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ATEIRRRY B (312312) ENGINEERING MECHANICS (312312)
Yloh-1
IereroaTer arer 3= (ferfwear wefi)
(Simple Lifting Machine)
Torea fa=t: (Course Outcome) : feciean wife [LRRIRRIIE pRCRNIERECEN

ek fwa=ht : (Unit Outcome):

o TIH=AT FHRITHIIT TN HINH=T TR T3ET,
o fEciea greaT Tl aefivg SATavTsh TaeT=iT SATOT SISt TOMT ol

o facican SISt Aefia=ar STt (Law of Machine) TSdTeaUlt &l

® NTeNTEAT AM=AT TUNEE fciedn AefiaTe! Friemdes Aeas The (Efforts) FHiara

.

1.1 =rear fAfedT et Hehedat
TETe Y IUHT S FifHeh b ST Hd, TEe d 3ok AATIET seetcl 3d o
Tcdeh YT Weh T o 379 o @ W WhiAqqol ek fAIfRTS i od, amelT Jefi 379
FEUTAT.
ITEXT: RIS Wi, TF Sieh, TSI #=fiv, wror Aefid, CNC Wi 3.
T wefit & «1g (Load) Secivam@Tdl aTated! SITdTd. #efi=ar Tht foige The (Effort)

(P) TN shefl STl SATO7 qfi=redt g=4 fefger &1 (Load) (W) SeTell ST,
AT TTeAter 3 TR 37 ITehaTa:
1. gt |7iiH (Simple)

2. UTHE B (Compound)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

RIBRNIE)

AT ehIT=AT HYHHE Uhe (Effort) SUATETS! %ok T foig AT AArg@Tal (Load) Teh feig.
Il T Toh |t A0 HTe. IeTe: TAleey, T S 3.
HUTHE A

AT TR HHE e (Effort) SUTT@TET HATMOT AIGHTET (Load) THIUE ST fofig.
Iard. f& ush Sarse fohar faT® (Complicated) =M 3R, Serewor: fuifdm aef, <ier aefi,
[GISURHICES

1.1.1 HEAT=AT sTqEat

g Load (W)

THS / SR AT IJacted SR I9H FUIST A1S FeUITd. & 'Socd’ (W) T8I axfforcd

SITd. e Teheh = (N) fofalt fohedl-=Ie (kN) 3Te.

TEE Effort (P)

AE (Load) ITAVITETST ATaTTh AT ATHL hedT ST Tl Uhe. (Effort) TeUIATd. §

'P' & SRt ST, THES Toheh =2 (N) foham fohell-=e (kN) 3.

Ueh{AeheT 3TgegT-et (Mechanical Advantage) (M.A)

HTIU IASAAAT A (W) T AN sheled THE (P) AT TONRIAT Hob ol 3HEegT-ee

FRUIdTd.

Ieereren @ (W)
aracrer Tk (P)

Ooh{ehcT 3TgegTes =

Teh ehe] 3TSegT-oSTcAT Uehdh ATal.

2|Page
MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION, MUMBAI



Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

AT U (Velocity Ratio) V.R
THeH (Effort) Bacial 3t  dle (Load) Bcieied SR AT TUMIrE T TUM 314

TRV,

- qqé% (Effort) seei s (y)
aWT @reat (Load) et 31 (X)

VR =

<=

éﬂ TPl Kenen A d.

i $79< (Machine Input):
2 TfieR Sheret i o1, Tt wefiamed 79e qeiersmo Histet ST,

il $7YC = THE (P) x ThES Beeted e (y)
W =P x y
Y P = THS (Effort) AT y = ThH Felated 3faX

A=l ATIEYE (Machine Output)

2 HYEN sholed Teaed e 3TTR.
TR ARPLYE = AT (W) x WAlSd geteled I (x)
WWZWXX

BPj

W = A€ x = dle o goloil 37T
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

Uit shrdermar (Machine Efficiency):

W1 ATSLYE o YL FT=AT TUICRIAT ARl SAEFaT 6 FeurdTd.

O

ESRG

V)

n:

T TN TFhal il % =T TEUTd raferet ST,

1.1.2 fregfiae wefim

SieeT Wi The (P) OOl i SIhall STl o WA Wk caT=dl AileHes 3o
o 9 vaTE "em Id doeT 1 AR egfdeaer Axfia Feeet Sid. SaT do6d THS

QUITUT TG Tl SITdl, do8T AT sheled 1 HT3LYE UAST 399 BISe o 39 3G © HN0

THEAT (Frictional Loss) SR 316,

1.1.3 AW feefdaer wofm / sfEdda fhar dew wifer @it (Non-
reversible/irreversible or self-locking machine)

SieeT HRIaS The (P) IOIT01 g hedT-al Yol HRi SAIgaT faRIM I Huad
eI TG, ot AT BT A1 fegftieret aia / staftadrr fahar e e asita reurara.

TR 91 Fegfiaet rvam=l 27 Ut FeUrsl =t shA&THdT 50% U&TT ST T9Tdl.

n< 50%

1.2.1 3TTET A, (MATSA) (Ideal Machine)

Tt HRiTEAT 100% ST T 6T Feuee AT A ST
ST, AT fSehTOM, STSLTYL B SYE=AT SISl T8, AR (HTATSe) Hefel Jfred:

1. SRRt 100% 318

2. AL =TT

3. g8 (Friction) [ MR

4. M A=V.R
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

1.2.2 TofaeiteT aquTT=it GeheuT (Concept of friction)

TR ST SioE $YE IAT T HET 99 of AE (Loss) Tedsh ARIHES B
3. AT Tgd%h 93T BT A (Loss) HWUITHSS Eldl. & STHUATT Ueh WA FRUIST A=t
HTAETAAT HISTOT. SUMTES BV ATE @TeiTel T = &1 STEedT 3.

THS (P) =T IV AT

TS (W) STATITHEY BT AT

gHST,

P = TS IAATATHTS! W&l ARTAAT The (HRA=! S0T AEITA H3oed) I 7edl (N))
Pi = TSI THS (WRIA E0T &1 7 BilT) =2 7ell (N)

W = Tca&1 ST ATS (FRI=! By &I Be) =2 7ed (N)

Wi = ST TSI IS (WA BT &I  BHlT) =2 7edl (N)

P, = EIY0T HTCATHS The =T HTAel A =2 7e3f (N) (Loss of effort due to Friction)

W, = B0 TS TS =T AT re =42 7 (N) (Loss of Load due to Friction)

ENUITHeS The =T FATIAT AT (Py)

HTAT ST P, =1 oA HTear ATerel ST Uk SRIfSaet 7= AT, STl HIeld 3o
fop sTrafeaer mefi=h sefemar n = 1.
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

M.A
Ry

M.A.=nxV.R

HTT ST0T W=t fehHd shicT. ITHTST ST I8T Teh ATSAS AT T SIeTeT HIeld

IR T srafeaet wefieh srfemarn = 1.

M.A

N=Vr

MA=NXVR
Wi

—=1XV.R

P

W=PXVR (5)

TR (5) Aefier Wl fohme aefteror (2) et 2reht

W=PXVR-W...ooooooerrii. (6)

1.2.3 ATRIATES (Ideal Efforts)
BT TES (P) T8 S WI=AT 100% FRITHTSR (TEUIST TH0T THAMT) TR W Ierdl.

ST THATH, ARSI AR
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

M.A=V.R

TR STATITHATS!, STEA I The. (P) TeHT T3 ThHSUaTT STEd aiiest (Pi), P > P,

1.2.4 AT e (Ideal Load)

(W,) BT 9T 3718 ST P UHS 7 STTAT ST S1ehal, TSI AY-ETST, hivTde! ST .

M.A=V.R
Wi
—=VR

P
W.=PXVR

1.2.5 9YUTTA A TE STTAAT AT JTIUT THUTTA AT ATAAT Uhe
Hex HRAFETE, FEEHA 100% 3Te, FeUS,, el B90 ARdcdrd Al i
R Tcish FAHE eH! HIel THTUITG =60 3THd. Hes, U IAATATHIS! HTTIF

AT ATEA ek The, & ARSI The, &TT TgH = HIaT 379l

P >P,
YU AT SATAAT TS
YOI A8 STAAT UhS 1 (P ) =P - P,

aﬁmmaﬁuwﬁwmra)f)zp-%
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AR FAERT (312312)

ENGINEERING MECHANICS (312312)

AT, faeiedT THE AT HINUITHes, SRfeh A Serell STl al JeHT STrafead e va

T AT, FEUN, W> W

YT @A SATAAT ATS

YOI ATE STAAT ATS (W) = W, —W
U AT AT 1S (W) =P X V.R -W

1.2.6 WhiAeheT sigseresT

e . w
HehlHeheT 3{Segl~dSl = FIRRRERTRERENE (1)

eq | &Y p o SEA HA SATP =m W + C

ie. (m + %)
M.Aﬁ%TGTRﬂHWW%=

C
—=0 eq TEA 34T (2)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

Y=l HHTE HTITHAT
_ma
N=7xr
MA 1
_FEMA
n= V.R V.R n mXV.R
1
% HETST N = 1
XV.R
ISTE0T

ISTEIUT 3. 01 - TohT TorfUeT AefF|ed 120 N ST A€ 5 cm STa AT ST, SIsaT P Uaal

THS 70 cm ITaeRe ATSAT ST, S A= hRITHdT 60% T8 dogn P =it foha e,
I

ITAAAT A (W) = 120 N

THE Bl 3 (y) = 70 cm

Fﬁ@%%ﬂ@ﬁ?ﬁiﬁ?(x)ZSCm

FTRIETHAT (1) = 60

P =it fohma = 2

T Hifed 3Te foh

(i) Heh{eoheT 3 EegTes M.A=¥ = %
(i) 3T R VR = =7—50= 14

(iii) HTIITAT (N%) =%X 100
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

120
o/ — P
(N%)=—L-X 100

120
P X14

(N%) = X 100

120
P= X 100
% X14

120
P:
60 X 14

X 100

P=1429N

ISTET 6. 02: THT G 220mm =T a0 410 N =1 e ST, AT IisrIe=a = 67 N
ITTES 1.9 m 4 EATAT AT, T

(1) ST oI

(ii) TehfTehet SRS

(iif) EroTr=T gftomy

(iv) SHreTwar

3IdL-

IAAAA AE, W=410 N

ATTAAT THE P = 67 N

Thdd gl 31T, y=1.9 m =1900 mm ....... (1m=1000mm)

e A AT, x=220 mm

) TN - w
i.  Heh[Hohel Heeg-sl, M.A= -
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

M.A=——
67

M.A=6.119
1900
i, IR VR =2 =—— =8.636
e X 220
M.A
iii. acra‘&awm%)zﬁx 100

(N%) =2 100
8.636

(N%) = 70.85%
iv. =T 9oy (Effect of friction) =?
SATIITAT HTTed TR TR,

ETNOT SATeATHos THe =T FTetell i (Py)

w
Pf: P -
V.R

410
Pi=67 - ——
8.363

P;=19.52N
T TGS TS =T FAera Ard (W)
W;=PXVR-W
W, =67 X 8.636 — 410

W;=168.612 N
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AR FAERT (312312)

ENGINEERING MECHANICS (312312)

IETEOT 3R, 03:THT faftder wefiwea 20 N =41 Uhd Hed 900 N =T WlE IJ=eredt el S

HRA= TSI 52% U T Heh{ohel 3TSeaT=esT d ST TUTTTR M.

I
FIAAAT ATE. W = 900 N

AT The.P = 20 N

HTIFHAT 1 = 52%

(if) T OIR V.R = 2

ATITAT HTfEd TR o,

M.A
ﬂ%:ﬁXIOO

n %

VR = X 100

45
VR =—X100
52

V.R=86.538 N

IETEY0T 3. 04:TehT fAftT wefimed 21 N =41 The Hed 800 N =1 A IoAcTal 11T 3T T
Heh eheT STSRTeSl fohdl STETT? AT A=l SHTHETHAT 62% STEITH ST UMK (V.R) T,

I

FHTIIHAT = 62%.
IAAAAT AT, W= 800 N
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

AT The, P=21 N

. SN - w
1. Heh[Mehed HASSEI<ST MLA. = ?

M.A =38.09 N
ii. SNTTURR V.R =?

SATIATAT HIEd TR T,

n%:Mxmo
V.R

M.A
n %

VR = X 100

38.09
VR=——X100
62

VR =61.44 N

ISTEUT 36, 05:TehT foaftdm wsfiwea, 22 N 3107 32 N TS SUAvATEE! SFshH 6 N 3107 7

N T The AT AT, SR ARAF=T o MR (V.R) 20 30 R @ittt st iz

(Determine) <hl.
(i) mrefie=r
(ii) 22 N 37107 32 N =1 IS Heiferd shrierdar

(ifi) ST-eT SToRLITIHE SI8UT HTeATHes Uhe =T Heell wrd (Effort lost in friction)

(iv) AT ARG TrETa SITETd ST fohel| ShTAETHAT 3TUTRTd 312, (Maximum efficiency)

3JL-
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AR FAERT (312312)
(1) =it f998 (Law of the machine) = 2
ENIEEIREDE)

P=mW-+C

Y P = ATTAAT The

W = ITAAAT TS 'm' AT 'C' B S Feeien o112

ATAT, AS/TW =22 N P=6N

ARTW =32 N P=7N

BIREZ MR MIE 2 IRE RIS TR

6=2m+C....... (i)

I=10m

1

10

m=0.1

ENGINEERING MECHANICS (312312)

m=0.1 & fohma wfierter (1 ) wea Zrepan, = SATeaTa fHesd

6=22X01+C
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AR FAERT (312312)

C=38
AT HA=T o ety o 9 g
P=(0.1W+3.5N

i, hIEeTHdT ?

ﬁogl, W=22Nand P=6 N

. 5 w
Teh{-ohel 3TSoaTS, M.A = -

22
MA =—
6

M.A =3.67

AT feetet 31 foh, ST OMRR VLR = 20
M.A
N % =—— X 100
V.R
3.67
N % = =— X 100
20

n =18.33 %

@ogl, W=32Nand P=7N

.o . w
HehHehd 3geglesl, M.A = -

32
MA=—
7

M.A =4.57

HTIRTAT faeiet T8 foh, ST TR V.R = 20
M.A

N % =— X 100
V.R
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)
4.57
N %=——X100
20

N =22.85%

ii.  EOT FeATHes UheE o FTCIct ¥ (Effort lost in friction) =?
ECH
W=22N,P=6N

EIO HTATGS THE o SHTelel & (Py)

w
sz P-—
V.R
22

P=6-
f 20

SiegT,
W=32N,P=7N

EIT STeATeS The = Heie A1 (Py)

w
Pf: P -
V.R
32
P=7-—
20
P=54N
fii. STt STEd shrRierdar (Maximum efficiency) = 2

A= ST ST Sh e

1
n= X 100
mXV.R

n=50%
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

1.337T& (GRAPHS)

1.3.1 1S v/s THS (Load v/s Effort)
S v/s THS =T 3T 8T Teh T LT AR, St y-axis T 'C' AL 337 T Hd o
[ TS T STH0TTHS Sleied Uhe A Sfferdl.

Load (W)

1.3.2 IS v/s ATATSITS THSAT

AT v/s ATATSIHT THEHT ATed HTHATHE SRITATIHTO Heasig HEfT SITUTRT Tes T HATE.

[N

‘Y

Ideal
Effort o
(Pi) °
-—
O X

Load (W)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

1.3.3. A v/s Weh{eheT STETRTCST
IS v/s Hohiehal 3Seales =1 A & ds 3R S0 A TRdT 2.12 7L

SIATIHTO sk IR, TESTET TS ITedl qEdaT Hoh{ohe] HSeglesl i dTedl SATfr

T TBTR AT Il (Curve) TSI (Smooth) Fd.

T —

Max. M.A. = 1/m

x)

0

Load (W)

1.3.4. TS v/s THRRART HIELATAT

AE v/s % FISTIWADT g Wiefiel 3Tkl 2.11 HEA SRIATIHIT T3 3T,
SESHT A€ (Load) AT, FHRIGHAE! Zaehal] SEid ATed T @THes 88w ash (Curve)
TSI (Smooth) Sl I ATSASITAT HTHUT &F-HETR (x-axis) FHHI-3(eH GHIGT 7l

1.3.5. "fa=n fFam (Law of Machine)
Tefi=T o &1 et ThE (P) T Seeiaiel |l (W) Jreamefie Hee gtaT,
HITET AIFHTS THS (P) T Al (W) Ti=T ST Ueh SATeid TG R Al TehT Tles (o

qdqYg 33”3(‘“.
|
| »C/ ,(,"/
Effort o
(P) ° ”2/,/"'? (X2, Y2)
/‘8'7/7-.‘
(X1, Y1)
C ‘
%\ -
ll]
) Load (W)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

=l ST 0 A ST el Tig y- ST C foig A1 0eh 20w Tl S afferd shi shefes
LRSI RIEEICE (Frictional resistance) HTd FLOATEATST ThS =T FTAAT AT ST, T’ 'm!
STCRET= AR Siferdl.

P=mW+C

 gefiertor wefien e weuE sieEe S,

W, SO W, ATere ST feertieh 'm' 3101 'C! =it fehAe @IS HIOT <hig Srehall.

Pb=mW,+C................... (a)
Po=mW,+C ovvvvvveneennl (b)
FHIHIIT (b) & HHISHIIT (a) A I TS

P . P,=m (W,;-W,)

P,-P,

m=——
Wi =W,

'’ =t FoRHA THIRTT (a) e SToRTl, 7T HATA0T foig Srehal

P1—P;
P] = W1+ C
Wi—Ww,

C=P,- (;;1:5;2) Wi oo, (d)
Tyt e aT
o T3faTed Teur fohef} 3R © IMYvAETEY. (¢ =37 "), i.e ¢ (y intercept) = T oL,

o 3fIF YR ITAITETST fohct TRIcA Shird ANT T AT SETST AT,

o IfoIh AR SITEd T SITEd Hehfohed 3IgogT-esT ITeul,
o T ST SITEd ShIIaTHAT ITLUATHTST
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

1.4. (Velocity Ratio)

1.4.1.fFwfvterer sdter o efeaeT (Differential wheel and axle)

T U W1 B 9 e o AT &9 HTe, rhdl 2.3 Hed Toh fShiRIeTe e &
I IRGfoeicl 3Te. I BC 81 U Al Ifdddl HTe, S i samei=an a9 wrTiared
FAAAT AT,

T B I S TH, Bl A A B I C ® TohI M9E AT SIS ATdTd o
FHITRHT YT BIVITHTST O SiTel S3THISTO el STEdT.

T S TS eI A =T Wiad! T[eTeerel! ST8d. SR T SR Sfadet B =T Wiad!

TeTeIc! S18d d fg IRt et (SATR dAle W ATeeiat 378l Hefd 19 e 37aaat C =1
et TeTeae! A, e C i Jereseia! A & fad B =T el Skt
foreg; TaRI 31d. 7Tt =81t A 9 37t C Il T[eTeseted! St Tehre foxI 31d © STaiTd o,

— T - - T
1,4 it | |

|
++4--EE8 D

HEERIEP &

W

lﬁ
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AR FAERT (312312)

ENGINEERING MECHANICS (312312)

T TIOTH FEUTS, T8l R S8l A WY IeRTSell Sid et Sfeae C = gadl A

Y1 IATSHT ST T AT et B o A GRT Tt SATd. ST foh STehelld araforeiet

TR,

i SR feaes sl = 1id4 - TUd,.

HHS,

D =&l A =T =4,

dq = 9 B =1 M,

dy = HFEd C =1 1,

W = 3AAT STVTIRT TS,

P = AlE ITAITETS! ATl TS

TehT JICHHOT He UhS o forEemod = 1D

HMIHN THT TRYAUTHE, A B I C T T[Slebedn Teiedt SR oAisl SThH =
TUd,, 0T T,

] ATl Tt TR feem fy=T e, 3 d B 9 C &R TSTeEedT

_ (T[dl—T[dz)
U, TRt Are foremo = — A

nD
V.R=

2

VR = 2nD
- T[le[dZ

_ 2D
dy—d,

V.R

21| Page
MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION, MUMBAI

ndq—-ndy



AR FAERT (312312)

ENGINEERING MECHANICS (312312)

JaTeur - fewiivrerer et enfur ofemaer

34T sh.-01

TohT feHifRTeTd =gt 9 SFaamed, sgidl 1 S99 40 cm 3R X 37 =1 919 10 cm

T 8 cm 3R, S 50 N =T THS ATTIHTX 1500 N =T AT ITAAT ST A, T A=t

e s o,

IW-

TS @il 91 =1 (D) = 40 cm

AT ST =1 41 (d1) = 10 cm
BIAT SFe =1 AT (d2) = 8 cm
THS (P) =50 N

TS (W)=1500N

3TIEL T U HTGd 53

_ 2D
di—d;

V.R

2 X 40
"~ 10-8

<

.R=40

Hehehet 3TSegT-eST MLA g 83

<

w
A=—
P

1500
MA=——
50

M.A =30

HTHEHAT TG
M.A

N % =—— X 100
V.R
30

n % =—X 100
40

n=75%
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

IqTEY0T oh.-02

TohT TEHifRTeTd seid o STFIaHed, s8Il =T 918 500 mm 3TTR X 3Tt 97 =39 120

mm I 100mm 37T, ST 40 N =T Th A 1200 N =T A 3TAAT I IT8A T
wgfierelt e TS . qE S ATeaTHes The = FTeied T d SN0l HTeardes dle o

EIGREGICE AN Bl
I
feereft urfedt -

The e =1 ™ (D) = 500 mm

AT et =1 49 (dq) = 120 mm
BIAT e =1 AT (d2) = 100 mm
THS (P) =40 N
s (W)= 1200 N

TG ST TOTI I H9h

_ 2D
dy—d,

V.R

2X500
VR=—7T"—
120-100

V.R=50

Heh[Hehet 3TegT-eSt MLA g 8

w
MA=—
P
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

1200

30

M.A =30

AL G
M.A
N % =——X 100
V.R
30
N % ==X 100
50

n=60%
TOT TGS The =T STl AT

Effort lost in friction (P;)= Actual Effort (P) - Ideal Effort (P;)

P=P-P

1200

Pf:16N

‘EI'EY'UT USSR SIS T ATAAT A

Load lost in friction (W;) = Ideal load (W) - Actual load (W)
W;=PXV.R-W
W;:=40 X 50-1200
W;:=800 N
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

1.4.2. I 3TTUT O SEteT (Worm and Worm wheel)

AThelt WE I AT I T Tt AT, AT Th TS IS B (I T
e SATd) AT Toh AT HHAA Selet (FH el FeU 3T SATd) THHHMT Sgd TAR
EREEETRIcH

— Bearings

[ Wheel
?

=
9
3

Load drum

vp

o 1 Toh T The SRl SiTSeied 3T, ST aR TSTeseied! 3T, heffenedl et
UGS U 58t o T SISt 316 . Toh TS $H I gt o GLieradul searetT STril.

