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Analysis of Indeterminate structures
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Force Method

Step 1: Remove a redundant force Step 2: Reapply redundant force

actual beam

Step 3: Write Compatibility Equation

0:_&3_1_‘&;{3

‘&;Hi’ - B_‘r.fBB
0= —Ap + B, fps

Ap = fBe =
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Force Method

5

A
B =
actual beam

TR 0'4n= Maaaa
primary structure

redundant M, applied

0=8, + M,as,
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Beam Example

Draw shear and moment diagrams for the Given Beam

e Step 1: remove redundant support reaction (By) 15 kKN/m
15 kN/m ’ ‘ ; l’ ‘ ‘ ‘ ‘ ‘ ‘ ‘
R O O A O 5 c
A B C
A 7m ‘ 7 m
7m 71 |

ET = constant
» Step 2: Reapply redundant reaction (By)

_ App _ fpp
A c A C

| By | | e
| 7m ] 7m | | 7m 7m

» Step 3: Compatibility equation (deflection upward is positive)

_AB-I_ABB:O_) _AB +fBBBy=O
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Beam Example

* Step 4: Find deflections (Ag, Agp)

e Find Ag, fgp using virtual work method

15 kN/m .

F 1T 17 77 IRV IR IR | -
A B J C ' " L ‘
A ) ; C

7 m 71 ‘ 2 1kN 1

| 7m 7m {

Real Structure Virtual Structure
M= D my; =0 0<x<7
0>x>14 m,=x—7 7<x<14

] mm *mm _0+j14(x—7)2d 1 j“( 2 _ 14x + 49)d 1143
Jos = o Bl )L T E YTE), T Y TR

15
A _j7Mmd +j14Mmd 0+j14<—7x2>(x—7)d B 1114 15 4 cpe2), _ 25510
B E YT EE TN, El *TE, 2 F R Ry
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Beam Example

* Step 5: Apply compatibility and solve for B,,

tabilit 225106 + 114'33 0 [N ‘lik‘ani IR
compatapiity — — y =
El El A LB
B, = 223.12 kN
B, = 223.2 kN 7m | 7m

EI = constant

» Step 6: Find reactions at A and draw shear and moment diagrams
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Frame Example

Draw axial, shear and moment diagrams for the Given Frame
* Step 1: remove redundant support reaction (M,)

150 kN 150 kKN
I ; p
T =% M, = 200x — 10x? L c
I R g — 0>x; > 10 N
3 2 X2, X3 —
10m 20 kN/m = M, = 175x 10m 20 kN/m
0>x,>5 -
A1 N
o HA
M3 == 25x + 750 = A
xlT A 5 > Xy > 10
.Ji. ‘ 5m 5m—
} 5m 5m
* Step 2: Reapply redundant reaction (M,) o,
L ] D
B D r‘_—-‘-—__‘ r\. %&"
: / '’ my =1
<—
3 2 X, X3 0>x,>10
10 m my, = 0.1x
—r \ 1 0 > xZ > 5
aaa
] 1] 5> x, > 10
—35m———5m—
S5m S5m
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Frame example

» Step 3: Write compatibility equation (c.w. rotation positive)
QA-I_HAA:O —>8A+aAAMA=O

e Step 4: Find deflections
* Find 84 and a4 4 using virtual work method

10 Mym 5Mym 10 Mym 10943
Opa = [ ——dx; + [, —=2dx, + 22 dxs =
AA fo El 1 fo EI 2 J.5 EI 3 El
_ rlomym, 5mym, 10 mymsy __13.34
= J, dag + Jo —dx, + Js > dxy ==

* Step 5: Apply compatibility and solve for M, = M, = —820.31 kN. m (opposite to assumption)

» Step 6: Find the rest of the reactions and draw shear and moment diagrams

l 50 kN 150 kN
H l .
B D — Iy
[ T ™ :
- L] 92.97 kb
L C gﬁ%ﬁ )
N
—
N
- —
Er
10m 20 kKN/m = 2
=
e —
N
—— —
N
o —
N
4 I
S~M, =820.31kN.m L
‘ _ ), «--200 kN
| 5m S5m L I
STUDENTS-HUB.com r820.31 kNm
57.03 kN
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Frame example
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