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CHAPTER

Stability and Indeterminacy

1.1
1.1.1

Support System

2-D Supports
(a) Fixed Support

Fig. 1.1 (i) Numberofreaction=3

At 2-D fixed support, there can be three reactions:
(i) one vertical reaction (Ry)
(if) one horizontal reaction (H,)

(iii) one moment reaction (M,)
(b) Hinge Support

Hinge support is represented by the symbol 4\.

A

Hy !
X :
e,

Fig. 1.2 (i) Numberofreactions=2

At hinged support, there can be two reactions:
(i) one horizontal reaction (H,)
(ii) one vertical reaction (E’y)

Fig. 1.1 (ii) Numberofreactions=3

Hy —7
Ry

Fig. 1.2 (ii) Numberofreactions=2
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(c) Roller Support

é—orﬂ.

Roller support is represented by the symbol

A

£ /

RX
B A

Fig. 1.3 (i) Numberofreactions=1 Fig. 1.3 (ii) Numberofreactions=1

A

Atroller support there can be only one externally independent reaction which is normal to the contact
surface.

(d) Guided Roller Support

e
A S

Fig. 1.4 Numberofreactions=2

At guided roller supports there can be two reactions:
(i) one vertical reaction (F?y) (if) one moment reaction (M,)

1.1.2 2-DInternal Joints
(a) Internal Hinge
At internal hinge bending moment will be zero.

Internal
Hinge
A (@) 1 B
c s
BM.=0
Fig.1.5

NOTE: An internal hinge provides one additional equilibrium equation for structures.

(b) Internal Roller
At internal roller either axially force or shear force will be zero.

C D
A % B
Fig.1.6
In fig. 1.6, axially force at C and D is zero.
D
“Io
A B
C
Fig.1.7

In fig. 1.7, shear force at Cand D will be zeroi.e., S, = S,=0

(@} Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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(c)

Internal Link B

If any member is connected by hinges at its end A Hinge

and subjected to no external loading in between Link

then it can be termed as internal link and carry

axial force only. Hinge l 5
Here BC is a link, link BC carry only axial force c

Also BMg = 0 and BM, =0 Fig.1.8

NOTE: Internal release also provides additional equation for analysis of structure.

1.1.3 3-DSupports

(a)

(b)

(c)

Fixed Support

At 3-D fixed support there can be six reactions:

(i) threereactions R, Ry and R,

(ii) three moment reactions M,, M, and M, Fig. 1.9: Number of reactions =6
The fixed support are also called Built-in support.

3-D Hinged Support

At 3-D hinged support there can be three reactions Ry —>
@) R, o
(i) R, ’ TRY

(i) R

z

The 3-D hinged support is also called ‘ball and socket joint’. Fig. 1.10 Number of reactions =3
Roller Support

At 3-D roller support there can be only one externally
independent reaction which is perpendicular to the contact

surface
RV

Fig. 1.11 Number of reactions = 1

A
A
\ R,
R (externally RZ/ T\
independent) R
Ry
Fig.1.12 (i) Fig.1.12 (ii)

in figure 1.12.(ii), reactions at roller support A, A, Ry and R, are externally dependent reactions
which depends on reaction R.

waw.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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1.2 Structure

1.2.1 Elements of Structure

Some of the major elements of structure by which structures are fabricated are as follows:

(a) Beams: Beams are structural members which is predominantly subjected to bending. On the basic
of support system beams can be classified as:
(i) Simply supported beam

s

2

Fig.1.13
(ii) Cantilever beam

Fig.1.14
(iii) Propped cantilever

Fig.1.15
(iv) Fixed beam

Fig.1.16
(v) Continuous beam

L 5
Z £ X

Fig.1.17

(b) Columns: A column is a vertical compression member which is slender and straight. Generally
columns are subjected to axial compression and bending moment as shown in figure.

P P
/I\M
Y /-V_

/| W

Fig.1.18 (i) Fig.1.18 (ii)

(@} Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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(c) Tie Members: Tie members are tension members of trusses and frame, which are subjected to axial
tensile force. (Figure : 1.19)

P<+—e ol—»r
Fig. 1.19 TieRod

1.2.2 Types of Structures
(@) Trusses: A truss is constructed from pin jointed slender members, usually arranged in triangular
manner. In trusses, loads are applied on joints due to which each member of truss subjected to only
axial forces i.e., either axial compression or axial tension. Generally trusses are used when span of

structure is large.

Fig. 1.20 Truss

(b) Frames: A frame is constructed from either pin jointed or fixed jointed beam and columns. Generally
loads are applied on beams and this loading causes axial force, shear force and bending to the
members of frame.

G Beam H Beam /
Column Column Column
D ©& F
Beam E Beam
Column Column Column
A B C

Fig.1.21 Frames

(c) Arches: Arches are used in bridges, dome roof, auditorium, where span of structures are relatively
more due to external loading, Arch can be subjected to axial compression, shear force or bending
moment.

Internal
Hinge

Fig.1.22 (i) Three Hinge Arch Fig. 1.22 (ii) Two Hinge Arch

( www.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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1.3

CE

(d)

Cables: Cables are used to support long span bridges. Cables are flexible members and due to
external loading it is subjected to axial tension only.

/ Cable

\ Bridge Deck
Pier

Fig. 1.23 Cable and Bridge

Types of Loading

(a)

(b)

(c)

(d)

Pointload: A point load is considered to be acting at a point. It is also called concentrated load. In
actual practice point loads are distributed load which are distributed over very small area.