EERICRINC
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AR FAERT (312312)

ENGINEERING MECHANICS (312312)

P = WIS STATATTS ATl ThS

T = 98 seiel 9 STH=AT ST ST

S o T 9IS STES (FEUIST 9 AT TohT IO Hel W gt ek UohT ST 06 @ehatel
S

T, UhS saleT AT Tohall SUSe =T UehT URHHUT e, Uhe (P) & gaietel 3ial = 2 T |

SIS A <t BI0TRY BTt = %‘T{f{w (Revolution)

m(W)émﬁw:%

e P 3 gererel st
i 'V'R_aﬁgw%saaam

I FHTRTOT A

iy
VR =—

r

S S ST JEA (FEUIS IH AT Tehl TRYHUT HEY I S6icl Heh Q1T J6 @eheted SITd )

R S UHS seid =T oI facielr 3/ @d ot
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

ISTETOY - TR HATIOT o7 =T

ITET 6. -01

wehT et e o oTifiT o SEiemed, v sdieeria aratet €@ 70 TR, THE id
=T 341 20 cm HATT 1€ GHET S 10 om T, T UM <1 fehwret shret. wfi=r=it shreemmar
62% T, 1500 N = AIE ITAATEIE! fohel! ThHS ATETET AR of T,

I

ferett wrfeed -

i) o sdietadier gTai=h ¥, T = 70
e . 20

ii) gueet = sl (1) =— =10cm
10

i) @re gm0 =it B (n) == 5cm

iv) Tefiht srtermdT () = 62%

JFTIEL T UM HIG B

V.R =140

Teh{ehed 3igoaTest M.A

w
MA=—
P

~ 1500
P
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IfrifERT AR (312312) ENGINEERING MECHANICS (312312)
Aefi=i ST %N

M.A
%N :ﬁx 100

w
%n=VLRX100

%l = X 100

PXV.R

1500
62 X 140

X 100
P=17.28 N
1.4.3. Riaret u=ier st foi=r (Single purchase crab winch)

3TThel! Hedl RS =i ohe fof= qrafereiel 1T, STTRd e SRAfICITSHIO TehT R aX
Al T e ool sheted TR & ST GH o1 T[STedeied 3T,

Handle

Pinio
/T1

/2

l IHII*’T
)

.

Load drum

[ — =
7 = N
Z =T N
T ="\
Z T =N
A — N
Z = N
_a.ﬁ;_.g‘___ : o ; =
2 | =
oy I L BN
Z \ — X
é = =
é —

\- Spur wheel
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

AR U HichoodT ZIshTell TS 'W' STTSeiell T8, Uh HIS A1 SFeiel saidd, SaTedl
T =@ (Spur wheel) a@r@m%mngﬁwﬁ@@rm ATET Tk dEH I

IHAA B, SATAT T3 (Pinion) 31 FEUIATA o T gl T gl 3R,
EERICRINC

T, = TUf3e1a ot 7aom=an Srat= s

T = T SRl S SFHOT=AT <Tefiil €At

| = Eeari =islt

W = I A

P = TS STAITHET AT The, (ESa ATaeieT)

FeT Teh TNHHUT U7 hedTeR, THE P o Taeiel R =2 T 1,

fuftem 3 e aftywor it v = 1
w@aﬁﬁﬁwﬁwﬁa‘wz%

2

. T
e SH 1 sheled Wﬁawwa%a@T:T—l
2

. T
e W o 8 AT = thT—
2

21T,

4T

SR gecTell sl | ST, TheE et =T SATH [GelT T8 L ST U,
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AR FAERT (312312) ENGINEERING MECHANICS (312312)
3STET 3h: 01
T et o et foer = qusfier wrefier e o,

g disit = 40 ¢cm

IS SH 91 =418 = 20 cm

TofaeT It srEm=ar el = = 16

T g S STHUIT=AT ST 93T = 80

T

1) ST UM VR AT

2) ST Hf=t ShEFeTHdaT 75% 3T a 2000 N =T ASIAAvIEET ANUR Uhe P ffera

B2\l
IW:

IR UG
geardt et (1) = 40 cm

e A A1 (d) = 20 cm

Tt ot STHuIT= Srat= @& (T,) = 16

T Sl o SFEUIT=AT ST §&AT (T,) = 80

g (W) =2000 N

FrIITAT () = 75%
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

IFIEL ST TN (V.R) I o

T

21
V.R==—X
d 1y

2X40 80
20 16

V.R=20
TS 'P' IMYAT, ST HEEHHAT %0

M.A
%N ZHX 100

w
%n=VLRX100

%0 = X 100

PXV.R

w
P=————X100

%N XV.R
2000
= X 100
75 X 20
P=133.33 N
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

1.4.4. T9A UE e &= (Double purchase crab winch)

HTHAT S T el o= IRITe. AT FHRIG T UK (V.R) I oAt fHegeret ST, At
Tt aefmed 29 T S8 STt ST a1d T 31T T4

\

I

W] Z Load

drum

Handle
Pinions
‘:
N — _BH N
N — N
\ B
\ = RN
\ = N\
N T=x E N
N = E \N Spur
E ] wheels
= I

A2z

A
v

SFEArd 78, g fuftem sai= ara T, 31T T3 3T, o) saiet o fufaes uawehiaT

STeeiet (Mesh) AT, T, 310 STEIAT [UFHST 8T T2 T 3T TR salel Hied el

(Mesh) 3TEdl, =Yg T3 a0 3@l UM &1 T4 31 @i TR seid died

STIEAAT (Mesh) 37T, THS P BT ESeiaR ATIAT ST,
3T WA foF,
T4 and T3 = fUfHeM aX St@um=an grdi=h g
Ty and T4 = T Il I STHUTAT ST T&AT

1 = U%S ueard] st
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

d = g I

D = U il =T Sa1H

W = IS AS

P = TS ITATATETST ATTAAT The, (TS SATIAAT)
FET T TIFHTT (Revolution) 0T heaak

UHS P o Blelel 37T = 271 1. I 1 & Sear=i oisll 312,
fufrem-1 7 shetet aftymor =t g = 1

a ) T
TR A2 7 el w&wa%a@T:T—l
2

fuffera-3 3 heret aftymor =ft s = %

2

. ‘ T, T
T EeA-4 7 Shetel TRy o &7 = T—le—3
2 4

. T, Ts
Ale W I 8 IR =TT d — X —
T, Ty

3 e P 3 gererer it
e W = eerert 3w

T TOUIRR V.R

SR gecTell sl | ST, The et =1 ST faedT et L o UM,

DT, Ty

ATy Ts
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)
IETEIUI-B A Ui ehd forr

IETET .01

THT S TG e forer e, fufimmmed 15 o7t 20 31 o1Rd, a€ T SEeHe 45
TMT 40 TTA TR, ThS 2l &1 400 mm =T 3T&, T SHAT JATel =18 150 mm AT, ST AT
WA= HEGHAT 40% FHA T TSAAT A AN heredl 250 N The Hob fohell oS
ITAAT SITEA 2

Wﬁﬁ?ﬁ'qﬁﬁ

fufrer s ermom=n gl @&, T,= 15, T,= 20

T SRl A STHOMTAT eI 6@, = T,= 45, T,= 40
TS goee = st (1) = 400 mm

SHAT A, d = 150 mm

HEEHT, N = 40%

THS, P =250 N

W BT TS b AT Tl AIS TS 319 JI
(1) ST T UK 1 8 V.R

IATITAT HIE I 3R fo,

20 T, T,
VR=—X—X—
d T T,

2X400 45 40
= X —X—
150 15 20

V.R=32
ii) U< Wb ITAAAT IeiedT AT W SITear
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

M.A
%N =~ — X 100

w
%nzﬁxmo

%M = X 100
PXV.R
%1 XPXV.R
W —
100
 250X32X40
B 100
W=3200N

1.4.5. |41 &F Sek (Simple Screw jack)

ATFANES T GG BF Sk @Al AR, 8 TF TR0 AR S IS AlS
ITATITETST AT ST, TS TEET IT=AT HeFed | YT TEal. fotar feha guee =am wedH

Waﬁﬁﬂ?ﬁ (Horizontal Power) WTe &11€ 3=AAT ST,

W ]
ﬁ Lever

LAl
o
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

3T WA fF,

1 = forat =ft tisft (fehar diar o1m)

D = TH S8 o1 1]

P = ST The

W = STcctal e

p = %k =1 = (Pitch)

T AT U RHHUT el TS o elelel 3 = p

THS o B 3 = 2 TUl

B e P = gadidl 3@
e W = eerret 3w

T IOUIRR V.R

2nl nD
VR=——o0orVR=—
p p

SR B S 9SS FHA q foveet fohalm diat 31 (Power Arm) =T TehT TRYHT HEY

1S 1 i (Pitch) =T 9 SeITelT STTal. TV SoTet 9IS Tk ATal o7 T,
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)
ISTE0I- ATYT TF Seh

IETEOT 3. 01
T T Seh 30 kNTT @IS Il o Tl hIbermdr 30% 3T, T o &fsft 60 cm
TS S THAT U= 15 mm ST T ATTITRT THS I

Il
ENNIRIEGI)

g (W) =30 kN = 30000 N .(1 kN =1000 N)

FRIITAT (M) = 30%
Tt &Sl (1) =60 cm= 600 mm (1 cm = 10 mm)
TF= {4 Pitch (p) =15 mm

JMEL ST UMK (V.R) G 3

no 2 X 3.1415 X 600
B 15

V.R=251.32

THE P T
M.A

%N =——X 100
V.R
w

%n:IILRXloo

37| Page
MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION, MUMBAI



AR FAERT (312312)

%l = X 100

PXV.R

w
P=——X100
%1 XV.R

30X 103

P=——7—7""77-X100
30X 251.32

P=397.89 N

IQTeY0T oh.- 02

ENGINEERING MECHANICS (312312)

T T Sl TS saicl =1 4T] 200 mm 31T U= 5 mm 3T, 150 N =7 The

ﬂ@ 1000 N =T dT€ Al Wlldl.?‘l'('@i\;l'oh‘dﬁl Ohlej&ll-lcll ST

I
feereft arfedt

i. T%e s@iet =1 =A™ (D) = 200 mm
ii.. ¥ fU= Pitch (p) = 5 mm

iii. g (W) =1000 N

iv. Th (P) =150 N

v. HRIEHdT= ?

3TIET ST TUMI TG B9 V.R

_nXD

1%
_ 3.1415 X200
B 5

V.R=125.66

V.R

Hoh{eheTl 37€saest M.A LA 9%

w
MA=—
P

~ 1000

150
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

M.A = 6.67

HTHEHAT TG
M.A

%M =—— X 100
V.R

6.67
125.66

%l = X 100

n =53%

1.4.6. A€ (Weston's) fewitvterer g?'ﬁ SATeh (Weston's differential pulley block)

AT HEd TG TATIHT SheeT=aT TSHRTA Ioft scfhHed 3 scifeh A 3TM0T B
AT, AT scileh A e & Gt (1 AT 2) ST, THIET A6 GH=ATIeT AreT HiaT
AT, BT 3 ol U Yol RV U Tl [T, @TerET seth B Hed qEld T qelt

I, SATA ALS W SIS ST6al. Teh A HT@es! Jeil 1! 9% SITd ST ot Witz
Sciteh Weftel Qe a&, R et ot 2! 9% SITd. SARd AFTehesd STEciell aT@s! qieedt
Hohoodl Il SIIST! SITd. The P 8T Jefl '1' S STTUMT=AT Hedlen Al STdl. drEes!
ST UGUTETET, Jef=at @IsviHed (Grooves) SIS (Projection) faet ST,

\ o~ Strina
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

D =9l | =TI

d = eft 2 =1 =1,

W= ITetel SO o5

P = IS SATUITHTS! ATaeiall ThS

SATISH ATV THE P BT HIZAT Jei e AT, ATeesd HTEes! Higdn Jefiaed siea
ST, FIGAT Yot =T TohT TIHw0T 7, TeliareuT STeed SIT=a1 ergesia affsit = TiD.

E SAfel TR UHE P R gae Telel Sfa 3T,

AT A, AT I, TEH Jeil G8T Higdm Jefared HUl . & A8
TeATEN ASAeT ArEST= sl =Ttd.

/U

IS F2 AT =Tt D - T d = TU (D - d) (Net Shortening of Chain)
I B AT RIS AT SF YITHET THH JHOG forniid el Siset, erge
T d5a,

n(D-d)

ST FHAUH AT T ITAAAT STTEel =

; e P 3 gererer it
aﬁo V'R_Eth%%aééaiﬁt

D
nD—mtd

VR =

ST HIGAT AT T Jeftait Bra feedt et @t
2R
(R-1)

SR HISAT AT A& Jet=ar a1 feha i =i e faeft s18er at s, T4 fohar Ny = Higan

<

folal e qeiter AT fofhal it =i €@, Tofohal N = &M foha @rer=an Jeftar ard fohan

VR =

T = T

2Ty
VR =—/m
(T1—Tz)

Or

VR 2N4

' (N1—N3)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)
3TN — et (Weston's) TewifErerer geft seiten

ISTET 6.1

Teh e TSI Jeit saiteh 81 8 kNTT IS IacivdTaTa! SR Sial. ot Jeft=!
T 260 mm T 240 mm TR, SR T FRGTHAT 45% 8T W ANS ITATITHET
SARTOT=AT The =t fohma ffara =,

W
et arfeet

e (W) = 8 kN = 8000 N (1 kN = 1000 N)

1A It =41 (D) = 260 mm

BDIZAT YA =419 (d) = 240 mm
HIIHAT (1) = 45%

THS P =7

JFTIEL T UM HIG B

2 X 260
 260—240

V.R=26

M.A
%N :V_RX 100

w
%n=VLRX100
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

%l = X 100

PXV.R

w
P=—X100
%1 XV.R

P=683.76 N
JQTEUT oh, -2

e TewifRTeTar qeit SeteAed e Jeilan 12 i ST Higd et 13 ST 3.
=T | P = (W/20) + 20 3. SR 750 N =7 i€ Ieiall S 318l at Afi-e
SHTIeTTIAT IVeT.

I

foerett wrfeed -

A& I T (N,) = 12
HeAT Tefta’ T (Nq) = 13

W Hefi=r fam p =2—Mg +20N
s (W) =750 N

FrRIeHdT (N)=?

JFTIET ST U HIG B3

2N
VR =
Nqi—N;
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

2X13
©13-12

VR=26

TS P =t fohaa e (wefie fem arae)
w

P=—+20N
20

W = 750 Tt
750

P=—+20N
20

P=575N

Heh{ehel TgeaT=esT M.A i 15k

w
MA=—
P

750
MA=——
57.5

M.A = 13.043
HTIGFHAT % N

M.A
%HZHXIOO

13.043
%N =——X100

n=50.16 %
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

1.4.7. ﬁwgvﬁm?aa (Geared Pulley block)

? fomifirerar qeit scliehe guiia &9 e Samwe FRd=an Aadi= o o i
(Intensified) el ST, R qeft sclhHed FATEEA A 3THd, SATHEAT T JdaH @]
3TEA. T AEF TR seidd B, ST [T FurdTd. $ileeid A d [Ua B Tshie M9 X
Sigeied JTHATd. sEiel B 2 g@dl HIgdl =€l C U8 Sieell (Geared) HATE, ST T oEied
UM, HTegd D F TR /A C T AU 3T SiSeiel 316, AlS 8T TehT HrEeieit

SSAAT THdT ST AEes! ShiTeeldd D 9% STdl. Thd &1 Iidg draesiat dATdaell Siral, St

AT SEeT A S SITd ST TR Hed qrafeciel 31T,

W
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

HTIUT 3 WL,

T, = 8l A T ST HEAT (AT ThS Selel Tt i)

T,=8iel B a8 Sl (teeth) ST (BT [T 318 e IM)

T3= &I C T ST ST (T T seid Tt S1d),

T4= &l D I Tt (Cogs) HEAT (RN AIS S8 Ie Feeed SiId)
ST HTET 31T foh,
T SEIA A AT Toh! TRIHITHEY THS 9 gdidl 3L, = T,

fuffeT-B 7 shaiet uftywor = = =1

. . T
TR S8 C J Fhaldd Q'F{‘H'H'UTE‘TFI'@ITZT—Z
3

. ‘ T
e S8t D 7 halel TRYHuT < 6T = T—Z
3

. T
..Fﬁ@'w%ga@ﬁaq-dT:T—zxn
3

B THe P 3 gererer it
e W = eerret 3w

ST TUTIRR V.R
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IETEUI- T gt setteh

3T .- 01

T fIRR Teft scifeh St TS STvaTdTe! aTatel A @re SRE=M @reiel ST
fetel TRd. THe seidd Sl il =it G = 90, TS seldaiiet shiv=t g = 8, fufdee
T il §EA = 25, TR et e et §EA = 40. ST AHER 50 N = Uh Araat
ST AU AL ST ST foficlt TS IaTAT ST Iehdl o R, et scttehel! shriaredr 75%

.

I

et et (Given):

TS St el il §&AT (T1) = 90
fafrermeaier qrat=h deam = (12) = 25

TR seicald eraie! 66T (T3) = 40

IS SEICTaRict ShiTTet G&AT (T4) = 8
THS (P) =50 N

FRTHAT (N %) = 75%

W BT The Hob ITAAT Tiell IS 3T 3T AT

3FTIET T TUIRR T 5% V.R

T T-
VR=—="X-=
T, Ty

90 _ 40
VR=—X—
25 8
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VR=18

THE Hob IaATT Al e W RITET

M.A
%N =~ — X 100

w
%nzﬁxmo

%l = X 100

PXV.R

%M XPXV.R
wW=—-
100

_50X15X75
100

W=675N
1.4.8. 97 SATRT (S ATIT A1 9r)

1.4.8.1. 31 919 YAt seiieh:

THEY T Scileh STV W= scileh SElel TEal ST Yegned Yol JTHad;
TGS et =i THUT HEAT = 3Te. I ok I helT TS hl WITT<AT s [ohelT SiTH 3T,
HTHATEIAIE W  SRIAT TR AT T et raTiies et 371 Fedsh SRIdiet aTor (T)

W/4 3T|% Al epcded Aot dUlldi=dl Rl A,

P=T

wow
= - P= Zm%aamﬂtrw M.A =V.R
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w
S8—=V.R MA= —
w
Y =V.R
4
VR=4
1.4.8.2 7 91 It s e

ENGINEERING MECHANICS (312312)

I AT scAfeh ST WieT= sciish @il @l Tiq Teehr=ar AaHed i qeft

AT, TS Yeii=ll ToHUT AT HeT 378, AT Yol sAAThHEAR! atal sciish Lo STerel HTfr
QI s e STH Al ATHRAHE e W B JR=AT T8T IRTIER SH JH10M ot shel
STTd; Tedish SRIT a1 (T) W/6 3R,

TR ehelel SR qUET=AT A ST

P=T
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e (Reference)
Sr no Author Title Publisher with ISBN Number
{ S. Ramamrutham Engineering Mechanics | Dhanpat Rai Publishing Co. 2016
ISBN-13: 978-9352164271
5 R. S. Khurmi,N.Khurmi | Engineering Mechanics | S.Chand& Co. New Delhi 2018
ISBN: 978-9352833962
3 S. S. Bhavikatti Engineering Mechanics | New Age International Private
Limited ISBN: 978-9388818698
4 D. S. Bedi, M. P.Poonia | Engineering Mechanics | Khanna Publishing ISBN-13:978-
9386173263
s Dr. R. K. Bansal Engineering Mechanics | Laxmi Publications ISBN 13:
9788131804094
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TeH-2
Serier ferspwor
(Analysis of Forces)
fowar A=t (Course Outcome):TRUMTHY SAT AT FOIEET ficiedr I oTTed

ferseyeror =,
fergia FSreror afuT (Theory Learning Outcome):
%, SIS ST 9
2. I YuelHed faeiea sreti=aT Hidd=i TOMT 3T,
3. foctean st yorreft=a fasgwommanat aw et geET.

¥, focien sam ges ffda .

4. feciea S& ST T=aT qioTEt ST forgwoTTesh TurT 3.

&, [ocicdT St YoTTeti=aT qioTTHT Srerreht ITeh=aT Hafd TUHT 3.

3.%. itk U= (Introduction to Mechanics)

e vefed 8 favg o o grEst smar AR, St it fHem snfor
ARaTeeE AT SAATHh TR Seferd 3178, T a¥, SHIATAT Yehi-ede I TETen
HTITIH 3T,

2.%.¢ ATkt TfEehY (Engineering Mechanics)

Fiforeh! & oMl Tk I SR S Serer ST wid ST faridiear  ferdta foka
BTTTeiId STCTeaT TRRTER T T TdTesd.

2.%. 33T AEhT (Applied Mechanics)

SiegT HATMATTEhT FHerier AT fam ST deel ST shefl ST, degT Tt U Aifrh!
LRI AR EED REI IR PRI E L R E U IR TR B
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Tifadr

(=] =]

e ] (o]

HATHAT 2.3: TR avfientor
Titeht F arTHe et et e
%) Temar (Statics):
?) Tifaviear(Dynamics):
%) Rerar(Statics):
Feor srEqaR 1l (Act) @ i,
3) Tfavierat(Dynamics):
B ST HenfHerell TRaT 31, St siet 3T <! qRummHR=ane it SeiferaaTe SieeT d TETen
Tferetet SEqaR 1 (Act) FHLd STET.
TTferRfterar qeiet 3 wTeiaet formrett ST, wrehd:
(i)  wEAHTEEA (Kinematics)
(i)  TIATEHT (Kinetics)
()  HEARHT (Kinetics):
& Tl (ST e )R TR, S SIeTes T Tt TTaHT SRR Eefed e,
(i) AU (Kinematics):
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& et (ST =T 378, SfaRideRqRiTEs e e, AT amE! Jeeer
AT SATAT HIVIATE] HEH ST ST AT,
A SATEAT (Fundamental Definition):
%) T (Space):
AR (Geometric Region)SATHE TEIET 3TRITH el STl ATl €44

FRUITd.

R) & (Time):
T TR JHI0T 3712, I TRV HISTerelt fohalT HISToamie shicarelt Sar S wardt foram,
Sifsra febam ferdht stfiaeaa staa foha =ey s, ST <+ foham T g aeifaret STTal.
3) SEGA (Mass):
SISt wefier eTei=AT(Matter) SHTOIE AT 3 FEUTT.
T Uk Tl (kg) foham TH(gm) 3R,

¥) <hUT (Particle):

FUET AGd e AThIH] TEFEUH IR el S IhAlATT ar Qchlui?ﬂcg\
(Concentrated point) T ST,

k) FE(Body):

TAT8ra Teq SrercTeR ST (T8 ST SAToeTe I&qett TSl FeUrda.
g) Tt ST (Rigid Body):
ffre el ST 1Rl sheft ST Sehd ST ShTET siTel SrcAT=a 3TeA STeell el e AR

HTMOT SATHRAM (Shape and Size) T 39 2ehdl. Tl SHAENI, HIUITRT a&q quidur fifsrs
TH. 0T ATEIUITHTSY, HATI0T 8l ] FISTE 3 Fevf eiall.

9) T (Weight):

52| Page
MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION, MUMBAI



FTRIiERT AR (32338R)

ENGINEERING MECHANICS (312312)

TETET SR JeAll SAT S AT har=ar Q9 Slied e sl S FeuTdTd. s
A “m’ ST I (TH) W HETT Tl (S @eiier FHIsRITEN foet ST

W=mxg

‘g’ o qed MKS YoIrefwed qi= ST IiHened 9.8 1m/sec” AT #r(Calculation) e
FAUATATS! T 9.80 m/sec’ FEUH Bt ST,

T 1.1 : TEIAT(Mass) SATIOT T (Weight)T=aTd T Eieh:

3. . TETAH(Mass) T (Weight)
1 ® & el AUIed] UEII JHI | ® U ool ATe SATEH o] JeeleAT shThe
3. TN BId.
2 T ud fahmft feor a2, RTRTeoT S T TS 3T,
3 § o #efie Tl(motion) R | @ S Wefie Tll(motion RO .
fomtor s,
4 T Thol JHTUT TR FHRT ATT hacd T TR JERL TH IR HNO A
9fHTOT (magnitude) 3. qiATT(magnitude)3TToT  f&=m(direction)
.
5 el T . g Her 3T SR,
6 T e MKS SUMEiAed q8= | © JHeE=an)MKS)Sone e foramm
SI Fheawer foradmm (kg) wed FeMmeE (kg wt. fohaT kef) ofoT SI
EIEGISIG JFeEHed =12 )N) Tel Hisel ST .
7 FRIRIENEERIS KIS R U E N FRIS S
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AT AR (332389) ENGINEERING MECHANICS (312312)

2.%.337fer antfor wieer weft (Scalar and Vector Quantity):

2.%.¥arfewr wweft (Scalar Quantity):
AfwT TOft B 3 AR AW Fas THAI(Magnitude) 31T, TS0 FEGHH, TRATOT, Je

SATIOT ST,

Volume

ATEREAT 2.3 STTEwT Tt

2.9.4 TII9T W (Vector Quantity):

%) @fe9r WM (Vector Quantity) & T8 T8 SATT YNHTIT (Magnitude) T8 T (direction)
3T, ITET: I , ST, T ST 8407 3,
afesr weft (Vector Quantity) f& TehaT 1T @ repTer SieRITeR <IToT 37 guffaey

ST, et ATl (TR TN A= foTerd=an sRisrd=l 3712 {91, =T SIror=

ST, et fou i .
magnitude
head
tail ﬁ
HATERAT 2.3: Tl Toht
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2.%.§ HISTUAT Ueheh (Units of Measurement):

%) Teheh (Unit)

“ftfcieh SHTOT HISTUTHTST ATORERIT ST HT-ehi<T T JHTUI Teheh FEUIATA.

