from | Bending | Moment | M/IE
Height | Thickness Top Bottom | centreof | moment | of inertia
h (cm) | t, (cm) | bxt (cm)| bxt (cm) | wheel x (cm)| M(kg-cm) | 1(cm4) (cm-1)
- A 57.50 1.60| 75.0x2.0 | 30.0x2.5 . 0.00 0.0| 210254.2| 0.000E+00
B 57.50 1.60{ 75.0x2.0 | 30.0x2.5 17.50| 742612.5| 210254.2| 1.757E-06
C 57.50 1.60| 75.0x2.0 | 30.0x2.5| 35.00| 1466391| 210254.2 3470806
D 68.75 1.60[ 75.0x2.0 | 30.0x2.5 90.00| 3495891| 315958.2| 5.505E-06
E 80.00 1.60/ 75.0x2.0 | 30.0x2.5] 180.00] 6014316] 421662.1| 7.096E-06
_F 80.00]  1.60] 75.0x2.0 | 30.0x2.5 | 362.50|8062650.0| 421662.1| 9.5136-06

Now, by ploting the above values of X & MﬂE, we get the following curve -1 :

Graph: 7.1
X (cm) M/E (cm™) .
0.00 0.000E+00 WIE vs X Curve-]

17.50 1.757E-06
35.00 3.470E-06 1.000E-05 | | &-do80bds
90.00 5505806 | % S-000E-06 I 4é0600070 | |

180.00 7.09E-06 | 5 6.000B-06 _#70000005

362.50 9.513E-06 | w 4.000E-06 6lo000035

= 2.000E-06 -ﬁ_o 0018
0.000E+00 ¥&-dodoseb -
0 100 200 300 400
One small area = : Distance X (cm)
0.00004
Now, find the integration ie. area under the curve-I; "~ X(em)  (MX/IE)

up to 1st. Point no. of small area = 0 0.00 0

up to 2nd. Point no. of smallarea = 0.50 =area= 1750  2.00E-05

up to 3rd. Point no. of small area = 1.5 3500  6.00E-05

up to 4th. Point no. of small area= +* ~ 7.5 90.00  3.00E-04
up to Sth Point no. of small area = 22 180.00  8.80E-04
up to 6th Point no. of small area = 58 36250  2.32E-03

Now, by ploting the above values of X & MX/IE, we get the following curve -1 :

One small area }

= 0.01 cm MX/IE vs X Curve-ll
Total no. of small . _ ,
area above the 0.0025 |
curve-II 0.002 :

L

= 54 W 0.0015 »
Deflection, d,cq, = § 0.001 & L
area = 0.54 cm 0.0005 e

0 eeat] |
v 0.00 100.00 200.00 300.00 400.00
Graph: 7.2' ' Distance X (cm)
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8.0 Design of Bottom Horizontal Girder :
8.1 Calculation of Bending Moment :
As the water load acting on the bottom horizontal girder will be less than the central
horizontal girder. Hence it has to design seperately as below.

W udl

R T T —
L lq = Lioad — —P] J
Re Laupon Ra

Figure : 8.1

Here, ‘ Design Water pressure, P = 1.64 kg/cm2
Distance between centre & bottom H girder,d=  75.00 cm
Distance bet. BH girder & edge of skin plate,e =  27.50 cm
Width of water pressure on beam, B=d/2+e=  65.00 cm

Water load per unit length (udl), W =PxB= 106.60 kg/cm
Length of load on beam, L, = 6900.00 mm or  690.00 cm

Centre to centre of wheel ‘Lsupo,, 7250.00 mm or  725.00 cm
Reaction force, R, = Rq = WxL,,4/2 = 36777.0 kg

Max B.M, M = RpxL0n/2 -(WXL 2 10ad/8)= 6987630 kg-cm

8.2 Coacting width of Skin Plate with Bottom Horizontal Girder :

As per ANNEX- D' page 15 of IS 4622 : 1992, we have, L;= 750 mm
So, B=L/2 = 375 mm
_ L/B = 2.00
From Fig. 11, page - 15, corresponding to Ly/B, we have V= 0.38
So, coactlng width of skin plate = 2xV; xB = 285 mm
As per IS 4622 : 1992, page 4, art. 5.2.4, we have, coacting widths are also g1ven by:
a)40t+B; where, t = thickness of skin plate, and
B = width of stiffener flange in contact w1th the skin plate
b) 0.11 span; Here, span = 7250 mm
c) centre to centre of stiffeners or girders;
Here, t= 20 mm B= 16 mm

a) coacting width =40t + B = 816.00 mm
b) coacting width = 0.11x span= 797.50 mm
c) coacting width = double of the end distance i.e. 2e = 550.00 mm
Hence, coacting width calculated above, choosen as 550 mm (least).
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8.3 Calculation of Neutral Axis and Section Modulus :

Y PL 550 x20 )
— A~ X Ref Axis
A ) Y,
: t—eet e Y.L NA
PL 800x14
@ N
Yo
PL 250x25
o !y
Figure : 8.2
Table: 8.1 | .
Item No. Item Size A (em®) |y (cm) AxY AY” L (cm®)

b(em) | h(em) | (bxh) | disfomx | (em®) | (cm®) | bh¥12
(1) - |[skinplate 55.00 2.00] 110.00 1.00] 110.00] 110.00] 36.67

(2) . lweb 140 -80.00{ 112.00| 42.00| 4704.00] 197568| 59733
(3) Flange 25.00{ '2.50| 62.50{ 83.25| 5203.13| 433160 32.55| .
Sum: 84.50{ 284.50 -1 10017.1] 630838] 59803
So, Y, =sum(AY)/sum(A) = 3521 cm Y =h;+h, +h;=  84.50 cm.

Y, =(Y-Y,)= 49.29cm
Y, =(Y, -h)= . 3321 cm

Then, Iys = sum(AY?) + sum( L) - sum(A)xY2 = 337942 cm’*
Zo=Twa /Y= 9598.0 cm’
Zy=1Ina/Yp= 685614 cm’
Za=1Iys/Y,= 10176.0 cm’

8.4 Check for Bending stresses:

f=M/Z,= 728.03 kg/em” (Tension)<1080kg/em®,
f, =M/Z, = 1019.18 kg/em” (Compression) <1080 kg/ cm®, Hence safe.
f,=M/Z,= 686.67 kglem’ - (Tension) | | .
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8.5 Check for'Combiried Stresses for Bottom H. Girder with Skin plate :

@ ——»

oy ‘ PL 550 x20 ' ‘
B ! M v
% g 7777773 _.5-—-—I'— X Ref. Axis /]\
A Ya Yi 3
| \ T ——L NA ” 4 S
_ LB AT — N\
PL 800x14 X Sy A ™

PL 250x25
Q@) ——— 77

N
i a B

| S a/2 aj2 ANNY
Figure: 8.3 e \

> X

CL L TLELLLELLLLEL
< c_-<
b/2
e
Ss,
* Sey

Stresses at point B'
Total stress in "Y' direction:
. . 2 )
) fpy= t(beam) T _Sﬁy(skin plate) = 796.46 kg/em (TCIISlOIl)
Total stress in 'X' direction:
- fpx= S6X(s]dn plate) = 228.09 kg/ sz (Tension)
Shear stress, f;5 = 0 kg/cm2

So, combined stress: _
fio = sqrt( £ay2 + fax- fay X fax +357) = 710.42 kglem® < 1560.00 ke/em®

Hence safe.
Stresses at point ‘Al
Total stress in "Y' direction:

. 2 )
fAY =fA(beam)(ten). + SGY(skin plate)(comp) = 618.25 kg/ cm (TCI]SIOII)
Total stress in X' direction:
fax = Sex(skin plate) = -228.09 kg/ cm’ (Compression)

Shear stress, f, = VAY - 0.0 kg/cm2
b

So, combined stress:
fo = sqrt( fay” + fax’ - fay X fax +36a0) = 758.47 kglem® < 1560.00 kg/em”

Hence, the section shoosen is safe.
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8.6 Curtailment of Bottom Horizontal Girder : ,
Size of the Horizontal Girder required adjoining the End Girder will be as below:

Y PL 550 x20

)
AR AT X Ref. Axis

8.6.1 Calculation of Neutral Axis and Modulus of Sectioi of Curtail BH Girder :
Table: 8.2 -
ltemNo. | liem | Size Alem™) | Yem) | AxY | AY | Lge(em®)

b(em) | h(em) | (bxh) | distromx | (cm’) (em* | bhY12
(1) - [skin plate 55.00 2.00] 110.00 1.00{ 110.00| 110.00 36.7

