Engineering Mechanics I

Chapter -6-

Structural Analysis

ChHapLeEr OBJECHVES

To show how to determine the forces in the
members of a truss using the method of
joints and the method of sections.

To analyze the forces acting on the
members of frames and machines composed
of pin-connected members.
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Simple Trusses

The Method of Joints
Zero-Force Members
The Method of Sections
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A truss is a structure composed
of slender members joined
together at their end points.

Joint connections are formed by ®
bolting or welding the ends of
the members to a common
plate, called a gusset plate, or

by simply passing a large bolt \\/ e
or pin through each of the

members ®

Planar Trusses

Planar trusses lie on a single plane and are used to
support roofs and bridges.

The truss ABCD shows a typical roof-supporting truss.
Roof load is transmitted to

the truss at joints by
means of a series of
purlins, such as DD’
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Planar Trusses

The analysis of the forces developed in the
truss members is 2D.

Planar Trusses

For a bridge, the load on the deck is first
transmitted to the stringers, then to the floor
beams, and finally to the joints B, C and D of the
two supporting trusses.

Like the roof truss, the bridge truss loading is also

7NN

B C D AE

Bridge nuss

®)




Planar Trusses

When bridge or roof trusses extend over large
distances, a rocker or roller is commonly used for
supporting one end, Eg: joint E.

This type of support allows freedom for expansion
or contraction of the members due to temperature
or application of loads.

Assumptions for Design

1.

“All loadings are applied at the joint”.

Assumption true for most applications of bridge
and roof trusses.

Weight of the members neglected since forces
supported by the members are large in
comparison.

If member’s weight is considered, apply it as a
vertical force, half of the magnitude applied at
each end of the member.
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Gl SIMPIEIIUSSES

Assumptions for Design

2. “The members are joined together by
smooth pins”.

Assumption true when bolted or welded
joints are used, provided the center lines of
the joining members are concurrent.

6y SImplEISSES

Assumptions for Design

Each truss member acts as a two
force member, therefore the forces 4, c
at the ends must be directed along X
the axis of the member.

If the force tends to elongate the
member, it is a tensile force.

f T C

If the force tends to shorten the PR
member, it is a compressive “ ®
force.




Asshmptions for Design

Important to state the nature of
the force in the actual design of
a truss - tensile or
compressive.

Compression members must be
made thicker than tensile

member to account for the
buckling or column effect during
compression.

Gl SIMPIEIIUSSES

AT

f T

Tension

(2)

Typical Bridge Trusses

N
Cantilever portion
of a truss

Other Types of Trusses

R Howe e & Fink &
Typical Roof Trusses
N T “EaaimToee S .
& Baltimore @ % K truss &
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Simple Truss

To prevent collapse, the form
of a truss must be rigid.

The four bar shape ABCD will
collapse unless a diagonal
member AC is added for AN
support.

The simplest form that is rigid
or stable is a triangle.

Simple Truss

A simple truss is
constructed starting
with a basic triangular
element such as ABC
and connecting two
members (AD and BD)
to form an additional
element.




GrZ e MethedieiJomnts

For design analysis of a truss, we need to obtain the
force in each of the members.

Considering the FBD, the forces in the members are
internal forces and could not be obtained from an
equilibrium analysis.

Considering the equilibrium of a joint of the truss, a
member force becomes an external force on the
joint's FBD and equations of equilibrium can be
applied.

This forms the basis for the method of joints.

Gr2 e MethedieiRJomnts

Truss members are all straight two force
members lying in the same plane.

The force system acting at each joint is
coplanar and concurrent.

Rotational or moment equilibrium is
automatically satisfied at the pin.

>F, = 0 and 3F, = 0 must be satisfied for
equilibrium.
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GrZ e MethedieiJomnts

-

Method of Joints
Draw FBD.

Line of action of each member force acting on the
joint is specified from the geometry of the truss
since the force in a member passes along the axis of
the member.

Example
Consider pin at joint B.
Three forces: 500N force and forces
exerted by members BA and BC. A e

B

500 N

2m

N o

: b G2 e MethodleiIoints

Fsy is “pulling” on the pin, meaning the
member BA is in tension.

Fzc is “pushing” on the pin, meaning the
member BC is in compression.

The pushing and pulling indicates the effect
of the member being either in tension or
compression.

B

2 500N 500N
45 S o " o
Fm(tension)I Fpc(compression) 45° MFg. (compression)
Fpg,(tension)

® ©
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GrZ e MethedieiJomnts

Determining the Correct Sense of the Unknown
Member

Always assume the unknown member forces acting
on the joint’s FBD to be in tension.