TS0 G Teheh 3T,

» ged (Fundamental) Theh/sTHe (Basic) T

» f&Ugsee (Derived) Tsheh

2.%.9 HCTHA Ueheh /1 T¥eh Teheh (Fundamental or Basic Units):

TAAURHATOT=AT (Fundamental Quantities) T i1 A Theh FUIATd.

AT Hifdsh  GRAET  (Physical Quantity) 3TRd, ST M=AT HISHMEE! TR
SHIUTCATR! Hifcreh TRATITER STeciel TN, S feh/eTsauRHTIT WA TS SR,
T 1.2 : HTHA Tehoh /T8 Tehoh,

Theh
1 st (Length) Hlet m
2 A (Mass) femett kg
3 335 (Time) Tehg s

AT qAd /{6 Theriaed SAT0TEl 9 JHI0T SHIE el (T AT HifeTs T i)
ST JMehdld

R.%.¢ %TIEQE‘ (Derived)@l'ﬁ?:

fetgegs(Derived )aiEToT=aT UshehiHT fetgeas U@ (Derived Units)3T™ FUIATd. © +ifdeh
THTOT W fehalT WWWW (combination)*&V[T sIh el ST,
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9 :1.3 : fEUgsgsusmeR(Derived Units)

Tetrgege o ¥ (Formula) Tetrsees toheh

(Derived Quantity) (Derived Units)
&A% (Area) NIEIRESIE =g Hiey(m?)
SATRIHEM (Volume) AT x SAfelt x Afslt FAHIE(m?)
¥aT (Density) AT/ SR ferett/ =t (kg/m®)
3T 3Tfor TffE (Velocity and Speed) SIEIEE o /T (m/s)
AT (Acceleration) AT /des 2 o /8 (m/s?)
& (Force) FEHAM T | ToRaAT i/ (kgm/s?)feam <N
Sl 3101 & (Energy and Work) ESESYIEL feretfi? /A% (kgm?/s?)
IRAT (Power) TS/ s feremfi? /& (kgm?/sY)
TeT JATMT SR (Pressure and Thrust) EVRE foretll/ &2 (kgm/s?)
ATAT (Momentum) SEIHTTXET feoraTrt/ & (kgm/s)

2.2.% Ueheh TUTTEAT (Systems of Units):
Sfies / qoAvd g AT fEUgees (Derived)dHeH=T €YUl € Tehsh YOGl (Systems of

Units) WA HI@E STl ATTTedT 0T Hifceh SHIOT HISTUATEIS] STl Teod e

o

T
D

E=IT 19T Shol ST,

~

Teheh AT @il JUITeAT STaRTd 1R

1. TSATE(C.G.S.) TUTTell- T 3TeRH HEHTeT, I, 8ehe 31Tea.

2. THATTE(F.P.S.) ST - § STsHH e, U1SE, Heha 3Ted.

3. THERTA(M.K.S.) JUITEHT - T ST5hH Hiet, FoRarme SATfoT Tk 3Ted.
4. TEATA(S.L.) TOTE - o STRH e, Hiet 1fr The 11 .
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THIATH (S.1.) I SO ST HTO OIS SHTHRIT T ehiet et 3.
2.2.20 TA(Force):
%) TATAT SATEAT
=Je =T AfeedT FRMTER et I Tiim oamaret e e #tes il THEH Tt
TEATITETS! AU Hifereh TAE oIet 79 FEvrard.
I AT TR giEoy ST fawm averd, wev dfafast (Se) TRt 1R,
?) STt Weheh(Units of Force):
AT G TTHTIA: ST STUTH Usheh STRA:
i)  uftqol e (Absolute units of force)

i)  TecATRNUT Uheh,(Gravitational units of force)
3) W@qﬁ{ﬁm (Absolute units of force):
faferer gomeline SeT=iushen st fir= aTmea:
i) UHRULTHE. FPS (Vehs-UTSS-We)IUNTciHe SelT=l THUl TehehUsh TS 3R, T o

ST ek USS AT AT Ueheh Tl {=H10T shidl,

i) WITACGS (HEHIR AW (Fehe-TuITciied sl IRyl Teheh 2137 (Dyne)
HTE. Teh o ST TohT TH=AT FEGHTTG eheh Tl {107 .

iii) TARTAMKS) Hiet -fhemm (Sehe-Iuneiioes Sar aiul Tehe =2 3R, Th
I S e foheTl oAt &I Weheh 1Tt f-1H10T L.

TS9O, 1 Newton = 10° Dynes.

%) TAT THeATRYUT Teheh (Gravitational units of force):

&l Tehoh IEAT ST ST STEAT. FEUTSH, ST SAaeq Il haTehe HTHNd Bl
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TEhT T IS (W) ST ATl S 'm' 3T, FEUTSICAT SReqHeet qareii=t ST (W =mg),
ST g TRUIS TecaTehNUIT S SFeTell JaT 3TTR. TV Tecal[ohy 0T Ueheh STeTredl Ji-c@=aT i
e s1id FPS, CGS ST MKS Hel ST IS I, TTH ST ST fohaA T ST,
TATSAT Teheh (aT Gl TTeA [TIHTOT TR

) 1 Yt g (fohaT /bf) = 32.2 TUSed (ETLToTIT)

i) 139 asH (fFaT gmf) = 981 STET (Dynes) (ATEMROTII)

i) 1 fercTmm g (FhaT kgf ) = 9.81 =127 (Newton) (HTETUTIO)
2.2.8% FEA(Bow’s) YA & Uk o7 (vl Ugd AR SAHEN I Hivee oIed

STATSAT hIVTCATE] T SIS UohT ffRTE STshAT ergarasr=a faxi fofeed SITaTd S# SATehel1R.Y

HeY guifored TR,
F1 (200N)
>
/ F2 (100N)
F3 (150N)
HATHAT 3.%: ATHA(Bow’s) I
FTHAT .67,

S, A F1 (200 N), *’AB’ gR Igiferet ST
& F2 (100 N), ‘BC’ 3R giferel ST A7for
o F3 (150 N), ‘CA’ gR ggiferet ST
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AT Ut ferea (Representation of forces):
QTS QI YohiX etTel ST shet ST, ITeh:
1. e gfafferea (Vector Representation)

2. 13T (Bow’s) TIETM.

et (Vector Representation):
T ST AT, UHE SRATICATIHTI Teh efed VUL W Rred e Rrehal.

F1 (50N) F2 (50N)

HATHATR.4: AFEX AFATTA(Vector Representation)
R.9.9R TAT ATITEA (Characteristics of a force):
1) afHTOT (Magnitude): 2 ST THTOT 531 (3&T. 50 N et 20Tt 50 N &T
AT THTT (Magnitude) 37T,
2) faom (Direction) : 3T Sa1 Wwed a7 S Fd T WER Ssifaredt S,
3) IS ¥€Y (Nature of Force): It €1 gaehT (Push) feham @=ror (Pull) 37¢ Srefall.
4) At f&ig (The Point of Application): ST feigar (feharl ST gN) ot Tl 1l
Hd.

2.9.93 T UNUTH (Effect of Forces):

SEHES Teh ot ETeitel THTe (AT S STehd, SATeRerR d 1 hid:
a. & T SET Sehd. IaT. SR AEIER STHA T A ATAT B e,

b. T ! Tt HE fofa i % Tk
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c. T IEAL AT FRI A STEATAT AT HaTe Iehdl, oS o e Fohalt Hwarer Ao

MET

d. &I A qUIEHT (Internal Stresses) TAT F Tehdl.

2.2.2%. I JUITeAT (Force System):
T TUTTEAT FEUTS! U fofhell 312k Wi (Plane) Hedl I&QER hE shUTT=AT Sici=il €U, Sieai=dT
el =T |Tde ﬁﬂ?ﬁ'@W(Relative Position), sl G TTIHTOT ITTeRT0T et ST ITehd

FITATAIR

(Colinear)

I-Tolel
(Coplaner)

TAYUITT

(Force System)

3TIT§Fﬁ‘ 2.8 TAT II(TeRIUT (Classification of Forces)

AleT -l

(Non-coplanar)

v

hIehiUC
(Concurrent)

silel FIRIUC
(Non-Concurrent)

Terel (Parallel)

oS Iofel (Like

Parallel)

v

hlehiUC
(Concurrent)

3TeTeSd IoTel
(Un-Like Parallel)

Al FHIhIUC

1. = TR ‘Jﬁ'ﬁ'&[—(Coplanar forces)
ST B < RGN T i Hed 3T T o, IR BIEd FeuIaTd-shIeei-L Bie= =K JehH -

TR .
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37) TITATSR (THIH) T®rEE (Collinear forces)- ST BT =T ST Tohil W Ad
AT SR (R BEE WU W ®mE | fawed

TTHATR.\SHEY THITATIHIT 3TTR.
Fl' F2> B F1 i1 F2 Th1g G 3ior vdra 394 aimgd.
< Fl__o F2 o F1 3nfdr F2 v 99 oo vorg Y89 simed.

HATH-3.9: TITAHIR BIEH
o) I TA-RIHIUCHIAE (Concurrent) - ST BIHH Tshrel foigd Hedrd fohar weard Aior
T I TohTE Wi W 3T T BIEd AT hl T L-ShI U h I HFaurdTd,

T TAR-hTRTUSTHIEH ST 3.¢ HEY TGAATIHIO

F1

Fz

HATHAT -2.: Tl TAR-RIAICHEH
?m")il'ﬁ‘ TATR-ATT EFTEF{UZq'ﬁﬁ'H(Non-Concurrent)- I BT TEHE %ﬁj Yearar fehar
DaAATE! W AT HIAT THE O W A A BIEH T hl RIRATRIRIE B
TRUTAT.

T TATR-AT RIRIUSHIEH STHIR.Q HE TRISATIHI!

Fa

FATHATR.Q: Tl THARATT RIHUCH AT
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T) THTAY(WETeT) TIad -

S BIUY T Wi HE) Alddle AT ST TehHeRi-T HIAT 3Tl a8 Ii-T GHIAT HIE9
TEUIATA.Q WhIe TR foRi fohar foreg, fomi e wmehara .

U B 3 JhR 3T

(1) T8 WeTeT (Like Parallel)

ST DI =T HiT THHBHT THIGL ST TN i<t 5w Toha S/d a7 hg A

TS WeAeT) Like Paralle])BIEEFEUTdTd.
T3H WA (Like Parallel) TIHHSIHRAR. L oHE SRESTATIHTN

T

HATHATR.§ 0: TG WeTeA (Like Parallel)wrEa

(i) TATSSR Wt (Un-Like Parallel)

ST BIEE = HIAT THHRHT GHIAT e T =l (G20 Toh T8 X 3= B ol
TS WaTet)Unlike Paralle]{®IE TeUrdTa.

AAATER WeAeT) Unlike Parallel)®RIET TR, LHEY SEETATIHT,

Fi Fs

Fz2 Fa

HATHATR.9 2 : FACTGh WeTeA (Unlike Parallel) wiEE
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2. AT AR WIHH-eh1-(Non-Coplanar Forces) :-

S B THE W T AT el Wi Hed STHAT (AT J it g
TEUTT.

AT R BT o i TR 3TRd

3T) AT TA-eh1-shTehTUCHITHT (Non-Coplanar Concurrent Forces): -

S hIH Tshrel feigd WEdTd T il HIcoT ThTe Tl HETEd T BIEg A A Wl -ah-

HIHIUEHIHHFEUTAT,

AT I R-eh1-hTehIUCHhITE SRR, % JHE SGSATIHIIT,

¥l /

F1
F3

HTHATR. 32 A TAR-hl-HIHICHIHH
) AT el TR-AT ShiehUehHIET (Non-Coplanar Non-Concurrent Forces):
S| HIEE TR foige Wl STfoT corfel shfcsT Ueher Tl Hedl Thd T hIEd T A1 shi Wi
BIREICIUAAE S R
T T AT hIRUCHIET AThHIR.2 3 A STETCATIHT,

]

F3

FATHATR.$ 3: A I TAR-A HIHUTHAT
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%) AT I AW (Parallel)BEH -

T THIGK WIGE 3TRd S THIE W Te) F9d1d TV el Hedl STHaraefor a
FA AT AT ATSH Word BIEd Fgurard M o foeg, fae el s s1eama i
ITTATSH Uil B FEUrT,

R mﬁ'ﬁ?—c’(Moment of a Force)

ST A BT =T UIFA IHIE HISHY 317, § Tar=aT Ui (Magnitude) STIOT

SAT=A1 fsha=aT Ssfard (U= (Perpendicular Distance) R GRS FA ST, TATT

= gTee AT e Aefie %@\aT dsad AT (Perpendicular Distance) TOTHR AT 7
JTTT R.9% HEY qeialeTR.

«——— Distance(L)————>
HATHT. 3.2 ¥: TATET AIHE

g 7 = 5@ (Force) X@sad 3 (Perpendicular Distance)
Moment =FX L

SIS IPP)

R

peh DT

HATRATR. S : TS hrogeaT
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I SRR, S WHER TATAT HIH-E o HEH Froar3T SrEdeiel 3R,

SLEA e (N) A7 S fHferefieted (mm) Sdet T HiHeS Tohsh ~J2ATH T (N-mm)
HUA, AR AU ST SO Toheh fohell =JAUA-TH (kNmm), =2 et
(N-m) SATOT =[ZH-THTA (N-mm) e

R.3.% U (Couple)

T ARUTHRTT e, TS I Heh L T IR T,

oo
AF
- d >
F
~
HTHATR.$&: HUA

R.2.9%UES AT (Characteristics of Couple)

%) TTRHTOT- SHueT= TRETI § T TIR halel HIHR 319

R) HUCTT Tioed ATH- HU=AT G ST e Tlegt T fohall 3T HTH ol FEUH
JBE ST,

3) HUTS THR

- Yool ié?ﬁ oncd HenllicHenHIHC G‘EQ’I.

- TSI foeg, fai ey Tehrereh A= fwior shtdia.
R.3.3%TET TUTEH

(%) FOT=AT ST IHUTH I 3R, Fe0IS R= P-P = 0.

(R) AT HIH-E AT Yehl THT=AT [UTRRI=AT S ST, TS,
M=Pxa.
(3) FITATE I huer=T A2 R 7ear,
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(%) T Toha 31freh shuett T HaeHT AT T WiH-e STEITE THH Fd Fedel SId.

(4) THT HITER FheTa! hiei-X SIewTe ST hel SIS Iehd, HIH=E SISO Ss 96
FATST HIH-=AT SIS 3T,

2.3. TATY Trafera THA(Laws related to forces)

2.3.% FATHT WshHUTFAT (Transmissibility of a force):

I WA Y, " SR TR o NSe aEqEt hivrcarel U feiger AT Se , a€ d el qrea

FARSe (Line of Action) shivrcaTel ST feigart forerd Sidell ST Wikl b dl GHU foig.
ffsre aeqeft Heifera sraman .
\ Vi
F A / B F
ol — — e —— - L >

HTHATR.19: TATHT HWSHAVIAAT (Transmissibility of a force)
ST AV S P @l foig A 3% foig B 3R Tl S F =1 et AT, T EHH GRomH SAuferd

3T
2.3.3: &= U0 (Varignon’s Theorem)

IS T (Concurrent forces)IUT=AT TeHT iﬁqgamwl et sfismirdia ST (Algebraic

sum ) € Chr Tofgereet A1 Hef Serr=aaed ftgeee e,

Y axis
A

F4

S
il ¥

F2

F3

F1
Distance(L)

> X axis

HATHATR.§ ¢: SERT=r o
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2.3.3. TR I (Parallelogram law of Forces)

ST FHIGUST T 378 T8 et 372 shl, “SIT TahT F&aR (On a particle ) THI 9@
T FHLUMAT S TATAT FHIGL AT (Parallelogram) S @HIT SITSHT (Two side) TiHATOT
(Magnitude) 3T {919 (In the direction) IfafAeea shel ST X, CAMTEITE-CHHTAT
QST FUTAT (Diagonal) TR 30T SRifaen Sanst foh serean fowes fovm
AT QAT SATHAT 3.8 AL AT FHIAUSTET I SRgeciel 3R, T8 & P 3107 Q

ERIEEMCRE I

2

p A Peoseg D

HATHATR.$R: TR fFram

TR T (Mathematically ) ;Rez=2(R)= 1/ P2 + Q2 + 2PQ cos 6

I P AN Q T oI 3ATed Feteere =t faem(q ) Afeett S

Qsin© |
P+Qcos ©

frgreees faam(a) =tan™?!|
SATATAHIS AT wAfe -
1. § e TEEE R FHOMAT G AT AT 3T,

2. S IO (Concurrent) STEU STETH TR,
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IETERO TR AR
3ETEUTsh.-01
2 9 8N HTMT 6N & TohT (A particle) Ta=aT fsha=a1 (With their line of action)
THEE70 AT MG Fohelol 3R (Inclined), T Rgeee=h (RIS (Magnitude) Sforfesm
(Direction) eI,

Q:6N

o

c=T0

—» P=8N

FATHATR.30: TATET AHTAHSTAT faw
feereftaTidt : P=8N, Q=6N, O = 70°
viter: figieee=lt ( R) HiEIE (Magnitude) STTOTERT (Direction) S,
IW ;S ATHAT 3.6 W FEIA AT UMM A IREeIeic] 3T AT Hifed 378 o,

frgee (R) =/ P2 + Q2 + 2PQ cos ©
R=V82 + 62 4+ 2 X 8 X 6 cos 70°
R=v64 + 36 + 96 cos 70°
R=1/100 + 96 cos70°

R=1132.83
R=11.53N ciiiiiiiieieiieeeeneeeeneeenneeenneeennnnns I
fgree =ft fexm ()
Qsin©
o = tan"!|
P+ Qcos©
o =tan‘1 | 6sin 70
8+6 cos 70
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- 5.63
a=tan ' | 10.05 |

a=tan"1|0.56 |

3qTEUTeh.-02

T HIRLUE200N STATETST ITTOT i=AT 150N eIee-<aTaI=mehi= e,

fererefraTiadt: SeP = Q= 200N
yiver. srer-Aeier F(0).

IW : ST AT 3R F,(R) = 1/ P2 + Q2 + 2PQ cos O

150=+/[1002 + 1002 + 2 X 100 x 100 cos 6]
150°=[100% + 100% + (2 x 100 X 100 cos 0)]
22500=20000 + (20000 cos O)

2500 = 20000 cos O

cos B = (2500/20000)
cos 8=0.125
8= cos™1(0.125)
0 =82.82°

FAT-HEA @i () = 82.82° I
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AR AT (3233%R)
IETE0T.-03
18 N30T 14 N& S et ST SEEeT] 81 3ATed hl e Rgee=e30N 378, q8 A i=Tere-
Wit shIAATT fgree-e=it fasmamen,

feereftmTfedt: s P=18 N, Q=14 N, R=30 N
INET: 1. ST-HEhA i (O).

2 frgreere=ht faem (@)

Q;MN

R =30N

B\t

> P=18N
FATHATR.3 ¢ : TATST AHTACHSTT faw

I : I ATHAT 2.21 HEY TETAR AR SN T Gt ST, SATTTAT HIfd 318

figee (R) =/ P2 + Q2 + 2PQ cos ©
30=v182 + 142 + 2 X 18 X 14 cos O

30°=[18% + 142 + (2 X 18 X 14 cos 0)]
900 =520 + (504 cos O)
380=504 cos ©
cos B = (380/504)
cos 0=0.75
0=cos™1(0.75)

0 =41.06°
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FAT-HAA BT (0) =41.06" ..cceeierrreeeieerreeeeeesreeeeenaenns 3
-1 Qsin©
@< fegm =tan _—
¢ (a) ta | P+Q cos© |
- 14 sin 41.06
a=tan~!|
18+14c0s 41.06
_1, 920
a=tan”! | =—|
28.56
a=tan"1|0.32]
A=17.74.eveiiieieeeeeeecieeenn 3T

ITERUTSH.-04
SR S GHHSTASTIT &= fgieeeP SEiaasRaTddie ,at P Hefiel shi .
feereftaTfEdT: oI P= Q = P (Newton)He3=11{0Eee= (R) = P (Newton)Hed
yie: 1. Ser-aefie wH(0).

IW: ATITAT IR 3T i,

freee2(R) = / P2 + Q2 + 2PQ cos 6

P=vVP2+P2+2XP XPcosO

P=v2PZ + 2P2 cos O
p>=2P?% + 2P2 cos 0
—P’=2P?% cos @
—(1/2)=cos O
Cos8=-0.5
8 = cos 1(—0.5)
B =120"...cciiiiiiiiiiiiiicine, I
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2.3.¥ Brertura ff=w (Law of Triangle)

Breptorr=a fFrmme 3@ AE el TR Y, "SR I oo Hehivmear 3 srs{eAr giEmT Sy
fae axifaett Teft sradiera ser goumetter feree-e Breptomr=an fow=a s foeg foei ey,
TR, WA HTHAT 2.0 S o P 30T Q Frhrom=ar 3 sirst aieror Sfor fomie
SRITIAT TS ST oA o= figree-e Fapromean foe= S aeffaerers, st P & Q =
fareg le (Opposite Direction) 3.