(2) web 1.40f 57.50f 80.50[ 30.75| 2475.38] 76118| 22179.4
(3) Flange 25.001 2501 62.50f 60.75| 3796.88] 230660 32.6
Sum: 62.00| 253.00 6382.3| 306888 22248.6
So, Y, =sum(AY)/sum(A)=  25.23 cm " Y=hy+hy+h3=  62.00 cm

Y,=(Y-Y,)= 3677 cm
Y,=(Y; -h))= 2323 cm
Then, Iya = sum(AYz) + sum( L) ; sum(A)xY” = 168136 cm*
Z=Iwa/Y,= 666512 cn’
Zy=Ina/Yy= 4572.18 cm’
Za=1Iy,/Y,= 7239.05 cm’

Y . W udl
|
| : ,
I N T T TP
"Ll [4 Lioad — L; fl |
Re Louport . "Ra
Figure : 8.5
Here, Water pressure, P = 1.64 kg/em’
Width of water pressure onbeam, B=  65.00 cm

Water load per unit length (udl), W =PxB= 106.60 kg/cm
Length of load-on beam, Lj,4 = 6900.00 mm or  690.00 cm

Centre to centre of wheel, Lypoy = 7250.00 mm or  725.00 cm
Reaction force, R, = Rg = WxL,,4/2 = 36777.0 kg
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Distance of the point in X direction , x = 90.0 cm
Offset of load from point P, I = 17.5 cm

So, B.M at a distance x , M = Rp.x ((W.(x-1)’/2)= 3029772 kg-cm

(middle of taper sec)

8.6.2 Check for Bending stresses of Curtail BH Girder:
f,=M/Z,= 454.57 kg/om’ (Tension)
f,=M/Z, = 662.65 kg/em®  (Comp.) < 1080.00 kg/em®
f,=M/Z,= 418.53 kg/em’ (Tension) Hence safe.

8.6.3 Check for Combined Stresses for Curtail BH Girder with Skin plate :

PL 550 x20

—(1)

—> <

S — X RefAxis &
] A . D Y S7x
Yf ? \
___—_H_
_______________ Y | NA 4 N
_ g a o3
@ M ? ’
Yb LA —P X
o SSX SBX
PL 250x25 S B~
(3) Y 4 #
| : |
a2 a2 \\
Figure : 8.6 l ; l

A \

Stresses at point 'B'
. Total stress in "Y' direction:

Ty =fipeam) + Seykinplaey = 523.00 kg/cm® (Tension)
Total stress in 'X' direction:  ~
fox = Sexekinpiey = 228.09 kg/em®  (Tension)
Shear stress, fg = 0 kg/cm’ ‘
So, combined stress:
fo=sqrt( fay” + fax’ - fay X fax +350) = 454.16 kg/em® < 1560.00 kg/em’

Hence safe.
Stresses at point 'A’

Total stress in "Y' direction:

2 .
fay =fA(benm)(ten) + SGY(skin plate)(comp) = 350.10 kg/cm (Tension)
Total stress in X' direction:

, fax= Sé”)((skin platey = -228.09 kg/cm2 -(Compression)
Shear force at distance x, V=Rp - W.(x-1) = 29048.5 kg

A.Y(bar)=b,xh.x(hy/2 +Y,)+b,xY,2/2 = 3042.51 cm’
I= 168136 o’ b=by,= 140 cm

BHGirder
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Shear stress, fq =" VAY = 37546 kg/cmz
. - b
So, combined stress: . _
fo= sqri( oy + fax’- fay X fax +3£.,0) = 823.03 kglem® < 1560.00 kg/em®
Hence, the section choosen is safe. ' ' '
8.6.4 Check for Deflection of Curtail Bottom Horizontal Girder :
Allowable deflection for centre girder; say, d =1/800
Here, span, L = 7250 mm Then,d = 9.06 mm, or 0.90625 cm

Actual deflection: :
The mathematical determination of deflection becomes tedious when the section is not
uniform through out the length as here due to curtailment of girder's section. Graphical -
determination technique may be conveniently applied. So with reference to Design of
Machine Members by Alex Vallance & Vention Levy Donghtie's book, page-194, we
have that texts on machines show that the second derivative of the deflection equation of
any shaft is expressd by the relation. & M -
dx* IE

Where, y = deflection at a distance x from one end of the shaft in cm;

M = bending moment at section x in kg-cm;

E = modulus of elasticity of material in kg/cm®

I = rectangular moment of inertia if shaft area at the same section in cm*

A s o
Py |&——— Sideseal =3450 ———p,

i |
o '
S \ CLof wféﬂel . - ' CL of gate

D ,
]350l E iF
[

- N l I
165 ¥ € 900*‘ ’
i :
[ 1800 .

i
i
i
« — 3625 —

Here, web size is 800x14 mm from pt. B - F & 575x14 mm A - C as shown in abové fig.
Here, Design Water Pressure, P = 1.64 kg/em?
Width of water pressure on beam, B=  65.00 cm

Water load per unit length (udl), W =PxB=  106.60 kg/cm
Length of load on beam, Li,,4= 6900.00 mm or  690.00 cm
Centre to centre of wheel, Lgypoq = 7250.00 mm or  725.00 cm
Reaction force, Ry = WxL,,4/2 = 36777.0 kg

x =Distance from centre of wheel to pt. in X direction,
Offset of load from point P, I = 17.5 cm

So, B.M at different pt at a distance x , M = Rpx - (W.(x—1)2/2) kg-cm
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- Table: 8.3 . E = 2.01E+06 kg—crn2
‘Point Size of web Size of flange | Dist from | Bending | Moment | M/IE
Height | Thickness Top Bottom | centreof | moment | of inertia
h (cm) | t, (cm) | bxt (cm) | bxt (cm) | wheel x (cm)| M(kg-cm) [ 1(emd) | (em-1)
A 57.50 1.40( 55.0x2.0 | 25.0x2.5 0.00 0.0| 168136.1| 0.000E+00
B 57.50 1.40| 55.0x2.0 [ 25.0x2.5 17.50] 643597.5] 168136.1] 1.904E-06|
C 57.50 1.40] 55.0x2.0 | 25.0x2.5 35.00(1270871.9| 168136.1] 3.760E-06
D 68.75 1.40} 55.0x2.0 | 25.0x2.5 90.00}3029771.9| 253039.0| 5.957E-06
. E 80.00 1.40] 55.0x2.0 | 25.0x2.5 180.00]5212406.9] 337942.0| 7.674E-06
F 80.00 1.40) 55.0x2.0 | 25.0x2.5| 362.50|6987630.0 337942.0| 1.029E-05

Now, by ploting the above values of X & M/IE, we get the following curve -I :

X (cm) M/IE (cm™)
0.00 0.000E+00 M/IE vs X Curve-|
17.50 1.904E-06 1.000E-03 ' o]
35.00 3.760E-06 8.000E-06 B
90.00 5.957E-06 | &~ _~87.0000077
18000 7.674E-06 | § 6000E-06 /yﬁﬁoc 055
362.50 1.029E-05 § 4.000E-06 1 gt
Graph: 8.1 2.000E-06 T-#4560001
0.000E+00 $-8:0000000
0 100 200 300 400
One small area = Distance X (cm)
0.00004 ‘
Now, find the integration ie. area under the curve-I; X(cm) (M/IE).X
up to 1st. Point no. of small area = 0 0.0 0
up to 2nd. Point no. of small area= - 0.50 =area=  17.50  0.00002
up to 3rd. Point no. of small area = 15 35.00  0.00006
up to 4th. Point no. of smallarea= =~ 7.5 90.00  0.0003
- up to 5th Point no. of small area = 22 180.00  0.00088
up to 6th Point no. of small area = 58 362.50  0.00232
Now, by ploting the above values of X & MX/IE, we get the following curve -1I :
One small area . MX/IE vs X Curve-lI
= 0.01 cm 4
Total no. of small 0.0025 — -~
area above the 0.002 P <
curve-I1 g 0.0015 >
= 54 S 0.001 + T
Deflection, dcqga; = 0.0005 ys 1
area = 0.54 cm 0 ] .
: 0.0 ~100.0  200.0 300.0 400.0
Graph: 8.2 Distance X (cm)
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9.0

Design for Vertical End Girder:

9.1 Load Diagram

SF (kg)

