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(Classification of structure§j

The definition of a structure is clearly projected in Figure 1.1.
* The structures used in civil engineering can be divided

. into four categories. 7 1
External loading (4) ’. g " \’ -
; '? 1) Plane trusses
4 A &
Geometry of the body (2) 77 lp MP P 2

Link to external environment (3)

Figure 1.1. The conditions for defining a structure’
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4) Arches Sign convention

—normal force is positive when it causes traction. On the contrary, it is negative
if it generates a compression;

— the bending moment is considered positive if its rotation is counterclockwise;

— the shear force is assumed to be positive if it is oriented downwards to the left
side.

Fixed moment (+)

Structure Normal force (+)

Tangential force (+)

Sign conventions of internal actions



K ~
Sr’,;g': R
CT’ON
Loads
Sign conventions of deflections . . .
Dead loads all actions that do not depend on time and position.
.Live loads Live loads are actions that vary in time and position.
Snow loads Snow loads are considered to be variable. fixed and static actions.
Wind loads Wind loads act directly on the walls of a construction

Seismic loads The seismic force at the base of a construction

The structure Expansion (+

<> . L
]‘ Thermal loads  describe the temperature variations on the structural elements
Hydrostatic loads yhen structures are designed to retain a fluid, soil or granular material,
WIS
TRUQ. '?
TIQN
To determine the most severe loadings that the structure must be able to safely support, it is nec-
essary to consider which of the loads (dead, live, and environmental) can occur simultaneously—or
D =dead loads Lr =roof live loads L. =floor live load rather which simultaneous loads are reasonable to consider. In accordance with Chapter 2 of
ASCE 7-16, the following possible simultaneous load situations may occur and should be consid-
E =seismic or ezu‘rhquake R =rain loads S = snow loads ered for determining the most severe yet reasonable situations. These equations are called load
combinations.
load effects T =total effects of H =1loads due to weight Lo
F =loads due to the weight t ture, ¢ d lateral eartl ' N
= loads due to the weigh emperature, creep, and lateral earth pressure 2. D+L 2. U=12D+16L+0.5(0, orSorR)
and pressure of fluids shrinkage, and differential of soils, groundwater, 3 DesorSorR) 3. U=12D+ 16(L, or S or R) + (1.0L or 0.5W)
. . 4 D+0TL+075( or S or R) 4. U=12D+ LOW + LOL +0.5(L; or S or R)
W =wind load settlement or bulk materials 5. D406W ' P ’ o
: : 5. U=09D+ L.OW
6. D+0.75L+0.75(0.6W) + 0.75(L; or S or R) 6. U=12D + 1.0E, + 1.0E, + 1.0L +0.2S
7. 06D+06W 7. U=09D — 1.0E, + L.OE,
8 D +0.7Ey + 0.7Ey
9 D +0.525Ey + 0.525E; + 0.75L + 0.75S

10.  0.6D — 0.7Ey + 0.7E,



Hydrostatic loads
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Category | Typeof suppont | Symbolic representation | Reastions Number of unkowns

Types of plane structure supports — i

: T | et e porin

Roller or ar surface and may be dirccted cither
into or away from the structure. The

magnitude of R is the unknown

Rocker

1
The reaction force R acts in the
direction of the link and may be
directed cithr into or away from the
structure. The magnitude of R is the
unknown.

Link

—grEs 2
L ,s/l - The reaction force R may act in any
R, direction. It is usually convenient
. to repeesent R by its rectangular
componeats, R, and R, The
magnitudes of R, and R, are the
&R, two unknowns.

1 Hinge

3
The reactions consit o two
7 | force componcats R, and R and a
. e | & : poncats R, and R,
u Fiaed - - couple of moment M. The magnitudes

of R, R, and M arc the three
unknowns.

Types of plane structure supports

Types of plane structure supports

g
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S [y
"“!?:c')?,

Type of support Graphic Blocked Support reactions
Ve ot supp representation displacements SUpp ©
7; Vertical
Roller Vertical
7/'; ,g %=0
7
Vertical and
Hi horizontal Vertical and
nge N
= " horizontal
8.=0,=0

Support on an
inclined plane

Perpendicular and
horizontal to the
inclined plane

Perpendicular and
horizontal to the
inclined plane

Fixed

Vertical. horizontal
and rotating

Vertical. horizontal
and moment

Hinge

Rotation

Fi6.34 Roller Support
o

#1836 Hinged Support
ook Koy Sock e




FI6.3.14 Shear Splice



S rt connection
Determinacy and Stability of upport connectio

Stru[:tu res v Pin support and pin connection
[
Theory of Structure N 1
pin support pin-connected joint

Dr. Oday Asal
Dr.Jasim Ali

typical “pin-supported” connection (metal)

v Fixed support & fixed connection v Roller support
fixed support fixed-connected joint

typical “roller-supported” connection (concrete)

5 B SRS

tyilcal flxed-suiiW) typical “fixed-supported” connection (concrete)




Support for coplanar structures

Type of Connection Idealized Symbol Reaction

Number of Unknowns

O] Mlight cable

‘V\ 0 \

One unknown. The reaction is a
force that acts in the direction
of the cable or link.