- The numerical solution of the equilibrium will yield
positive scalars for members in tension and negative
scalars for members in compression.

- Use the correct magnitude and sense of the
unknown member on subsequent FBD.

o\ \o

20 612 helVethodlofibints

Determining the Correct Sense of the Unknown
Member

The correct sense of a direction of an unknown
force can be determined by inspection.

- Fgc must push on the pin (compression) since its
horizontal component must balance the 500N force.

- Fg, is a tensile force since it balances the vertical
component of Fg. .

1/3/2018
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GrZ e MethedieiJomnts

Determining the Correct Sense of the Unknown
Member

The correct sense of a direction of an unknown
force can be determined by inspection.

- In more complicated problems, the sense of the
member can be assumed.

- A positive answer indicates that the assumed
sense is correct and a negative answer indicates
that the assumed sense must be reversed.

o\ \o

20 612 helVethodlofibints

Procedure for Analysis

Draw the FBD of a joint having at least one known
force and at most two unknown forces.

If this joint is at one of the supports, determine the
external reactions at the truss support.

Use one of two methods for determining the correct
sense of the member.

Orient the x and y axes so that the forces on the
FBD can be easily resolved into x and vy
components.

1/3/2018
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7‘ b GrZaENVEIOHIORIBIALS

Procedure for Analysis
Apply 3F, =0and 3F, =0 .

Solve for unknown members forces and verify their
correct sense.

Continue to analyze each of the other joints.

Once the force in a member is found from the
analysis of the joint at one of its end, the result is
used to analyze the forces acting on the other end.

Example 6.1

Determine the force in each member of the
truss and indicate whether the members are
in tension or compression.

13
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> 6.2 IENVIEWEE GIRIBINES

Solution
Two unknown member forces at joint B.
One unknown reaction force at joint C.

Two unknown member forces and two
unknown reaction forces at point A.

0 602 el Ethoalondoints

Solution
Joint B
+—>2F, =0;
500N — Fgc sin45°N =0 5
Fgc = 707.1IN(C)
+TXF, =0; £ 45°
BA

500 N

Fgc
FBC cos45°N — FBA =0

Fga = 500N (T) (b)

14
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Solution
Joint C
+_)ZFX:0; ?m.lN

—Fca +707.1c0s45°N =0 v
Fea = 500N(T) Fey
+TXF =0

C, —707.1sin45°N =0 y
C, =500N (c)

Solution

Joint A
+—->2F =0;

500N — A, =0
A, =500N
+TXF, =0
500N — A, =0
Ay =500N

15



Solution

FBD of each pin shows the effect of all the
connected members and external forces applied to

the pin. 5L SOON
FBD of each member o
shows only the effect i
of the end pins on the i
member. .

500N F07.1N

A Tension ¥ c
500N "¥500 N SO0 NASOO N

500N
(e

Example 6.2

Determine the force in each member of the truss, and
state if the members are in tension or compression.

60N p

1/3/2018
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GrZ e Methed erIeInts

Method of Joints: We will begin by analyzing the equilibrium of joint D, and then proceed to
analyze joints Cand D.

Joint D: From geometry, 8 = m_'[-;—)a 26.57°.Thus, from the free -body diagram in Fig. a,

LEF =0, 600 - Fpc 5in26.57° = 0

Fp¢ =134L64N =134kN () Ans.
+TIFE =0 1341.64c0s 26.57° - Fpg =0

Fpg = 1200N = 1.20kN (T) Ans.

17
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Joint C: From the free - body diagram in Fig. b,
4/ IF = 0; ~Fgp c0s26.57° =0

Fg =0 Ans.
FNEFy =0; Feg —1341.64 = 0

Fg =1341.64 N =1.34kN (C) Ans.

Joint E: From the free - body diagram in Fig. ¢,

NI =0 900 - Fgp 5in45°=0

Fgg =12729N = 1.2TkN (C) Ans,
+T2R, =0 1200+ 1272.79c0s 45° ~ Fgq =0

Fga =2100N =2.10kN (T) Ans,

Note The equilibrium analysis of joint A can be used to determine the components of support reaction
atA.

Example 6.3

Determine the forces acting in all the members
of the truss.

18



Solution
Two unknowns at each joint.