/ R
0 P o

HATHATR.37: FrewvTT=T Fraw
¢ o - c
SIgT IEQER I FHUMN T IS ST STEATd, degl Breplom= FHamdiem=sartzmmrRta

JT&adT I,

2.3.4UTe T = I (Polygon Law)
e FRHe 318 THE el 3T I, “SI UehT JEqeR Uil 9a! il UTR] 3T
HIHR-HIFAIE S ThT STEHSITAT SIS TRATT SAT07 fewi aeiforclt Sfor shu st
STTar;Si for e faees fovm sraar @refiel 2.23 3TRdid SIwii-(Coplanar) hihUe
ST TEhT e TohTel I8! Y LT T o g SITS{T qiGaToT SATfOr fae wiferet
ST, I q Joneiten Rgee-cagysir=ar s GRATT o7 fae T &7 (Closed)
fareeg fa¥ (Opposite direction) E3ifaret TR
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F4
Q/
/
F1
F3
F2
JATHATR. R 3T =T

.% TATH ﬁ@?g’?‘l? (Resolution of Force)
a fohan stfees ST SiavaT=an Wik Sarer aRUE SRqEt R HOMAT SATIHIO
BSAATEAT T TG (Resolution of Force)3T# TEUIAT. & 3TThell 2.24 HEY Ir@acy

AR, AY F g o AR. I FsinO AT FeosO TR@Em a9 ofe weahined (Perpendicular

components) AIST SITd. A2 O 2T x-axis TAT eI {gTee=ea FHelell i AR,

g
=
A Fsn®
° fcose
(&) g >

FTHAL.R.R%: TeArer Fgtegee
2.%.8: AT &d & YOIt (Non perpendicular force system.)
JHEY TEdT Fd MM FAT S o S oo Srara o1for wgar staeaten F=am fowmr

TASTUTE, =T TSR e 0T ST 7.
THST F & 571 qorreft oTiehet=. 24 e fooieft o1,
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FZ

x

FTHAT.R.RY : AT T el JUTTEAT
ATHAT 3.10:Tgreere ST WTer AF-3TSTTAS (Non orthogonal) € (Component)

o=F aT&TquﬁFfaﬁ? (angle)
B = F =7for FAefiet s

Fsin 3
sin (a+ B)

]

F sin a
sin (a+ B)]

F =1 faeren s/ Fy=[

F, =31 foi=n o1 F,=[
R.LTAT SHIFATHTH(Composition of Force)

QIO FEGER T FOT=AT S TATIHTO! I ATCHATATAT NgTee=e 3T FeUrdra.
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IETEOY; F1 T FeT TUTTAT

3qTE0Teh.- 01

200 N =T 5 ST SIel STSiedT & fG=THT Sedshl 40°=AT ShiATd il Ldl, Tl ST e

ST,
F2
200N
40
4_00
=F y

JTHATR. R : ReTeere ATUT T AH-SATATTA Teeh

feerefmTfadt: saF = 200 N 31fita = B = 40°
INET: F, =31 faRi= SeiiorF, = fee=n aet
IW : AT HIfRd AR i,
_ F sinf
i e (a+ B)]

200 sin 40
[ sin (40+ 40)]
200 sin 40
F :[ sin 80 ]

Fi=130.54N ..eoiiiiiiiiiiiiiiiiiiiiiinecinnnn 3T

1

200 sin 40
F,=[ ————
sin (40+ 40)

200 sin 40
F,=|———
2 [ sin 80 ]

Fy=130.54N cieeiiiiiiniiiiiiiniiinniineiieeinnn 31X

]
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IETEUTEH.- 02
60 N =T ST A SITS{HT 40°3TOT 50° 7 Fet arsieAt faiiee .
F2
o
30>
40 =
~1

ATHATR.00: TegTeere AATioT camer A-atreriTiaet geh

ettt siet F= 60 N, ot = 40°311o7 B = 30°
YT F, =41 &S st STorF, = fosie et

IW : AT HIfEd T2 6,

Fi=l ]

F _[ 60 sin30 ]
" Lsin (404 30)

F sin 3
sin(a+ )

60 sin 30

1:[ sin 70 ]
Fi=31.93N .iiiiiiiiiiiiiiiniiiiciinnnicccnnnnnns 3TY
F sin a
" S )

60 sin 40
F,= [—]
sin(40+ 30)
[ 60 Sin40 ]
Sin 70
F,=41.02N.ueiiiiiiiiniiiiiiineiccssennnnacnns I

2
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R.4.% THIHIVE, ATTRIRIUEITIUT WAARITAR-TA oreendTe! feteere Hisa wvart
%’QJWW Ugd(Analytical Method of Determination of Resultant for Concurrent,
Non Concurrent and Parallel Co-Planer Force System)

HIRUE, HTRIHITE ST WA hIelL-aa FeHeaTigee-e Qiefiel SRUTgR (Step) HEST0r
AT ST el

wul: 341§|:v_c|rT ¢TI STEIATIHTI SATSAT (Horizontal) AT 3T TThihS (Vertical)
éfm'ﬁw (Inclined) LERNICATTETW (Resolve) .

+Y axis

FRcosh T Fi
Ié-bﬂ. c06®

5 + X Axis

WY 2: IFx 30T IFy e,
Y 3: I Fx AT 2Fy =7 HedH, g2 R) =fdfireggeor fesn (Direction)3e.

T 4: FIERTEA AT Reed =1 |15 a3 fa=m F%A Iqust (Coordinate) HEY

figteee s,
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(X, Y) (X, Y)
(-,+) (++)

-X | + X

(X, Y) | (X, )
(—,—) (+:_}

HATHATR.3]: T HisATTse foreen

T 5: TUET A=A BT EHT Hlcssil =T hl Tl kil o1 TH-3T&she (x-axis)

Feheied! 37T AT S 8t o it siaTT,

R=\/(2 Fx)? + (Z Fy)?
&7 ez foan( ©) = tan ™| = |

3qTE0r : REeg (Resolution) STUTRTFATRST (Composition)

3qTgTeh.- 01

QAT S JOTTe =T Rgiee-ed Hi-ee SATfuTfesT e

[N

3ON

7,O0N
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fecrefmfadt . i 5 F,=30N, F,= 60N 31107 F, = 25 N7 x-axis =471 Ga¥id = i
facra s

e fgree-e=idfigge smfurfeem.

I : GEATeH A=l st GUMTeAl(The complex force system)@TeTet gI¥shiAM Higadr Ad

T 1 o HATHAHE ST STTSSAT JATOT I¥AT FEhiohe FeheiedT Hel STt (-IshTol
.

Y Axis 208in50

26sin30  |6ON 30N
25N
30¢o0s50
25¢0530
........ :36 e 50 __, XAxis
LON

FATHATR.33: Tetegyrer sitefim=er ges
TU2:IFx AT IFy ST, AY U AT TEcar=at TSt FEUrSl H1EH Shrog-3s! Qe TeTTHTol

ZFx ZFy
—_— 4 Ve - -V
I‘VE \;f(e
TR,
HTALFx IMGAT
YFx =40+ 30cos 50 — 25co0s30
YFx =40+ 19.28 — 21.65
YFx =37.63 N
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= T 3er LFy s,
XFy = 30sin 50 + 60 + 25sin30

SFy = 22.98 4+ 60 + 12.5
XFy = 95.48 N
€Y 3:3 Fx HATMUILFy =1 A, fgiede R =HfagggAior famm s,
T2U4: TORHT FOATAT S eH Fisll BT T Teieh Feheiel! act Ua-STeshs Faherall 3T

JTTIOT ST T8 T ot ST,

R=\/(2 Fx)2 + (Z Fy)?

R=y/(37.63)% + (95.48)2

R=V10532.44
R=102.63N. ... I
XFy
O=tan'| =
N gEx
6 =tan~!| 95.48
37.63
O=tan"1[2.54 |
O =68.51 I

TS5 :3Fx ATILFy SI-adehRIcHe (Positive)3TTRd, FeUANEIee- (R) Teear=iqaiemd ( First
Quadrant)x-axis 98 68.5 IRCAECECICH
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Y axis
R=102.63N

o
68.51 > X axis

A

ATRAATR. 33: Fgreerefa wireas snforfaom

ISTEUTSH.- 02
Teh iU JUMTET SATehet 3.19 e SRifarelt 3178 aX RgieereHiege SfoTfaeTmemeT.

[N

+Y axis

GO0 N

400 N

» + X axis
300N

1200 N Y axis

TTHe12.33 Tetieger siteliieer aesw

feerefmfedt : ImeeT; F,= 300N, F,= 400N, F, = 600N (Push) and F, =1200 N 37101

XTI y-axis =T Gewid i s foet 31T

e : Nereere=wfee sfurfesm.
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ENGINEERING MECHANICS (312312)

T 1: TYH HATHATHE STEAATIHTI STTSAT ST AT SEehiohe Foheied] Fal srefrel f-rshior
HLITOFT FAOITAT Bl e ezl ST hl Fedleh goheiet] Teix-STElTehs geheiel! 318 ST S
THA T A e,

Y- ax's
: 4.:-05,'“30 4_00”
OON
6 oCas 30
600c0sh0
600sIn50 S 4§
i .
‘,..__.._,...--?4 o 30 p K-axis
- X axis 6 300N
J1200¢os 45
1200N ¥ Yaxis
1200sinés

HATRATR. 3%: Reiegvrer sitaimae aea.
T 2:XFx AT TFy INET, AY ek AT A T=aT TS FUTST D13 oI S G T HTol
AR

HATERAT 3.21: BTG FHrogwal

HTALFx IMGAT
YFx =300 4+ 400 cos 30 + 600cos50 — 1200cos 65
YXFx = 300 + 346.41 + 385.67 — 507.14
YFx = 52494 N
82|Page

MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION, MUMBALI



AT AR (332389) ENGINEERING MECHANICS (312312)

T TR 190 L FyRieRn
XFy = 400sin 30 — 600 sin50 — 1200sin65
XFy = 200 — 459.63 — 1087
SFy = —1347.2 N
®U3:3 Fx A0 IFy <A1 WedH, Neiee-eaMI-eISaT faem Ser. HeRe Hisiiete
ToEeH |TgH oo e e =gy s wedl fgieere 3.

R:\/(z Fx)2 4+ (Z Fy)?

R=1/(524.94)2 + (—1347.2)2

R=1445.86 N...cccevvriiiiiiiiiiniiiniiinninnenns I

Ss: frareresh feam© = tan~ 1| = |

XFx

¥ 5:2Fx HHNIcH (Positive) ATSIHATVILFy HUITcHsh (Negative) HTe,FUMNgTE (R)
%ﬁ&ma@afwr (Fourth Quardrant) T A, ST x-axis TENGT< 68.71 AR,

o
11

-« P~y = - axis
< R=14L5 vcN

ATHATR. 34 Rgreeretitingas srfurfawm
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SETEUTsh.- 03
T AT AT e o H g S ST U TR

(i) 90N S 30° SR (North of East).
(ii)200N S 45° 91T (West of North).

(iii) 300N S gty {99 (towards West.).

(iv) 400 N T 30°=Rcafd¥ (West of South).
(V)120N S =<3 (South of East).

ettt ;e s F,= 90N, F, = 200N, F, = 300N F, = 400 N & F, =120 N.

N

WoN

90N

JTRATR.36: T TUTTAL.

o o~ oo
e : Rgeereefdfiggssurfesm.

I : HEATeH ATl Sict JUTTed! Wefiet gi¥shiaT digadr .

T 1: TYH ATHATHE STGAATIATI STSAT ST IWAT Sohivhe FeheledT Fel sTearel 1w

FLITOAT SO S TeHT Shesil BT i Fedieh Foheiel! 9 x-3TEThS Fahalel! 3TTg SATOT S
T T Y S

84 |Page
MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION, MUMBAI



AT AR (332389) ENGINEERING MECHANICS (312312)

N
%

200N 2008in45 90sin30

HATHATR.30: HSNITH o SHTATTA e,

T 2:3Fx AT SFy T, AITHA IR AN ISFEUIS T3 hroa-IASG A ITIHTO! 318
ZFx ZFy
—> + Ve -~ -ve T L

SATATL Fx TERT

[N

XF =90c0s30 —200cos45 — 300 — 400cos60 + 120cos45
XFx =77.94 —141.42 — 300 — 200 + 84.85
YFx = —-478.63 N
RIGFEAEIEL PRI ERI]
XFy = 90sin 30 + 200 sin 45 — 400 sin 60 — 120sin45
YXFy =45 + 141.42 — 346.41 — 84.85
XFy = —244.84 N
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WA 3:3Fx  HMUZFy = HedW,  REeee “R” =iwfaggeeniu

RZ\/ (2Fx)? + (X Fy)?

R=+/(—478.63)2 + (—244.84)2

R=537.62 Nuuetvrrriiriiiiiiniiiniiinecinncnnnns I
-1, ZFy
WY 4: fEree-e= fasme=tan ™' | TFx |
—_1, —244.84
e=tan™!| |
—478.63
© =tan" 1| 0.51 |
O =27.000....eeeeeeeeeeeee, IR

TS5 :2Fx SATMUIZFy HUMTcHsh(Negative) 3HTe,FeMNgee-e (R) fqe=ararqeiemd(Third
Quadrant) 3TN x-axis Tg 27.09 AT,

+Y axis

X axis € > +X axis
27.09°

R=537.62N

-Yaxis

ATHAT 2.3¢: Rgreeredinregzarnturtaen
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3.6 ATTtheheT TEATAT ATUR HET hitoiaX BIETT TET. AT et TUITeT ATIT TAH TR
el TUITAT TRUTTHEH R haed HHTA AR TeTieT THIE9 AL,

2.5. 970 SUTH(Space Diagram)

g ATt SiT SReqar Tl HOTT=AT ST 3T[eh T ST farwT aieral.
F2 F1

F3 Fir

HATHAT 2.3%: TUH STAATH

HATHAT R.¥0: TISH ALY T T STAATH

2.8.% SEFISTAUTH (Vector Diagram)
Y ST hecAHal Ha ol TehT G (9iHe i ggfaaestiiaean Sidrd. Sa1 aeH

STt RITITAT SITATA TR SR e TR FEUITa.
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N “ ’ | fi] ' i ‘ |

3Tl'ocﬁﬁ R.%%: FHASTHUTH (Vector Diagram)

2.8.3UTERETAUT (Polar Diagram)

f& STt 3T STt AT AT ST Bl SATHEAY e (O)IATH =T Sfaes fofg Braet Sl
SO SfeFet ATehel= Gl feig et (Pole) STSeiet ST

2.8 ¥HUTHeRUTe T (Funicular Polygon)

f& amedt ome St deRerITmHER W B, Samel fEwee WW o wuawne

o o (X
qlS(’Hd‘IIIUIK’IOIC‘CHMG:‘IISQ’HWIICII.

3.£.4ThIHITE HTIUT THTR HI-Te-R a1 e maTet giee-e stauareit HiHd i 9.
FihTu AT FHIAE hI-TiR oo TG eE el el SRUTEN TS0l SET ST, Yokl
T :3ATef TS eI U8 T S™UM el

02 fadedT A Thel U SRFeX SIUM Flal.

w03 fEceeifireasH wquqluldﬁmﬂaﬁﬁaﬁﬁ;’_\aﬁw,

NN

T4 TaciedT Thel=aT HedH [Eiee-e /s,
W5 TEeeeiienn fHeauaTaTa! STTesaT I8WTTHE (Horizontal Surface) WIS,
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IETEAUN:RIHIUE HTTUT THTAR -t I [ HATST {gTee Sauar=it Wi au<ga.
3STEUTsh.-01
HTEAT 2.420E TRISATIHT! AT Tgd ATTET NG H IS SATOTTTRITET.

HATHAT 2.%3: T ften

I T SA1fvr feenfaena st st YonettE figieere @refiel ToTigR HISTeT ST1s: IThdl;

U 1:3THT 1SS AR T8 TH SEUTH HieT. feeied geoied Tohel U8 sedel SUTH FHlal.

7 Yaxis
250N
o> | ®
W 5 T4 A
@"
—BooN
{1 Vizsn
Spoceé Diagrom
o b .'

Scale: 1cm =5Son

Vector Diagram
HATHATR.%3: TUH ATIUT SgeFed STEAUTH
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w02 Rgeee eI e uaTaTal T SATM0T Srare foig g s,

T3 BAAT TheT<AT Hadi REiee-eHIS, I 39Ul [em = 50N Haet Bid AT TUHT He
a-a = Scm M. A 5 x 50 =250 N 7V fgree-e=h 7 250N 3.

T 4:Ngtee-e=iieRn fiaauamad! SATesAT YBHITHE (Horizontal Surface) HIS, ST HISH 30°
fireTett 1R,

T 37eqI (Self-Learning):

ST ToTa:

(i) T (ii) Trerefierar.

AU ST SHRHTEFITE Hleh fotar.

ST foTa: 1) o1 if) SEqH iii) S iv) TS o

A SATT SSHHE e forat.

TheAT JATIOT SeFe Ao STETfetaT.

QTATAThT SHIVT SHTOT EheTt STed? JEQH, T, STHITH, ST, 65, ST,
gfgeran foforer yomTefier Sl ST, SATSTRTCT SHIvTeAT FiHEH= Ul ST 3Ts.
. ST SATEAT AT, SToeT TETeT it 13 ohid doal T shI IO B ITehdTadeiT.
10. ST SfTR =,

11. g foredia=fieamea . SmaTTesaT st Jurefi=ht are .

12. Eeiie TSt $98

i wluilsucgtem

—

I I I

ii. TATAREITTH

13. TIE ST, A STUTH < TINTST U1, UTitheh TefaaTed
JFELSTIUTHT ST |,

14. TS ACTFSTIUH IMUTd Fd AT SIT?

15. QeATel AT SRASATIHTO! NgTed-a= HRTgS HATIOT feT wire,

40 N

30° 25 N

30°

45°
“40°

50 N 20N
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16. TTetter st it fofga e s stadie fareeremieesmitemissduomeres Tgd
e,

(A) 300N 30° ST,

(B) 150N S 45 Sa=afezid,

(C) 200N ufgrH fawm.

(D) 400 NSt 3T feg.

17. ST FHIALYST HAHSETE e T 3.

18. RITETHASSTEOTEE TI8 .

19. 3178t SITS[=AT 3 TGRTHT Sieh! 30° AT ShIMTd &ifrsT hrd SHIUM=AT 60 N SIAT=Ieresh .
20.100 N =T ST G STSAT 40° STT 50° 7 Sreelt ATSiT Rghiegerendl,
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gleh -3
FATAT AHATA
(Equilibrium of Forces)

o fa=t (Course Outcome): feciear uftfterdta eiie G 13Ta et (T3 .
Trgia foreror aftumTa (Theory Learning Outcome):

9. feciean uftfRerdia feciear Sfémand) s st s wer.
2. Teciean aqad sret gurtefi=r et s o,
3. AMETEGId (Lami’s Theorem) STI%UT ool saTaTes TR ETSamdrer fFmfor

FHOTRT ST ST (AT R,

¥. fecrean g=Aa Sm=r IR T T,

u. feciea i yerrrdier afafsram farsgwomersrgor fafera s,

3.1 FHATeT JATIUT IT=AT 3T

gadieT & et feordY fohar st 1R St SR Soi=ar €& hE Hd STEAHET ATl

fYermar .

A9 WIEFGET VAT FIAHT, THAT HeTa ekt asTrad. Wiea fosridi=an sfetada
TSl UTS ATE fehell GE=4T TToaTd TR T SioeT [eeeH hie= Jiuma I Sl deel siiet
arare feerdia sTeaTe et S,

AT ST FEUNST soTi=iT G ST ST =T g9 diel @,

3.2 gHAA

AT Ueh Uehcd o 37T ST STSla shid ShOT=aT SA =] E&A=T THTS hHl shid STTI0T ST ielr
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AT JeRTOMEEd AU IR SATET ST hall AR, & Tohal ol 3R ST JUITedi=
yfaffes .

3.2.1 URUTTHSHReR ATIOT THAT ATeaTd Tl Tl

TRt 9 § Tl 9o T8 Stegl SUTCHUaST S hLd, STeiat SUTCHSHIoNE JerE fHEior
. AT TUITA =T ST 3[R L AT o Uohed ot Q@ 3T,

VUL AT A SIATe GRATT SHT, TR foreg, AT e 3ol SAreaeh 37e.

Y
'

feRegultant foree

6l i

o |
Equilibvant foree |

FTHAT 3.1: TRUTTHHTR SATIVT AHA TToATd A Haer

AT YW TROTTH STH S ST GHqe SIVATTe] Ji, T TRATor S foeg, fowmm s
T e st Tt fuifd shefl ST Srehd.

3.2.2 UNUTTHSH Rk JATIUT THAT TTsATd 1T Tleh

TRUTTHSRTR THATA

1. ORI ThoT o TS S SISeR | §qed Tl 9t 3TQ ST $ ScAT6e i
T HOT=AT T TATER GIAR heAAT | ohid, dogT Icd ST SISl THalel SATITd.
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FHT TS 0T S 21k,
2. T ST ST ESH e . & ST YU TEE i,
3. TS foreeT 2. 2 ISl feer 3.
4. g ‘R’ EN aifered ST, ® ‘B’ SR axfferet ST,
5. TSI HEAIS T AT TS THAT T

U & TNETOT §HT 3772, 94 giemar=ar faw foreg ot

3.2.3 hT STST ST (Free Body Diagram)

Sl SiTST ST T8 Teh ATt 3ATe SaTHea foremrefi= sreq e Eueh B9 Hh ST6d ST

TSR T FHAOTAT T ot g¥ifard. AT TfAfshar (Reaction), AT (Tension) FBD a&
TEST YT AAdTd, Wiei! faeied 3.2 JI0T 3.3 STkt AL Thi SIS SHUTH Sl Te.

fg STTRdt FIGAHT hdes AT AT ToreRId Bael! SITd S8 ol SSe ATSHTeS, {@Te.

3.2.4 QUATAS JUTTET=AT 31ET (Analytical Condition of Equilibrium)

. ST § ST (Horizontal) Heehi=t STSFIOT T SRIST Y[ATSaeh! STHUN ST TR,
ie YFx=0.
2. ST e IRAT (Vertical) TEahi= SSHTIO 1 SIS J[ATSAhT 16T SR TR,

ie. DFy=0

3. F3TATE! ToHT UTge Hiard] HHwE 8T T 3. i.e. Y M= 0 e STETIRT. Hl-TAL e JorTedt
3T - %tk a1 31T T T UTTESTd. Shl-A-RHAT hishiue st JorTelt |1al &el o 372l quf
T TSI
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AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)
ie. DFx =0.

SFy=0
SM=0

ISTEOr: THater (Equilibrium)
IETEUT .- 01

AT T TUTTeA =aT Rgree-c=it afmror arrfor favm s,

6ON

f 30N
25N

_—
LON
TRt 3.2 : et JUTTeAT
feeteft mnfedt ; A et F1= 30 N, F2= 60 N 371101 F3 = 25 N 31110 x-axis 4T Heid =
A ferar o1,

e : fgreeresh dftvegs s fesm,

I : TEATeH AT =l o1t SUTTe! (The complex force system ) @A ¥ HIgad!

Id,
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265in30 f 60N 30N
25N
30¢os50
25¢0530
........ :36 B 50 > XAxis
LON

FTet 3.3 : Fgtegem = sftdimiee g

T 1: JYH HATHAHED STESHTIHTON HATSST SHATIOT SHT SEhiohe Foheied] Fel sTearel e

.

T 2: 2 FxIATIT 2 FyIMe, I Uesh AT HEca =T ST FUTST {15 hrog3 S Gl [eTsHTor
TR,

=Fx =Fy
—_— 4+ Ve - -ve T l

+ wve -

ZFX =40 + cos50- 25¢c0s30

2F, =40+ 19.28-21.65

2 F, = 37.63kN

TATIHTO! ST 2F, RN,

2 F,= 60 +30sin50 +25sin30
2 F, =60 +22.98+12.5

2F, = 9549 kN
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¥ 3: E Fx3T0T EFy=aT e, ftgieere "R" =t #iieze Afor fawm e,

T 4: TTIHT FOATAT & EHT TSIl AT hl T Fohelal! Jct U -3T8hs Fheiaiiane
HTIOT SR A4 L ff <.

R =/(£Fx)2 + (£ Fy)?2

R =./(37.63)% + (95.48)2

R=+/10532.44
R=102.63 N. ... e Jca?
b -1 EFy
B =tan |£Fx
95.48
O=tan"'| |
37.63

B=tan"'[2.54|

3. 3T IR (Lami's Theorem)

QATHT THT T 3T 7ot 3TR shl "SI 14 l-TeiL st EHalel Reerdfid s (Body) SR AT
B ST T, T et A 314 STATHEN SHIT=AT ATS=AT THTOA (Proportional to sin)
T,
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F* FL

F3
FTHAT 3.4: ATHR THIT

Rt Toeiea STeRdT 4.4 W ATHIR THYT SrEacie 3112, I STkt Hedl Fy, Fo3TUTE. 5)@

JATRA AT 0.3.% AT At hIT ATRd. BT FL,3ATMTF: 9fYre, 3 &1 F, 1101 F Aferer o1ifor v &

F1 F2 F3

sina sinf3 siny

3.3.1. ATHI=AT IHAT ITATT

1. © 3T & =T T HLOITETST A9 ST,

2. SiTe@TSt Weh fsigait (Contact Point) Sfcfsham MMEUaT@Ta! AT= ST shefl ST,

3. TR, T, heled, Hefiet aure (Tension in Wires) ITEOITETST AT STIX shedl ST,

4. S fasridt Sraetedn Mieaiiel THET (Reaction & Tension), fTeT oh 37107 BIdT Shaar
TR T (Reaction) AISIUITETS! Sl AT ST HedT ST,
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3.3.2. AATHI=AT IR ®ATET

1. 3 (Body) HHdict Hedl SFET.

