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Structural Analysis

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

Given: truss and P

Find: force in each of the members in
terms of P

Solution:
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Structural Analysis
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Structural Analysis
$ampie Problem 6.2
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Structural Analysis

Sampio Problem 6.2~ Solution

1. Draw a free body diagram Take moments about joint A to solve
Note that there are three unknown for C,
reaction forces Fyg, Fy,, and Fy Z M,=0
3. There are no zero force members c, (2a)— P(a) -0
4.  Use that the two force equilibrium
equations and the moment C = ki
equilibrium equation to solve for the T2
three unknown forces Use force equilibrium to solve for the

reactions at A

SE-0 3F=0

4,=0 A,+C,—P=0
P
A,==

1. Select the joint to begin the calculation of
forces in the members

2. Note that since A_ is zero, the truss is

. symmetric.
Free Body Diagram 3.

Therefore, joint A or C is the appropriate
point to start the calculations

(8 el (oo 1SS 5 (5505

Structural Analysis

Sampio Probiom 6.2~ Solution

Start with joint A

all unknown forces drawn in tension
>F,=0
F,, cos45’ +F,,
and
TF =0

P .o
—;+FAB sind5° + F,

R
NG

1
D ﬁ =0
Solving
Fp=—983P (c)
F,=.687P (¢)

Free Body Diagram

(5 el (oo 1SS 5 (5515
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Structural Analysis
- SamplgAroHamB sRolion

Next move to joint D although B is also appropriate
since there are only two unknowns at either joint.

Draw all unknown forces in tension

TF =0
4 4
RN T

F,.=F, =.687P (tension)

F,, =133P (tension)
By symmetry
Fy =F,,,=.943P (compression)

Free body Diagram

(8 el (oo 1SS 5 (5505

Structural Analysis

Determine the force in each member of the truss and state if the members
are in tension or compression. 5001b 500 Ib

Given: truss and loads

Find: force in each of the members

(5 el (oo 1SS 5 (5515
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Structural Analysis

4 5001b 500Ib
1

(8 el (oo 1SS 5 (5505

Structural Analysis

5001b 500 Ib

(5 el (oo 1SS 5 (5515
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Structural Analysis

50016 500 1b

6 @) 75 (5)

45 (3)

(8 el (oo 1SS 5 (5505
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Structural Analysis

5001b 500 1b
=3 ft——3 i3 ft—

Crex HDT

61t

L '8 .‘

(5 el (oo 1SS 5 (5515
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Structural Analysis

5001b 5001b

——— === ——p
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Structural Analysis

5001b 500 1b
3 [l 3 fto3
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Structural Analysis

5001b 500 1b
B3 3 -3 f—
4

Cex ©D
6t
B @)F
6 ft
1\
A \‘;;é!ff 1
ks
|- 91t
S ridla) e dozis 10l g 5 )5l0 5
Structural Analysis
o 0

$ampile Problem 6.3

5001b 500 b

t

(5 el (oo 1SS 5 (5515
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Structural Analysis

o 0
$ample Prokilem 6.5 - Solution
1. Draw a free body diagram for the Use equilibrium equations to solve for
structure three of the unknowns.
2. Note that there are four unknown Z M,=0

reaction forces F,, F|, A,and A,

3. The equilibrium equations cannot
resolve the reaction forces for the F,=5001b
entire structure. and

> F,=0

A, +F, —500—-500=0
A, +500—-500—-500=0
A, =5001b

F,(9)—500(3)-500(9)=0

and
2 F.=0 Note there are still two unknowns

A +F. =0 but the relationship between them
A, =-F, is now known.

x

A, y Note : there are only two members connected at jomnt D.
Free Body Diagram This implies that the forces in all members can be found

(8 el (oo 1SS 5 (5505

Structural Analysis
$ample Profilem 6.3 - Solution

A review of the structure indicates that there are only two
unknown forces in the members meeting at joint D. Use
equilibrium to solve for the forces in the members.