F

weightless link
= &

> One unknown. The reaction is a

rollers S 3

- ¢ force that acts perpendicular to
ﬁ the surface at the point of contact.
F
2} -

rocker

(5)

2N
D\
E

x
smooth pin or hinge

Two unknowns. The reactions are
two force components.

F$ 2
..
l7\
M

(7

1

ﬁo
'._
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l7\

fixed support

Three unknowns. The reactions are
the moment and the two force
components.

1, 100 1b/ft?

One-way slab

1250 Ib

idealized girder

E
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Equation of Equilibrium Determinacy & Stability

v In x-y plane » Determinacy: when all the forces in structure can be
Z F, =0 determined from equilibrium equation , the structure is referred
to as statically determinate. Structure having more unknown forces
z Fy =0 than available equilibrium equations called statically indeterminate

z M, =0 » If J is number of equilibrium equations, ¢ is number of
equilibrium equations from internal hinges and rollers
(c=number of members-1)& 7’is number of unknown forces:

r:3+c
r = 3+¢, statically determinate

r> 3+, statically indeterminate
r < 3+¢ , unstable

internal loadings

Classify determinate & indeterminate structure

8 ! 1
r=3

c=0

r:3+c¢

3=3+0 Statically Determinate




r=>5 (b) r=6 <——A*7—> <« <« “——b
c=0 c=2 v \ \
r:3+c r:3+c
5>3+0 Statically indeterminate 6>3+2 Statically indeterminate
2" degree 1% dearee | )
I S e —
>
T r=>5
r=4 c=1
c=1 r:3+c
r:3+c 5>3+1 Staticallyindeterminate, 1" degree

4=3+1 Statically determinate

(R .t f

c=0
r:3+c c=1
4>3+0 Statically indeterminate r:3+¢
4=3+1 Statically determinate

r=5 c=1 r=6
c=1 c=1
r:3+c r:3+c

Fixed M‘ 5>3+1 Statically 6>3+1 Statically
indeterminate indeterminate

1% degree

2" degree

1* degree



Stability:

Stability of Structures: To ensure the equilibrium of a structure or
its members, it is not only necessary to satisfy the equations of
equilibrium, but the members must also be properly held or

constrained by their supports. / P
Unstable
stable
M‘
Improper Constraints

This can occur if all the support reactions are concurrent at a

point.

.() O

B

P Fp

concurrent reactions

g

Partial Constraints

r \T/M.

F,
partial constraints

=0 will not be satlsfled = unstable with this loading case

x o

stable
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Determinacy
v v v
UN>FEQ UN =FEQ UN <FEQ

Indeterminate Determinate Unstable
Structure Structure Structure

$ UN : Unknowns

EQ : Equations

Stable Hs% OF oSeadl oo Q :Eq

Unstable _,T

Theory of Structures %%):!%!)3 /
3rd Class 2020 - 2021
Determinacy and Stability

“Trusses and Frames”
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(Determinacy and Stabilit{@ UTion /

Beams
r: No. of Reactions

stable | Unstable stable l Unstable Unstable
Indeterminate ....... Why? determinate weeenn. Why?



(Determinacy and Stabilit{ UCTion /

Lo s>y Ul (& Intermediate hingesJl laukaes I & Jolendd]

C : No. of equations given by hinge.

m : No. of members connected to hinge.

YN K

m 2 m m =
C 1 C C

]
N o

=38 m = 4
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Frames - Unstable

1—All reactions are parallel
¥ Unstable (S5 Structure JI 5B L)l gie ReactionsJ) JS colS 4
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(Determinacy and Stabilit{ UCTion /

Frames

r: No. of Reactions
b : No. of members
j : No. of Joints

¥

stable Unstable stable Unstable Unstable
Indeterminate weeenee. Why?

determinate v Why? L Why?