2. 2 Hh i St ST ST AN HATe, S ST Hed SR o T ATEY. (Not more or less

than three Forces).

3.  HHITR ST hI-SAL S YOI TETST AT ATl

3.3.3. AATHI=AT THATAT ATUTETET ATTTIh et

1. A ST 3TEOT ST IR,

2. S THATS ST AT IR,

3. ST I STIOT ShiehLUe ST ST 3T,

4. T T ATT HIFTAhT fohHTT Teh oI STTIUT S <Rl HIfEd STE0! STT9eh TR,
IETEIUT: ATH S THT

1. AT 4.5 A SrEEeargnrer "A" fogEmEl, @ny aemsar Edt siaa
AW, AB ATIUT AC Hefier quiraT=r (Tension) Hed (Magnitude) ITTET,

600N

FATHAT 3.5: TI-TA- SATIOT HIHIUE A TUTTEAT
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fereredt afee: Teht fefger i <hishtue st e #Td ATed. sef = 600 N. ITeT: AB HATIAC
wefiet quUrTET He .

L I SHTIOT TV A JUTTH! ATHIAT THAT HISSdT Adl, ATHIZAT SHAT THR

F1 F2 F3

sina sinf siny

JTHAT 3.6: T ST STAUTH

o= 140°, B=120°, y=100°

AC AB 600

sin140 - sin120_sin100

AB 600
sin120 sin100

AB 600
AB Rl U (Tension in AB),— =
sin120 sin100

600Xsin120
AB WefeT AUTTE (Tension in AB) =——————=527.63N.....cc0vurrrrreennnn.. I
sin100
AC 600
TEHT, ACHE TS aud (Tension in AC),— —
sin140 sin100
600Xsin140
AC HEier qung (Tension in AC) = “in100 391.62 Nuuuvrrinniiiinnnnnnnnn. I
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IQTRY0T oh.-02

TTATE ThI-TAT HATTUT SRRV Tt TUTTEAT HTET, AB ATIVT AC Hefter qurtame Jed
i,

100N

JATERTAT 3.7: hI-TA-L STV ATV S FUTTAT
fercrett wfe: weht fofger i iehtue ot 1 id HATed, 9 - 200 N.

TIET: AB AT AC HefTet QUi qed

JTL: ] -TA- JATIUT hiohTUS ST TUTTAT ATHIAT THAT TS adT I,

ATHI=AT THAT T,

F1 F2 F3

sina sinf3 siny

120

;

200N

HATHAT 3.8: Thi drSt Srawm™
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o= 120 B=120°, y=120°

AB AC 200

sin120  sin120 sin120

AB 200
AB THIeT 9UITE (Tension in AB),— —
sin120 sin120

200Xsin120

AB W& U (Tension in AB) =———————=200 N......c.cevvvrrrrrene.n. I
sin120
AC 200
TEHT, ACHEf T aund (Tension in AC),— —
sin120 sin120

200Xsin120

AC T&feT 9und (Tension in AC) = —inizo - 200 N.uernerneeneennennnns IW

3qTE0T h.-03

WA ATHATTE TRATIATIHTUT 500 N AT FHeist TS SAerear TSHRITER
RoRTEIEET ATTR @, W1 ST USHTTTER 33 holeil RUeT Ie.

HATEHAT 3.9: TeT=AT TPWTITER Feerraerant fireist
fearett mifed): fadie 9o, I =500 N

IET: ST IEITTIER foered e,
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I - HTIT HIHIE ST ST SATH=AT SHAT HIadT Adt. ATH=AT THAT TR,

F1 F2 F3

sina sinf siny

HATHAT 3.10: TATAT TSHTTTER Rerrareian et

500 N

HATHAT 3.11: ThY ATST STAUTH
o= 110° B=120°, y=130°

ATHIAT THAT T,

A

RA RB 500

sin110  sin120 sin130
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RA 500
sin110 sin130

_ 500Xsin110
~ sin130

=613.340 N...ovvvneiniinnnnnnnens 3T

RC 500
’sin120 sin130

_ 500Xsin120
~ sin130

=565.25N.uueeerirnceeennnnnnnns I
3.4 &9 (Beam)

W (Beam) T AR HH FEUA UNWINA (Defined) el et HTg SAT Teh IGATOT
(Dimension) 3 &I TNHTUIYET sl A3 3T AT o et %EEIT Tues (Supported By

loads) 3T&. T TS Terelel Bl (Structural Member) 3R ST 2T-0egd cAle=aT 3T 311=.

ferem T (Span of Beam):? sfiu=am adie Hefier 37t 1.

Fi F2
B
A
C D A
- Span(L) ==
RA RE

ATt 3.12: fowem v

3.4.1 U Th (Types of Support)
qures fafaer g o
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1. Toroer |Auie: S s ek TRl AU 9T STaEed U qL AT fHFae HUIe 39 FRUdT,
AT JHOTHETST U st Teifsha (Reaction) GUIEAT FHIEHHTT (Perpendicular) 7.

A ‘ W B
| |
& fo
- = ~
et 3.13:Foraer wae

2. el TqUIE: IT 9L AT Yo <A1 FIRRAH UTe foar Sirarl, a1 qe fdgw & sfwer
SFIEHITT 3THd.

ATt 3.14: TR TS
3. & auie : 91 Y=t guid qey S Sivrcarel few Sies rehd ATel, af \qie et

T srerat. ferworrean eqendl e fe site o streel qeer 3+t 7.

F1 Fz
Hingad Suppart

Hinged Suppart. l l E/

&
\ c [+
Span (L)
RA

=

RE

ATRAT 3.15: & wUe
4. TorerT |UE : 3T YShI=AT GUTE Wed sy ohard 37,
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:’3
7 Z
Fixed QA‘,/‘/ [~ Fixed End

T 4

e

/ /

/__r Span(L) }/

ATt 3.16:Fthera AU

3.4.2 TNfETe g (Types of Loading)

1. TSI &1 (Concentrated load): 1 TS 3778 Sl @Y A& sk (Length) F

l,.
k i
- ' -

AT 3.17: THET A1
2. ThHEHE @@ & (Uniformly Distributed Load):8T @S (Load) 3@ St

Fdl, ATAT UTee Al 7O FurdTd,

THGHH dierdg (Intensity) IV SAfe SR (At certain Distance) T LT,

W

L y F y F y F y F y F y F y F y F

- L

»
ATHAT 3.18: TR faafia &g
3. ThARE SEAUR @1E (Uniformly varying load):2 378 T 3718 SIT=IT THETOT

(Magnitude) faf3Te retratfia aredr fohar st grar, rer Hrepf oite T8t FeurdT.
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|

- L

FATHAT 3.19:THARE TIAVR TS

3.4.3 SO THR

1. Torroet @utée sftm: ST s 81 |uie o TEaT (Simply) ST 8 38 & ATl et
qUIEE s FEUTATa.

F1 F2
A B
c D
- Span(L) >
RA RB
ATt 3.20: Forraet watés im.

2. hireeitegt otm: ST sftH =1 TohT SIohTell et TANTA STHe AT Ta ish Hh U oL, Tt

Fhieectert s FEurard.

/]

Fixed @‘dﬁ:
7

Free End of Beam

SSN

Span(L)

JTHAT 3.21:hTveetioat |

107 |Page
MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION, MUMBAI



AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)

3. eIt o S & e STed fofdet auids e o, e ey sin 3

FRUITd.

L1 L2

T - P
A
N
¥ |
A
ﬁ—"——hm

TRt 3.22: Frdlg2m@ iy

5. 3Tregd B o 9: ST SH =7 Trg IR S HR JTeadT Tl 31 at, oI 3oL g1
s 3/ weuraTd.
F2
. |

B
C D J
L1 L2 > L3

RA RB
AT 3.23: ST T AW
6. Torars sfim: St fome gt ok Tefdfme ffea sradier @ cmer fhee fohar sed=s
fohar form 3 foree o1& wevrTa.

FIXED END FIXED END

FIXED BEAM
ATHAT 3.24: Trere |
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31RO AMAMAT S THSAT AU TS TSI I,
3ETE0T 3h.-01

Tl et we fareft guide sftm S w99 4m IR, SR IF Uige A 5
KNI 4 KNS STea ST 37T GSUTEH 1 m =T AR AR 8 3T, T

T ST GUTS e e,
SKN 4kN
A B
im & 2
c m > im
4m
RA - }RE

AT 3.25: UTge cilsHg (Hvuclt guree sta

IR ; Toeteft mifEd); Fq= SkNSATT F, = 4kN, &9 = 4 m.

T Fre TR RA 31107 RB

I qHATS ST AN e TTe TR et ST Koo,

AT |l S¥AT SeahTal! SfSHTIOT SISt Y[ATSaeh! ST STTE¥aeh 3T, ) Fy = 0
hIvTeATe! foig Wefell Tef srcr=aT U diHes SIS st YATsesh! S0 Twdh
R, Y M =0

(VTS o3 ZFy =0 T +ve, 1/ ve 3T 2M A:()w.c_i?..) (%__),.-

)s
R, +R5-5-4 =0
RaAtRE-9=0 oo, GHTRTT (1)
DMy =0 oo, A feig st HiHe SaeaT,
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TEATST=AT I8 (Clockwise) HIHE TN 0 HohRICHE TR ATV HSATSIAT I
(Anticlockwise) e TR TR,

(5%1)H4x3)-(Rpx4)=0

5+12-4Ry=0

17-4RB:O
Rp = 4.2 SkNGHIHOT | HE T R, QMU ST o],

R,+4.25=9

IGTEY0T oh.-02

Tl 3Rt 7Y farueft ddide diw S T 4.5m IR, e I Uise A

THEHH Al T 68 STIeRH STeAT AT IS4 USUTET Wieilel SR A1 &id

TR, I AT ST GUTS AT TeT.

20kN 30kN

40kN/m 20kN/m
i 2.m c 1m = 1:5m &

Re
HATHAT 3.26: UTEE IS ATVT THEWT faaiia wiie ug et quiee o,
IW : fedelt mfed): F-20kN, F,-30kN, 10 N/m & UDL 2m =37 3idqUeR 312

TITEYAT, 20 N/m = UDL 1.5m <37 shiciTaelt ot 3R,
INT: T {ERH R, 3ATT R,
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AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)

I FHAIA 3T AN et IS R eI ST el TATAT |l W7 ST TSI
SHIST [T 30 SATERIF AR ) Fy = 0. PR foigwisiel @el srerar wdl A=
SfSRTIOT SIS Y[ATgdeh! STHUN ST TR,

fectea uwemT fordftd Wi dige ofts 7ed ®9ial %A1, 10N/m = UDL 2 m =47 Sfce 318
-10 x 2 = 20kNTITEISHTY, 20 N/m = UDL 1.5 m =T HIae! 9t 3118 s d 8igat 20

1.5-30 KN
20kN 1OKN zokN =ZokN
‘LJ— a
im > im _n‘ 4m °7$m o5 r
Re

HATHAT 3.27:THEHT foaid e UTge AlE 7Ll FUTaX
(WW ZFy =0 T +ve, 1/ ~ve AT ZMAZO*—C—{?--D (_%_.)_,),

RA+Rp-20-20-30-30=0

R,tR5-100=0

RAFRE=100 ..o, GHTHTT (1)

2MA=0. .o A eig Wit HiHe e,

SSATSTAT faRI HIHE A 0 HehRIcHe T8 HTTT SSATAT=AT A HIHE THcH
IR,

(20x1)+(20%2)+(30x3)+(30x3.75)-(Rax4.5)=0
20+40+90+112.5-4.5R5=0
262.5-4.5R5=0
Ry= 58.33KN wcccuuruumummmmmmmmmmmssssssssssssssenn W
= 58.33KNTHIHT | WE A R, A ST I,

R,+58.33 =100
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AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)

IETEOT 36.-03
Tl TThdt 7ed fredt wude dim S T 4 m SR, R GF U S
ST TS |1 Ferer S,

SkN L kN

HATRAT 3.28:UTEE AT ATV Ueherw foafia wire wg fvuett auiée o
I : feereft mnfedt: Fi= 5kN,F2 = 4kN, 5kN/m < UDL 2 m =37 3iq{eR 37T,
IM9T: FIE TG RA 3111 RB
I qHATS ST AN e IS TR ST ST e,

ST |l S¥AT kTl SSHTIOTG SRSt X[ATSaeh! STHUl STEwh 3R 2 Fy = 0.
hIvTeATE feig@sielt Tref sTetredt Tl A= sfomTord SISt S[aTgdeh! ST AT
TR,
2M=0
2 m TT=AT HEAE UDL ©1 §oqed foig direned &9iafid s, @ 10KN 378,
5kN 10kN LkN
Al
Toi“ﬁ.ei"ﬁé—m pe_Am
Ra Re
HATHAT 3.29:THAA faaia @1e o UTge Tie Hed T

(BTeH Froee3 ) Fy =0 T +ve, ~L ~ve JHTIT ZMA=0“-<—E—-> Q--ij),
R, +Ry-5-10-4 = 0
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R,+Ry-19 =0
Ru+tRp=19 kN ..o, GHTRTT (1)

DMu=0 e A feig st HiHE SaeaT,

FEATBIAT TR (Clockwise) HHE AT 30T HohNIcHS T8 ST TSATBIAT I

(Anticlockwise) e TR TR,
(5x1)+(10x2)+(4%3)-(Rgx4)=0
5+20+12-4R5z=0

37-4Rp=0

Rp, = 4.25KNHHISHIT | HEY 2R R, TIEA ST Rehdl.

R,+9.25=19

IETE0T oh.-04
TTATA ATRAT T Teaelt Tutée Ju AT T 6m 3ATE TR Thau™
forafta e e TF o AR B9 TR, X AT AT qute Rerer v,

gkN|m
4

Ra Rg
ATHAT 3.30: Tohaw faafia @iie ag Rruet aurés #iw.

I ; fecefimfet: 8 N/m = UDL6m =41 SidUer 3R,
INYT: TS U R, 31T RB
I FHAI 37T AN et 1S e et Sirss ¥k,
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SATAT T IVAT T SISO SISt [ATSash! 370! HTEREe 318 2Fy = 0.
FHIOTATET folgeiatel T Tetreat &el He! STSTior ST Y[ATEaeh! 3760 STERTH
AT,

2M=0

UDL 3T T99 I 37T T UTEe Tl He FUTal el

8 N/m & UDL 6m =T STcIa 3718 8 x 6 = 48 kN.

“4-F kM

~ J B
]

Y Ra

HATHT 3.31: THEUH foaita die o Uige @Ie 7ed FUiw

(TTST Froe=IH ZFyZ 0 T +ve, 1/ ~ve STOT Z'\/'AZO*--C—JB----> QE_)«-—),

R,+Ry-48= 0

Ru+Rp =48 kN..oovooeeeeen, TR (1)

DMu=0 e A eig wrerdt HIHE Sqed T,

TSI ¥ (Clockwise) HIHE TR 01 HehRIcH 3ATe AT HSATB=AT IAE

(Anticlockwise) ATHE THRIcHSE AT,
(48%3)-(Rgx6) =0
144-6Rg=0

144 = 6Ry

Ry = 24 kN G | ALY T R, TG ST Tk,

R,-24 =48
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AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)

IETE0T 3h.-04
Trefled TRt 7ed firaeft @dide siw S T 6m AR, RS9 U A
20kNSTUT 10KNHE STIshH STeAT AT 3741 YT (End) 2m =47 HAUeR ise
e T B 3TRd 8= 30kN/m o UDL 2m =T SiceR TR aX IErei=ar quid
TRt e,

20 kN 10 kN

t 2 t 2
ATRAT 3.32:UTEE AT ATV UeherwT foafia @ire wg Rruet auiés =fim.

3R ; foorelt wifedt: 39 dfse @S 20kNSTMT 10KNEE 30kN/m = UDL 2 m =T
FA TR,
TIET: FE FFR RA HTMUT RB IT: FHANT 3T AN ] UIe U M ST
Tl SATAT |l ST BT SISRTIVIT SISt [ATSdeh! T80T AT 3T ) Fy = 0.
hIvTeATe! foigse T sreTr=ar Hel HiHCH SIS siis ITgdehl STHOl STAwIh
.
2M=0

UDL ST &9 o 3R I UTee dle H&d ®Yial &1, 30 kN/m = UDL 2m =31

AT 3R, 30x2 = 60 kN

2_okn i0kN GoknN

FTHAT 3.33:THENT foaiia e o Uige AIE 7eld T
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AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)

(VTS ShrograH ZFy =0 T +ve, i' -ve JTTMOT ZM A=0-.C_11>_.-> (%__),.—,

R,+Rp-20-10-60 =0

R,+R3-90 =0
RytR5=90 oo, GHTHTT (1)

DMu=0 e A feig wiieredt HiHe Sae,

FEATBIAT fe¥ (Clockwise) HHC AT 0T TehIcHe: TS ST TSATSIAT I

(Anticlockwise) HATHE ThTRTcHe TR,
(20%2) + (10x4) + (60x5) - (Ryx6) = 0

40+40+300-6Rp= 0

380-6R=0
Ry= 6333 KN.ovoniineirenennecnenene IW

Rp = 63.33kNEHSHT | 7E2l kA R, JMUA SIS Ik,
R+ 63.33= 90

Ry=26.67 KN..cveruirrinnriiennienenenn, IW
IETELT 6.-05

Tl 3Tkt wed faraeft guide s ST T 8 m R, e T Uise A
AOKNSTIU HIHE  48kNmSTshH STeAT HTIT 3ot USUTHA 2m ST 3m3Fatier &A1
B ST, T T AT |1S. TR e,

40 kN
48 kN.m
A h g

i — > —A

[ 2 m e 3m b 3m »

HATHAT 3.34: UTEE IS ATV HIHE AE O fvaet aures in.
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AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)

40 kN 48 kNm
5 1 .
7IN A,
““' 3m »ie 3m > 3m >
Ra Rp

JTHAT 3.35 : Thi 91t feumw

I (TS HroeIH ) Fy =0 1‘ +ve, $ —ve 3T 2 Ma=0

ZFy =0

R,+R;-40=0

Ru+tRg =40 kN....ooovioriinnn. GHTHIT (1)

IMu=0 oo, A foig sirerelt Hitfe Saery,

FSATBTAT fa¥H (Clockwise) HIHE TR 0! HhRIHE TR ST HSATSET=AT 3

(Anticlockwise) HIHE ThRIcH TR,
(40%2) + 48 -(Rzx8)=0
128-8Rg=0

128 = 8R;,

Ry, = 16 KNHHISHT | HEY TR R, TITEIA ST ek,

R+ 16=40
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AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)

IETELUT oh.-06

Tl SRdt Ted frreft @uide sin S T 9m AR, SE Uh U A
SKNATIOT 6 AS10kN BT 30°HEd 3ffshH STeAT ST ISfeAT USUE 2m ST
4mIATER AT BT ST, T AT HIS=AT |1e G e,

SkN 10kN

A 30°

B

A5

[ 2m —»e— 3m —pit— 4m ———p

AT 3.36:UT3C oS We orvuett adiee ta.

o LR
5kN ~ 10sin30 10kN

Ry A 30° 100030° o

Y
x

2m—pid——3m—>le 4m »T
RV RB
JTHAT 3.37: 301 ATSSTAUTH

ST ; (ATSH Frog¥H ) Fy =0 ’I\ +ve, ‘L -ve, ) Fx = 0—>> +ve, =—-

vearior 2M |3=O-§?> <%_-); ),
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AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)

SMac0 CMg-0-"0 (&
5X2+105sin30°x 5+ 10 c0s30°x 0 -Ry; X 9=0
35-9Rz =0

35=9R,
Rp=3.90KN...ccoerrrrrrrrnieererernrnnnnnn W
(Q Fx =0 +ve, =—-ve)

Ry-10c0s30° =0

Ry-8.66 =0

(ZFy=O ’I\ +ve, ‘L -ve)

Rv —5-10 sin30° + Ry

Rv—-5-5+3.90
RV=6.J0KN.eeueeeneeeeeeeeneeeneeenneesnnns IW
ISTEON: Fiveetiegt i
ISTEOT .- 01
5m¥ hirecilo , FaTE Ut e .
S50 kKN
A |
d B
L Sm =]
™ =1

HATHAT 3.38: hiveciioat stH

I : fecrett wnfeet : 50 kKNSUTEedTE 5 m SHeRATTESTR.
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AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)

WH@@&WRA
I FHAT 3 AN o Ad1S TR QM ST Wb
ST Tl IXAT FEhTaA! SSRTIUI SISt J[ATSeh! STHUN ST 38 Y Fy =0.

RA —50=0 ... IR (1)
RA =50 KN..eoevvruueeeeeeeernnnnnenees conne I
ISTET0T 6. 02
5.5 m TUTSI AT [eTeh = Tog e IHETA T, TUTS ({UeFITT ITIerT
3JORN SO0kN
Ad_ rR
j_' 2.m i 2-Svry ’_.B

HATHAT 3.40: Thiveciioat stu
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AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)

facreft afedt : 50 kNSTIOT 30 kKNSHTEEATS 5.5m TS HaRaTeIaaTs.

0T : {1 NERH RA.

I : GHAT T AR & U1 T Mereft Si1es Trehd

ST Tl IXAT FEhTaA! SISO SISt I[ATSaeh! STHOr Arawaa 378 LEy = 0.

SO Sok N

;&T' 2 _ ey L 2 -S> ‘_53

Ra

arraﬁ"rs.ﬂ:!ﬁa’rfrfmw
(@ET FHegvH 2Fy = 0 T+Ve, ¢ -vlarrﬁn 2Ma =0

=0 (o

arar XFy =0

RA=30-50=0  ......... THTERIOT (1)

RA =80 kN. (3T)

3TEUT .- 03

4.5 m TIT=T WISl hi-eci[oat o HETa, Fure TR 2.

SOKN SOKkWN
4 1 Okw [
-
A 2m (. 25m B

HATRAT 3.42: Thireeitoat a0
feaett wifedt ;50 kN30 kN=UECAISAMT 10 kN/m  3Tf0Tudl 4.5 m

AT HRATR TR,
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WH@@&WRA
I ; GHAT T AR & U1 T 2Mereft Si1es b

ST Tl IXAT FehTaA! SSRTIUI sisT J[ATSaeh! 3TH0r Arawaa 378 LFy = 0.

30k 25 kN 50 kN

]

P’ y c‘ I B
2m “.‘L-lﬁhl-ﬂm o
Ra

JTRAT 3.43: WY ATST STEITH

(@ Hee v 2Fy = 0 T +ve, ¢ -ve 3qTfOT 2 My

=0 (o

st XFy =0
R, -30-50-25=0  ......... HHTERIOT (1)
R, =105KN...cccvvueeerrrrnneeeerennnnnnn I

ENGINEERING MECHANICS (312312)

0

Tt ufafrar aefoamet  difrd aga (Beam Reaction Graphically For

Simply Supported Beam Subjected To Vertical Load)

s it st gfafsram difirdie geada arefavar gre) ©o @refiay 9 1R,

1. TIF STIT S5l STHUTH HIT.

2. UIeR SEUMHET: fe AThdl doet ATpdIqT I8 2d, Samed foig <0 ga dat
HATHAT= Sefe3 Bl STal AT dF A= Tl feig “0” gl Sigedet

SHdTd.

3. WHIUTheI GTART e,

4. & ATl dIR SEUT WYA YTH Bid. ATed REiee=e W F0ATad] afget S

NCRE] %iicu@.
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AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)

T: 31e9 (Self-Learning):
1. STt SrRTH=T TCATST &,
2. A THASETELON 8 TIT
3. AT THAT START R Ao THT HATGTETs .
"I (Equlilibrium)STTOTEee-23aTeL0 €e T8 .
. fosdwonenengan so focen=n wrdrateed |
6. Grellel HTHIHAEY SETATIATY RefecrctlH 9 S3TuGRITeier.

