Statics - TAM 210 & TAM 211

Lecture 18
February 26, 2018




Announcements

0 Today’s lecture: physical lecture is cancelled. See recorded video lecture.

[ Concept Inventory: Ungraded assessment of course knowledge
[ Extra credit: Complete #1 or #2 for 0.5 out of 100 pt of final grade each, or
both for 1.5 out of 100 pt of final grade
) #1: Sign up at CBTF (2/26-3/1 M-Th)

J Check your grades on CompassZg!

 Upcoming deadlines:

* Tuesday (2/27)
e PLHW 6

® Thursday (3/1)
* WA 3

® See enhanced instructions

® Monday (3/5)

° Mastering Engineering Tutorial 8



Chapter 6: Structural Analysis




Goals and Objectives

Determine the forces in members of using the method of
joints
I

Determine zero —fOI‘C@ members
o [

Determine the forces in members of asing the method of

sections

Determine the forces and moments in members of 4 frame or
.) K e —
machine




Recap: Method of sections

Determine external support reactions
“Cut” the structure at a section of interest into two
separate pieces and set either part into force and

moment equilibrium (your cut should be such that you

havgno more than three unknowns)

1000 N

* Determine equilibrium equations (e.g., moment around point of intersection of two lines)

—_—

¢ Assume all internal loads are tensile.



Method of sections

Determine equilibrium equations (e.g., moment

around point of intersection of two lines) & Reduces # "’"f""w-‘/‘
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Determine the force in member BC of the

truss and state if the member is in tension
or Compression. 3m
[?ro‘)'(vv\ $°|V€J ouniside 0‘( C|GSJ ] ] é@\ ! ; \D
O Selve v reacha forces @A D, A R
Draw FP)D Solvc Eqns o( Equ\lll')r.'d,,, A7 ~—4m—+—4m—f1—4m— -)y
Pioned 200N Relles
, 4 - > t[oo!J
3 Iué
AY A R C .D > X
< T %J qM>TD
Aj 12000 2
SE. - A, 900N = 0 = (Ax: %N T (=) )
ZF“D ©A 1200 N rDj o = Ay [2ood - Dy

9 -
JSZ’\/\Q', "'Dl'ck A <since wanl eg4,
—(3m) 400N = (9) 1200 +Q2.:LD\) = O
S| Py = FooN G (1) ALz 300N (’()1

-J/ lea.s-" ﬂ u\hk.\owns {foh/(“'kf“ef)




Determine the force in member BC of the

truss and state if the member is in tension

or compression.
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Determine the force in members OE, LE,
LK of the Baltimore truss and state if the

member is in tension or compression.

Solution:

Use method of sections, since cutting
LK, LE, OE, and DE will separate the
truss into two pieces. -Note that LE is
a zero-force member@raw free-

body diagram of entire structure, and

set into external equilibrium:

1 8a

2k, =0: =0,
ZF, =0: A +1y,-2-2-5-3=0,
IM,=0: -2a(2)-3a(2)—-4a(5)—-5a(3)+8al,=0.

A,=0, A, =6375kN, I, =5.625kN.

Y \
2kN 2kN skN 3kN
16 m,8@2m

4, 2kN 2

N Vs L,

8a ‘

Normally, introducing four unknowns would

make the problem intractable. However, LE

is a zero—force member. Set cither remaining

section into equilibrium. Here, there is no

real preference, but the right half will be fine



EMg =0: 0(5)+a(-3)+4al, +2ak, =0.

Foe =+7.38kN (T), Fg =0 (zero-force),
Feo =+3.36 KN (T), F =-9.75kN (C).




Frames and machines

Frames and machines are two common types of structures that have at least

@ne multi-force memb@Recall that trusses have 0nl¥ two-force
D e — e

members.) Therefore, it is not appropriate to use Method of Joints or Method

of Sections for frames and machines.

.//"

y

Frames are generally stationary and used to support various

external loads.



Frames and machines

Frames and machines are two common types of structures that have at least
one multi-force member. (Recall that trusses have only two-force
members.) Therefore, it is not appropriate to use Method of Joints or Method

of Sections for frames and machines.

Machines contain moving parts and are designed to alter the

effect of forces.



C
©) ©

B [ K

Multi-force

Forces/Moment in frames and machines l

The members can be truss elements, beams, pulleys, cables, and other

components. The general solution method is the same:

member

1. Identify two-force member(s) to simplity direction of unknown Two-force

member 2000

force(s). P X
| | | . S
2. Identity external support reactions on entire frame or machine. (Draw - @,
FDB of entire structure. Set the structure into external equilibrium: |
YFE =0,%EF =0, Mo efficient pr = 0. This step will generally produce A 2
more unknowns than there are relevant equations of equilibrium.) A .
7

3. Draw FDBs of individual subsystems (members). (Isolate part(s) of the

structure, setting each part into equilibrium ¥ F, = 0,X F, = 0,

2000 N

Y Mynost efficient pt = 0. The sought forces or couples must appear in one

or more free-body diagrams.)

4. Solve for the requested unknown forces or moments. (Look for ways
to solve efficiently and quickly: single equations and single unknowns;

equations with least # unknowns.)

Problems are going to be challenging since there are usually several
unknowns (and several solution steps). A lot of practice is needed to

develop good strategies and ease of solving these problems.




A note about Why skip drawing FBD of the pin joint between members:

X For the frames, we are interested in forces and/or moments on the rigid body members.
Because this method examines individual members, we can ignore the pin that connects the

members and directly consider that adjacent members experi nd opposite forces

at the joints. B

- C,
C,

A Effect of B, Effectof

Y~ member AB ~ member BC

on pin l on the pin

J a1 . R
.-""//'
Ay Effect of /.f.'".-l—-.,\_ X

member AB
on the pin




Draw the FBD of the members of the backhoe. The bucket and its contents have
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Draw the FBD of the members of the backhoe. The bucket and its contents have




A 500 kg elevator car is being hoisted by a motor using a pulley system. If the car travels at a
constant speed, determine the force developed in the cables. Neglect the cable and pulley

ImMassSeESs.

We’ll label the tension in the
rightmost cable Ty, and tension in the
leftmost cable T>. Which is an equation
for equilibrium of pulley C?
A, Ti+2T, =0 ™
B. 2T1+T>=0 T

) =0
@ 2T1—T), =
E.

—2T>=0




A 500 kg elevator car is being hoisted by a motor using a pulley system. If the car travels at a
constant speed, determine the force developed in the cables. Neglect the cable and pulley
masses.
We’ll label the tension in the
rightmost cable Ty, and tension in the
leftmost cable T>. Which is an equation
for equilibrium of the car?

A, 3Ti+ 2T, + 500(9.81) N = 0

B. 3Ti— 4T, + 500(9.81) N = 0

C) 3Ti+ 2T, — 500(9.81)N =0
D. 3Ti— 2T, — 5009.81) N =0
E

None of the above

(owp "7 7




The frame supports a SOkg cylinder. Determine the

1.2 m |

horizontal and vertical components of reaction at A and
the force at C

EIV\(, A % Ag ) g
T9O: LFrm 7 0.3m
I0: supeorts Rt

CRD. BC (2FM) f>>—
Foc 0.6 m
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