Moment of a Force — Scalar Formulation %
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Moment of a force about a point or axis: “Moment sometime is called Torgue”

A measure of its tendency to cause a body to rotate about the point or axis
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Moment axis

Magnitude: M= Fd (Nm)

d
F (8]
where d ”perpendicular distance” from Oto its line of action of force \

(a) Sense of rotation

Direction:

Direction using ”right hand rule”

(b)
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Moment of a Force — Scalar Formulation Pﬂ

6jliall
Resultant Moment: Fy
s Mo | My y
bl
M, _= moments of all the forces =), Fd 30/ :
. a3/ M,
Example 1. For each case, determine the moment of the force \<
about point O. q
| | A
100N | ' m | ! 3m 2m
| X | \ \
0 ]l of=} =130 f 40 kN
%) 1 Sse 18in 45°m ¥ _| i
___________ [ I L
50 N —= %0 kKN m S
Solutions

M,=—(100)(2)=—200 Nm M,=—(50)(0.75)=—37.5 Nm M =+(60)(1sin45°)=42.4 KNm M _=—(40)(4+2c0s30°)=—229 kNm
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Moment of a Force — Vector Formulation P:\
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| ‘ Aoy,
®* Moment of force Fabout point O can be expressed using cross (vector) product .y
— . — ""\-..\_‘____r"
My=rxF  Handwriting: M, =rxF |
A r '5'
* Magnitude: For magnitude of cross product: M, = rFsind. F
Moment axis
* Treat rasasliding vector. Since d= rsin©, —M,= rFsin® = F(rsinB) = Fd
* Direction and sense of M are determined by right-hand rule. -er A
B Y
~—

Principle of Transmissibility: -
:QXF
The force F acting on rigid body can slide and the cross product properties

allow to write: M =r, X F=r, X F=r; X F

For force Fapplied at any point A moment created about Ois: M

r

=1t Au, r XF=(r,#A u )JXF=r,X F+Au  XF=r.X F+0=r,X F
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Moment of a Force — Vector Formulation %V
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Cartesian Vector Formulation: For force expressed in Cartesian form,  yjoment ¢

— = - = — - - . axis
F’:rx| -|-ryj-|-rzk and F:FX| +ij+FZk,thevectormomentls: \ F

.
/A B

In terms of the components, V. .z

M= rxF=1(rf,— rzl—:v) +j (r f — r.F)+k (r f,—r,F) /
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Moment of a Force — Vector Formulation Pﬂv
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Resultant Moment of a System of Forces

Resultant moment of forces about point O can be determined by vector addition

M, =.(rxF)

Varignon's Principle

“Moment of a force about a point is equal to the sum of the moments of the

forces’ components about the point”

Since F= F,+ F,,then M, =rxF=rx(F,+F)=rxF +rxF,
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Example 2

Two forces act on the pipe system. Determine the resultant moment they I, = [—60i + 40 + 20k} kN

create about the flange at O. Express the result as a Cartesian vector.

0 A
Solution: o
’ ,x"+
Position vectors are directed from O to each force as shown. x s m

Sm

r, :{ST} m and T, :{4T+5f—2I(} m

F, = [80i + 40j — 30k} kN
The resultant moment about Ois:
"U

Mpg_ = (30i — 40j + 60k} kN - m

‘\rf); —39.8°

~ _p=121°

™
ﬂ:ﬁ?.?/ﬂ"
.

Mo =D (FxF) =1, xF+f, xF, ={300 ~40j +60K | kN -m

o

5/19/2025 https://manara.edu.sy/



Moment of a Force — Vector Formulation %V
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Example 3:

Determine the moment of the force about point O.