<
I
I
I
I
I
I
I
]

R

9]

800N

50N

500N
600 N

7. WA HI-TA HTT iU A T TSI,

8. WA hI-TAT HTIT SHHIUE S TUTTEHT HIS AU eI,
9. T fafae YehRaTRdT 98 T &AL
10. form=r farforer SRR 98 T9T .
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AT ATfAHT (33238%) ENGINEERING MECHANICS (312312)

11. @i SIS 10 m 3T ,AEREHAE 15 kNS

10 kN/m = UDL 7 m ¥& TIHHSEAATNRTAUSIHA 3 mfarat=ariise
TR AT AT FaarT Siver.

‘/—10 kN/m
A S:ﬁﬁﬁﬁﬁﬁf\fww; B
7 3
5 U X T
12. et S T 6 m 3 ARSI 2 kN7 1
kN, 1 kN/m & UDL 2 m Hg U752 TheaIqeTRd. eI =aTadre. {aseT e,

2 kN 3 kN
l :lkN/m l
l[lmulm“ 2m ulmulm1

15kN

C

13. @efid SThRd A Ieidaices msa=gd § m 3, Eusede 3 kN
STAUEIET 4 m AqUai=AIseiFRiadTedded 1 kN/m I UDL 4m =1
3 kN
1 kKN/m
4 m ><

—
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ENGINEERING MECHANICS (312312)

T2 (Reference)
Sr
Author Title Publisher with ISBN Number
no
Engineering | Dhanpat Rai Publishing Co.
1 S. Ramamrutham ]
Mechanics 2016 ISBN-13:978-9352164271
, T Engineering | ¢ - nd& Co. New Delhi 2018
. S. Khurmi, N.Khurmi .
Mechanics | [SBN: 978-9352833962
3 S. S. Bhavikatti Engineering New Age International Private
LD, avikatti :
Mechanics | | j1ited ISBN: 978-9388818698
4 D.S. Bedi. M. P.Pooni Engmeering Khanna Publishing ISBN-
.. bdl, . r.roonia :
Mechanics 13:978-9386173263
S e R K. Banal Engineering | |+ 1i Publications ISBN 13:
£ % B bansd Mechanics | 9788131804094
125| Page

MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION, MUMBAI




Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

°eh 4
FeAT™ THT
(Friction of forces)

fowar feasft (Course outcomes): 39 =qudt fafaer uftferdined (Situation) =dor
(Friction) a (Principles) T &1
e Tt (Unit Outcomes):
1. fecrean feudtamat (Situation) BYOT S/ (Friction force) 3ATTOT 50T T[0Tk (Coefficient of

Friction) ffsra &,
2. Tociean ufiferdiamst (Condition) =rdor feerdi=r aof .
3. foctean feerdia = e fafera .
4. 3B SISl SEUM (Free body diagram) a9& foeiean feerdiandt firgier (ladder) s sHom

faferer s/t Streza.

4.1 T§UT (Force):

YUl SATEAT (Force definition) : T J&=AT Brer=mair=l (Movement) SR

(Resistance) =TT e (Relative) BT Tl BT, TTAT THOT RIS BLERITIELY
(Surface) AHUT=AT aﬁ'ﬂ'&lﬂﬁ'l'f@ (Irregularities) =901 fuioT B, SegT T@meT & (Body)
TS T (Slide) TRT AT SATHANES BINON HE A B, S SATATAAT fohalT FEwTTT=
WESISIqUUIT (Surface roughness) FTEAT AL YT ST AT

HTIT S HTHHTSITA FHTT= fHAT (Role) cdd Hecd el HTe T8 TeT=aT JBWHTTER
T[S BT AT, HIFshere SR TecaT=AT JBHITER fihor, U IBTar fetfeor Seamel. o=t

HATEAATT IBHTTTER ST G FSI0 Bl d IEWRTI=AT TS IAIITHGS (Smoothness).
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

4.1.1 IO YRR
T G T TR
» e ooy (Static friction)
» it T9or (Rolling friction)

o ugur:

TEoR ErurT=ft ST (Definition): STeeT &2 (Rest) ferda (Condition) STEAHT TEIER
HTHEITAT ST eS0T FRUTAT.

Tfcrsfier aor:

wrfcrefie sruTT= ST (Definition): StogT I BTeT=Tel =T (Moving) eI T8 degl
El"v?lgﬁ ?ﬂgﬂaﬁﬁ (Experienced) FHUTTAT Tl ST FEurdTa.

T =907 § 3 JehiHed forvrTeret 3118

» TThd =97 (Sliding friction )
» QT 7907 (Rolling friction)

[Tehd T9T (Sliding friction)

HThd TN SATEAT (Definition): SIo€T Uk & GE=AT T&IA HTohd deogl &g
HTHEI HUTTAT TChel YT FEUTCTAT.

AT =T (Rolling friction)

T ErsurTeft 31T (Definition): TETE & H=AT &L UTCAT Bl STETHT ST ET0T
STTOTEr TATAT UTHT ST FRUTTd,
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YU FTIS (Advantages of friction):
> SO YEWRTISR Jhdl (Freely) e STk,

> 301 U &S Tehg THTER foTg Rrehall.

> SlEmeTSe sifeh foed BT e e s .

> T BT (Surface) TREAT WatH STeHTH ST 8.

> 301 ] (Body) BTATA 9% S Ikl
HYUT dle (Disadvantages of friction):
» T AU (Moving) W Wear 3T10T Tear BId.

> T = IRhr (Power) S BN,
> T STAEuIETS ST AT (Power) ST,

> Tfie=f SRl (Efficiency) HT I,
> ?TI'E@ Al SETe (Maintenance) T
» 391 (Energy) FfHdtamdt siemiamsaar i SeMT=i (Fuel) STaweehal @RI,

Rt ardurier fw (Laws of static friction)
T oo e EiefiesmToT 3R

» SO I (Friction force) EHT HUshI=AT TEWTTER <1 -3137a (Tangential) T 3hd.

> SO 9 AT (Body) TA=AT (Motion) fa¥I=AT (Direction) o (Opposite) FTl
(Act) T

> HURIq ST ISHITTAT &3TaR (Surface area) B0T o7t €97 (Independent) TEd

> HNUT T IBHIITAT @S leN (Roughness) ST 378,

> =Y ST (Friction force) | Sfifshai=r (Normal Reaction) T 2R T&d.

> TR =T (Static friction) AgHY Tfdefiet SOMYET (Dynamic friction) ST ST,
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

Tifersfiet asurrer = (Laws of dynamic friction)
> =Y S (Friction force) ~&HT T fa=1 il ShLd, SATAT o, (Opposite) & 8.
> it Ersuri= aRHETOT (Magnitude) 319 qBWRTIHETE |1 Sffsharer fber ot
(Ratio) &YT (Bears) 3Xd. T =997 (Friction) FRTTGd U= SISl & ST
e fehfera st TR,
> T TTATat, THT et fEeR (Constant) T&d. 90T ST (Speed) e ar fehfwra st
gl

4.1.2: AUATA WAT{Ed 0T (Limiting Equilibrium):

HTEA 4.1 A IRESAATIHY (W) SSHTE I&] @eseld (Rough) STSsAT IBHITET

(Horizontal surface) Saciell aX1ard (Represent) 32,3 It (W) "8HT 3TTai (Vertically)
T R S (Act) Fd ST AT TFATRAT (Normal reaction) (R) T8t STeis at=at
G T A SR AT e TS 5 (Horizontal force) ‘P’ STl @ 90T &faAT (Friction
force) Hob (F) & J&=aT faxi= ST AT, SeAr=a o= 4e STy A1 SO e 5Ny el STRetel STt
(Maximum) 3T 3TT10T o7 STTSSAT TAT=AT (P) SIS (Equal) 3T ST =T AT A€
(Situation) #ifed §HATS (Limiting Equilibrium) FeUF 1@ SITd. SR HATIU TS 51 (P)
HTUTE TG X HYOT SATIET (F), TS I (P) =1 AT ATeeaTies a6 ST G2 ST,

Bad
oY
AN
&
=|_|H_ E:

Maotion

AT

[
Horizontal Surface

L

W
FTHAT -4.1 TS AHATT
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9,

W = Sl IS (Weight of body) N 7l

R = @1 9idfshaT (Normal Reaction) N W&

H= Ty TTW (Coefficient of friction)

P =41 (Force) N ey

F = =907 &feA (Friction force) N HE

S = ufcormdft afafsran (Reaction force) N ey
TUAr HAffed sHUgT= 37t (Condition for Limiting Equilibrium):

YFx=0 —* +ve forg (3TTed 57 Seeliene SITd 3T1R)

— —ve o (3TTed 9t T SITS[ET ST 371R)
YFy=20 I +ve foreg (3w srerTer a=h fomm @1R)
| —ve T (3v ST @rerEh fom oTR)

4.13 a&mm’r&awﬁﬁmaﬁmupm’r&aw (Limiting friction or limiting value
of friction)

& SO ST STl ST e (Value) 31TR,SiegT TETEl o G=a1 Seq=al I8

(Surface) TXHUATH (Slide) &aTd FAd.SfegT S (Force) HAifad HNUTIET (Limiting fricton)
FHT STE, dogT SR el He (Rest) T SIegT it At fad SYUITIET ST T, doeT I 8e]
(Move) AT,

Motion

P

>

LHorizontaI surface

Y
W

TR 4.2: HATIGA THUT (Limiting friction)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

a7,
W = Sl IS (Weight of body) N 7l
R = 9T gfcfsha (Normal reaction) N e
M= FuT ‘;FUW (Coefficient of friction)
P =9 N A=
F = 9907 5[ (Friction force) N ey

S = gftorret afafsrar (Resultant reaction) N ey

4.1.4 I9UT TUTIR (Coefficient of friction):

T S (Friction force) 9 €HT gfafsha=ar (Normal reaction) ‘QIUilﬂIIFiI (Ratio) L)

TUTieh 3T FEUICT. SISO Ulieh & L &I fermeTg axiferet Sirdl.

. endor s (F
WW (W)= Prrqm;;%nfm)(R)
_F
M=%
ENUT 1011 (L) ST Tohah (Unit) Ta.

4.1.5 99UT kI (Angle of friction) 3TTfOT ufurmdt ufafshaT (Resultant Reaction)

AT gl shaT (Normal reaction) JATIOT afoTTHt Sfcrfsram (Resultant reaction) JT=ATd el

FHHTAT (Angle) TTHT I FevrdTd, =801 1 8 ' Q' = Farergit asifeey S
TR 4.2 TR,
F
tanQ) = E
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

F
ButlJ.ZE

tan@=p .. =0T 1 (()) ST BT TR (L) AT Heie.

ot afeafsraT (S)
s=VF2 + R?
A,
R = TTHT= ffshan 8 N gey
F = 9107 511 § N 7e
4.1.6 TGSt &1 (Angle of repose) (<)

StegT IE] TET=IT sgﬁw IBHNTEX (Incline surface) Sacdt ST e FEI FHIUTTE

JehT=AT ol ATl (External force) WIS o AT L= T ISHS (Own weight) Qredl

GLHUTH raTd BId degT JITEeAT BT (Horizontal surface) WW (Incline

surface) STATIT SIHTAT FAIST FIT (Angle of repose) 318 FEUTAT,

a0dY

\'-N cos™ Horizontal Plane

g .
Ly -k
-q k{

W

ARt -4.3: T =T

c
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

4.2 g & (Body) ATSSAT USHTTTAX (Horizontal surface) AT SATT ITIfUT e
(Force) auarer Rerda (Equilibrium condition) 3TSAT IZHTTTAT (Horizontal

surface) THIAR (Parallel) T gal.

R
E“?f"f' A Motion
N\
Y
F=pR P
[
Horizontal Surface
L
W
HTHAT -4.4
HTSAT IBHITIER (Horizontal surface) (W) THGHT SSHT= SR Saetet! T8 STOT SR TS

S (Horizontal force) (P) ATERIET 318 3761 R &%, Sciies (P) o] J&=AT foRi Ssar
ATOT AT TSR T, &INT &I (Frictional force) (F), 3TThel 4.4 HE GRITCCATSHTU 313 hid.

a7,
W = SRl S (Weight of body) N Hel
R = 9T gffshan (Normal reaction) N ey
M= W‘;WW (Coefficient of friction)

P =& (Force) N HE

F = o107 ofet (Friction force) N )

aﬁﬂﬂﬁﬁ? Reerefta STaamT (For Limiting Equilibrium):

YFx=0 +ve FI7g (3TTed ot SSTehe W14 3TTR)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

—  —ve [T (312 T STAT ATSAT S 3TE)

SAP-F=0

I F = IR,

S+P-HR=0

SAP=HR=F s (i)

EI"v_c[\FI'HT'ﬁFT Reerefta STaamT (For Limiting Equilibrium):

YFy=0 T +ve Targ (3w ST It fewm 1)

| —ve forg (3w sarTer Erer e o)

gt & (Body) ATSSAT IZHTTTEN (Horizontal surface) FAAT AT AT FeF (Force)

e fRurdia (Equilibrium condition) 3TSsIT IZATAT (Horizontal surface) iR
(Parallel) @ grar, a7 feerdt sfiet Higaeieil 3TN,

33T sk -01

3000 N FSHT= 3 (Body) TS IBWRTER (Horizontal surface) Saeiel! 3Ta 3TfOT
S ENUT 0Tk (Coefficient of friction) 0.3 T8 T & EAIVATHIS! HTETTh TS et

(Horizontal force) ® e,
31

et arfedt (Given data):
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)
T IS (W) = 3000 N

EYOT T () = 0.3
3Ted oA (P) =2

feereft Rouet: ovq sTesa YBWTTER (Horizontal Surface) dacie! T 3fred &/l

(Horizontal force) a&Ja AT el AT,

R
Body
—_—
Motion
p=0.3 t——Horizontalsurface
/
W=3000N
HATHAT-4.5

R FHAI ferdfia TG (For Limiting Equilibrium):

YFx =0 —> +ve — —ve
S+P-F=0
S +P—HR=0
S.+P-03R=0
TP =03R oo (i)

_OIF[\FI'HT'ﬁFT feerefid 3T9aHT (For Limiting Equilibrium) :

XFy=20 T+vel—ve
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

SJHR-W=0
S +R=3000=0
~.R=3000N
R = 3000 N THIEHT (i) HE TreheaT, ST fHedd
+P=0.3R

.+ P = 0.3(3000)

SP=900N................ e e
3qTeYl oh.- 02
300 N IS %] 3TTSsAT JBWRTIER (Horizontal Surface) Jaciell 3Te ST 3

TACUATEIS! SATARIF €A e oA (Horizontal force) 85 N 3R, T =Y T0rieh
(Coefficient of friction) 3TfT &¥UT 1T (Frictional force) feheft 318

I
feereft wifEdT (Given data):
S a5 (W) = 300 N
3ed 51 (P) = 85 N

ST 0TI () =2

Tq 5 (F) =2

136 |Page
MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION, MUMBAI



Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

Body
I’.f
/ Motion

P =85N

F=uR <

t——Horizontalsun"ace

¥
Ww=300N

HTHAT-4.6

feereft Rouet: avq sTTe=a YBWITER (Horizontal Surface) daciell T 3fred 5/

(Horizontal force) S¥qa T el TR,

GI"v_c[\FI'HT'ﬁFT Reerefta STaamT (For Limiting Equilibrium) :

Z Fx=0 > +tve T v
SH+P-F=0
S.85-F=0
SF=85N.i N7 oA (Frictional force)

R FHAI ferdia TG (For Limiting Equilibrium):
Z F y = 0 T +Vel —ve

S +HR-W=0

SR =300=0

SJR=300N T Ifdfshar (Resultant Reaction)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

_8s
300
SKU=0.2833 ... =T 0T (Coefficient of friction)
3Gl ¢h. -03
25 kN IsHTET IE] (Body) TSAT I8N (Horizontal Surface) ST AT 3ATIOT

HTEd 9 P R A 3Te, SN0 urieh (Coefficient of friction) 0.7 TR AT AT
BIGIEDI (Normal Reaction),‘élﬁUT oo (Frictional force) ATIOT E1ur SR (Angle of friction)
STYe,

3L

feeteft wifEdT (Given data):

FEE a5 (W) = 25 kN = 25 x 1000 = 25000 N............... (1 kN = 1000 N)
BT 7T () = 0.7

AT gl fshar (R) =2

0T S (F) =2

s () =2

feereft Roet: ovq sTesar YBWITER (Horizontal Surface) dacie! MMUT 3fred s/

(Horizontal force) I&IEX AT shell TR,

R

Body
K —_—
e Motion
F=uR P
u=0.7 LHorizontaI surface
Y
W =25kN
ATRdl-4.7
c
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AR FAERT (312312) ENGINEERING MECHANICS (312312)
GI"v_cLFI'JIIT'ﬁFf Terdfa stEamT (For Limiting Equilibrium):
Z Fx =20 - tve D
S AHP-F=0
S +P-UR=0

S.+P-07R=0

R FHAI ferdfial STEaT (For Limiting Equilibrium):
YFy=0 T +ve l —ve

S +R-W=0

S+ R=25000=0

SCR=25000N....ooooiiiiiieeees T Ifdfshar (Normal reaction)

R = 25000 N THISHT (i) TE STohedTd, SATIATAT fHead
+P=0.7R

S.+P=0.7x25000

SP=17500N 3T FA (Horizontal force)
e,
tan@ = M
@ =tan"1(p)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

@ =tan"1(0.7)
SO =3499° . T I ( Angle of friction)
e,
S F=HR
. F=0.7x25000
SCF=1T7500 N, PR (Friction force)
3QTET h. -04
JATSHT IBHTTER (Horizontal Surface) Saciett 60 N IS STl I&] (Body) AEUIEE 30

N 3TTed 5/ (Horizontal force) 31993 TR, T TY0T T'TIEF (Coefficient of friction) aTfoT
gforrt wfefsram (Resultant reaction) fordt 3/ IeT?

I
feereft wifedt (Given data):
T I (W) =60 N
ared & (P) =30 N

ST 0TI (L) =?

gfcorft afafsea (S) =2

foerelt Reordt: o%q STTSsAT YBWFTSR (Horizontal Surface) 3acicil SO 3Ted et

(Horizontal force) &I c1|‘<|_\3hc1ﬁl TR,
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

R
A
k Body
_—
/ Motion
F=pR < » P = 30N
1A—Hf::urizc:untal surface
Y
W = 60N
HTHAT-4.8

R FHAI feerdfia TG (For Limiting Equilibrium):

YFx=0 TPve Y —ve
SHP-F=0
S.30-F=0
SFEF=30N e, YT oA (Friction force)

R FHAI ferdfia STEaT (For Limiting Equilibrium):
ZFy=O T+Ve l —ve

S +R-W=0

S.+R-60=0

SJR=60N....oooi G Tt (Normal reaction)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

_F
=%
2 30
K= 5
SR =0S ENQUT’;WW (Coefticient of friction)
gfeomHt gfefsha (S)

S=VF? + R?
=302 + 602

S=v4500
SS=67.08N e, giorTHt gfafskam (Resultant reaction)
4.2.1 regt & (Body) B STrseT UBHTTTR (Horizontal Surface) FAAT 3T SATfUT

FETA FTohere! 7t (Inclined force) ¥ TRTETST ST,

HTSAT IBITTER (Horizontal surface) W TH@T SSHT= S Saciet] 3Te ST e

Feheied e (Inclined force) P € ATSedT qEWATIER (6) THGT #IF i T8 7T fo=R %%,

geheteied] Sielifos (P) S&q &=aT fei+ STTset S1for 2 ferea fofeg o7 a1et (Friction force)
F 37Tl 4.9 WE GRITeaTSHToT el ohid.

PSinG

R P

h

1 ' 6 PCos6
Motion

5]
F=p R =

LHorizontal surface

y

w

Th1-4.9
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)
ad,
W = Sl IS (Weight of body) N 7l
R = |9 gicfsha (Normal Reaction) N qey
M= WSFUT‘;’WW (Coefficient of friction)
P =41 (Force) N qey

F = 9907 5[ (Inclined force) N ey

0 = srEa ‘;l'gﬂ'l"'ﬁﬁ'ﬁ (Horizontal surface) ESINERIENIE (Inclined force) P FAAT

degree ey

R AT ferdfial TG (For Limiting Equilibrium):

ZFJC =0 tve —ve
.+ PcosO—F=0
F=PcosO ... (1)

ar«rgn?ha Reereia ST (For Limiting Equilibrium):
YFy=0 T +ve l —ve
SPsin@+R-W=0

SW=PsinO 4R e, (ii)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

StegT TE] (Body) ¥ ATSSAT YSWITTER (Horizontal Surface) SATIUT SRGaR Fehelel et
(Inclined force) ¥ TTRTA STEATET, AT Rerdt after Agaeielt ISTE0T.

I .- 01
TS WesTEId IBYITEX (Rough horizontal Surface) 500 N Ta@dT SSHT=IT IE

SeTelel SATE ATV e Feheded St (Inclined foree) 140 N & STedT TN 30° TG

Fd AR, T A= Tfdfshan (Normal Reaction) Tfor ST ‘\'JI'UTIEF (Coefficient of friction)
ST

I
feeret mifRd: (Given data)
T ISH (W) = 500 N
el 1 (P) = 140 N
ETOT O () =2

AT IfdfehaT (R) =2

faereft Reerdt: awq sTTgea YBURTIER (Horizontal Surface) Saeiet! AT AN Feheiel siet
(Inclined force) & STTEAT IEUTTEIT (B =30°) TIET hH T TR,

R 140Sin30°
1 P=140N
140Cos30°
g 30° >
F=pR= Motion
Jf—Hmrizcmtal surface
Y
W=500N
HATHAT-4.10
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AR FAERT (312312) ENGINEERING MECHANICS (312312)
GI"v_cLFI'JIIT'ﬁFf Terdfa stEamT (For Limiting Equilibrium):
Z Fx =20 — tve T e
.. +140c0s30°-F =0
S 121.24-F=0
SF=12124N e, YT S (Friction force)

EI"v_c[\FI'HT'ﬁFT Terdfa stoamT (For Limiting Equilibrium):
YFy=0 TJrve l—Ve

.. 140sin30°+R -W =0

S.70+R-500=0

S .R-430=0

SR=430N..oen, G 9iefshar (Normal Reaction)

SH= 028 e =T 70T (Coefficient of friction)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

3qTET oh. - 02

90 N aSHT=IT (Weight) _OIFE[\@EQ@H ATSHT IBHTTTET (Rough horizontal Surface)
é’al;v[ AN (Force) Tt 1 3R, S} éjﬁvﬁﬁ T (Inclined force) T fTSeT W 35°
TIET I hLd 3T T0T ENQUT‘;WI'I%" (Coefficient of friction) 8T 0.3 A WWWW

I
R PSin35°
( p
PCos35°
_ < 35° s
F=pR= Motion
pu=0.3 Y Horizontal surface
Y
W=90N
ATHAT-4.11
Tt wfeeT (Given data):

S ISH (W) =90 N

ENOT 10T (L) = 0.3

Feheied a1 (P) =2

faereft Reoret: a%q TS YBUITIS (Horizontal Surface) Saetell TR TN Feheled et
(Inclined force) & STTEAT IEUTTEIT (B =35°) TIET hIH T TR,

ar«rgn?ha Reereia ST (For Limiting Equilibrium):
YFx =0 +ve —ve

.+ Pcos35°-F=0
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

P (0.819)— HR =0

~.P(0.819)=0.3R

0.819P
R =
0.3

EI"v_c[\FI'HT'ﬁFT Teerefa stE@mT (For Limiting Equilibrium):
YFy=0 T+ve l _ve

S Psin35°+R-W=0

S.0.573P+R-90=0

SR=90-0.573P e (ii)
FHIERTT (i) SATIOT (ii) ITE, 318 forg 2rehalt ol

2.73P=90-0.573P
2.73P +0.573P =90

3.303P =90

90

P =
3.303

SP=2724N e, WW (Inclined force)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

3STET .- 03

QTeAer AT 4.12 HEd, W ISHT= o o&q 3Tedl (Horizontal) SavdT= e
XTI, FHAT FATUATERT 60 N TG 9 (Force) AT TR, ST N0 0Tk (Coefficient of
friction) 0.25 T8, T &= a5 (Weight) .