5001b 500 Ib

Draw all unknown forces in tension
2F,=0
_s00-F,, 4 —0

"

F,, =-5151b (compression)

and

>'F,=0

—F, +F, L —0

DC DE \/ﬁ

- F,.=-1251b (compression)

Fpg Note: F,,. =-F_,, and F,, will be in compression for joint C

Free Body Diagram

(5 el (oo 1SS 5 (5515

12/2/2025
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- Structural Analysis
Sample Problom 6.3-Solion -

Next move to joint C . Now there are only two
unknown forces since F, is known

Draw all unknown forces in tension

>r =0

4 4
—FCB[EJ—FC,:(EJ—SO():O
and
>'F.=0
A Free Body Diagram
1 3
o L - g 3]0

solving for F_,; and F_

F F, =—5151b (compression
CD e
(& -

F, =0

50016 500 1b

with F_; = 0then F.; becomes a zero force member.

F similarly, F,_ is also a zero force member.
F CB CE

(8 el (oo 1SS 5 (5505

- Structural Analysis

Sample Problom 6.3-Solion -

5001h 5001

SO0 Th 500 I
el L R

— & with y
Fop =Fgp =Fyr =0 o

s Foo=Fy =Foy=Fy =-5151b

Reactions at A and E

F Free Body Diagrams
EF

FBA

(5 el (oo 1SS 5 (5515

12/2/2025
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Structural Analysis
Sample Problem 6.3

5001b 500 Ib

(8 el (oo 1SS 5 (5505

Structural Analysis
$ample Profilem 6.3 - Solution

Reactions at A and E are the same by symmetry
with
F,,=-515lb A4,=5001b

use force equilibriu m in x

Y F.=0
1
Ax_FAB ﬁ =0

A =1251b
then
A, =-F, =-1251

’
Fep 1
1
I

(5 el (oo 1SS 5 (5515

12/2/2025
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Structural Analysis

If the maximum force that any member can support is 4 kN in compression,
determine the maximum force P that can be supported at point B. Take d=1
m.

Given: truss and load, F, , =4 kN
Find: P,
di2—+ di2—
S ridla) e dozis 10l g 5 )5l0 5 6-Y°/134
. Structural Analysis .

S riellgd pmmdams alaS 5 55915, 6-Y1/134

12/2/2025
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Structural Analysis

S rip] e il 5 5515 6-YV/134

Structural Analysis

S riellgd pmmdams alaS 5 55915, 6-YAN134
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Structural Analysis

S rip] e il 5 5515 6-74/134

Structural Analysis

S riellgd pmmdams alaS 5 55915, 6-Y/134
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Structural Analysis
§amplo Problem 6.4~ Solution

Check for zero force members (CD and CB)
Draw a free body diagram for the structure
Note that there are three unknown reaction forces

The equilibrium equations cannot resolve the
reaction forces in terms of force P.

R

Use equilibrium equations to solve for three of the
unknowns.

> M, =0 SF=0 > F,=0

-A4,(1.5)d-P(2)d=0 E.-P=0 A4 +E =0

A, =1.333P E.=P E =4,
E, =-1333P
2 > Method of Joints
d s dl e dn~ to find forces in the members
gl i daine kS 5 (5551 ,5
Structural Analysis
O
-

Samplo Problem 6.4~ Solution
Method of Joints - Joint A

draw all unknown forces in tension

A +Fy———=0

F , =-2.404P (compression)

D F. =0

15
F +F,———=0
RN T
F,. =2P (tension)
E, =-1333P

move to joint B

(5 el (oo 1SS 5 (5515

12/2/2025
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Structural Analysis
§amplo Problem 6.4~ Solution

Method of Joints - Joint B

draw all unknown forces in tension

note K, =0

> F.=0
—P+F,,

V5) > F,=0
1 2
Fy, E —Fyr ﬁ -
solving
F,. =1.863P (tension)
F,, ==3727P (compnession)
move to joint F

1.5 1

1
—F, —+F, —=0
Vs s s

FBD

2
~ 0
V5

S riellpd s el 5 55915, 6-YY/84

Structural Analysis
§amplo Problem 6.4~ Solution

Method of Joints - Joint F
draw all unknown forces in tension

>r, =0

2 2
s 5
F,; =1.863P (tension)
and

D F. =0

1
FI-D_FEM+FI~375+FFE

1
— =0
V5
F,, =.333P (tension)

move to joint D

S i) e il 5 5515 6-Y¢/84

12/2/2025
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Structural Analysis
%2 . Sample Problom 6.4~ Solution

