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3 Analysis of Indeterminate Structures - Force Method
g 5)Liall
®* Determinate Structures vs. Determinate Structures
* Analysis of Indeterminate Structures.
§  ® Structures with single Degree of Indeterminacy (Beams & Frames)
T
“  ® Structures with single Degree of Indeterminacy (Trusses: Int. & Ext.)
:
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B. Haidar

Structural Mechanics (1)

STRUCTURES D

are classified from the analysis point of view to oyliaJl

DETERMINATE INDETERMINATE

To predict the performance of a structure, its response elements such like sup.

reactions, internal forces, stresses, deflections, strain, to external actions Loads, sup.
settlement, temp. changes & fabric. errors, must be determined.

Response elements are separable to Response elements are not separable
Forces: support reactions & internal support reactions & internal forces
forces, then stresses, are number is greater than the available
determined by equilibrium equations equilibrium equations
Deformations: deflections & Strains, are additional relationships based on the
determined after knowing the first group geometry of deformation of structures,
are needed
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Structural Mechanics (1)

INDETERMINATE STRUCTURES

Advantages

Disadvantages

greater overall
factor of safety

more sensitive to
secondary effects

1. Smaller Stresses
2. Greater Stiffness

3. Redundancies

1. Fabrication errors
2. Temperature changes

3. Support settlements

Vi

0)lioall
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3 Statically Indeterminate Structures - Disadvantages
3 deol
E §)iol
A
5 Statically Determinate Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
3 6)liall
Geometric changes cause indirect stresses
1. Fabrication errors:

5 °
=
: . Ifthisis accidentally

Fabricated too long...
g Statically Determinate Statically Indeterminate

https://manara.edu.sy/ Slide 7


https://manara.edu.sy/

[

3 Statically Indeterminate Structures - Disadvantages
s 6)Liall
Geometric changes cause indirect stresses
1. Fabrication errors:
2 If this is accidentally
Fabricated too long...
All joints just move to
New positions
=
g Statically Determinate Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
s 6)liall
Geometric changes cause indirect stresses
1. Fabrication errors:
3
o
If this is accidentally
Fabricated too long... ]
=
g Statically Determinate Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
3 6)liall
Geometric changes cause indirect stresses
1. Fabrication errors:
3
o
If this is accidentally
Fabricated too long... ]
Then it must be
Compressed into place
=
g Statically Determinate Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
s 6)liall
Geometric changes cause indirect stresses Which puts these in tension
1. Fabrication errors:
3
o
If this is accidentally
Fabricated too long... ]
Then it must be
Compressed into place
=
g Statically Determinate Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
s 6)liall
Geometric changes cause indirect stresses
1. Fabrication errors:
Which puts forces on all members
3
o
If this is accidentally
Fabricated too long...
Then it must be
Compressed into place
=
g Statically Determinate Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
S 6)Liall
Geometric changes cause indirect stresses
1. Fabrication errors:
3
o
_;E No Stresses. Members go together. Members must be forced to fit.
=
g Statically Determinate Statically Indeterminate
https://manara.edu.sy/ Slide 13


https://manara.edu.sy/

[

3 Statically Indeterminate Structures - Disadvantages
S 6)Liall

Geometric changes cause indirect stresses

2. Temperature Changes:

SUN
= .
T
) \,_,__4—\

Heated
g Statically Determinate Statically Indeterminate
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Statically Indeterminate Structures - Disadvantages Pﬂ
deal ~
8ol

Geometric changes cause indirect stresses

2. Temperature Changes:
SUN

Heated

A

No Stresses. Positions just change

Statically Determinate Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
s 6)Liall
Geometric changes cause indirect stresses
Joints restricted by truss-action
2. Temperature Changes:
SUN SUN
:
& —_ Heated
Heated
£ No Stresses. Positions just change
=
g Statically Determinate Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
S 6)Liall

Geometric changes cause indirect stresses

2. Temperature Changes:

SUN SUN
3
o Heated

Heated
t No Stresses. Positions just change Thermal causes stresses
2
g Statically Determinate Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
S == o)lioJl
g I Av—
SUN
E Heated
If Expansion Joint does not
& Allow expansion, this duct
Is statically indeterminate
g Thermal causes stresses
2
5 Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
€ =\ o)lioJl
g A
3
o
800F high-temperature gas causes
By Allow expansion, this duct it to Crumple like a beer can
Is statically indeterminate