. Pulley
Body
40°
W
M =0.25
Horizontal plane 60N
Effort
Teheit-4.12
3L
et mfget (Given data):

ENUT 10T (L) = 0.25
AT 5 (P) = 60 N
S TS (W) =2

faereft feordt: aeq STTgsAT YBWTTIER (Horizontal Surface) Sociell 318 AT geheted oA
(Inclined force) T STTESAT IBIFTI (O = 40°) TH@T S L IR,
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

60Sin40°
R T/, P=60N
- 60Cos40°
_R< | <a0e _
F=uR< Motion
u=0.25 LHorizontal surface
Y
w
Tehd1-4.13
R AT ferdfia TG (For Limiting Equilibrium):
—> )
Z Fx =20 +ve —ve

C.+60c0s40° —-F=0

.45.96 — UR =0

.4596 -0.25R=0

..0.25R =45.96
_ 45.96
~0.25
SJR=18384N .o, T Ifdfshar (Normal reaction)

aw\waﬁa Teerdfia tEamT (For Limiting Equilibrium):
Z Fy =0 T tve l—Ve
.. 60sin40°+R-W =0
.38.56+183.84-W=0
5.2224-W=0

SCW=2224N e, FET IS (Weight)
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AR FAERT (312312)

33101 sh.- 04

ENGINEERING MECHANICS (312312)

QTeAer AT 4.14 HEA SREEATIHTY o THdIe fEordia (Equilibrium condition)

I gI‘SICUTTTI'IEh% (Coefficient of friction) HeH (Value) ST

P=600N
30°
3L
feerett wifEdt (Given data):

AT 5 (P) = 600 N

S S (W) = 1800 N

BT 7T () =?

w=1800N

ATRAT -4.14

1k—HorizontaI surface

faerett Teoret: %q 3TTEAT YBWRTIER (Horizontal Surface) Saciet! 318 AT Feholet oA ©

TS YBAIIEH (0 = 30°) THeT S L 3R

S' o
P—600N 600 |n3g
\
600Cos 30° Motion
30°
F=pR
LHorizont‘al surface
Y
WwW=1800N
STTeRdT -4.15
(-3
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IfrifEhT AR (312312) ENGINEERING MECHANICS (312312)
GI"v_cLFI'JIIT'ﬁFf Terdfa stEamT (For Limiting Equilibrium):
Z Fx =0 _>+Ve <——Ve
..+ 600c0s30°—-F=0
5.519.61-F=0
SJF=51961N Ty S (Friction force)
EI"v_c[\FI'HT'ﬁFT Terdfa stoamT (For Limiting Equilibrium):
YFy=0 TJrve i —ve
L.—600sin30°+R-W=0
S.—300+R-1800=0
S.R-2100=0
SJR=2100N g gifsRar (Normal reaction)

ATIITAT HTTRd TR I,

SH=0.247 s BT 70T (Coefficient of friction)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

4.3 WSET S (Body) FTheIedT JIWFTER (Inclined surface) 3THI SATIT &1 (Force)

FehReTeAT TEWITTCAT AT (Parallel) TR B,

Case: 1 T IEWRTTEEA (Surface) TTAT (Down) EIHATT.

FeheedT YW (Inclined surface) “W’ TSGHT ST & Saetell TR AT Fehetedl

YEHIT BT ATSAT Fj_'gﬂ'l"'lT?ﬁ (Horizontal surface) & TR i (Angle) h{d AR, T AT
S (Force) ® Foheted] YBHNTIAT HIG (Parallel) ARTIe! 318 3T for= %, 3T 4.16

e STETATIHTO! Eofd: =T ST ] FehaiedT IBHHTEE @Teft (Down) T

E,gdﬁ
® 5 _}L_a'ﬁ:\ﬁ
¢ =W
"'N '5'\'?'-
B S

Horizontal Plane

l \w €05

‘ =
11‘3

HTHAT1-4.16
o,

W = SRl S (Weight of Body) N #ell
R = 9= gfcfshan (Resultant reaction) N qey
M= Fur T\TDUTIEF (Coefficient of friction)
P =& (Force) N HEY
F = o107 ofet (Friction force) N e
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

X = WW (Inclined Surface) ATSSIT YBHT 9t (Horizontal Surface) FeAT I
Degree ey

_OIFE[\HTI?ﬁFT feerefid 3TaHT (For Limiting Equilibrium):

YFx =0 > +ve T e
J.-Wsin +F+P=0

F=Wsin&—P..... (i)

R FHAI ferdfia TG (For Limiting Equilibrium):

2 F y = 0 T"‘VC l—ve
S.—=WcosX +R =0
R =WcosX........ccvenn... (i1)
Case: 2 T&] ISHTTTAEHA (Surface) T (Up) IXehdiT

WW (Inclined surface) W Wmaﬁw TR SATfuT W

YEHIT BT ATSHAT Ecl'gﬂ'lTl'IQﬁ (Horizontal surface) &X TFGT I (Angle) shid 3T, TE ATaerl

el (Force) ® Feheied! qBHTTIET HHIAL (Parallel) |TeTel 37T ST forelt . 3Tkt 4.17
T GREACATIHTO SATIACT SeATHeS Seq FoheiedT JEHITIEE oIl Hiohe.

1 % S L Horizontal plane
w
HTHAT - 4.17

153 |Page
MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION, MUMBAI



Attt Fifeht (312312) ENGINEERING MECHANICS (312312)
ad,
W = Sl IS (Weight of Body) N 7&df
R = 9= Sfafskam (Resultant reaction) N e
M= WSFUT‘;’WW (Coefficient of friction)
P =41 (Force) N qey

F = 9907 5[ (Friction force) N ey

O = FhATAT TBIITH (Inclined Surface) 3TSSAT ISYETRIT (Horizontal Surface) SheTeT hi

Degree e,
EI"v_c[\FI'HT'ﬁFT Teerefa stE@mT (For Limiting Equilibrium):
Z Fx=0 > tve T ve
So—Wsin&—-F+P =0
SJFE—WsinX+P . (1)
R FHAI ferdfia TG (For Limiting Equilibrium):
Z F y = 0 T+Ve l —ve

So-WeceosX+R=0
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

JAegT & (Body) W IBHTMAT (Inclined surface) A AT ITTUT I (Force)
FeheredT TEHRTTAT AHIA (Parallel) Tt STAATT, AT feerdt skiter Atgeerett saTevr,

3qTEI0T sh.- 01

700 N I aq@@a@ﬁﬁ W YEHTTSR (Rough inclined surface) Sacht 3,
thﬁw tcrg‘ﬂ'lﬂﬁ (Inclined surface) 3T YEHNTEIT (Horizontal surface) AT I 30°
HTe. ST =907 0T (Coefficient of friction) 0.6 3TH, T TEAT JBWHTIERA @it (Down)
WWWW (Force) 3ATIRIhdT IR,

3L
et urfdt (Given data):
T ISH (W) = 700 N

ENUT 1011 (L) = 0.6

gehoied] JEWITH TTEeT JEUTIEH shetedl i () = 30°

AT & (P) =2

facreft Reerdt: I 21 gorcica YBWITSR Saett 31T AT oA © FeheiedT WA JHIAT AR
EISSECIH

B
L
R
& gov
a0 ¥
=i o
‘TQ‘Q © CG‘-.;SG
-T
1 4 af® Horizontal plane

W
JTHAT -4.18
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)
GI"v_cLFI'JIIT'ﬁFf Terdfa stEamT (For Limiting Equilibrium):
Z Fy =0 T+ ve l -ve
S.—700cos30°+R =0
5.~ 6062+R=0
SJR=6062N g Ifdfshar (Resultant reaction)
I HTfed TR i,
S F=UR
. F=0.6 x 606.2
SF=363T72N e oYU 57 (Friction force)
R FHAI ferdfia STEaHT (For Limiting Equilibrium):
Z Fx=0 _’+V€ T ve
..=700 sin30°+ F + P=0
5.=350+363.72+P =0
S.—13.72+P=0
SP=1372N ST WTeAT ATATITET LGUATHIST ARTON 1A (Foree).

3qTEIT h.-02

500 N aISHei o Teagid geheiedl JBHTER (Rough horizontal surface) areft

3T, Feheiedl IBHITH (Inclined surface) 3TTSSAT TEHTINA ahciell shi 20° TS &0l
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

T (Coefficient of friction) 0.3 3TH, T IEIEA IEHTTEEA FdT (Up) AGTATEIST fohelt

AT (Force) SATa¥TahdT 3T,
I

fecrett mfEet (Given data):
T IS (W) = 500 N

EHOT U7 (W) = 0.3

geheied] JEWITH TS JEIIEH shetedl i () = 20°

AR & (P) =2

Tt oot d{-d'_\%°f FeheTIT IBITTISR (Inclined surface) STt TR AN A (force) g
oo YBHTTTET SHIA (Parallel) T SiTeiet 3TTe.

’ ne
ote e O
W Y. \(\C\“\
500
20°
50°C’°$
| Horizontal plane
\‘ o
Y
W=500N
TR -4.19
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)
GI"v_cLFI'JIIT'ﬁFf Terdfa stEamT (For Limiting Equilibrium):
Z F y = 0 T+Ve l —ve
..=500 c0s20°+ R =0
S~ 469.84+R=0
SJR=46984 N ..o g Ifdfshan (Resultant reaction)
I HTfed TR i,
S F=UR
~.F=0.3 x469.84
SF=14095N e, 0T STt
R FHAI ferdfia STEaHT (For Limiting Equilibrium):
Z Fx =0 _’Jrve D —ve
=500 sin20°~ F + P =0

S.—-171.01 - 14095+P=0

S.=31196+P=0
S P=311.96 N .. TEIAT IBHTTTEEA SRl (Up) STGUATHTS! ARTUIN ST,
3I3Ia0T oh. - 03

650 N SISHT=l %] Teaeld FeheiedT T8I (Rough horizontal surface) areft

3, W El'gﬂ'l'flﬁ (Inclined surface) STSSAT YBHTT =it (Horizontal surface) AT I
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

35° 3. SR N1 Ui (Coefficient of friction) 0.5 STHE, T FEAT IBHITEEA Gt
AU TEUATHIS! fohlt STl (Force) STTawehdT 3T,

3L

Teetett urfedt (Given data) :

T a5 (W) = 650 N

YO 7T (W) = 0.5

FeheiedT JEWRTH TGS TBHTTI shetedl I () = 35°

AT & (P) =2

farereft Reord: = & genciea TBMTTISR Jefell ATe A0 STet & FeheieT TBHITIT FHIe &A]
oI 3T,

arq\amﬁa Reerefid ST8a™T (For Limiting Equilibrium):
Z F y = 0 T+ ve i—ve

C.—650cos35°+R =0
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)
S.—53244+R=0
SR=53244N . T gidfspa
IS HTfed TR i,
~.F=UR
-~ F=0.5x 532.44
SF=266.22N .o, PR
R AT feerdfia TG (For Limiting Equilibrium):
YFx=0 T e T e
S.—650s8in35°+F+P=0
5= 372.82+266.22+P =0

S.—106.62+P=0

" P=106.62 N ... 5T @At (Down) JTATITET TEUATETST (Resist) AU &1

3qTEUT h.- 04

1000 N ISHTEIT Tsh &S (Stone) 40° SITRI=AT (Hill) IARTER (Incline) TR, ST SHA

HTIOT &7 AT =0T T (Coefficient of friction) 0.4 3THA, T TS SMNER HIGUATATS!
SITAT IEWRTIET ARTITR SHIGE 1 (Parallel force) ST,

3L

et urfdt (Given data):
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

TS I (Weight of stone) = W = 1000 N

BT 0T (W) = 0.4

SRI=AT Y89 (Surface of hill) 3TEeAT IBNFTRA (Horizontal surface) Fetell i
(xX) = 40°

AT & (Force) (P) =2

faerelt fReordt: I (3TTS) FohcicaT UBHTTIER Sael! 3TTe SATTOT et © eheiedT YT FHidT
AT FATeIT 3T

o '-* Horizontal plane
N2

Y
W=1000N

HTHAT - 4.21
arq\amﬁa Teerdfia tEamT (For Limiting Equilibrium):
Z F y = 0 T+Ve l —ve
..—1000 cos40° + R =0
S.—766.04+R=0
S R=766.04 N..........oocvvvernnn. g gifsRar (Resultant reaction)
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

IS HTfed TR i,
S F=HR
SFEF=04%X766.04 ..., ST A (Friction force)
. F=30645N
R FHAI ferdfia STEaT (For Limiting Equilibrium):
YFx=0" tve € —ve
..—1000 sin40°~ F + P =0
S —642.78 —306.45+P =0
.—949.23+P=0
S P=94923N ... TTSTAT YBTTIEE Xt STEUITATS! AU &1,

4.4 Tt (Ladder) .

A
\ Ladder

L/2

L/2

< Fg = pg Rg

X

/
Y
W Ground Rg

AT - 4.22 : Tt ht et sramm™
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AR FAERT (312312)

0T JeeR (Height) SToamere! Rk ate s, Riekn amr gy fowmft g s
SE el T (Wall) Trfeoamendl (Painting) foRiehR (Painter) RIS AT0X wdl, T8= AR
(Carpenter) 3Gl RTEHT a9 &% =iehe (Frame) & FWdiHed Rassi=ar geram seear. 379
SFTTARTETEST (Application) FRTEET AT FIAHT SO (Friction) ITART Bt ST Ri<en
LRI (Safe) ST FOATETST AR ST feicfi=a Hawid A siFTd RI<T TSI shret
AT,

TR 4.22 &, Terr RIEET W ST SRAW (FBD) ar@ad. Rl gwdia et

(Limiting Equilibrium) 3r&air, Rreter a5 W o Rigl=ht wislt L s1g, Rt went fidter sherd

(Incline) IR,
it ANTUM &It (Forces) WTeiied THTOT 3T2d

1. o W B e FEHT ETACIY (Centre of mass) Fd (Acting) Fd,

2. AT ffsha sret (Normal Reaction force) R,, i dueh %Rfl’( F1 L

3. AT Gl fshaT et (Normal Reaction force) R, STfeiaT dueh (Contact) %ﬂfl’( Fd
.

4. TRISY ST SAHAT A=A BT A (F) = W, R,
5. faret smfor e Fiedier =aor &1 (F,) = W, R,
6. TRt SaTfor ST ST STeTeT BT T[T (1, )
7. TRt for fifa A=Al seera e T (U, )

<t wmdie feurdta sream:
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)
<t adier Reurdta eraamT:
Z F y = 0 T+ ve l —ve

SR~W+F,=0

T 3TETAT (Self-Learning) :

1. ESOT GRCATI .

2. T TG STIOT QIS |,

3. Teor refurTer ferare @i,

4. wTfcreiter eroTr R .

5. o7 STOT FdT i afeTee o

6. SN TquTieh QRT3 T8 Tl e .

8. A RTEE e o forforer st aftwea .

9. HTSAT IBHTTTER St 100 N TE STEUITHIS! 60 N 1SS S HATLIH TR, T
BT T70Tieh SATTOT aforet Sfcfshar feret s@e?
10. 400 N ST %] (Body) 3T€s41 Y8WRTIER (Horizontal Surface) 3acieit 318

SATIOT TS T P IR AT 3T, S EOT 0T 0.65 3T, I Afsha

(Normal Reaction), LR (Frictional force), 0T I (Angle of friction) ST,

11, 350 N STl o] TS YBHTTER (Horizontal Surface) Sacieil 318 ST SR
TATTTATHTST TR I TS T 75N 3TE. T =Y 70Tk (Coefficient of
friction) 1TfU T T (Frictional force), fordt o8
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Attt Fifeht (312312) ENGINEERING MECHANICS (312312)

12. 95 N SISHIe o @S ST IBHRTIE ST Sl Werefl S HATE, S’ Feheled

ST P © SATSSAT IBHTTIRIT 38° US@T hi s T8 SHT(OT ooy urieh BT 0.35 316 T, gehoied

EERICIA

13.

HTSHT WS IBHTTEL 560 N THGHT ST SReq Saetel! e HAT(07 e
Feheled 1 145 N © 3TTSAT YT 35° TH@T hi hid HATE. T ATH=
SifcrfoRa SHATFOT ErsioT Tqurieh SITedT.

750 N ST c|+<1m{9|s<s15“|<1 ehCTTT TEWRTISR S ST, FoheiedT TEWHTH

14.
HTSAT TEWRTIRIT hetedT SIF 35° HTE. ST HN0T Ul 0.55 6, T TET

BT ETet! JUATaTe TRguaraTa! feelt setreft sTrevarendr 31T,
WAl T 4.23 WEAl SGAATIHTO! 6 Al HAT(ed ST Byl [Tk

LRGN

15.

P=500N

30°

LHorizontaI surface

|

W =1000N
TR 1-4.23
16. 580 N SISHTH o6 Geaeia Feheted TBHTTISR Saei! 3, ehetedl W
ATESSAT TERTIRIT hotelT I 25° TS, ST HN0T U7 0.35 376, T T

WIS Xt STUATHTSY fohell SIeT=it STTarvarehaT 311,
1500 N ST Toh STT€ 45° FeheiedT SIT=AT SARIER 3Te. SIS 1107 77

FiTATATA ST 0TI 0.3 ST AL TS SORTE HIGUATHTS! SHRT=AT JEHRTIAT
AU THIAT A (Parallel force) e,

17.
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AR FAERT (312312)

ENGINEERING MECHANICS (312312)

T2 (Reference)
Sr.
Author Title Publisher with ISBN Number
no

Engineering | Dhanpat Rai Publishing Co. 2016 ISBN-

1 S. Ramamrutham ]
Mechanics 13: 978-9352164271

_ _ Engineering | S.Chand& Co. New Delhi 2018 ISBN:

2 R. S. Khurmi,N.Khurmi )

Mechanics 978-9352833962
L Engineering | New Age International Private Limited

3 S. S. Bhavikatti ]

Mechanics ISBN: 978-9388818698
. . Engineering | Khanna Publishing ISBN-13:978-

4 D. S. Bedi, M. P.Poonia )
Mechanics 9386173263
Engineering | Laxmi Publications ISBN 13:

5 Dr. R. K. Bansal ]
Mechanics 9788131804094
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SAfrrifehT Fifeht (312312) ENGINEERING MECHANICS (312312)

Ycch o4
HEh IATIT TGCATHNT hgeh

(CENTROID AND CENTRE OF GRAVITY)

forear fsaf=r (Course Outcome) :faf3Te StreRm 3T Amd STEcies fidiea TS e

Trgia reruam=it fAwufr (Theory Learning Outcome) :
2. Tecrea wiftysr st shafeig 2 =,

3. feciear A= ‘\gbcdlchﬁiulld sheeh Tfsra &,

4. facre e oA TecaTeRsoT kg ffE .

4.3 sitfirfae @i steheai™r sk (Centroid):

g (Centroid) ATEAT VTl Fafid (Regular) fohar ifafia (Irregular)
TS (Two-dimensional) 3TeRdi=l HifHfdeh (Geometrical) LT (Centre) FeUA hall ST,
&3 (Centroid) T T Wi 7Tt SATAT SITET (Thickness) ATE 3 Hth &7%e (Area) 312,
HT ST AR Bt T iR o smepdl=a sweset SITel TeeTes TeeaTehyurT=aT
AT TTER 1 FHUATETST hIVIAa! A (Mass) T T @S T a9 (Weight) 5
FICUITETST ITARTA AT AT, 5 (Centroid) B o8 et wim <ffimr fokam stepeai=an

SAFSBHTS! AT TR, %5 (Centroid) & G & RIS SId. ek (Centroid)) BT HifH{dH
T HTHATETS! AR TR S hl =, I, Brehion, e, Sedaes, Iqist o 3.
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SAfrrifehT Fifeht (312312)

ENGINEERING MECHANICS (312312)

Hifufaes wiHeTRaiehse (Centroid):
| s HTHR e wE® ,
hHT < (Centroid)
EIE} (Shape) (Area) (A)
% (&)
< a >|
x - a
L s a Xa _a
SlRe) — \/E’\ g a I, "2
1 (Square) - / ‘\\\ a=
\ aSee(Si
< X o de length)
b xd
CIRG] b
(Rectangle) 9, _ dz
2 b= )
disfl(Length)
d =3
(Height)
1
E X b o 2
X h P
FERRE i, =3
3 | o (Right =
angle disll(Length)
Triangle)
h = 3=t
(Height)
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SAfrrifehT Fifeht (312312)

ENGINEERING MECHANICS (312312)

)
HI0T 1 b
(Equilatera E X = b
| triangle) X h hz
feha pES y=3
4 | wHIgYSI 4 b=
10T v WislT(Length)
(Isosceles =
Triangle) 3t (Height)
10
or
Ix d?
4
A,
i3 o
> TSI
5 (Circle) S (
o Radius)
d= -
y FdeEEmE | 1
Diameter) y=1
| < X >
1 -
- X1 X=T1
2
- 4r
D) il
6 | Adades - ’ T 3n
N r=
S . . 1 B 4 r
(Semicircle) { : j A
— = ? STT(Radius)
[«
1
— X1’
(Quarter ’ - ar
r ==
circle) x G —. _ 43;1
7 y m\’ Y 3
| x e
(Radius)
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SAfpifEht ABERT (312312) ENGINEERING MECHANICS (312312)

4.3 TIH AThATT heTenTelt fRerdt (Centroidal position of composite figures)

FHIUTITET H’?fﬁ (Composite) ﬂTﬁW hgreRTel (Centroid) TUMT & SABeaTAT
(Area) HETE "sRIGTH" = THT ATUE shedl ST ITehd.

y-axis
A
/ Al
>
x
x3
x1 G1
ol
- i

» Xx-axis

HATEHAT -5.1 B SATheaTal haTehtalt (Centroidal) Feerdt

AHST € TRl Al forTiSTa (Divided) 9T A, A,, A;, § &F%E TR, THST
HYH AT HEfS forTiSId T x, %, x,8 y- SETITEA (Axis) sharere! ferdt (Centroidal)
TRIIA TR, THST Hh ATHdT Tefier forTiSTa 9T y1, y2 y3 © x-ST&IET sharenre et
TIA AR, A T y-SAHAET HIh (T hamhre feord! Rfed 3. &9 § © x-
(Axis) STThd=aT oA (Individual) &THET=AT qHE (Moment) = SISV SIS & €IH
HTFA=AT AAHESTAT HHE (Moment) $deh! 318, 8 TIUTATT 314 fafect St e,
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SAfpifEht ABERT (312312) ENGINEERING MECHANICS (312312)

AX=AX, + AXAAX,

AX1 + A2X2 + A3X3

X =
A

i,
A=A +A+A,

_ AX1 + A2X2 + A3X3

X N y- ST (Axis) wm(Centrmdal)
ATIIHTOT,

— Ayl + A2y2 + A3y3 .

y = Y Y L HETITA (Axis) HETehra fEordT (Centroidal)

Al + A2 + A3

G (Composite) ATheAT=AT hgTehTaT Rerdt sfiet Figaaict SeTetr:
3QTEI0T h. -01

ST T AR (Section) TRIHTT 120 mm x120 mm x 20 mm dX T- Y=
W(Centroid) IMe,

3L

F9 120 mm x120 mm x 20 mm FEUTS THUT ATl x TohoT JeiT x &t

Yy agis y-y axis
[
[ Flange
< 120Mmm
A ;
1 ! 20mm
|
| A
G_E_ X-X axls
120mm i
2; 100mm
' — Web
| ]
|
’ | X axis
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SAfpifEht ABERT (312312) ENGINEERING MECHANICS (312312)

&A%e3 TUMT (Area calculation):

SRT AW &A% (Area of web) = A1 = 100 x 20 = 2000 mm?