BM (kg-cm)

H Girder . HGirder

T T
. —J:w -

H Girder
4

750
'A' Wheel

750
B' Wheel

Appendix -A

Load from H Girders are,
Pp= 36777.0 kg
Pr= 42435.0 kg
Pr= 367770 kg

Reaction forces at wheels are,
Ra= 579945 kg
Rp= 57994.5 kg

_F_IM‘__ Dist. (cm) |SF (kg)
. 0.0 0
Graph: 9.1 SF Diagram 275 0
27.5| -36777.0
60000 . [ee7720 60.0| -36777.0
40000 23175 | 600] 212175
20000 h . ‘ :
0 o o ) .' - = o -0 102.5 21217.5
-20000 ¢ 5 1&_5#»5@_———'—‘2&0———%0 102.5) -21217.5
-40000 36770 - : 145.0| -21217.5
-60000 . , 145.0] 36777.0
"Distance (cm) 177.5| 36777.0
1775] . 0
_ _ 205.0 0
Maximum Shear Force, V= 36777.0 kg,
N Dist M(kg-
Graph: 9.2 = (Com z) e Cm())
0E+00 05 B M Diagram '[re o 275 .0
-2-E+05$ Y3 lﬁ — ]:: (r/ - 2 250 60.0]-1195253
~4.E+05 \ . A N 1/ 102.5] -293509
6.E+05 -293809 |-
?ﬁ/ BN VA 145.0|-1195253
-8.E+05
-1.E406 N _/ AN 177.5 0
-LE+06 \V4 -+195252:5- 205.0 0
LE+06 11195253 . *
Distance (cm)
Bending moment at point 'A' M, = -1195253 kg-cm
Bending moment at point E'Mg=-293509 kg-cm
From the above diagram it is obvious that support moment will govern.
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9.2 Check for Section when there is no Wheel Axle Hole:
y  P1330x25,(5) ‘ -

N [ N g ?
N !
y ! \- >
o
| O O
\ N ]
(] | N Vo)
PL 575x16 (4) _“§ | 2 3). I
N [ \
N b N a o
\ LN ’
§ ! §
\ N
® N ! 3
Y Sy V¥ Ref. Axis....X - X
le—— 250 —> '4, Skin Plate (2)
40 . 40 '
9.3 Calculation of Neutral Axis and Modulus of Section of Vertical End Girder :
Table: 9.1
Item No. Item Size Aem®) | v (cm) AxY AY? Lo (cm®)
b(cm) | h(m) | ®xh) |distomx| (cm®) (cm*) | bh¥12
€)) Skinpl. _ 4,00 2.00 8.00 1.00 8.00 8.0 2.7
(2) flange 4.00 2.00 8.00 1.00 8.00 8.0 2.7
(3) Web _ 1.60] 57.50] 92007 30.75] 2829.00| 86991.8] 25347.9
4) plate 1.60| 57.50] 92.00{ 30.75| 2829.00{ 86991.8{ 25347.9
(5) . Flange pl. 33.00 250 82.50( -60.75( 5011.88|304471.4 43.0
Sum: 62.00 282.5 10685.91 478470.9| 50744.1
So, Y, = sum(AY)/sum(A)=  37.83 cor’ Y =h; +hy +hs=  62.00 cm
Y,=(Y-Y)= 2417 cm
Y,=(Y;-h))= 35.83 cm
Then, Iy = sum(AY?) + sum( L) - sum(A)xY? = 125010 em’
Z,=Ius /Y,= 3304.86 cm’
Zy=Iya/Yp= 517128 e’
9.4 Check for Bending stresses of Vertical End Girder: _
f,=M/Z,= 36167 kglem’ (Comp.) < 1080.00 ke/om®
f,=M/Z,= 231.13 kgfem’ (Tension) Hence safe.
9.5 Check for Shear stresses of Vertical End Girder:
Here, Max shear force_, V= 367770 kg__
We have, Shear - Stress = f; = __V;&bY =
For max shear stress (at NA) . ,
Here, AY = bixhx(h,/2 +Y,)x2+(b3xY32/2)x2 = 2642.83 cm
1= 125010 em? b =(b; +by) = 3.20 cm '

2 2
Now, putting values in the above equation, fﬁ(max) = 24297 kg/fem® ;< 840.00 keg/cm
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Z,=Txa /Y= 276836 cm’
. Zy=Iya/Yy= 518565 cm®
9.8 Check for Bending stresses of Vertical End Girder with Hole:

f, =M/Z, =
f, =M/Z, =

431.75 kg/em®

23049 ke/em’
9.9 Check for Shear stresses of Vertical End Girder with Hole:

(Comp.)
(Tension)

< 1080.00 kgfem’

Hence safe.

Here, Max shear force, V= 36777.0 kg

We have,

For max shear stress (at NA)
Here,
I=

Shear - Stress = fs =

VAY
Ib

AF = bixhix(hy/2 +Y)x2+(bsxY,2/2)x2 = 2259.54 cm’
111900 em*

Now, putting values in the above equation, fym,y =

b= (b3 +b4) = 3.20 cm
232.07 kg/em® <

Hence the adopted Vertical End Girder is OK.

840.00 kg/cm’

~ Design Calculation of a VL Gate Appendix -A
9.6 Check for Section when there are Wheel Axle Holes:
i g, P13305,5)
: § > ~ Wheel Axel Dimension
\ T § * Max. dia, d; = 120 mm
NA —j o R 3 T A~ .
\ k ) g Min. dia, d, = 110 mm
PL 575x16 (4)' i § @ E
L crotweal]
6) —Pp
© 1 f i Carg'
&)
o 8 X )
— : Ref. Axis....X-X
| < 250 > | |<; Skin Plate (2) . .
\ 40 Figure:
9.7 Calculation of Neutral Axis and Modulus of Sectlon of V.End Girder with Hole :
Table: 9.2,
Item No. Item . Size ‘ A(cm Y[ Y(cm) AxY AY? L (cm®)
- b(cm) | h(cm) (bxh) | distfromX (cm®) (cm*) bh¥/12
1) skin plate 4.00 2.00] . 8.00 1.00 8.00| 8.0 2.7
(2) flange 4.00 2.00| 8.00 1.00 8.00 8.0 2.7
(3).. |web 1.60] 57.50] 92.00] 30.75| 2829.00| 86991.8| 25347.9
(4) plate 1.60] 57.50] 92.00] 30.75| 2829.00 86991.8 2534’7.9
15 Flangepl. | 33.00 2.50] 82.50| 60.75| 5011.88| 304471.4 43.0
(6) Hole (d,) 1.60| 12.00f -19.20{ 20.50] -393.60| -8068.8| -230.4
(7 Hole (d,) 1.60{ 11.00] -17.60| 20.50| -360.80| -7396.4| -177.5
Sum: 62.00| .. 245.7 9931.5| 463005.7| 50336.3
So, Y;=sum(AY)/sum(A)=  40.42 cm Y =h; +h; +hs=  62.00 cm
Y,=(Y-Y)= 2158 cm CL of hole, Y= 20.5 cm
_ Y,=(Y,-h))= 3842 cm )
- Then, Iya = sum(AY?) + sum( Iyy) - sum(A)x Y2 = 111900 cm®

VEendGirder
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10.0 Design of Wheels : |

10.1 Selection of Material & Properties :
Cast steel to IS - 1030-1998, Grade C, Designation IV - 27.54,

Yield Strength, Y,= 2700 keg/em’ E = 2.10E+06 kg/cm®
UTS= 5400 kg/cm®

10.2 Permissible Stresses : ,
Adopting flat wheel with line contact, (ref, IS 4622 : 1992, page-18, Annex-F)

Permissible Contact Stress at the surface of wheel, f.= 1.4xUTS = 7560 kg/em”

Desiging the wheel with line contact, the contact stresses between the wheel and the
track shall be calculated in accordance with the following formula:

fc';0.418\/£‘E- ----------------- )
: rl

Where, - e )
fc = contact sfr(a_ss'-ir‘i N/mm? or kg/cm2 ;
. P =wheel :Ioad inNorkg; .
E = modulus of elasticity, N/mni? or k'g/crn2 ;
r = radious of wheel in mm or cm and
‘1= tread width of wheel in mm or cm.
Here, o
f;= 7560.0 kg/em® r=  25.00 cm (assumed)
P= 579945 kg . _ E= 2.1E+06 kg/cm®
Rearranging equation (V) we have, - - ' '
o Q418 X PE 148978 em
o T fe 15.00 cm (say)
Hence, wheel size:
Dia, D, =  50.00 cm, Tread width, I, =  15.00 cm