AilB
e

Fig. 1.24 Point Load

Distributed loads: Distributed loads are those loads, which acts over some measurable area.
Distributed loads are measured by the intensity of loading per unit length along the beam.

Al B
5 C D é
Fig. 1.25 Distributed Loads

Uniformly distributed loads: Uniformly distributed loads are those distributed loads which have
uniform intensity of loading over the area.

w unit per length
fa'a'a'aVa aVa e

S g

Fig. 1.26 Uniformly Distributed Loads

Uniformly varying loads : A uniformly varying load, commonly abbreviated as UVL, is the one in
which the intensity of loading varies from one end to other. For example, intensity is zero at one end
and w at other end.

Fig. 1.27 Uniformly Varying Loads

Theory with Solved Examples MBDE ERSH www.madeeasypublications.org)
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(e) Couple: A system of forces with resultant moment, but no resultant force is called couple. It is
statically equivalent to force times the offset distance.

= /DM

Al [— 1 T | B
i’ ~ =
Fig. 1.28 Couple

1.4 Stability of Structures

Structural stability is the major concern of the structural designer. To ensure the stability, a structure must
have enough support reaction along with proper arrangement of members. The overall stability of structures can
be divided into

(i) External stability (ii) Internal stability

1.4.1 External Stability

(@) 2-D Structures: For stability of 2-D structures there should be no rigid body movement of structure
due to loading so, it should have support in x-direction, y-direction and no rotation in x-y plane. So
there should be enough reactions to restrain the rigid body motion.

For stability of 2-D structures, following three conditions of static equilibrium should be satisfied.
(i) ZF, =0 (TopreventA)

(i) EFy =0 (Toprevent Ay)

(iii) EM, =0 (To prevent 8,)

For stability in 2-D structures following conditions also be satisfied:

(i) There should be minimum three number of externally independent support reaction.
(ii) All reactions should not be parallel, otherwise linearly unstability will set up.

Ay o C 7
T T 1
R, Re Ry

Fig. 1.29 Unstable

(iii) All reactions should not be linearly concurrent otherwise rotational unstability will setup.

N

1
/i
1
1
I
1
7’ 1
/ I \
H \
1
I
1
1
I
1
1
I
1
1
I
1

Ra /\g( TR ?/\ R

Fig. 1.30 (i) Unstable Fig. 1.30 (ii) Unstable

( www.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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(iv) Reactions should be non-trival i.e. there should be enough magnitude and enough difference
between them.

3-D Structures: In case of 3-D structures, there should be a minimum of six independent external
reactions to prevent rigid body displacement of structure. The displacement to be prevented are:
ALALALB,6) and 0. Therefore, there will be six equation of static equilibrium.

(i) XF. =0 (i) ZF,=0 (iti) ZF,=0
(v) ZM =0 (v) Z/\/Iy =0 (vi) Z/\/ly =0

For stability in 3-D structures, all the reactions should be non-coplanar, non-concurrent and non-parallel.

Remember: If a structure is constructed from elastic members then small elastic displacement may be
permitted but small rigid body displacement will not be permitted.

(a) (b)
Al B ]
B c”
A| e| B
ey
A B C
© & & 2 @
o2

Ans. (a)

Member (a) is stable, since reactions are non-parallel and non-concurrent.

Which one of the following structures is stable?

e g

_<_Hc

CE

Theory with Solved Examples
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Member (b) is unstable since all the reactions are concurrent at C.

R

c
. R
B J He c
RC
Beam (c) is unstable, since all three reactions are parallel.
A B c
RAT RBT RCI

Structure (d) is unstable, since the member AB can move horizontally without any restrain. i.e. £F_#0

A B Hs
Rg
R4 TRB
Re
—>HD
l He He ¢ D
Rp
Re

1.4.2 Internal Stability

For the internal stability, no part of the structure can move rigidly relative to the other part so that
geometry of the structure is preserved, however small elastic deformations are permitted. To preserve geometry,
enough number of members and their adequate arrangement is required. For the geometric stability, there should
not be any condition of mechanism. Mechanism is formed when
there are three collinear hinges, hence to preserve geometric
stability there should not be three collinear hinges.

For 2-D truss the minimum number of members needed
for geometric stability are: Fig.1.31

waw.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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m=2j-3
and for 3-D truss,

m=23/-6
where, j = Number of joint in truss

m = Member required for geometrical stability.

All the members should be arranged in such a way that truss can be divided into
triangular blocks. i.e. no rectangular or polygonal blocks.
Hence, for overall geometrical stability of truss:
(i) Minimum number of member should be present
m=2j—-3 (2-Dtruss)
and m=3j-6  (3-Dtruss)
(it) There should be no condition of mechanismi.e. no three collinear hinges.

m Check geometrical stability for given trusses.

() ®
Solution:

(i) Incase (i), arrangement of members is not adequate, hence right panel is unstable and left panel
is over stiff. For geometric stability, all panels of truss should be stable so given truss is geometrical

unstable.

For right panel: j=4

Number of member present, m=4

But minimum number of memberneeded =2/-3=2x4-3=5
Hence Right panel is deficient.

For left panel: j =4

Number of member present, m =6

But minimum number of memberneeded =2j-3=2x4-3=5

Hence left panel is over stiff.

(if) j=6
Number of members present, m =7
But minimum number of memberneeded =2/-3=2x6-3=9

Hence, above truss is geometrically unstable and it can be called ‘deficient structure’.
Number of deficiency = 2

(@} Theory with Solved Examples MADE EARSY www.madeeasypublications.org)





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