Support reactions on the truss must be
determined. T

A4
L5kN L5kN

Solution ¥
. Fep ]
Joint C Foaxse 44°
cD
30 } e -
+->2F =0 15%
—F.;€0s30°kN + F;sin45°kN =0 1.5kN
+1TXF, =0 ©

1.5KN + F.; sin 30°kN — F, cos 45°kN =0

1/3/2018
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50

7

5}33 ‘; G2 ihENVELHENeFIBIRES

-

Solution Feg S
Joint C Fo N/
> |:X, =0; 30
1.5c0s30°kN — F.5 sin15°kN =0 (@
Fes =5.02kN

2 F,.=0;

1.5c0s30°kN — F.,sin15°kN =0
F., =4.10kN

50

N0

4‘:‘55 9 6y2 TihelVethod efieints

ay

Solution
Joint D

+->2F =0;

—Fp, €0s30°kN +4.10c0os 30°kN =0
Fon = 4.10kN(T)

+TXF, =0 WG
Foe —2(4.10sin30°kN) =0 Fpa  410kN
Fos = 4.10kN(T) ®

20
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50

5:? 2 6,2 e VEthod ofioints

s

Solution
From the FBD of joint B, sum the forces in the
horizontal direction.
Fga = 0.776kN (C)

7 Gr2 e MethedieiRJomnts

Example 6.4
Determine the force in each member of the

truss. Indicate whether the members are in
tension or compression. 400N

1/3/2018
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- 3m '
Solution r o A

Support Reactions g N
PP Vi \

+— Y F,=0;600N -C, =0
C, = 600N A
> Mc = 0;—A,(6m)+ 400N (3m) + 600N (4m) =0
A, = 600N

+T X Fy =0;Fpg —2(4.10sin30°) =0

Fpg = 4.10kN (T)

6m |

Solution

Joint A ¥
+->2F, =0; Fig

Fao —2(750N)=0 4

Fap = 450N(T) A > x
+TXF =0

600N —;‘FAB =0

©
Fag = 750N (C)

22
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)

5:? 2 6,2 e VEthod ofioints

s

¥
. 1
Sqlutlon B Fpc
Joint D
+—>2F=0; ¥
3
~ 450N +§FDB +600N =0
S T y
FDB = —250N 0N
- - d
Negative sign: reverse sense of Fpg @
FDB = 250N (T)
+TXF, =0

~Fpe —%(—ZSON) =0
Foc = 200N(C)

7 Gr2 e MethedieiRJomnts

Solution

Joint C y

+> 2R =0, 200N

F.g —600N =0 _

F., =600N(C) —— eSO
+T3F, =0; 200N

200N — 200N = 0(check) (')

23



. 400N 200N
SOI Ut|0n E{:DN Compression 600N
5 L —— ] > 600N
FBD /\ 250N 200N

750N

A
.
A

i

uarssandma sy

TS50 250 200N
Tension

g i 1 - 00N
450N 450N

500 N

23

Problem 6.5

Determine the force in each member of the Pratt
bridge truss shown. State whether each member is in

tension or compression.

B D F
4 m|
AG NH v
A C E G ity
LB m—=<—3 m—{<—3m—|<3 m—"
\ \J \
6 kN 6 kN 6 kN

1/3/2018
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B n F
4m
Ax 3!
¢ E C = —IF.=0: A,=0
3 3 gy e gy — By symmetry: A.J. = H_.’, =9kN r
3 3 v
Ay 6N  GKN  GEN and
Faa = Fept Fao = Foyr
B u] F
Fye = Frgt Fap = For
Fpr = Fgpl Fop = Fg
C E G H
p
A l 3m 3m Am l 3m I
By inspection of joint D: Fpp =

—EF,=0: A,=0

By symimetry: A,. = Hy =9 kN ]'

and
FEDs Joints:
Fea
4
ar I3, = 0: 91N -ZFp =0 Fi5=1125kNC
2
A Fac 3
— B, = 0: Fyo ~ S Fip =0 Fie=6T5KN T
G kN

1/3/2018
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4 : = = :
3m Im dm 3
{ 3

Ay O kN ok

e — 3F, = 0: Fpp - 675KN =0 Fpz =675KN T
| 5F, = 0: Fe -6kN =0 Fye = 6.00kN T
C
6.75 kN F
* izﬁ'y=o:§(11.zsm]-ﬁm+§ﬁm=o
6 kN Fpr =3.751N C

! Iy 5

| Fip = Fpy: Fye = Fgy
4m
_I_ Fge = Frg: Fpp = Fpp
ST
E ¢ T Fpp = Fgpi Fog = Fg
~—3m——3m—f~—3im
F 3

Ay GkN  BKN  GEN
—-TF, = 0: Fyp = 21125 KN) = 2375 k) = 0
Fpp =9.00kN T
From symmetry conditions above
Feo Fegy =11.25kN C
Fopy =6.T5KN T

Fog =675KN T
M25kN gy Fee Fo = 600MN T
Fr =375KN C

For =9.00KN T

26



Brol Zero=Eerce MEmMBENS

members which support no loading are
determined.