11.0 Design of Wheel Axles (Shafts) :
Ref. IS 1570(part-v) 1998, Table-3, Page-6

11.1 Selection of Material & Properties :
‘ Stainless Steel, Hardened & Tempered,
Steel designation - 12Cr12;

Tensile strength, ~ UTS= 7000 kg/em®

Yield strength, Y, = 4100 kg/cm® (0.2% proof stress)
% Elongation (bar : 5 - 100 mm) = 16 '

11.2 Permissible Stresses : :
Bending stress, S, =UTS/3= 2333.33 kg/em’
Shear stress, S, =0.6xS, = 1400.00 kg/ cm®
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11.3 Calcalulation of Diameter of the Axlet';
Wheel load, P, = 57994.5 kg

This wheel Joad is distributed over the axle of length, 1, =  15.00 mm
CL oti wheel i W udl
i " Here,

Il

C {7 h¢ s - e '
‘« lw: »| 15 cm

Ry Is = 26.6 cm (C-C of web of VEG).
B “W=P, /1 = 3866.3 kg/cm

1]

Reaction forces are, ‘RA = 289973 kg . Rp= 28997.3 kg

Maximum bending moment, M = Rax I /2 - Wx 1,” /8 = 276924 kg-cm
Maximum shear force, V=R = 28997.3 kg
Permissible Section Modulus, Zye, = Mygs/Sy, = 118.682 om’
For shaft, moment of inertia, I = (pi)D*/64, and Z I/ (D/2) = (pi)D*/32=Z
Rearranging the above equation we have,
D = {Zpe X 32/(pi)}** = 10.6545 cm
= 12.00 cm (say)

per 3

12.0 Design / Selection of Wheel Bearmg

12.1 Friction Forces :
Ref. IS 4622 : 1992, page-5, clause -5.4. 5 2 ; -
Wheel friction forces for bush & roller, bearing's are given by the formula:

T C A IaY  E—— VD
Where, . |
F = total wheel friction in N or kg,
P = total hydro-static load in N'or kg
R = wheel radious in mm or-cm; -
f, = coefficient of axle friction (sliding); y
f, = coefficient of rolling friction in mm or cm and
r = effective radious of the bearing in mm or cm.
Here, P= 579945 kg
R= 25.00 cm _
f,= 0.20 (at starting with bronze bush)
f= 0.10 cm (average)

For bronze bushing :
Thickness of bushing is given by: :
t=(0.08D+0.3)
Where, t = thickness of bush in cm; Here,D = 12.00 cm
D = diameter of the axle in cm;
So,t= 1.26 cm -~ And therefore r= 7.26 cm
Now, putting values in equation (IV), we have, F= 3600.3 kg
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12.2 Tentative Weight of the Gate : Table: 12.1

Item No Item Size (cm) Volume | Unit wt | Weight
Description & (No.) | length | breath [thickness| (cm®) [(kg/cm®) (kg)
1 Skin plate (1) 765.00| 205.00 2.00] 313650.0| 0.00785] 2462.15
2 Vertical stiffeners (8) 205.00 19.00 1.00] 31160.0{ 0.00785| 244.61
3 Horizontal [web (3) 732.00 30.00 1.47| 257664.0| 0.00785| 2022.66
girders |flange (3] 732.00] 26.67 2.50] 146400.0{ 0.00785| 1149.24
4 VEnd |web(4) | 205.00] 57.50| 1.60{ 75440.0{ 0.00785{ 592.20
girders  |flange (2] 205.00f 33.00 2.50] 33825.0] 0.00785] 265.53
5 Wheels (4) dia.=| 50.00{ 15.00{117750.0| 0.00785| 924.34
6 Axles (4) _dia.=| 12.00f 33.00| 14921.3| 0.00785] 117.13
Sum: : ' 990810.28 7777.86

Therefore, weight of the gate including 10% welding wt. = 8555.65 kg

Now, if bush bearings are used then
total friction forces in 4 bearings, Ft = Fx4 = 14401.2 kg
which is greater than the weight of the gate. Hence, bush bearings can not be used.

12.3 Selection of Spherical Roller Bearing :
Total wheel load, P = 57994.5 kg
Ref. SKF General Catalogue - 3200E, Reg. 47 12 000. 1981-09;
Adopt 2 nos. of SKF Spherical Roller bearings of bearing No: 24024 CC, for each wheel.

Detail of each bearing;
Weight= 5.4 kg
Bore dia, d = 120 mm
Outer dia, D = 180 mm
Bearing width, B = 60 mm
Inner race outer dia, d; = 132 mm
Outer race inner dia, D; = = 160 mm

Static load capacity, C,= 360000 N, or 36000 kg
Dynamic load capacity, C=- 374000 N, or 37400 kg

Therefore, static load capacity of two bearing, F.,= 72000 kg

Now, effective radious of the bearing, r = (d; + D,)/4 = 7.30 cm
f,= 0.02 (roller bearing)
f= 0.10 cm (average)

Now, putting the corresponding values in equation (IV), we have, F= 485.994 kg
So, for 4 wheels, total frictiop forces, Fy, = Fx4 = 1943.98 kg, < 8555.65 kg (gate)
Hence, OK.

12.4 Check for Bending Stresses at the'Slipport of Axle :
The axle dlameter varies from 14.5 cm at one support to 11 cm at the other support with
12 cm at the centre under the wheel bearmgs

Maximum bearing stress at the support is given by, S, = Rp/(d,.t) =
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Here, Rp= 28997.3 kg
d,= 11.00 cm
t= 1.60 cm
S0, Sy = P/(d.f) = 1647.57 ke/em’, > 1560.00 kg/em® & unsafe.
Providing 10 mm thick & 240-mm L béaring plate on both sides of the wheel inside the-
webs of vertical end girder as shown in figure below.
Then, t = 2.60 cm o
Therefore, Sy, = P/(d.t) = 1013.89 kg/em’, < 1560.00 kg/cm’”

o Hence, safe.
12.5 Final Arrangement of the Axle :

40 Web of VEG
oy e piioes | / Washer
Bearing plate - ST
\\4 e Nut
= | T Axle
() o (1 i
—_——r - - —————— (] —— — — — . ® — o ] L e e e & .
® S i !

SO

12.6 Check for Hardness of Wheel :

a) Wheel load,
Normal, P, = 57994.5 kg -
Maximum, P, =P, x1.5= 869918 kg (when one wheel not in contact with the track)
b) Wheel Dia, D= 50.00.cm
c) Tread width, B= 15.00 cm
d) Wheel material:

Steel with UTS = 5400 kg/cm’
¢) Hardness of the material is given by the relation,
UTS=35BHN  kg/em®
Therefore, BHN=  154.286
Ref. IS 4622 : 1992, Annex-E, page-15;
Critical stress of projected area, Sc =0.169BHN - 15.174 N/mm”

which is equivalent to, S, = 1.69BHN - 151.74 kg/em”  (taking, g =10;)
Then projected area of the wheel, Ay =DxB=. 750.00 cm’ '

Hence, stress for maximum load, Siax = Prax/Aw = 115.989 ke/cm®

Taking factor of safty, sf= 2 - ,

Required critical stress for design, Sut = Spuc XSE= 231,978 kg/om’

Therefore, required BHN = (S¢q +151.74)/1.69=  227.05
‘ ' ' = 230.00 (say)
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After Check Reyvise Calculatlon S
10.3 Selection of Materlal & Propertles c
Cast steel to IS - 2644 - 1979, Table 1 Grade -2 CS700,

Yield Strength, Y,= 5600 kg/em”
UTS= - 7000 kgem” ~ BHN= 207
E = 2.10E+06 kg/cm®
10.4 Permissible Stresses :
Adopting flat wheel with line contact, (ref: IS 4622 : 1992 page-18, Annex-F)
Permissible Contact Stress at the surface of wheel,
f=14xUTS= 9800 kg/em’
Also as per ref. IS 4622 : 1992, Annex-E, page-15; we have,
Critical stress of projected area, Sc =0.169BHN - 15.174 N/mm”
which is equivalent to, . S. = 1.69BHN - 151.74 kg/cm’ (taking, g =10;)
= 198.08 kg/cm®
Let, safty factor, sf = 2
So, allowable critical stress, S,.=S/sf = 99.04 kg/ cm’