(Determinacy and Stabilit{ UCTion /

Frames - Unstable --Stable

duz of of Reactionsd) asl slasl yues of Ll Stable Laaadl i Jeod

Q - JU ) o3l 43 Reaction
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Frames - Unstable Frames - Unstable --Stable
2—All reactions are intersecting at a point 055Y (@i> ReactionsJ) asl olosl yuzs of Ll Stable Laaadl lia Jood
Unstable ;S Structured) 58 ddads 8 4ebliis Reactionsd) JS colS 4 - Ul e ¥ Cusw Reaction udd .9T Ll
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Frames - Unstable _......... onetesiney Frames - Unstable --Stable
ol oo Intermediate hinges Judio Lisal o s3> 95 Ledic &ass
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Frames - Unstable

4—Part of structure its Unstable

Oyie i adSStructurel! (¢S5 oo yai StructureJd) (o sy S92y Ul 45
ool et el S Laad) of slice 133 Structure JI ga 32 S a3l o 3
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a—Reactions are parallel for a part of
the structure .
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Frames - Unstable

b —Reactions are intersecting at one point

Jor a part of the structure .
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Frames - Unstable --Stable

(Determinacy and Stabilit{@

Frames - Unstable

s o 5 ReactionsJ) asl ol yu2s of L) Stable Lasadl 1as Jeod
- JWIS 5l oSl 63 Reaction
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C—Case of more than three intermediate

hinges in a closed frame .
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Degree of indeterminacy

Frames - Unstable --Stable
EQ I oac Wi UN = 4 J) sae 4 Jguaiadl 2320l of aoo ULl odn o3 0¥
HBVLIL ZX= 0 ZV= 0 IM= 0 po y SYolew ¥) JUS 65 0955 Degree of indeterminacyd) wasi) 1Ll olisadl b of o8

Uolew el sasly JS5 2 members laay 2 LH. 5l asus LH.JI &¥olew
(.EQ =51 4,655 JWL 5 S¥olewe Lilacy W member leay 2 IH.y

Degree of indeterminacy = UN — EQ

O }
S Lsadl 55 JWL 5 Unstable 5% UN < EQsyad) lia of dus Ay ~ Ay i
. Unstable UN = 4 & EQ =2+ 1 =38
. &, . UN > FQ ————— Indeterminate structure
A.HJ sl J_U_, Stable LﬂMJl Uﬁi' GSJ K)
* - UN - EQ =1 —> Once statically indeterminate

() //
(Determinacy and Stabilit T’°~

()
(Determinacy and Stabilit T’°~

UN : EQ Trusses
r+3b: 3j+C

UN =r+3b = 9+3(20) = 69

EQ =3j+C = 3(15)+0 = 45
UN > EQ
Indeteminate

UN - EQ = 24

e soordomy == Stable & Indeterminate to the 24  stable Unstable stable Unstable Unstable
Indeterminate weeeen. Why? determinate v Why? L Why?
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(Determinacy and Stabilit \ I (Determinacy and Stabilit \ I
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r=2,b=35, j=4 r=3,b=9, j=6
b+r=7,2j=8 b+r=12,2j=12
7<8  (Unstable) Stable & Determinate

UN < EQ UN = EQ
r+b < 2j r+b=2j

WER
(Determinacy and Stabilit{ I

r=4,b=13, j=7
b+r=17,2j=14

Stable & Indeterminate to the 3" degree

UN > EQ
r+b > 2j



EXAMPLES IN STABILITY
& DETERMINACY OF
STRUCTURES
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c=2
c=1
I A
I Stable
r=8
c=3
r:3+c

8>3+3 Statically indeterminate of 2™ degree

Beam Examples: 1 1

e ] I I

c=2
r:3+c
5>3+2 Statically determinate

P
c=2
c=1 e
G y S
I Unstable
Link|
c=1
N
AN
N N
c=1
I @
AN
r=7 AN
c= 3 Stable

r:3+c¢ ‘

7>3+3 Statically indeterminate of 1* degree




Truss Examples:
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Unstable
Unstable
1' P
Unstable
Stable
r=3
b=9
Unstable )= 6
r+b:2j

3+9=2x6 Statically determinate




Stable

3+8>2*5 Indeterminate
of 1* degree

r=3
b=6
]j=5
r+b:2j

3+ 6(2*5 Unstable

Unstable

r+b:2j

4+952*6 Indetrminte

_
1* degree

Frame Examples:

Stable

T |

3
9

-_— O =
Il

6
r+b:2j
3+9=2x6 Statically determinate

r=9
b=8
] =28

c=3-1=2 c=2
r+3b:3j+c
9+3x8>3x8+2
33> 26

Indeterminate of 7™ degree

Unstable ‘ l lP J
|



r=9

\/ b—10
j=9

c=4-1=3 c=3
r+3b:3j+cC
= — = 9+43x10>3x9+3
39 > 30
Indeterminate of 9" degree
link link link:> i
Unstable
A A A
dhminate
«
—>
e e S
b=10
j=9
c=0
r+3b:3j+c
9+3x10>3x9+0
39 > 27

Indeterminate of 12" degree

Unstable

Stable /\

3+3x2=3x3+0
9=9
Determinate