Method of Joints - Joint D
draw all unknown forces in tension

> F,=0

2 2
Fp, ﬁ —Fy ﬁ =0
F,, =F,,—.3727P (compression)

)
)

¢
¢

NoteF,. =0
maximum compression member is
F, =2.404P

F
P=—28 =——=1.664kN

All forces can be solved with this value for P

S riellpd s el 5 55915, 6-7°/84

Example 1: Determine the force in each member of the
truss and indicate whether the members are in tension or
compression. Assume that all members are pin-connected.

6-Y1/84

12/2/2025
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FBD of entire
structure to get
reactions:

YF=0=A_+2Kkip
A =-2kip <

>M,=0=10kip (10°) - D, (20") + 10 kip (20) + 2 kip (15”)
D,=165kip <

> Mp=0=-A, (20°) + 10 kip (10°) - 2 kip (15)
A,=35kip <

(8 el (oo 1kl 5 (5505 6-V/84

FBDs of joints to get member forces (internal forces)

Note that + F;
corresponds to
tension in

member 7;.

6-YN84

12/2/2025
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FBDs of joints to get member forces (internal forces)

Note that + F;
corresponds to
tension in

member 7/.

@A
SF,=0=A,+ F,,sin 56.3° Fup=-421kip <
YE=0=A+F,zc08563°+F,, F,;=433kip <

(5 el (oo 1SS 5 (5515

12/2/2025
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FBDs of joints to get member forces (internal forces)

Note that + F;
corresponds to
tension in

member 7/.

6-%V/84

FBDs of joints to get member forces (internal forces)

Note that + F;
corresponds to
tension in

member 7;.

6-¢Y/84

12/2/2025
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@A
2FE,=0=A + F,psin 56.3°

Fup=-421kip <
YE=0=A+Fzc08563°+F, F,;=433kip <

@B
SE=0= Fsin56.3°+ Fy, Fye= 3.50kip <
ZE(: O = - ‘AB COS 56.3°+ FBC FBC: —2.34 kip Ry

6-£v/84

FBDs of joints to get member forces (internal forces)

Note that + F;

corresponds to
tension in
member 7;.

6-%%/84

12/2/2025
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FBDs of joints to get member forces (internal forces)

Note that + F;
corresponds to
tension in

member 7/.

6-to/84

@A
YF,=0= A+ Fyysin 56.3° Fyp=-421kip <

YE=0=A+ F,zc08563°+F, F,,= 433kip <

@B

YF,=0= Fpsin 56.3° + Fy; Fpe=3.50kip <
YF,=0=-F,;c0856.3°+ Fp- Fyr= -234kip <
@D

2FE=0= Fp Fpp=0 <
YXFE=0= D, + Fgp Fep=-16.5kip <

S riellgd pmmdams alaS 5 55915, 6-£1/84

12/2/2025
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FBDs of joints to get member forces (internal forces)

Note that + F;
corresponds to
tension in

member 7/.

6-4V/84

@C
YFE=0=-Fy-- Fpcos 56.3°+2kip Fo= 7.82kip <

SF,=0=10kip+ Fpsin 56.3°+Fp  Fp=-16.51 kip <=

@F

YE=0=.. Could write these equations, but all

2FE=0=.. unknowns have been determined. Good
1dea to use these equations for a check!

S riellgd pmmdams alaS 5 55915, 6 - £A/84

12/2/2025
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12/2/2025

FBDs of joints to get member forces (internal forces)

Note that + F;
corresponds to
tension in

member 7/.

6-t4/84

When a load is not applied at a joint, we usually use an
equivalent load system ...

D M,=0

L—sF

= K=

> M, =0

= F2=£F
L

The bending
experienced by
member ABis

treated separately.

25



example: Determine the force in each
member of the double scissors truss in
terms of the load P, and state if the

members are in tension or compression.

Fop=F,o=-2P5/3
Fpp= Fre= P2
FE,3=Fp=-P\2/3
Fyp=Fpp=5P3

Fyp=2P3

6-01/84

Supplementary HW Problem

(will not be collected)

1) Determine all member forces
for truss #1.