10.5 Design of Wheel :
Projected area of the wheel wheel load/ critical stress

ie. Ap, =P/S;. = 585.566 cm’
Now, for wheel diameter, D,,=  50.00 cm
Net tread width, L, = A,/D,, = - 11.71 cm
=  12.00 cm (say)
Taking corner rounding on each side, f, = 5.00 mm
So, wheel tread becomes, 1, = 1, +2f,=  13.00 cm
10.6 Check for Line Contact Condition : :
We have, line contact stress is given by - £ 0418\/})753 __________________ \%
r
Here, P= 579945 kg E= 2.1E+06 kg/cm®
=D,/2= 25.0 cm =1, = 13.00 cm
Now, putting values in equation (V), we have,
f,= 8091.66 kg/cm’ < 9800 kg/em®  Hence, safe.
Therefore, the above wheel size is safe; but same size as per earlier calculation is.
being adopted. '
| je. Dy= 5000 cm" l,= 15.00 cm
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10.7 Check for Shear Stress

With reference to Theory of Elast101ty by Tlmmoshanko & IS 4622 - 1992 for line
contact design condition:

We have, Maximum shear stress, f;, = 0.304f, ;

And allowable shear stress (least of), :
Su=07UTSor24BHN = 4900. or 4968 kg/em’
Now, putting the respective values in equation (V), we have,
f = 7532.93 kg/fem’ | |
So,  fg= 229001 kgfem®. < 4900 kg/em”  (max.)
Both the allowable shear stresses are much greater than the actual calculated value
and hence safe.

10.8 Check for Depth to the point of max. Shear Stress :
We have, b = 1.55 sqrt(P.r/1,,.E) _
and depth, Z = 0.786 b; .
So,b= 3.3E-01 cm
and depth, Z= 0.26137 cm
Therefore, depth of hardening >= 2Z = 0.52275 cm
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13.0 Check for Combined Stresses :

13.1 Check for combination of stresses in skin plate with central horizontal girder &
vertical stiffener at the centre of the central horizontal girder :

Y
3 I . - OHa
&) y X ¥
_ (Lﬁ > S\ Here,
o f T a= 750 mm
a & > b= 750 mm
PR, S
@ —> X
Q A' Szx. ' Sax
- \ 4 : : —
. aj2 NER NN\
< : *‘1 > BHG

Fig. 13.1 All edges rigidly fixed
(D) Stresses in CHG (ref. art.7.4) : .
Stress in skin plate,  f,= f,= 637.54 kg/em®
Stress in flange ‘(bottom), fie= fbg_=' © 978.20 keg/em’
Stress in web at point A, . fa"=.' ©599.30 ke/em®

(1D Stresses in skin plate (ref. art, 5.1) ; .

+-Ssx = 712.631 kg/em”® +/-Sgx= 213.789 kg/em”®
+-Ssy = 213.789 kg/em’ +/-Sgy = 712.631 kg/em’
Shear Stress in Skin Plate :
. Designpressure,P=" 164 kg/em®
C/C spacing of vertical §tiffeners, Ls =  75.00 cm
Thickness of skin plate, t = 2.00 cm

- Shear stress in skin plate is given by, S, = PxLy/(t.t) ;
So, Shear stress, S;= 3075 kg/cm’

(TID) Stresses in vertical stiffener (ref. Art. 6.3 & 6.4) :
' S,,=f,= 369.19 kg/em’
Sew=f,= 257.65 kefem’
Se=f, = -802.01 kg/em®  (compresion)
Shiear stress, Syqqay=  307.55 kefom’
Shear stress, Syay= 275.81 kg/cm2
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13.2 Check for combined stresses at point (3) :
Combined stress is given by'the equation,
2 2 2
O T N T K P — VI

Total stresses in X direction; S,="f;
Total stresses in Y direction, S, = +/- S

Now,for:  S,= 63754 kglem’ ;- - S = 369.19 kgfem’
~ And,  S,= 30755 kgfom®
Putting these values in equation (V), we have, °
: S.= 768.857 kg/em® < 1560.00 kg/cm®
Now, for:  S,= 637.54 kefem® . Sy= -369.19 kg/em”  (comp.)
| . And, ;= 307.55 kg/em’
Putting these values in equation (V), we have,

S.= 1030.48 kg/em’ < 1560.00 kg/em®
13.3 Check for combined stresses at point.(2) :
Total stresses in X direction; 'Sx =i + (#/-S3)=  1350.17 kg/Cle or,
= -75.09 kg/em®  (comp.)
Total stresses in Y direction, S, = +/- (S, +S5)=- 582.98 kg/em®
Now,for:  S,= 135017 kglem® ;s = 58208 kgfem’
And, S,=  30.75 kg/em®
Putting these values in equation (V), we have,
| S.= 117411 kg/em® < 1560.00 kg/om’
Now,for  S,= 1350.17 kgfom’ ; . S,= -582.98 kglem” (comp.)
| And,  S,= 30,75 kg/em®
Putting these values in equation (V), we have, ‘ v
' S.= 1718.36 kg/em’ > 1560.00 kgfem’
13.4 Check for combined stresses at point (1)' :
Total stresses in X direction, S, = f, + (+-S4)= 85133 kgfem®  or,
| : 423.75 kgfcm®
712.63 kg/em’
Now, for: . S,= 851.33 kefem’ S,= 71263 kglem’
‘And; Se=  30.75 kg/om®
Putting these values in equation (V), we have, '
| S.= 792941 kglem” < 1560.00 kg/em”
Now, for:  S,= 851.33 kegfem™ ; S,= -712.63 kg/em® - (comp.)
| | And, S,=  30.75 kg/em’
Putting these values in equation (V), we have, '
S.= 135725 kgfem® < 1560.00 kg/em’

LI

Total stresses in Y direction, S, = +/- Sy,
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13.5 Checking for Shear Stress :
Shear stress at the centre of the BHG will be zero because shear force at the centre 1S
zero. Therefore, shear stress at the top of the skin plate is zero and at the joint of skin
plate with web of the BHG is also zero.

Remarks:

As it is clear from the above calculations that the arrangement adopted is coming out to
be unsafe for the present conditions. Hence, to reduce the stresses in skin plate the
placement of vertical stiffeners is being proposed closer than adopted already i.e. to be
fixed at a distance 550 mm in place of distance 750 mm C to C.

After Redesign Revise Check

13 6 Check for combination of stresses in skin plate with central horizontal girder &
vertical stiffener at the centre of the central horizontal girder :

Y
3 . CHG
= (3; @ ;x___;;- AR\ Here
o ] a= 550 mm
s & - b= 750 mm
® 3
. w
. A ’ l——» ‘ I——P'——> X
2 %0 -
M Sox - Sax
e " NN
2 2
© "‘ > | BHG

(I) Stresses in CHG (ref. art.7.4) : |
Stress in skin plate, fi=f,= 637.54 kg/cm’
Stress in flange (bottom), fir=f,,= 978.20 kg/em’
Stress in web at point A, f,= 599.30 kg/em®

(I) Stresses in skin plate (ref. art. 5.6) :

- +-Ssx= 529.136 kg/em’ +-Six= 12681 kgfem’
+-Ssy= 158741 kglem®  4/-Suy= 4227 kgfom’
Shear Stress in Skin Plate :
' Design pressure, P=  1:64 kg/em®
C/C spacing of vertical stiffeners, Ls = 55 cm
Thickness of skin plate, t= 2 cm

Shear stress in skin plate is given by, S, = PxLJ/(t.t) ;
So, Shear stress, S,= 2255 kg/em®
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(IIT) Stresses in vertical stiffener (ref. Art. 6.8 & 6.9) :
Si=fi= 27074 kgjem®
Ssi=fp= -588.14 ke/em® (compresion)
Sew=f= 188.94 kg/em®
Shear stress, Syyay = 225.54 kg/em®
Shear stress, Sy = 202.26 kg/em®

13.7 Check for combined stresses at pomt (3)
Combined stress is given by the equatmn,

S, =S, 7+ 8, -8, x5, +38,% oceoee. Iy

Total stresses in X direction, S, = fi, ;
Total stresses in Y direction, Sy =+/-Sg5;

Now,for:  S,= 637.54 kg/em” . . S,= 27074 kg/em’

S And, ' S;= 22554 keg/em’
Putting these values in equation (V), we have,
Sc= 678.046 kglem® < 1560.00 kg/em’?