=
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3 Statically Indeterminate Structures - Disadvantages
s 8yliall
g e o
Geometric changes cause indirect stresses
3
o
Simﬁle Beam Simﬁle Beam
§ Statically Determinate Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
S 6)Liall
3 BEA—
Geometric changes cause indirect stresses
3. Foundation Settlement:
3
o
Simple Beam Simple Beam
g Any Settlement: No Curvature. No moment
:_5: Statically Determinate Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
S 6)Liall
3 BEA—
Geometric changes cause indirect stresses
3. Foundation Settlement:
5
T
o
Simple Beam Simple Beam
s
g Any Settlement: : No Curvature. No moment
:_5: Statically Determinate Statically Indeterminate
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3 Statically Indeterminate Structures - Disadvantages
S 6)Liall
3 BEA—
Geometric changes cause indirect stresses
3. Foundation Settlement:
5
T
o
Simple Beam Simple Beam
£
g Any Settlement: : No Curvature. No moment
:_5: Statically Determinate Statically Indeterminate
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Statically Indeterminate Structures - Disadvantages [:A
&)liall

R, Ly T T

Geometric changes cause indirect stresses

3. Foundation Settlement:

Simple Beam Continuous Beam
D

Simple Beam

[

Any Settlement: : No Curvature. No moment

Statically Determinate Statically Indeterminate
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Structural Mechanics (1)

Statically Indeterminate Structures - Disadvantages [:A
&)liall

R, Ly T T

Geometric changes cause indirect stresses

3. Foundation Settlement:

Simple Beam Simple Beam Continuous Beam

Any Settlement: : No Curvature. No moment Any Settlement: : Curvature! Moment!
Statically Determinate Statically Indeterminate
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: Statically Indeterminate Structures - Advantages
% Statically Determinate Statically Indeterminate
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g Statically Indeterminate Structures - Advantages
? P [J-L
= / M\/M\
:
% Statically Determinate Statically Indeterminate
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g Statically Indeterminate Structures - Advantages
) 1. Lower Stresses:
Wik wl2/21.4
- / M\/M\
% Statically Determinate Statically Indeterminate
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g Statically Indeterminate Structures - Advantages
5 ool
2 e
; 2. Greater Stiffness:
L L
A = 5wL*/384EI
% Statically Determinate Statically Indeterminate
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g Statically Indeterminate Structures - Advantages
2 ol
2 e
; 2. Greater Stiffness:
RN R RNy VILELLL LT
A = 5wL4/384E] /A 2.1wL*/384EI
% Statically Determinate Statically Indeterminate
https://manara.edu.sy/ Slide 31


https://manara.edu.sy/

Py

g Statically Indeterminate Structures - Advantages

g deol A

S 6)LiaJl

"ITT

-‘=§ A catastrophic event eliminates the middle pier

s

% Statically Determinate: DOI, =0 Statically Indeterminate: DOI, =1
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g Statically Indeterminate Structures - Advantages

g deol

€ 6)liall

2. Greater Robustness: — May survive redundant loss of massive overload
-:‘I:Tf K A i i
Will NOT Survive MAY Survive

= (zero redundancy) (if the beam can take a

3 Substantial increase in moment)

-&E A catastrophic event eliminates the middle pier

s

§ Statically Determinate: DOI, =0 Statically Indeterminate: DOI, =1
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ANALYSIS OF INDETERMINATE STRUCTURES %V

Three Pillars of Mechanics ﬁju_ﬁjl

Force methods

Primary unknowns are

Displacement methods

Primary unknowns are

rotations (slopes)

reactions & Internal forces displacements: deflections &
Secondary unknowns are rotations (slopes) Secondary
displacements: deflections & unknowns are reactions &