2) Determine all member forces
for truss #2.

3) Let all members in trusses #1
and #2 be of the same material
with the same cross section shape.
If buckling is neglected, which of
the two trusses do you think will
be stronger? If buckling is
considered, might your answer
change? Explain.

(Buckling will be discussed next

lecture!)
6-°v/84

12/2/2025
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Vector Mechanics for Engineers: Statics
Sample Problem 6.1

SOLUTION:
9.0 kN 4.5 kN
BN . » Based on a free-body diagram of the
5 o . o o entire truss, solve the 3 equilibrium

T equations for the reactions at £and C.

24m  Joint A is subjected to only two unknown

member forces. Determine these from the

‘ # joint equilibrium requirements.

=—3.6 m ! . .
1.8m ¢ In succession, determine unknown

member forces at joints D, B, and £ from
joint equilibrium requirements.

"18m

Using the method of joints, determine

the force in each member of the truss. . A1l member forces and support reactions

are known at joint C. However, the joint
equilibrium requirements may be applied
to check the results.

S rtlls Cpnmdaa 1kl 5 (5505

6 - °v/134
: Vector Mechanics for Engineers: Statics
Sample Problem 6.1
i o SOLUTION:
9.6 kN 4.5 kN y Gy
3.6 m—J~—36 m—=] ~* Based on a free-body diagram of the entire truss,
3 z ! *&’ solve the 3 equilibrium equations for the reactions
/\ 24m at Fand C.
¥ 7 1 4
D E 3 ZMC = 0
L =(9.0kN)(7.2m)+ (4.5kN)(3.6 m)— E(1.8 m)
E=45kN1T
YF,=0=C, C,=0
SF,=0=-90kN - 4.5kN+45kN +C,
C,=31.5kN{
Sty mmdazms ialalS 5 (5591055
6-°¢/134

12/2/2025
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Vector Mechanics for Engineers: Statics
Sample Problem 6.1

9.0 kN 4.5 kN Cy
~—3.6 m—=}=—3.6 m—=|
A VB ¢ G
™
24 m
D] F
. ‘E + Joint A is subjected to only two unknown
o 38 m—f member forces. Determine these from the
joint equilibrium requirements.
9.0kN
L 9.0kN _F, _Fy F,; =6.75kN
e ° 4 3 5
: g 9.0kN | 5\ J4 F,,=1125kN
K ;
TR e Fap
) F 3
Y * There are now only two unknown member
forces at joint D.
Fou=1L25kN g L B
F 45‘ P Fpp =Fpy Fp, =11.25kN
4 G -
ity ME Fpp =2()Fp, Fp =13.5kN
6-2°/84

: Vector Mechanics for Engineers: Statics
Sample Problem 6.1

””E s ﬁmif ]:3 s * There are now only two unknown member
A Y8 e G forces at joint B. Assume both are in tension.
>
/| 4= YF, =0=-45-4(11.25)-%F,,
D E ] Fy, =-37501b Fy =16 9kN
1.8m Som 1.8m

YF =0=F,.—6.75-3(16.9)-3(16.9)

Fye =+23.63kN Fe =23.63kN

* There is one unknown member force at joint
E. Assume the member is in tension.

Fup=169kN Fag ZFX =O=%FEC+13.5+%(6.9)
%\ %4 Fpe =-394kN Frr.=394kN
T
Fpp=135 kxT
E=45kN

6-°1/84

28



: Vector Mechanics for Engineers: Statics
Sample Problem 6.1

N $RN Cy » All member forces and support reactions are
~—23.6 m—=}=—3.6 m—>|

” s o known at joint C. However, the joint equilibrium

; T requirements may be applied to check the results.
24 m
\/\,/\ VAR YF,=-23.63kN+2(39.4)=0 (checks)

D El
T SF,=-31.5kN+%(39.4)=0 (checks)
==3.6m
1.8m 1.8m
C,=3L5kN
Fep=23.63kN
- . = ()
G
[
3
Fep=39.4kN

6 -°V/84

Structural Analysis

The Howe bridge truss is subjected to the loading shown. Determine the
force in members HD, CD, and GD, and state if the members are in tension
or compression.