Now,for:  S,= 637.54 kgfem® ;. S,= -270.74 kg/em®  (comp)
And, ~ S,= 22554 kg/em®
Putting these values in equation (V), we have, o
S.= 897.195 kglem” < 1560,00 kg/cm®

13.8 Check for combined stresses at point (2) :
Total stresses in X direction, S, = fy, + (+/-S3,)=  1166.67 kg/cm®
= 108.40 kg/em’

Total stresses in Y direction, Sy =4/~ (Ses +S3)=  429.48 kg(cmz

Now,for:  S,= 1166.67 kg/om’ ; - S,= 429.48 kg/em’
And, - S,= 2255 kg/em®
Putting these values in equation (V), we have, '

'S.= 1022.76 kg/cm® < 1560.00 kg/cm®

Now, for:  S,= 1166.67 kg/em® . S,= -429.48 kglem®  (comp.)
And, S,= 2255 kg/em”
Putting these values in equation (V), we have,
S.= 1431.14 kglem® < 1560.00 keg/em®

13.9 Check for combined stresses at point (1) :
Total stresses in X direction, S, = fi, + (+/-Sy)=  764.35 kg/cm

= 510.73 kg/em®
) : 2
Total stresses in Y direction, Sy = +/- S4y= 422.70 kg/cm

2
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Now,for:  ‘S,= 76435 kefem” | S,=  422.70 kefem’
- And, S,= 2255 kejem”
Puttmg thiese values in equation’ (V) we have,
e S.= 664333 kglem® < 1560.00 kg/om’
Now, for: S, = 76435 k cm. 5 5 Sy= -422.70 kefcm’ (comp.)
v | Aad, S,= 2255 kglem’
Putting these values in equation (V), we have, ,
' S;= 104284 kglem® < 1560.00 kg/em’

13.10 Check for »'coxﬁbinat_ion of stresses in skin plate with bottom horizontal girder &
vertical stiffener at the centre of the bottom horizontal girder :

.Y
1
TS7x

—— -_: - @0\
AY s A
g £ &
Y g I“’(1)'“' X
A Sue Sey
Q 1
< r BH Girder

v
-~ i_.* - fii X &< a2 ‘ 7

: Fia. 5.3
Here, a= 550 mm Here, a= 275 mm
- j b= 750 mm b= 550 mm

(D) Stresses in BHG (ref. art.8.3) :
Stress in skin plate, fo=fg= ~728.03 kg/cm2
Stress in flange (bottom), fyr=frp= 1019.18 k cm?

Stress in web at point A, . f,= 686.67 keg/em®
(II) Stresses in skin plate (tef. art. 5.6 & 5.7 ) :
+-Sax=  529.14 kefem”  4/-Sec= 21177 kgfem®
H-Ssy= 15874 kglem® T 4.Sy=  63.53 kefom’
H-Sp= 12681 kglem’  4Sy= 4372 kgfom’
4-Sgy= 4227 kgfem’ +-Syy= 14573 kgfem’

Shear stress, S, = 22.55 ke/em®
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(II) Stresses in vertical stiffener (ref. Ast. 6.8 & 6.9):
Ses=f= 270.74 kg/om®
Ss=f,= 588.14 kgfem® (compresion)
Sew=f,= 188.94 kgfem’
Shear stress, Syyay = 225.54 kg/cmZJ
Shear stress, Syay = 202.26 kg/ cm”
. 13.11 Check for combined stresses at point‘(IS) P
Combined stress is given by the equation,

S, =\/sz+.Sy2—SxxSyA+-3Ss'2 ------------- (VID)

Total stresses in X direction, Sy, = fi, ;
Total stresses in Y direction, Sy = +/- S ;
Now,for:  S,= 728.03 kgfem® ', S,= 27074 kefem’
" And,  Syww=  225.54 kg/em”
Putting these values in equation (V), we have,
S.=.747.542 kgfem’ < 156000 kefom’
Now,for:.  S,= 728.03 kglem® S,= -270.74 kg/em®  (comp.)
- And, - S,= 22554 kegen’
Putting these values in equation (V), we have,
S.= 976233 kglem” < 1560.00 kg/em’

13.12 Check foi‘ combined stresses at point (2) ;.
Total stresses in X direction, S, = i, + (+H-S,,)=  873.76 kefem’
R = 582.30 kg/em®
Total stresses in Y direction, S, = +/- (S, +S;)=  314.46 kg/em®
Now,for.  S,= 87376 kgfom® -; S,= 31446 kg/em’
 Ang, S,= 2255 kg/em”
Putting these values in equation (V), we have,
Se= 76753 kglem’ < 1560.00 kg/em’
Now,for:  S,= 873.76 kgfem® S,= -314.46 kglem®  (comp.)
| And, S,= 2255 kefom’
Putting these values in equation (V), we have,
S.= 1067.06 kgfem® < 1560.00 kefem® -

13.13 Check for combined stresses at point (1) :
Total stresses in X direction, S, = fy, + (+/-Sy)=  854.84 kg/em®

= 601.22 kg/cm®
422.70 kg/em®

Total stresses in Y direction, Sy =+4/- S;,y
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Now,for: = S,= 854.84 kefom’® S,= 42270 kgfem’
| | And, S,=  22.55 kefem’”
Putting these values in equation (V), we have, )
S.= 741357 kglem” < 1560.00 kefem’

Now, for:  S,= 854.84 kefem® S,= -422.70 kgfem”  (comp.)
And, S.= 2255 kg/om”
Puttlng these values in equation (V), we have,
S.= 1127.96 ke/em’” < 1560.00 ke/em’

13.14 Check for combined stresses at point (1) below Bottom Horizontal Girder :

BH Girder } v
- — - - X |
V stiffener Mx : l : I
Pl < ‘/tMy_ NS My .
. Free edge ‘+ _ s _
l< 29 ——— >l o W My
Y =550 mm Sign convention
Here, a= 275 cm
b= 27.5 cm -

With reference to fig-1 of EMNO 27 of USBR we have,
Moment, M = (coefficient = Cm)x(P b?) ‘
and Reaction, R = (coefficient = C ox(P. b);

For plate fixed along three edges as shown in above flg, moment & reactlon coefficients
for load-I, uniform load. ’
Here, Des1gn water load per unit width, P = 1.64 kg/cm
and, a/b = 1.0

Maximum coefficient for moment in X direction ie. at the end, C,, = 0.2613
Maximum coefficient for moment in Y direction ie. at the centre of BHG, Cry = 0.2043
' Maximum coefﬁcient for reaction in X direction , C, = 1.2115
Maximum coefficient for moment in Y direction , Cy = 0.6725
Now, putting the respective values in the above equation, we have,
Maximum bending moment in X direction, My = 324.077 kg-cm

Maximum bending moment in Y direction, M, = 253.383 kg-cm
Maximum shear force in X direction, R, = 54.6387 kg
30.3298 kg

Maximum shear force in Y direction, R,

Check
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Bending stress in cantilever portion of the bottom panel, S, = M/Z;

Where, Z = bh%/6 ; - Here, for unit load width, b = . 1cm
‘ Thickness, h = 2 cm

So, Z = 0.6667 cm’
Therefore,bending stress in Y direction, S, = 380.07 kg/em®
Syteuny= 0:38 = 114.02  kgfem’
Hence, total stresses in X direction, '
Sy = fy, +/- (max. of Sgy Of Syeay)= 842,05 kglem® < 1080,00 kefom’
=" 614.01 kg/em®, < 1080.00 kg/cm®
Total stresses in Y direction, S, = +/- (max. of Sgx 0r See)= * 380.07 kg/em®
Now,for:  S,= 842.05 kglem® | S,= 380,07 ke/em’
Andshearstress, ~ S,=  22.55 kg/em’
Putting these values in équation (V), we have,
Se= 73143 kglem® < 1560,00 kefom’
Now,for:  S,= 842.05 kefem® | S,= -380.07 kg/em®  (comp.)
| And, S,=  22.55 kg/em’
Putting these values in equation (V), we have, _
S,= 1084.01 kg/em’ < 1560.00 ke/em’
Hence, it clear from the above calculations at points 1, 2 & 3 of the middle panel
.and bottom panel of the gate that the sections are safe in combined stresses also.