JATSST AN &A%e3 (Area of flange) = A, = 120x20 =2400 mm?

A IWT TRTTAT Web fehaT Rib 2ATIUT 31TEaT WATTEAT Flange 319 TEUTATA.
y-3AATIHET (Axis) hgTehTe feerdt (Centroidal) X=iT TTUMT HITATETST:

foeiaT T- ¥R (Section) y-y TN THHART (Symmetrical) 3712

T s==m==ht (Section) S&fia SiTeq e

X =

2
_ 120
*=
x = 60mm
X- FETITE (Axis) Hsrhr= et (Centroidal) Y=t TUMT sHvATETET:
yl= 20
2
yl =50mm
20
y2 =100 +—
y2 =110 mm
_ Ayl + A2y2
YT TAL + A2
_ (2000 x 50) + (2400 x 110)
V= 2000 + 2400
y =82.72mm

shgahreht feerelt (G) = (x, ¥) = (60 mm, 82.72 mm)
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IQTET oh. -02

S - AT (Section) =T ATESAT (Top flange) AT ATHRAF € 100 mm %10 mm

AR, qSTAT IS (Bottom flange) TR SATREAF © 70 mm x10 mm &7 3w=T

(Web) AT SATRIAN 80 mm %10 mm 38 o I- QGrQHtH(Section) W(Centroid) ST,

80mm

()

A i .
y-axis y-y axis
]
- mog-.m >, Top flange
! e
3 | 10mm
i Web
S [y Ko __ x-x axis

1

1

i

Botton flange

—>{10mmfe— l
1 : J(I 10mm

> waxis

TRl -5.3
&A%e3 TUMT (Area calculation):
T STSSAT AT &Ahes (Area of top flange) = A1 = 100x10 =1000 mm?
3T 9T @W(Area of web) = A2 =80 x 10 = 800 mm?

TSTAT ATSHT YN &A%BS (Area of bottom flange) = A; = 70x10 =700 mm?
y-3TETITH (Axis) Tl fberdl (Centroidal) X TUMHT SHUATETET:
feore I- g (Section) y-y T&Tisft gyt (Symmetrical) 3R
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_ | == (Section) Smda s @ie
* 2
_ 100
t=—
x =50mm
X- ST (Axis) srehrel feordl (Centroidal) =it TUHT HUATHTST:
10
yl=—
yl =5mm
y2 =10+ @
2
y2 =50 mm
y3 =10 + 80 + %
y3 =95mm
_ Ayl + A2y2 + A3y3
YT TTAL + A2 + A3
_ (1000 x 5) + (800 x 50) + (700 X 95)
- 1000 + 800 + 700
y = 44.6 mm

shgehtelt Reeret (G) = (X, V) = (50 mm, 44.6 mm)
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30T eh. -0 3

ST L- ST (Section) 3ATESAT (flange) AN SATHRAH & 140 mm %20 mm 3T, 3Tf0T

T (Web) MR ATRRAN 120 mm x20 mm 3T 0 L- FFH=1(Section) Fseh(Centroid)
ST,

I
y-axis | y-y axis
A I
20mm |
A
| Web
A'/’/T
2 | 120mm )
_______ gy x-xaxis
! G
: Flange
_____ vy | /
1 : 4 i 20mm
! >
140mMm X-axis
!“ -
HTHAT -5.4
&%e3 TUMT (Area calculation):

JATSST AN &% (Area of flange) = A, = 140x20 =2800 mm?
T T SA%S (Area of web) = A1 =120 x 20 = 2400 mm?

Y-S (Axis) Hsmhre fFerdt (Centroidal) X=t TUMT S0ATETSN:
focia T- oRE (Section) y-y 3TeTreit aufttr (Symmetrical) MR

140
2

x1 =70mm

x1
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20
X2 = >
x2 =10mm
_ Ax1 + A2x2
*TTAL + A2
_ (2800 x 70) + (2400 x 10)
* = 2800 + 2400
x =4230mm
X- HEITITYA (Axis) Fsmehrel fEordl (Centroidal) =it TUHT HUFTETST:
20
yl= >
yl =10 mm
120
y2 =20+ -
y2 = 80mm
_ Ayl + A2y2
YT TAL + A2
_ (2800 x 10) + (2400 x 80)
a 2800 + 2400
y =42.30mm

shgehtelt Reeret (G) = (X, ¥) = (42.30 mm, 42.30 mmy)
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3I3TRT <h. -04

e (Channel) fehdll C ST (Section) HATRMTHTT 140 mm %140 mm x 20 mm X C-
@WW(Centroid) ST

3L

F9 140 mm x 140 mm x 20 mm FEUTS THUT ATl x THOT It x &t

A l y-y axis
i Flange
A 1 ¥ A
| 3 20mm
_____ : Y
i A
5 / Web
140mm| | :_G_____ . x-x axis
T 100mm
|
|
> 20mmj< : Flange
; / ¥
2
1 | 1 20mm
v I >
< 140!?11!11 X
HTHAT -5.5
&3 TUHT (Area calculation):

AT IATSHAT VT SAHS (Area of top flange) = A1 = 140%20 =2800 mm?

VAT AW &A% (Area of web) = A2 = 100 x 20 = 2000 mm?

qSBTT SATSSAT AT &% (Area of bottom flange) = A, = 140%20 =2800 mm?

y-SAATIHE (Axis) ShgTehTert et (Centroidal) X TTOHT SHUATHTST:
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140
x1 = T
x1=70mm
20
X2 = 7
x2 =10mm
140
x3 = T

x3 =70mm
Ax1 + A2x2 + A3x3
Al + A2 + A3
(2400 X 70) + (2000 x 10) + (2400 x 70)
- 2400 + 2000 + 2400

fGIT C- TR (Section) x-x TeTTIf THAR (Symmetrical) TR

_ C o= (Section)smedta s 3=it
y = 5

_ 140

S

y =70mm

gt Rt (G) = (X, V) = (52.35 mm, 70 mm)

178 |Page
MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION, MUMBAI



3STET 3R, -05
TehT 8RO (Dam Section) SATHRHAT WA TAIHTIRTE,
i) OToTeAT TSl 3vat fHfaT (Vertical Height) 3=t 300 m,
ii) oo S &6 (Top Width) 140 m,
iii) draT & (Base Width) 400 m 3T,

T M Shgeh(Centroid) M.
3T
A | YUy axis
|
| Top width
< 14-0:713:
Height + |
. 1
\\ 1 I 1
300m. G ! =R A
________________ g i ¢ e e
: : Bottom width
Ly
|
Y +— S S >
! - 260m
|
< (M >
|
HTHAT -5.6
&A%e3 TUMT (Area calculation):

AT ATAHS (Area of Rectangle) = A1 = 300x140 =42000 m?
1
IR &%a3 (Area of Triangle) = A2 = 5> 260 > 300 = 39000 m*

Y-S (Axis) Hsmhre fFerdt (Centroidal) X=t TUMT S0ATETSN:

,_ 140
T
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x1=70m

260
x2 = 140 +T

7 = DRG0
— Ax1 + A2x2
YTTAL + A2

(42000 x 70) + (39000 x 226.66)

*e 42000 + 39000
X = 14542 m
X- ST (Axis) FaThra fEerdT (Centroidal) =it TUHT FTUATTST:
yl = %0
2
yl =150m
y2 = %0
3
y2 =100m
_ Ayl + A2y2
YZTAL + A2
_ (42000 X 150) + (39000 x 100)

42000 + 39000
y =125.92m

shgehtelt ot (G) = (X, ¥) = (145.42 m, 125.92 m)
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3T . -06
Grefier HATHAHES SRATIATTHII THT 12 mm SATE=AT (Diameter) Iqe1ehR (Circular)
fewrme 6 mm ST (Diameter) MR (Circular) 8% (Hole) et 31e. T faeten
YR (Section) Thaeh (Centroid) I,

I

N y-axis

X-axis

Y

3Rt -5.7

c

fooreft afedt (Given data),

R = S@rhRISERHT AT (Radius of Circular disc) =

TR fewha = 12
> = 7=6mm

r = IqBTHRATH BT BISaT (Radius of Circular hole) =

FIBTHACHTSETT AT 6
= —=3mm
2 2
A y-axis
= axlis
x-axis
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SAfpifEht ABERT (312312) ENGINEERING MECHANICS (312312)

&A%e3 TUMT (Area calculation):

TigaT Sder™ &% (Area of Disc) = Al =TTR? = 1T X 6%=113.09 mm?
AEHAdEBT 8% (Area of hole) = A2 = 7112 = T X 32=28.27 mm?
y-SAHIET (Axis) Shgrenrel feerdt (Centroidal) X=f TUMHT SH0ATETST:

x1 =R

x1=6mm

xX2=6+r1

x2=6+3

x2 =9mm

_ Ax1— A2x2

TTAL- A2

_ (113.09x6) —(28.27 x9)
* 113.09 — 28.27

x =5mm

X- SHEITITYA (Axis) FsTehrel feordT (Centroidal) =it TUHT HTUATHTST:
faeIelT C- WS (Section) x-x STeITIf THIHAT (Symmetrical) 3T

_ TaeaesmEt (Section)sEdia s St
a 2

_ 12

Y=

y = 6mm

shgahre! Redt (G) = (X, y) = (5 mm, 6 mm)
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SAfpifEht ABERT (312312) ENGINEERING MECHANICS (312312)

5.39TLAT 9 YT o THeATeRNUT % (Centre of Gravity of Simple solids) (G):

FETAT (Body) ERFOI'IEF&UTI% Eo (Centre of Gravity) TRUTST %Q(Point) ST a'\caﬁ (Weight)
I T . FE=AT m g Fafirdfia (Three-dimensional) &< (Solid) a*eq\wﬁfa

L. B TEIHS HTIATAT SITET (Thickness) =R e ARTAL. FUH SATTHTAT 54 TEE
T FOATEIE] TS (Volume) ST ST (Weight) Fremrd =ior STrerareh 3178, Tecarehyvl s
&1 Pt = S SRS AN SR, FEU STTIUT STH FEV] XThdl ol TEeaTshuUl 3 & B

AT fofg (Point) T, TSer #qUf 319 (Weight) shfsd 1.
ATEATITIGTA T TH e RN UTehE, (G):

3Th | SAThd AT JATHKT (Shape) TAhS (V)

D c

i (Volume)

TEATHITT
*HE(G)

3

a7,
a =E[r=l
EIERINICIESH
e length)

1 Hq(Cube)

ik (Cone)

o
I
-

=2
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SAfrrifehT Fifeht (312312) ENGINEERING MECHANICS (312312)

- /_E_\
\_i__/ T[I'zh
i
X I X=r
h ‘X—).I G 5
| T S e |
(Solid I v adereit 2
Cylinder) R R i ERRI
- r K
\!_/‘—"— (Radius)
h:
e
I(Height)
BE . - X1’ X=r1
4 | TA(Solid 39, y=r
Sphere) b =
- RISIEIERRINN
D .
adius)
— X1’
X__ T
e _ 3r
5 ) (‘3 r a’}a y= E
(Solid v =
hemisphere) —+ — . TN
X
[ SaT(Radius)
5.4. €I AThcAToAT THeATRHUTTS €T (Centre of gravity position of composite
figures):

HIVTCATE 5 §IH (Composite) T =T TecaTRNUIT=AT 2=l (Centre of gravity) TTOMT
(Calculation) SF%e=4T (Volume) FERAM "sIGHH" THT STIEH hell ST Iehd. GTeiled
HTFll 5. 88 HYh SAThell SRITord,
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SAfpifEht ABERT (312312) ENGINEERING MECHANICS (312312)
y-axis

Vi

x3
G1

x1

yl

HESIT B W (Composite) 3TThet Tefte frdTo (Divided) WRTHE VI,V2, V3 @ BF%a 3T,

AT B WY ATt weffer fadifSia (Divided) T x1, x2, x3 © y-3T&IEA (Axis)
TECATHYUT ST Rerdt axfad 3T,

AT o W ATHdT Tl foriSia T yl, y2 y3  x- STRUET (Axis) TemHu0
T et asiaa o,

HUSTT X T y- TSI (Axis) T FrmTT=h Tecarshor o= fEord! afard 31Te.

HUST § T X -STETITG (Axis) 6 formTTeht Tecarshsor o= fEord} axfed a1Te.

SN FHATTHT, VTS ST&RT (Axis) AThdrear Jafhe (Individual) BHEAT HIHE

(Moment) = EISHINGREERE K] Fl'ﬂ?ﬁ 3T|T>!'Tcﬁ'€éﬂ T o< HIHE (Moment) 3aeh! 7.

& TTTOTeT Feu fafeet ST wreq,

Vx =V1x1l + V2x2 + V3x3

Vix1l + V2x2 + V3x3
\Y

X =
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SAfrrifehT Fifeht (312312) ENGINEERING MECHANICS (312312)

owg,V=V1l + V2 + V3

Vix1 + V2x2+ V3x3

X = va y- STETITE (Axis) TeeaTehor feerdfi=r g
TSI,

—  Vi1yl+V2y2+V3y3 . .
Y = Tiva i3 X- STEITIT (Axis) TeeaTehuor feerdte %
QT 6. -01

6 cm T (Diameter) AT 60 cm I=T (Height) Q'IEE\ (Cone) BT 6 cm SITHTHT
(Diameter) 3T 80 cm I=f=AT (Height) Jafemiiar (Solid cylinder) FHTIERTU(Coaxially)
SIAT TR, T EHITH (Composite) TATEAT (Solid) TeeaTwHUIT 5 (Centre of gravity) R,

S3:L¥
feoteft onfedt (Given data):

Qﬁ%ﬁﬁﬁw (Diameter of solid cylinder) = D = 6 cm

a6
Eﬁﬁ%ﬁﬁ?ﬁ GBS (Radius of solid cylinder) = R= CTZ 5= 3cm

(s ATE (Diameter of solid cone) =d =6 cm

) ERUEE NG
‘«"Iﬂfﬁ B3 (Radius of solid cone) = r Z“TZ o= 3 cm
Fafarr=t 3=t (Height of solid cylinder) = H = 80 cm

il =T (Diameter of solid cone) =h = 60 cm
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Y'aifs y-y a‘xis

Solid cone

| ‘
|
! 60cm
' l
|

2 I
| A
|

Gi X=X axis
_____________ e | e 8.
|
|
! 80cm
u
: l ||~ Solid cylinder
: ~
u
! v
T >
| £
- 6;rcm > X-axis
|
TRt -5.10
%S TUHT (Volume calculation):
Fefferdie B%es (Volume of solid cylinder) = V4 = TTR*H
=77% (3)2% 80
=2261.94 cm’

. 1
i B%a (Volume of solid cone) = V, = 37 r’h

1
= T (3)>x 60
=565.48 cm’

y- STETITET (Axis) TecaTRNUITe! o5 Feerd X =it ToMT sFevamaret
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SAfrrifehT Fifeht (312312) ENGINEERING MECHANICS (312312)

faeret €9k B y-y STerenet T (Symmetrical) 371

_ GY<h I ST ST sl
* 2

_ 6

)

x=3cm

_h
Y1 5
80
V1= 2
y1 =40 cm
=80 + h
Yo = 4
=80 + 60
Yo = 4
y, =95 cm
To
_ _Vlyl + V2y2
YETVT vz
— (2261.94 x 40) + (565.48 x 95)
Y= 2261.94 + 565.48
y =50.99 cm
THEATERYUITS g (Centre of Gravity)=(X, ¥) = (3cm, 50.99cm)
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SAfrrifehT Fifeht (312312) ENGINEERING MECHANICS (312312)
ISTEXUTEh. -02

20 cm IEET (Diameter) e (Sphere) BT 20 cm =IEET (Diameter) AT 100 cm =T

(Height) Faf=riar (Solid cylinder) THTI&THTU (Coaxially) STATSTE, TEI® (Composite)
EAT=AT(Solid fTecaTeRNUT=Ish%(Centre of gravity)RITHT.

I
et atet (Given data):

m (Diameter of solid cylinder) = D =20 cm

I =TT (Radius of solid cylinder) =R = ——— =— =10 cm

~ a ac aﬁﬁﬁﬁwﬂ
2 2

AT (Diameter of sphere) =d =20 cm

maEeE 20
NIGIETESD) (Radius of sphere) =r = > =5 = 10 cm

Fafarr=t 3=t (Height of solid cylinder) = H =100 cm

Solid sphere

X-X axis

100cm

- Solid cylinder

|
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HAHSTUMHT (Volume calculation):

oo

JrI=E%eS (V) = TR’H

=70 x (10)*x100

=31415.9 cm’
4
MATETES (V,) =§7tr3

47: 10)*
=TT X
3 (10)
=4188.79 cm’
y- STTITEA(Axis) TecaTRNUITeohE Rt Xl MTUHTR AT

ToRICTERIREM y-y HETATSI(Axis ) FHIHART (Symmetrical) 318

GIhoFTe ST ST T

D

X =

2
_ 20
=22
2
x=10 cm
X -HETITHA(Axis) Teca RN UITeloh ety < U TS
h
Y1=E
100
s
y; =50 cm
y,=100 + r
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SAfpifEht ABERT (312312) ENGINEERING MECHANICS (312312)
y,=100 + 10

y,=110 cm

- Viyl+V2y2
T Vi v2

_ (31415.9 X 50)+( 4188.79 x 110)
(31415.9 + 4188.79)

y=57.058 cm

TECATHRYUITHRE(X,y) = (10 cm, 57.058 cm)

3qTe0Teh. -03

30 cm FMETET (Diameter) TMTET 50 cm AT =T (Side length) =TT (Cube) GTieTeRIr

(Coaxially) SAATITE, ﬁTFI’g?B (Composite) FT=H1 gbcdlehhfulldcivs{ (Centre of gravity)

3L

ﬁﬁ?ﬁqﬁ%?ﬁ(Given Data):

T eist (Cube length) = a =50 cm
Tt S (Diameter of Sphere) = d = 30 cm

AT
2 2

%)

0

1i|€|la'|i§|val(Radius of Sphere) =r =

=15cm
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y—aﬂtis y-y axis
Solid Sphere

TehelT -5.12
HAHSTUMHT (Volume calculation):
TSRS (V)  =a’
=(50)°
= 125000 cm’
AT (V,) = gnf
= (15)
3
=14137.166 cm’
y- SETITEA(AXis) TecaTRNUITeohE Rt XU AT

fereTEReM y-y STeSem i (Symmetrical) 3712

. e -

O

X=
2
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=
2
x =25 cm
X FETITEA(Axis) TecA TNVl ey < MU THTST
0
n=7
50
yi = S
y; =25 cm
y, =65 cm
qe,
- Viyl+V2y2
T Vi

— (125000 X25)+( 14137.166X65)
(125000+14137.166)

y=29.08 cm

TEATRYUTTRIhE(X,y) = (25 cm, 29.08 cm)

2
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SAfrrifehT Fifeht (312312) ENGINEERING MECHANICS (312312)
IETEIUTEh -04

80 cm FMHTET (Diameter) SR (Hemisphere) T 80 cm =TT (Diameter) 3foT 110
cm IAAT (Height) Iafeeiai(Solid cylinder) WITEFRTION(Coaxially) SIS,
AEIH(Composite) TATATECETHYUTEHE (Centre of gravity) ST

3L
fooreht ATfedl(Given Data):

Fafar =T @ (Diameter of solid cylinder) =D = 80 cm

o o oo

D 80
A== S3T(Radius of solid cylinder) =R = P 40 cm

Fafarr=t S=fl(Height of solid cylinder) = H= 110 cm

ST ™ (Diameter of hemisphere) = d = 80 cm

d 80
SLHIGIE] BleII(Radius of hemisphere) =r= -=—=40 cm

2 2

y-axis

-y axis
A \’lf y

Solid hemisphere

I B <) S _’[ ____X-xaxis

1 110cm Solid

| cylinder
k—f
X- axis

-« socm—>|
1

TRt -5.13

Hq®has MUHT (Volume calculation):
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SAfpifEht ABERT (312312) ENGINEERING MECHANICS (312312)
Faterdte BT%e3(Solid cylinder volume) = V, = TR’H
=TT x (40)*x110
= 552920.30 cm®
eI ¥%e3(Hemisphere volume) =V, =§7tr3
= En x (40)°
= 134041.28 cm’

y- AATITHA(Axis) W‘%ﬂ% %% (Centre of gravity) feerdt x=f TUMHT sHoaraTdt

ER] Hﬂ?ﬁﬂ? y-y JETET3I(Axis) gt (Symmetrical) MR

—  OYhEHTSITE TaSTedetist
X — D
2
- 80
=
2
X =40 cm
X -HETITHH(Axis) TecahyuIT= 5 (Centre of gravity) Reerdt y =it oMt sFoamanat
h
yi= ;
110
Vi = 7
y; =55 cm

3 X 40
y2 =110 +——

y, =125 cm
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SAfrrifehT Fifeht (312312) ENGINEERING MECHANICS (312312)

e,

- Viyl+V2y2

Y= Vi+ v2

— (552920.30 X 55) + (1 134041.28 X 125)

(552920.30 +134041.28)

y= 68.65 cm
THECATHYUIT HE(X,y) = (40 cm, 68.65 cm)

3qTgIUTsh. -05

12 cm ST (Diameter) M7 20 cm I (Height) Tsh uddg;odlehli ogrli\tmﬁll-lﬂg\-i (Solid
cylinder) 6 cm SITHTET (Diameter) Teh FMATHR (Cylindrical) IETA (Hole) ‘oclT-lﬁl?ﬁEIT
HeAT (Half) WIS HHITERIT (Axially) fgaT el TR TWEI® (Composite) EHT=AT
W&W@% (Centre of gravity) ST,

3L
ez (Given Data):

Tj_?lﬁ?lr']?lTail'l'H(Diameter of solid cylinder) =D =12 cm

I NEFNIFNEN D 12

JRT==T PSAT(Radius of solid cylinder) =R = P 6 cm

SR 5T S™(Diameter of hole) = d = 6 cm
. d
SSMATHR st frsaT(Radius of Hole) = = e 3 cm

‘Oﬁ%ﬁﬁ?ﬁﬁ(Height of solid cylinder) = H= 20 cm

g st Set(Height of hole) = h =10 cm
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SAfrrifehT Fifeht (312312) ENGINEERING MECHANICS (312312)

y-ﬂxis
y-y axis
I Drilled hole
%— 6cm »{
/| T
|
| 10cm
i
: 20cm ,
| — X-X axis
- — ________G_T __________ —_———— e _—— —
i Solid Cylinder
! el
|
E X axis
l«——12¢m >
|
TRt -5.14

HAHSTUMHT (Volume calculation):

oo

e eEha(Volume of Solid cylinder) = V, = TR°H

=TT x (6)*x20
=2261.94 cm’
@Wm(Volume of drilled Solid cylinder) = V, = Ttr’h
=T % (3)’x10
=282.74 cm’
y-HETITEA(AXis) TR UITehE Rl Xl TUHTH AT

ﬁﬁ@ﬁﬂ?ﬁm y-y 3 e e (Symmetrical) TR,

. frarch o

O

X:
2
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y; =10 cm

h
y2 =10+

10

y, =15 cm

- Viyl—V2y2

y Vi— V2

— (2261.94 X 10)—(282.74 X 15)
(2261.94 — 282.74)

y=9.28 cm

TGCATRYUTTRIRE(X,Y) = (6 cm, 9.28 cm)
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SAfrrifehT Fifeht (312312)

ENGINEERING MECHANICS (312312)
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