Given: truss and loads
Find: force in members HD, CD, GD

40 kN
30 kN

20 kN 20 kN

(5 el (oo 1SS 5 (5515

12/2/2025
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Structural Analysis

40 kN

30 kN

20kN 20 kN

S riellpd s el 5 55915, 6-°3/134

Structural Analysis

40 kN
—T_f 16 m, 4@ 4

S riellgd pmmdams alaS 5 55915, 6-1+/134

12/2/2025
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Structural Analysis
S$ampgple Problem 6.6

40 kN
ad

S riellpd s el 5 55915, 6-"1/84

Structural Analysis
Samplo Problom 6.6~ Solullon

1. Draw a line to cut all members of interest CD, HD, HG
Note that there are 5 unknowns (1 reaction forces and the forces in 4 members)

3. Use truss equilibrium to solve for E, and Method of Sections to solve for 3 forces in
the members.

4.  Use Method of Joints to solve for member GD

Free Body Diagram Truss Equilibriu m

> M,=0

E,(16)—20(4)—40(12)—20(8) =0

il e sazme 1palaS 9 3108 6-"Y/84

12/2/2025
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Structural Analysis
O )
$ampile Problem 6.6
Method of Sections
Moment about C
> M,=0

- HG(4)+Ey(4)= 0
F,; =45kN (tension)

Moment about H

> M, =0
E,(8)-F_,(4)-40(4)=0
F, =50kN (tension)

Forces iny direction
> F, =0

E, —F,, cos45°-40=0
F,, =-7.07kN (conpression)

(8 el (oo 1SS 5 (5505

6-17/84

- Structural Analysis -
- gample Problem 6.6 -
Method of Joints
Joint D
>F, =0

F,,—F,,cos45° =0
F_, =5KkN (tension)

Fpe D Fpg
Free Body Diagram

6-1

(5 el (oo 1SS 5 (5515

£/84

12/2/2025

32



o Structural Analysis

The tower truss is subjected to the loads shown. Determine the force in the
members BG and CF, and state if the members are in tension or
compression. The left side ABCD stands vertically. 2kN

Given: truss and loads

Find: BG and CF

D’-r2.5 m-|
3 KN —

Solution: i

S

6 kN —

5

o ;

=]
;

|3
I
]

(8 el (oo 1SS 5 (5505

Structural Analysis

2 kN
Dr—-2.5 m-]
3 KN——e=—A
4m
6 kN S F
4m
B
6 kKN »

(5 el (oo 1SS 5 (5515

12/2/2025
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Structural Analysis

2 kN

D |‘2.5 m

(8 el (oo 1SS 5 (5505

Structural Analysis

(5 el (oo 1SS 5 (5505

12/2/2025
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Structural Analysis

Sample Problem 6.7

2kN

{ \
L2.5 m ) \ 4
5 j (O “_
3KN E o

..“" W 6 kN;

6 kN

(8 el (oo 1SS 5 (5505

Structural Analysis

o 0
" ;“‘I Sample Problem 6.1- Solution
2 5 0
o / ; 4'7\ 1. Draw two lines to isolate the members of interest BG, CF
o 2. Note we only need to solve for two members (not all)
6 kN L F

6 KN

3. Using the method of sections, considering the top of the

12.093 truss, will result in at most 3 unknowns for each cut.

4. The equilibrium equations for each cut are sufficient to
find the desired forces.

ZMC‘:O Cut #1

i g J25)= i g J - GXe)-(@Xz9)=0

F,, =-5.71kN (conpression)

> F.=0

1.5
Fopl — = [+ F4+6+3=0
F5[12.093J -

F,. =-829KkN (complessio n)
Free Body Diagram

12/2/2025
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Structural Analysis
$ample Protilom 6.1~ Solution

AN Cut #2

> M, =0

12 12.093 —F,, 12 2.544 1.5 _F,, 1.5 4
12.093 12.093 12.093

—3(8)—2(2.5)-6(4)=0

6 KNi

6 KN 15 F.; =—15.26 KN (compression)
Fge
. Free Body Diagram
BA
F 2 F.=0
o 1.5
- Fep FFG[IZ'WJ+FBG+6+6+3=0
. AB G )
t Fy; =—13.1kN (compvession)
§/4)
bam

(8 el (oo 1SS 5 (5505

SOLUTION:

* Take the entire truss as a free body.
Apply the conditions for static equilib-
rium to solve for the reactions at A and L.