A-46 Check



Design Calculation of a VL Gate Appendix -A

-

14.00 Design-for Embedded Parts :
14.1 Desigh: of Track :
14.1.1 Selection:of Material:
Track: .
Stainless Steel confirming to IS 1570-1972 (part-v), Table-3 :
Steel designation = 15 Cr 16 Ni -2;
Surface of track plate to be hardened to BHN =
Depth of hardness from top, dj, = 3.00 mm

| UTS= 8300 to 10300 kg/cm®

Maximum allowable shear stress, S, = 0.7 UTS = 5810 kg/em®  (min.)

‘ or, 24.1BHN = 6748 kglem®

280

Track: Base
Structural Steel confirming to IS 2062 - 1980;

Note : The Track Plate. to be welded to the top ﬂange of the Track Base.
14 1.2 Selection of Section :

i . I:.w : "?';‘"‘;
I —bh— l T _n____ XAxis
; )
. Here all dimensions are in mm
T S bl 175 h1 =20
' b, = 300 h, = 36
b; —pZie— (3) by =25 hs = 300
Figgre 1 14.1
14.1.3 Calculatmn of Neutral Ams and Modulus of Sectlon
Ttem No Item | Size CAlem®) | Yem) | Axy AY? | Ly(cm®
| b(em) | h(m) | (bxh) | dstfomx | (cm) (cm®) | bh¥/12
'(1) _ i'.rmcg' ] 1750} 2.00] 3500 1.00] 3500] 3500/ 117
(2) Trackbase | ~ 30.00|  3.60[ 108.00]  3.80| 410.40| 1560 116.6
3) web | 250 30.00] .75.00] 20.60[ 1545.00] 31827] 5625.0
Sum: o 1 35.60] 218.0'0 ' 1990.4| 33422] 5753.3
So, Y, = sum(AY)/sum(A) = 9.13 cm Y =h; +h, +hy=  35.60 cm
Ye=(Y-Y,)= 2647 cm
Then, Iy, = sum(AY?) + sum( L) - sum(A)xYZ= 21002 cm’
Z"—'INA/'Yg:‘ 2300.3 Cm3
Zy=Tya/Yy= 79343 cm’
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14.1.4 Check for Line Contact Condition : 4
We have, from equation (V) line contact stress is given by -

- fc =0.41 EE‘ ————————————————— (V)
Here, \; P

Maximum design wheel load, P, =P = 57994.5 kg . E= 2.1E+06 kg/cm’
r=D,2= 250 cm , I=1,= 1500 cm
Now, putting values in equation (V), we have, -

f,= 753293 kg/cm’ < 0 kg/em®  Hence, safe.

14.1.5 Determination of Area of contact :
Ref: IS 4622 : 1992 ( page-7, art. 5.7.5.2)
We have, 3 P

L=>x (VIID)
2 wxp,

‘Where,
L = Length of influence under track base in mm or cm
- P = total wheel load in N or kg = 57994.5 kg
w = width of track in contact with concrete in mm or cm

Pe = stress in concrete in N/I_nm2 or kg‘/cm2 = . 753293 kgem®

Z Axis
(1) along the length of track
Ly | H_( g1 g )*_

3 \2 a hy+h,
o —Loy )
Web (3)
Figure : 14.2 )

Now, rearranging equation (VI) we have, = .- o
. Area of contact, say, A =L.w=3P/2p= 11.5482 cm’
Letw=l,= 1500 cm - . - .. S
So, L = A/w =".0.76988 cm (length on top of the track)
Angle of influence,say, a = "","._: 30 degree  (within steel)
~ Length of influence at the bottem of the track base flange,
say, L, = 2(h14;h2).‘€bt(a) +L;= 20.1688 cm
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14.1.6 Bearmg Stress on Web,
Sy=P/L, b)) = 1150.18 kgem® < 1320.00 kgfem®
(And also as per ref. IS 800-1984, clause-6.3), V
- Permissible bearing stress, S, = 0.75Y,= 1800 kgfem’

Then bearing stress in Concrete, »
Ref: IS 4622 : 1992 ( page-7, art. 5.7.5)

Bearing stresses in concrete shall be found from the following formula,
1

p= 0.2813><1r>(7£_£___)3 ___________________ .

xIxw?
Where, ‘
| p = bearing stress in concrete in N/mm or kg/crn
P = total wheel 1oad i in N ¢ or kg ;

E .= modulus of elast1c1ty Qf concrete in N/mm” or kg/em” ;
E, = modulus of elastlclty of steel in N/mm? or kg/em®;

I = moment of inertia of the track base in mm* or cm® and
w = width of the track base in contact with concrete mm or cm ;

Here, =~ P= 579945 kg E,= 2.1E+06 kefem’
E.= 14E+05 kg/em® w=  30.00 cm

Moment of i mertla of Track base

Ttem No _' Item Size ' Alm®) | Y (cm) AxY AY? Toess (cm4)
. b (cm) b (cm) | (xh) |dastfomx| (cm®) | (em%) | bh¥12
(2)  |Fiange 30.00 3.60} ;108.00 1.80] 194.40| 349.92| 116.6
(3) Web 2.50] 30.00f 75.00] 18.60{ 1395.00| 25947| 5625.0
Sum: ' ~ 33.,60] 183.00 1589.4| 26297| 5741.6
So, Y,=sum(AY)/sum(A)= 8.69cm Y=h,+hy=  33.60 cm

Y,=(Y-Y,)= 2491 em
"Then, Iya = sum(AY?) + sum( Lgy) - sum(A)xY2 = 18234 cm’

Z=Ina/Y,= 2099.4 cm’ Zy=Ia/Yy= 73186 cm°  (min)
Now, putting all the above values in equation (VII), we have,
= 26.0305 kg/cm® < 50.00 kg/cm’
(M-25)

14.1.7 Bending of Track :
Ref: IS 4622 : 1992 ( page-7, art. 5.7.5.4)
Bending stresses in track base shall be found from the following formula,
1 .

P(E, I)3
fb=0-5x2(1—5—x;) ------------------- X)

A
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Here, P= 57994.5 kg I= 21002 cm®
Z=Zpy= 79343 cm’ w=  30.00 cm
Now, putting the corresponding values in equation (VIII), we have,
f,= 80031 kgfem® ‘< 960.00 kg/em®
14.1.8 Bending of Flange : '
' We have, maximum bending moment, M, - W12
Here, treating one side of the flange as cantileverie. L=by/2= 15.00 cm-
' Load bearing width, b= 1.00 cm

Load per unit length for unit width, W.=p.b = 26.0305 kg/cm
So,M= 292843 kg—cm

Section modulus for unit w1dth Z =b.(hy+hy) /6= 5.22667 cm’

Then bending stress, f, =M/Z= 560287 kg/em” = < 960.00 kg/em’
14.1.9 Check for Overlappmg of Bearing Stress or Check of Concrete Steel due to )
Overlapping : p P
< LC/Cw ’

_”bl‘;“ -.-L-nff 4

»X

Stress distfibution
. Figure : 14. 3
Here, Distance between C/C of wheels, Lc,c w= 8500 cm

Bearing stress in concrete, p.= 26.0305 kg/ cm’
Design wheel load, P = 57994.5 kg

Width of track base flange in contact with concrete, w = 30.00 cm
The length of influence 'Ly, in concrete is found by putting the corresponding values
inequation (VI)

L= 111397 ¢
The parabolic stress distribution equation is given by- . .
XL %) =ky; < - |
At the max. stress point , X = me/2 = 5570 cm and Y= Pes-
So, constant of the equation; k = x. (me -x)/pc = 119.181 cm “Ikg
At the point of intersection; x —me/2 +Lc,c w/2 = 98.1986 cm
Then, y = pco = X.(Ling - X)/k = “10.8749 cm’/kg
So, max height of the envolopmg parabola Peot = 2-Peo = 21.7499 cm *fkg

o which is < 50.00 cm’/kg
Length of oveﬂap, Ly=Li¢-Lyew=  26.40 cm
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14.1.10 Depth of Maximum Shear Stress & Thickness of Track :

With reference to the Theory of Elasticity. by Timoshanko & Goodier, we have,

Where,

1=

8P.r(1-n?)
- XD
PE 2P
= I
27(1-n*)rl  mbl (I
Here,
= 57994.5 kg

P = wheel load in N or kg;

f. = contact stress in N/mm? or kg/cm2 ;

E =modulus of clastici{y in N/mm? or kg/cm® ;

1 = tread width in mm or cm ;

n = poission's ratio =

027 |

r = radious of the wheel in mm or cm ;

Appendix -A

8091.66 cm’/kg (from atr.10.4)

12.00 cm
b = semi-minor axis of ellips of contact in mm or cm ;