Solution:

The moment arm d can be found from trigonometry,
d =(3)sin75°=2.898 m Thus, M, =Fd =—(5)(2.898)=-14.5kN-m

Without using the arm d, the moment can be found from the components by

Mo =[d,F,|+[d,F,| =-(3c0s30°)(5sin45°)-(3sin30°)(5c0545°)=-14.5 kN-m

=-15(sin 45° cos 30° +cos45°sin30°) = —15sin 75° =33 ]
F. = (5 kN) cos 45°

= (5 kN) sin 45°
- X
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1. Force F acts at the end of the angle bracket in Fig.
Determine the moment of the force about point O.
AL ol 25lilieg Aslagur whlus @ gLl Glus Cllaty idumgs
o Lo 3 (S J) Fo9all bt L8] 0 1) Lt
(W) gl e Jadl (iSGg ( JSA e F=400N
Mo/p = Mo/r, + Mo r,

= +(0.2[m])(F sin30") — (0.4[m])(F cos 30")

= +(0.2)(200[N]) — (0.4)(364[N])

= —98.6 Nm

a3 85La) ) slis¥l (2 Sl Lidg callazy W oy Jells LoDl LeSs
oS, e S

04m-—

F=400N

Fy =F c0530°§
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F=300N
2. Determine the moment of the force about point O. | DAV

olus O alasMe pe Jd) (88 . Gsluad| dymmgad) 2l
1S ST e o Ldls] s cdbazy a6 £153

MO/F — Mo/Fx + Mo/Fy

= —(0.3sin45)(F cos30") + (0.4 + 0.3 cos 45 ) (F sin30") F = F sin30°
y

= —(0.212)(260) — (0.612)(150)

= +36.7Nm
O
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3. Determine the moment of the force about point O. ‘-—100 mmﬂﬁaj
Neglect the thickness of the member.

ol o 8asDle o Jondl (35503 3Ll sl =
S USAd! e one Ldlia o ety (ST (£1)3 m 4 e
O
Mosr = Mo/r, + Moy, «—lOOmm—-—
= (0.2sin45°) (F cos60°) —(0.1 4 0.2(cos45°) + 0.1)(F sin60°) F,=F §;n60° .
- _11.2 Nm A

F, = F cos60°

0.1+ O 2(cos45°) + 0.1
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4. Determine the resultant moment

produced by the forces about point O. 0125 m,

Ool=iis F, o F oSl o Alasdle a @slad ) duzm gl s
ovila ol Tuad  JSAT) e ol cnisdl (e S (ye
S, Loy L Ul S0 e Logones @ oamSoll ok

Ab Ly JSA e Loas| s

0
F, = Fy, + F,, = 500(4/5) + 600 cos 60° = 400 + 300 = 700N

E, = Fy + Fyy = 500(3/5) — 600 sin 60" = 300 — 520 = —220N
0.125 m,

Mo +F) = Mosr, + Mo/,
= —0.25(700) — (0.125 + 0.3)(220)

= —269 Nm
0.25m
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F, =500 N
i %

0.3m——- 3 3 deol A
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/
ANy 60°
F, =600 N
Fl = 500 N
5
3
0.3m—- 3
700 N
} >
AN 60°
220 N
F, =600N
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5. Determine the resultant moment produced by force F;and P

F_-about point O. Express the result as a Cartesian vector. Z4

pradl sl igllally due |18 (S9all L (Aaslud! pgdl ilud) Cadlsy
iogllall I Jgimsll 2l @lghasedl adid . Jiazme g laiS ‘:l

MOZFAXFB‘I‘FAXFC i /"
lapalesl e Bus gl slada (naiud Fp 9 Fp (gl (slad apus=dd Fc=420N

Fr = 7801 (0)i +2.57 — 6k (0)7 + 3007 — 720k
g 4B~ J0+ 6.25 + 36 / =

27— 3] — 6k . . R 2 i g
V4+9+36 o

ol slpl mazi Ty = 6K:50 A Aaiall pinga glads of dasdlasy < S

Pasadl g bk olusd (sla il ’

M

.
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ﬁc —_ 42017’:46' —_

MO —_ FA X ﬁB +FA X F_>C —_ FA X (ﬁB-I_F_)C)
= 6k X (1207 + 1207 — 1080k) = 720] — 7207 = —720(¢ — /) Nm
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