Internal forces

https://manara.edu.sy/ Slide 34


https://manara.edu.sy/

Force method: Beam with a single Degree of Indeterminacy

Y

g . . daola
S illustrative example 6)liall
= P =160 kN
] A ! ¢
MA ' f ‘~~~~B _____ —
A,\’ | f Cy
= — 7 5 m | 2.5 m ’
5 L=5m
= E =210 GPa, I =200 (105 mm?*
(a) Indeterminate Beam
P=160 kN
A | c
= Ay (: ——— === Ac=0
g MA i sl — ~B ————— — - I
% A, C,
g (b) Primary Beam Subjected to External Loading and Redundant C|
https://manara.edu.sy/ Slide 35


https://manara.edu.sy/

14-16/04/2024

B. Haidar

Structural Mechanics (1)

Force method: Beam with a single Degree of Indeterminacy PA

. of ¢ P= ]60 kN a_'lﬂ.lé_
Compatlblllty l Ty
A C o p—
i Ax_e == = Ac=0
Equation M= ~~~.__B e
Ac=Aco* Joc Cy=0 A, C,
i £ ¢ P=l160 kN
Ax0=0 (l: } e — e A = 50 mmm
MA0=4OO ‘ §§§§§§§ __CO—
kN-m
o Ayp =160 kN

Bending Moment Diagram for Primary

Banvi Diiss b Bl Lia ding (kN-m) (c) Primary Beam Subjected to External Loading

+ | 3
é&_ M, = 154 kN-m T
G qJA =TT ccC
Ax =0 o
A B C ¢ ! B TC s
Bending Moment Diagram for Prim 1 y
- o ary Ac=1kN | kN

Beam Due to Unit Value of C, (kN-m/kN
(d) Primary Beam Loaded with Redundant C,
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Force method: Beam with a single Degree of Indeterminacy PA

. of ¢ . l':'l_'lm_"'s
Compatibility Equation 8)liall
P=160kN
. | ¢
Ax - —— AC=O
M, |} \\“~_B ______ - t
A, C,
Cy=—Aco/ fcc =95P/16 =50 kN
160 kN
M;=150 4
kN-m
A= 110kN C,= S0 kN

(e) Support Reactions for Indeterminate Beam

By the method of section & using the equilibrium equations, the BM & SF diagrams can be found
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Force method: Beam with a single Degree of Indeterminacy PA

A B C deol
0jlioJi

400
Bending Moment Diagram for Primary

Beam Due to External Loading (kN-m)

2.5
Or, the BM diagram can be found using the superposition [\_ x C

principle as

Bending Moment Diagram for Primary
Beam Due to Unit Value of C, (kN-m/kN)

150
(f) Bending Moment Diagram
for Indeterminate Beam (kN-m)
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Force method: Beam with a single Degree of Indeterminacy

[

N
g 4 ool &
Q "
§ Example-01: Compute the support then draw the BM & SF diagrams for the following beam. olioJl
< P
_,:'1_‘1_ II"_.-I-- .r'lll._'_ ______,.--"'-‘ = -.-___ ’aM
L,
_¢§ AW:# "'j"H =0
. TAF |Ej.
o
| L |
| ET = constant |
(a) Indeterminate Beam
E
g SOLUTION: The beam is statically indeterminate to degree one. Select B/V as the redundant. Draw the
g two determinate frames (S,) & (S,)
S
&
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Force method: Beam with a single Degree of Indeterminacy

Y

N
S .
3 Aol
S Example-01: Compute the support then draw the BM & SF diagrams for the following beam. 6)liaJl
< - p—
— f | w ._--‘_ﬂ_,.--'-
§ o0 P VT =0 N
" Myo=M I T Apo | T
ﬂ},ﬂ.: D h-“""'- - J'"!.J_.B= 1 l
(b} Primary Beamn Subjected to External Moment M (c) Primary Beam Loaded with Redundant B,
Sy S
<
9 T g
= The compatibility equation is Aop + BnyB =(
E
S
&
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Force method: Beam with a single Degree of Indeterminacy