Zero-force members (support no loading)
are used to increase the stability of the

truss during construction il
and to provide support L"\/

if the applied loading is y 1\\ i
changed. = |

(2)

Grot ZeroEorce MEMBENS

-

Consider the truss shown
From the FBD of the pin at point A,
members AB and AF become 1

zero force members -
*Note: Consider the FBD of I
joints F or B, there are a4 -
) F.g
five unknowns and the
above conclusion BB SO 0

would not be reached +T ZF,=0; Fap=0

(b)

Méthod of joints is simplified when the

1/3/2018
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© v
2 6.5 ZErO-FOKCEVIEMDESS

Consider FBD of joint D
DC and DE are zero-force members.

As a general rule, if only two members form
a truss joint and no external load or support
reaction is applied to the 5

FDE

joint, the members must <
B
be zero-force members.

+NEF,=0; Fpcsin8=0; Fpo =0since sind # 0
+u'ZF =0 Fpe+0=0; Fpg =0

(©

Grot ZeroEorce MEMBENS

The load on the truss shown in fig (a) is
therefore supported by only five members as
shown in fig (d)

(@) (@

28
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Consider the truss shown.

From the FBD of the pin of the joint D, DA is
a zero-force member.

From the FBD of the pin of the joint C, CAis a
zero-force member.

pe TNEF,=0; Fog=Fcp

@ ® (©

In general, if three members form a truss
joint for which two of the members are
collinear, the third member is a zero-force
member provided no

external force or support &

reaction is applied to the joint

The truss shown is

suitable for

supporting the load P s

@

+W IF =0; F.sin=0; F., =0Osincesin@#0;

1/3/2018
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Example 6.6

Using the method of joints, determine all the
zero-force members of the Fink roof truss.
Assume all joints are pin connected.

5kN

Solution |

Joint G Foc
+TXF, =0;F =0 _

GC is a zero-force member Fog G Fgp

meaning the 5kN load at C (b

must be supported by CB, CH, CF and CD

Joint D >)\FDE
YF =0;F, =0 s

1/3/2018
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Solution

Joint F Fro 0
+TXF,=0;F, cos0=0 Fre F B
0+#90°,F. =0 @

Joint B N :
>F =0;2kN-Fg, =0
g, = 2kN(C)

Solution

Fyc satisfy >F, = 0 and therefore HC is not a
zero-force member.

2EkN

1/3/2018

31



1/3/2018

Used to determine the loadings
within a body

If a body is in equilibrium, any part
of the body is in equilibrium

To determine the forces within the
members, an imaginary section
indicated by the blue line, can be
used to cut each member into two
and expose each internal force as
external

It can be seen that equilibrium
requires the member in tension (T) be
subjected to a pull and the member in
compression (C) be subjected to a
push

Method of section can be used to cut
or section members of an entire truss

Apply equations of equilibrium on that
part to determine the members

32
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Consider the truss shown

To determine the force in the member
GC, section aa would be considered

Consider the FBD .

Note the line of action of each member force is
specified from the geometry of the truss.

Member forces acting on one part of the truss are
equal and opposite to those acting on the other
part — Newton’s Law.

D,
2m —-I
Fge |C Boe 4 o —2@-—
A e
4 4507 ‘ Dx
F 7
2m Gc 7 2m
FGC l
45°
¢ G “/—’) E.
G Fgr For

o

1000 N
®)

33



06,4 iheMethod o Sections

Members assumed to be in tension (BC and

GC) are subjected to a pull whereas the
member in compression (GF) is subjected to
a push.

Apply equations of equilibrium.

Determining the Correct Sense of the
Unknown Member

Always assume the unknown member forces
in the cut section are in tension.

- The numerical solution of the equilibrium
will yield positive scalars for members in
tension and negative scalars for members in
compression.