Now, from equation (XI) we have, b =2.P/(pi).L.f; =

Depth of maximum shear stress, d; = 0.78 b
Thickness of the track, h, =3 d;

Maximum shear stress, S; = 0.304f,

14.1.11 Reselection of Section instead of the above :

1l

(from atr.10.3)

0.3802 cm
0.29658 cm

0.88974 cm
0.9 cm

2459.86 kg/cm”

(say)

M X Axis
A4 (2)
Here all dimensions are in mm .
b, =175 hi=16
by =300 h, = 40
by=25 h; = 304
14.1.12 Calculation of Neutral Axis and Modulus of Section :
Item No. Item Size Alm’) | Y (cm) AxY AY’ Le(cm®)
| bem | heem) | oxb) |dsgomx| @@® | (@m®) | b’z
(¢) “|Track 17.50 1.60{. 28.00]  0.80| 2240| 17.92 6.0
2) Trackbase | = 30.00 4.00{ 120.00 3.60| 432.00] 1555 160.0
(3) Web 2.50] 3040 76.00f 20.80| 1580.80 32881| 5853.0
Sum: 36.00|- 224.00 2035.2| 34454| 6019.0
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So, Y; = sum(AY)/sum(A) = 9.09 cm Y =h; +h; +hs=  36.00 cm
Yo=(Y-Y,)= 2691 cm ,
Then, Iy, = sum(AY?) + sum( L) - sum(A)xYZ2= 21982 cm®
Z,=Iya /Y= . 24193 cm’ |
Zy=Ixa /Y= 81672 cm’

14.1.13 Check for Line Contact Condition : _
We have, line contact stress is given by - ' £ =041 __Pf _____ )
8\’ '

Here, »
Maximum design wheel load, P, = P = -57994.5 kg E= 2.1E+06 kg/em’
=D,/2= 250 cm 1=l,= 13.00 cm
Now, putting values in equation (IIT), we have,
f,= 809166 kgem” < ~0kgom®  Hence, safe.

14.1.14 Area of contact :
Ref: IS 4622 : 1992 ( page-7, art 5 7. 5 2)

- We have, I éx }P ) (VI

Where,
L = Length of influence under track base in mm or cm
P =total wheel loadin Norkg= 57994.5 kg
w = width of track in contact with concrete in mm or cm

p. = stress in concrete in N/mm® or kg/cin® = 8091.66 kg/cm”

Z Axis
m Ly ] I<_(along the length of track) *

K o
v(2?7|:-—|-2—_‘>| T

Web (3)

Now, rearrangmg equation (VI) we have,
Area of contact, say, A= L.w =3P/2p.= 10.7508 cm’

Let, w=1, = 13.00 cm _
So,L; =A/w= 0.82698 cm ‘(length on top of the track)
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Angle of influence,say, a = " 30 degree  (within steel)
Length of influence at the bottom of the track base flange,
say, L, = 2(h1+h2) Cot(a) +L;= 20.226 cm
14 1.15 Bearing Stress on Web, o

Sy=P/(L, b= 114693 kgfer® < 1320 kg/cm’
(And also as per ref. IS 800-1984, clause-6.3),
- Permissible bearing stress, S, = 0.75Y,= 1800 kg/em”

Then bearing stress in Concrete,
Ref: IS 4622 : 1992 ( page-7, art. 5.7.5)

Bearing stresses in concrete shall be found from the following formula,
1

E, . 3 :
P 02813"1’(?———) ——————————————————— Ix)

x I xw?

Where,

p = bearing stress in concrete in N/mm? or kg/cm® ;
P = total wheel load in N or kg ;

. E. = modulus of elasticity of concrete in N/mm? or kg/em® ;
E, = modulus of elasticity of steel in N/mm” or kg/em” ;

I = moment of inertia of the track base in mm?* or cm* and
w = width of the track base in contact with concrete mm or cm ;
Here, P= 579945 kg E,= 2.1E+06 kgfem’

E.= 14E+05 kg/em® w= 3000 cm

14.1.16 Moment of mertla of Track base

ItemNo. | Item Size ‘A(m®) | Y(em) | AxY AY? | Ly (cm®
b(em) | h(em) | (xh) | a@stkomx| (em®) | (em*) | bu¥12
1@ |mange | 30.00 4.00| . 120.00 2.00 240.00] 480.00 160.0]
{3  fweb . 2.50] 30.40] 76.00] 19.20] 1459.20] 28017| 5853.0
Sum: | | '34.40] 196.00 ' 1699.2| 28497| 6013.0
So, Y, = sum(AY)/sum(A) = 8.67 cm Y =h,+h;= 3440 cm

Then, Ina= sum(AYz) + sum( L) - sum(A)th2 = 19779 cm’

=Iya/Y,= 22814 cm’ Zy=Iya/Yp= 768.68cm’  (min.)
Now, puttmg a]l the above values in equation (VII), we have,
p= 253346 kg/em® < 50.00 kg/cm®
(M-25)

14.1.17 Bending of Track :
Ref: IS 4622 : 1992 ( page-7, art. 5.7.5.4)
Bending stresses in track base shall be found from the following formula,

A-53 , Embed



Design Calculation of a VL Gate . Appendix A

P(E, 1Y3
=05x—| =X e
peased () ®
Here, P= 57994.5 kg I= 21982 cm®
Z=Z,, = 816.72cm’ w= 3000 cm

Now, putting the corresponding values in equation (VIII), we have,
f,= 78939 kgfem® < 960.00 kg/em®

14.1.18 Bending of Flange : 4 ‘
We have, maximum bending moment, M, = W.L2
Here, treating one side of the flange as cantileverie. L=by2=  15.00 cm .

Load bearing width, b = 1.00 cm
Load per unit length for unit width, W= p.b = 25.3346 kg/cm
So,M = 2850.14 kg-cm

Section modulus for unit width, Z = b.(h;+h,)*/6= 5.22667 cm’
Then bending stress, f, =M/Z= 545.307 kg/cm2 < 960.00 kgcmz
Hence Safe.
14.2 Design of Sill Beam :
The distance between centre to centre of anchor bolts are provided in gate groove for
embedding sill beam is, say, L, = 50 cm
 Length of sill beam, L= 675.0 cm
Total weight of the gate, Wy =2 .unit wt. = 17111.3 kg (say), 20000 (art. 122)
| So, design load, P =1.5 Wy = 30000 kg o
This load will act as UDL over the length of the sill beam,
So, udl on the sill beam, W =Pgy/Ly =" 44.44 kg/cm
Due to impact load on the sill beam by the total'weight of the at the time of closing ;
Therefore, considered design udl on the sill beam, W3 =2.W= 88.89 kg

.Assume, sill beam to be simply supported between the anchor bolts;
So, maximum bending moment is given by, M=Wd.La2/8 = 277778 kg-cm
Allowable, bending stress, S, = 960.00 kg/cmz
Required section modulus, Z = M/S, = 28.94 em’
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- Design Calculation of a VL Gate _ Appendix -A

14.2.1 Adopting rolled beam section, ISMB 200 as below :

. Dimension and other properties of the section:

. h=- 20.00 cm w= 0254 kg/em
A + T ] b= 1000 cm Lo= 223540 cm’
tf N . tt= 108 cm I,= 150.00 cm’
b o T = 0sTem - Zg= 22350 o’
| a= 3233 cm’ Z,=  30.00 cm’
radius (root), r; = 1.10 cm
A A l 1 radius (top), 1, = 0.55 cm
Figure: 146
Slope of the flange, D = 98 degrees

Therefore, adoping Z,= 223.50 cm’
So, actual bending stress, f, = M/Z, = 124.285 kglem” < 960.00 kefem’

14.3 Design of Base Plate for Main Sill Beamn :

Centre to centre disfance of anchor bolts, L, = 50 cm
Let, width of the plate, b = 30 cm

and thickness of the plate, h = 12 cm
Thus, total load bearing area, A=L, xb = 1500 cm®

For M-25 grade concrete, permissible bearing stress, S,=  50.00 kg/ cm’
Therefore, the load that can be supported by M-25 concrete, :
P=AS,= 75000.0 kg
The required load capacity is, P = Wy L, = 4444.44 kg

Hence Safe.
Check for Shear:

Shearing area per cm length of the plate, A; =2.h = 2.4 cm’
Then shear stress, f, = W/A= 37.037 kg/em®

_ < 720.00 kg/em®
Hence Safe.
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