[

&
& .
S Example-02: Compute the support then draw the BM & SF diagrams for the following beam. olioJl
24 kN/m
Arl_ "d. _i_ :_ 1r_“-:-' W L' 3 1-.._ H
E =0 TN e =TT .—i.
; my
3 I
I
o Ay | B,
10m |
£ = constant
(a) Indeterminate Beam
=
5
g SOLUTION: The beam is statically indeterminate to degree one. Select M, as the redundant. Draw the
g two determinate frames (S,) & (S,)
>
&
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Force method: Beam with a single Degree of Indeterminacy

[

<
(o]
S
s doola
S Example-02: Compute the support then draw the BM & SF diagrams for the following beam. 6)liaJl
24 KN/m
S A N S N S T N S T N N N
0 A =0, Zold
o T‘u'\"\__ﬂﬂﬂ e
5 Ayo= 120 kN B,o= 120 kN
T (b) Primary Beam Subjected to External Loading
-
+
S Aqu:ﬂﬁ \f:‘*ﬁl -‘--‘--""\-.-____-_ B M

— @) A
% 1 I kN-m
R,
c
! |
g — 1 _ 1
s Apa= kN By == kN
g {c) Primary Beam Loaded with Redundant M,
S
]
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Force method: Frame with a single Degree of Indeterminacy

Y

§ Compute the support reactions in the frame. £= 200 GPa, /= 10° mm* for the column & §=21, for the 6lioJi
= beam. Then draw the BM & SF diagrams
3 kN/m 3 kN/m

e C C dcc
3 B/ 5m Soc B }
‘:‘f e 5m
” C,=1

L

Om
5 10m
2 KN/m 2 KN/m

—— SO Sl
= A
k4 N T w\é\w
§ SOLUTION: The frame is statically indeterminate to degree one. Select C:Vas the redundant. Draw the
g two determinate frames (S,) & (S,)
& The compatibility equation is 50C + Cy5CC =0
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Force method: Frame with a single Degree of Indeterminacy

I;T‘“a
|I_..-"
¥

g ool
g Segment FBD in S, Mo(x) FBD in S, mC(X) 6)lioJl
CB
. . Vot 3 kN/m mc (X)
<Xx< o(X
. -3x2/2 C X
2EI |S Yy vyvyC _
5 constant Vo |- Ve () 31
i AB Mo (X) Mc (X)
Vo (X) >
0<x<10
El is -X2+20x-137.5
constant i S
A
A
=) 137.5 20 /v
N4 N
% - :i 5 3x ( )dx+—J‘ (=x? + 20X —137.5)(5)dx = 234.375_3541.67 :_3658.85
5 2El 2El El El
2 ) _ 270.833 -
Z Occ = P j X dx+—_[ 25dx — C, =13.5kN
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Force method: Frame with a single Degree of Indeterm

nacy, . [ZV

§ Computing the reactions 3 kN/m deola
S 6)liadl
= T+ » F,=0>A4,4+135-15=0= A4, = 1.5kN c

z y y y B - B 5m

-+

D F=0=4,+20=05 A, = ~20kN = 20kN() N FURRELE

10 m
ks 2 kN/m 2kN'g
f @) +)ZMA =0= M, —(5)20 — (2.5)15 + (5)13.5 = 0 = M, = 70kN.m N AL 20
MH/V 70

Drawing the BM & SF diagrams L T

In the segment AB: 0 < x <10, C m B C
~ 13.5
= M(x) = —x? + 20x — 70&S(x) = —2x + 20 |
£ S(x) in M(x) in
5 kN.m
g In Segment CB: 0 < x <5, KN
g M(x) = —(3/2)x% + (27/2)x&S(x) = 3x — 13.5
3 0 A i 70
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. Homework PAD
o
S Pr.01: Determine the reactions and draw the shear and bending moment diagrams for the beam shown olioJl
- using force method. Select the reaction at the roller support to be the redundant.
r— 120 kN
i 1 .
kel B
_fg' I 6m I 6m
5
I. EI = constant
[aa]
Pr.02: Determine the reactions and draw the shear and bending moment diagrams for the frame shown
using force method. Select the reaction at the roller support to be the redundant.
50 kN/m
— EEEEREERERE
- % D
E 5 m
2
@
2 A BH |
(1]
§ Se—) | e—
= ] 10 m !
(7]
EI = constant
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