1/3/2018
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D64 he Methodlofi SEctions

Determining the Correct Sense of the Unknown
Member

The correct sense of a direction of an unknown
force can be determined by inspection

- In more complicated problems, the sense of the
member can be assumed

- A positive answer indicates that the assumed
sense is correct and a negative answer indicates
that the assumed sense must be reversed

D64 he Methodlofi SEctions

Procedure for Analysis

Draw the FBD of a joint having at least one known
force and at most two unknown forces.

If this joint is at one of the supports, it ma be
necessary to know the external reactions at the
truss support.

Use one of two methods for determining the correct
sense of the member.

Orient the x and y axes so that the forces on the
FBD can be easily resolved into x and vy
components.

35
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By THENYEthod 0l SECHONS

Procedure for Analysis
Free-Body Diagram

Decide how to cut or session the truss
through the members where forces are to be
determined.

Before isolating the appropriate section,
determine the truss’s external reactions.

Use the equilibrium equations to solve for
member forces at the cut session.

& 16,4 TheMethod e Sections

-

Procedure for Analysis

Free-Body Diagram

Draw the FBD of that part of the sectioned
truss which has the least number of forces
acting on it.

Use one of the two methods for establishing
the sense of an unknown member force.

36
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Gy e VethodleR SECHoRS

Procedure for Analysis

Equations of Equilibrium
Moments are summed about a point that lies at the
intersection of lines of action of the two unknown
forces.
The third unknown force is determined directly
from moment equation.
If two of the unknown forces are parallel, forces
may be summed perpendicular to the direction of
these unknowns to determine the third unknown
force.

. \

e '6.4 The Method of Sections

Example 6.7

Determine the force in members GE, GC, and
BC of the truss. Indicate whether the
members are in tension or compression.

G E
400 N

P ANKD

% ¥

L]
I-—4m :m 4m—-|

12&) N

(@)

37



Solution

Choose section aa since it cuts through the
three members

FBD of the entire truss

L‘ésv 6, ZAMENYIENOGCIIIGILS

Solution
+—>2F,=0;400N - A, =0

A, = 400N
SMp=0;

—1200N (8m) — 400N (3m) + D, (12m) =0
D, = 900N

+TXF, =0

A, —1200N +900N =0

A, = 300N

1/3/2018
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Solution
FBD of the sectioned truss

Solution

2 Mg =0;

—300N (4m) — 400N (3m) + Fgc (3M) =0
Fgc =800N(T)

ZMC =0;

— 300N (8m) + Fgg (3M) =0

Fsg =800N(C)

+TXF, =0

300N _gFGC =0

FGC = 500N (T)

39
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Example 6.8

Determine the force in member CF of the
bridge truss. Indicate whether the member
are in tension or compression. Assume each
member is pin connected.

C\\r)

. 0
1) S
S NEC Ry

o i

) 5

1

Solution
FBD of the entire truss

325kN 5 kN 3kN 475kN

40
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Solution
FBD of the sectioned truss
Three unknown Fr¢, Fer, Fep

3kN  4795kN
(©

Solution
Equations of Equilibrium
For location of O measured from E

4/(4+x)=6/(8 +Xx)
X =4m
Principle of Transmissibility
2M, =0;
— F. sin 45" (12m) + (3kN)(8m) — (4.75kN)(4m) = 0
F.. =0.589kN(C)

1/3/2018
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-

Example 6.9
Determine the force in member EB of the roof

truss. Indicate whether the member are in
tension or compression. 1000 N

Solution
FBD of the sectioned truss

1000N

Fppcos 30°

Fgpsin 30°

42
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Solution

Force system is concurrent.

Sectioned FBD is same as the FBD for the pin
at E (method of joints).

1000 N

3000 N

1000 N

R4

} : 30° 30°
B °
Fup B Fepcos3o Eip Fgp=3000N

4000 N Fgpsin 30° Fia
®) (©)

Solution
2Mg =0;

1000N (4m) —3000N (2m) — 4000N (4m) + Fgp Sin30°(4m) =0
Fep =3000N(C)

+->2F =0;

Fgr cos°—3000c0s30°N =0

Fer =3000N (C)

+TXF =0;

2(3000sin30°N)—1000N — Fgg =0

Feg = 2000N(T)

43
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HOmEWorK L

Determine the force in members HI, Fl, and EF of
the truss, and state if the members are in tension or
compression.

rlopglayeric 2

Determine the force in members BG, BC, and HG of
the truss and state if the members are in tension or
compression.

44
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HOMEWOKSS

Determine the force in members IC and CG of the truss and
state if these members are in tension or compression. Also,
indicate all zero-force members.

L) H
1.5m

|

45