* Pass a section through members FH,
GH, and G and take the right-hand
section as a free body.

5kN 5kN S5kN
el « Apply the conditions for static

equilibrium to determine the desired
member forces.

Determine the force in members FH,
GH, and GI.

S5l e S 5 55510,5
6-VY/84

36



1kN
1 kLF 1kN - SOLUTION:
. 1 k‘:; DIl gl KRJl * Take the entire truss as a free body.
i Apply the conditions for static equilib-
cl El ¢l 1 K #& rium to solve for the reactions at A and L.

y y
5kN 5kN 5kN
6panels @5 m = 30 m

SM,;=0=—(5m)6kN)—(10m)6 kN)—(15m)6 kN)
—(20m)(1kN)—(25m)(1kN)+(25m)L
L=75kN T
2 F,=0=-20kN+L+4
A=125kN T

il e sazme 10alaS 5 5318
6-Vr/84

y JLN * Pass a section through members FH, GH, and G/
"i-»._ and take the right-hand section as a free body.
L/

I
5kN 5kN 5kN I
12.50 kN n

» Apply the conditions for static equilibrium to
determine the desired member forces.

ZMH = O
(7.50 kN Y10 m)—(1kN)5m)— Fg;(5.33m)=0
Fgy =+13.13kN

Fgr =13.13kN T|

S5l e S 5 55510,5
6-Vi/84

12/2/2025
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Vector Mechanics for Engineers: Statics
Sample Problem 6.3

tang =29 2 8M 05333 428070
GL 15m
2Mg=0

(7.5kN)15m)—(1kN)10m)—(1kN)5m)
+(Fpyy cosa)(8m)=0
FFH = —1382 kN

\Fry =13.82kN (|

GI 5m
' tan f=—r = =0.9375 ~43.15°
f-4315 i an 8 HI %(8m) s
Il N YM;=0
i L o )00 m)+1kNXs m)+ (g cos pY10m) <0
5m 5m

Fgy =—-1371kN

G
Fy cos B

|-—5m

Fgy =1371kN C|

simple example:

Say we want the
internal forces here

S riellgd pmmdams alaS 5 55915, 6-V1/84
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Procedure for truss analysis:

Example 1: Find the internal force in member BE.

A/

S riellpd s el 5 55915, 6-VV/84

1) Find the support reactions.

LE=0 Ay
2E=0 }_) A,
>M,=0 D,

S riellgd pmmdams alaS 5 55915, 6 - VA/84

12/2/2025
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2) Make a cut that passes through the member(s) of
interest. On FBD, introduce the unknown internal forces.

A

S riellpd s el 5 55915, 6-V3/84

2) Make a cut that passes through the member(s) of
interest. On FBD, introduce the unknown internal forces.

il

il e sazme 1palaS 9 3108 6-A/84
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2) Make a cut that passes through the member(s) of
interest. On FBD, introduce the unknown internal forces.

Cut aa introduces four unknowns whereas cut b5 introduces
three. Since we have only three equilibrium equations, cut bb
1s the better choice. e

Using eith
D sowe 20N fa
S F=0 F
equilibrium 2 y }_) BE
DM =0 Fye

equations p 6- AY/84
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example: Using the method of sections, determine the
internal force in member AB.

T =424 N (tension)

S rtellysl e dazms taaliis g (55915,5 6-AY/84

MF4
example: Determine the force in each member of the truss.

)
& S

m=12, n=6
m+6=3n

But first, is the truss S.D., S.I., or a M?

6-Mt/84
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Slide 84

MF4 S.D. Statically Determined
S.I. Statically Indetermined

M. Mechanism
My FriendY«/+¥/Y++q ¢



example: Determine the force in each member of the truss.

n
& S

F5=—-6 KN, Fy=-8KN, Fp;=-9 KN, other ;= 0 or unknownp, .
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