ARCHITECTURE 314
STRUCTURES |

Equilibrium Equations: (:z
Two-Dimensional ‘

Archimedes’ Lever
Newton’s First Law
Loading Types

End Conditions

Free Body Diagrams
End Reactions
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Archimedes of Syracuse (287 BC - 212 BC)

Greek mathematician, engineer, inventor

* The Lever (On the Equilibrium of Planes)
» The Screw (water pump)

* Greek Fire (to burn boats)

* Archimedes’ Principle (density measure)
» Block and Tackle (for lifting on boats) -~

« Catapult—

by Domenico-Fetti

e Odometer —

« Mathematical observations on circles and spheres

i

i
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g edes’ principle.
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Archimedes Lever

Two forces will balance at
distances reciprocally proportional
to their magnitudes.

leo = | oo )/ Fl F2
F,xa=F,xb \1/
z. loo a -A. L
Lo g5
4
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Archimedes Lever
| r = ,ZS_
Two forces will balance at A I
distances reciprocally proportional ;
to their magnitudes. @ @
5/
Applied to beam end reactions: TR L L
|- — K?. <
b a i '
R, =P— R,=P—
— L — L
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R, =125 —
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Newton’s First Law

——
An object at rest will remain at rest
unless acted upon by an outside,

external net force.
Z D’M e R

SE=0 SF, =0 TM=0

Y
|
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Horizontal Equilibrium = i
9 - ‘/"“E\} Sir Isaac Newton 1643 - 1726
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Vertical Equilibrium

D> F,=0=R,+R,-P
7 T 7
R +R, =P 7

—

Rotational Equilibrium

>M,=0=Pa<R)L R=7"
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Quiz , g
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Support Conditions

&4

Roller
Fixed in Fy

Hinge
Fixed in Fx
Fixed in Fy

Fixed
Fixed in Fx
Fixed in Fy
Fixed in Mz

Free
Free in Fx
Free in Fy
Free in Mz
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Free Body Diagrams

A Free Body Diagram (FBD) is a
part cut from a larger force system.

When the FBD is cut free, all
“exposed” forces are shown

If the complete system is in static

equilibrium, then the FBD with
forces at the cut will also be in
equilibrium
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Free Body Diagrams

A Free Body Diagram (FBD) can
be used as a step in solving the
external forces

o )gas /
ZFV: K; -0+ R = O
Rz = (.25
v \L )
z,\(fi:—s'(w)—zo{'oﬁKz(rc§ — FBD27 ¥ '%4@-
— /oo —5001—ﬁz_(\4) .J.4 T W
|22 _ ® K3
K = . & b T-5g- &~ .2«

C - —
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End Reactions

Example 1
Given: Loads, Supports, L % :L'O K
Dimensions R R G G R TR
[ = 12’ 7 3’*7'12’5
1.  Label components of 'F o i T
reactions. Depending on the R4 R
support condition, include
vertical, horizontal and
rotational. "
2(1)=24 v~
2 K/eT ! \L ¢’ oK

2. Convert area loads to point

loads through the centroid @ JALLLL L J/ v L& b b

1 X
(balance point) of the area. * ¢y 3/ 73 P
TRA R

3. Since there is only one
horizontal force, it must equal

Zero.
— 2
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End Reactions
Example 1

4.

Use the summation of moments
about A to find Rg.

Use the summation of moments
about B to find Ra.

Check calculation by summing
vertical forces.
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2 K/F‘r
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K ¢ K, /
SMer=0= 24(e) +lo(12)- Ry (159
Rg(l'5)= _Zﬂ}
Re, = 17.65+
M NNNAN

—

EHep =0 - KA(S') -~ 2A(9 T10(3"

RA{/s) 24
KA [¢o 4 48
ANNN NN

Clleek. K‘ Kﬁ (e
SFv=0=1146-24-10+ 164 =0
— b - (f‘
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End Reactions
Example 2

—

Given: Loads, Supports, Dimensions

Use the summation of moments
about R, to find R;.

Use the summation of moments
about R; to find R,.

Check calculation by summing
vertical forces.
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(DhA et
) l 4— . 4
Zl\;fz w= 2K
G Ml ]
@ 1
R = 2! - )‘RZ

+
Lﬁ"ekz-@(tﬁ 4?:03 24(5) M,"(q) o
R’(IZ,)" quk -Fr
= 24.4% K
.

, ZHGK' = 4‘(?_')4. 241(4'>+ ‘6K<5l>'RZ(|d)’.‘-o
R2(12') = 232!
KZ = 'q'gzl( e

2R, =24, 6?4-1‘1 33 4 24
Zl" -0 Vel
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End Reactions

1.  Label components of reactions.
You will need one equation for
each unknown reaction.

Example 3

2.  Write an equation for the
summation of moments.

3.  Write an equation for the
summation of vertical forces.

4. Write an equation for the
summation of horizontal forces.

5. Itis good practice to write one
additional equation to check the
results. In this case summation
of moments at C also = 0.
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2(!;) + ZK(Zo’) + 2(30/) -@(40) =0

-1 332 -1.332-1.332 + 3 o
V= 2.9 — -
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