ENES 220 — Mechanics of Materials

Spring 2003
Solutions to Homework #7
Problem 5.1 r
e _Er’tz -
[To Find] Draw the shear and bending-moment diagrams - - / -
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(Fig. 2) (Fig. 3) (Fig. 4)

[FPU] > F=0>M=0

[Solution]
(1) Determine the reactions at the supports from the FBD of the entire beam (Fig. 2)
+)ZNec=0 (P> —(RIL)=0 > R4=3P

ZMz0 RO -P)@)=0 > R.=4p

(2) Cut the beam at a point D between A and B, draw the FBD (Fig. 3)
-}TZFV- Rg-V=0 = V=Ru= ‘E’P
M=o M=Ro@)=0 2 M= Rex= 2Px

(3) Cut the beam at a pomt E between B and C, draw the FBD (Fig. 4)

11 ER= VHRe=0 = V/z-Re=-2P . V=V'=- 2P
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Problem 5.5
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[Given] F e _.Lﬁm

[To Find] Draw the shear and bending-moment diagrams

[FBD] (Fﬁ' ¢

b " i)’ )
\1_ _r"::' _;\‘[“HI Fq 'Y E{I:z:r_:_r', Fﬂ.. = * M‘HE— N
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(Fig. 2) (Fig. 3) (Fig. 4) (Fig. 5)

[FPU] > F=0YM=0

[Solution]
(1) Determine the reactions at the supports from the FBD of the entire beam (Fig. 2)

From stetics and  symeenry, oby . R=Re= W20

(2) Cut the beam at a point E between A and B, draw the FBD (Fig. 3)
+]ZF =0 R,qv 0 > V= Ry= 2W(-20) @

NIMe=0  M-Rt=o > M=gpc= J0@-apx  (0€X<R)

(3) Cut the beam at a point F between B and C, draw the FBD (Fig. 4)
+1ZR=0  Ra-WE)-V=0 2> V=R4-Wl-0a) = =W (L-2a)- W(x-)
sM -0 W (@ x‘*i"
HYEMe=0 M- Ryxt WE-0)- (52 )=0 = M= (:L ay+ =+ W (L-2a)x
(4) Cut the beam at a pomt G between C and D, draw the FBD (Fig. 5)
+1ZR=0  V4Ro=0 D |’z-Ro=-2W(-20) , V=V'=-1u(L2)

+)ZMg=0 -MY4R(=X)=0 = M’= Rp(1-X) = = W(-20)(-x) @ [0$xX<L
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Problem 5.41

I
[Given] A l B

[To Find] Drgy the shear ond bending—moment diagrams !
B

[FBD] A ol
B (Fg. 2>

Ra Re
Vo= fowbe, MomMc= [0 vdx
[Solution]

1> Teterwine the. feactions at e Spprts from the FBD of the trire bewn (Fig2)
NEM=0  (PB)- ROL =0 > Ry=+P
JZM=o  ROL =(P)@=0 >R.=2P

;(an ¥

[FPU]

2) S}K‘ar:
U= Ri=2P o
A‘bu B V-‘-Z‘P e T 4
b Q & -2P
B® C: V:—L—P—P:—-—[F
&) Areas o‘f Sear d"cl_jmm
e = (2P =
A'{?UB S‘VJX-(LF)(Q)‘ L F
B4 C [Svde= CEP)Gy=-22p
“) Behd':ﬂ mements
MA:'O AN ab

P
b= o0 Bp- 7 B ~EL

Me= Mot (yix = Gp_gep=o g
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Problem 5.48

[Given]

[To Find] Dhou) e sheor and btndﬁ\\j-mmnt diagrams & e

[FBD] A(’m {C h? IE B 51 _. :I

[FPU] B S X i
b-Ve=-Pwde  MsmMe= (7 vdx

[Solution]

¢> Tetermire the reactions at A fom the FBD of the entire beam (Fy. 2)
+]EF=0  Rg-200N-200N+500N-200N=0 > Ry=Joop

F)ZM=0 Mg =(20N>(03)-CooN )(0.525m) + (S0N)(.825m ) - GooW) (105 e

> M= 375 N-m
@) Shear
V4= Ra= oo ;
At C: V=looN 20
Ct D2 V=[ooN-200N=-[ooN ,::;L_-lc 5 E—L!, =
Dw € \/= -[00N-200N==-300N Sl
Et B:  V=-300N+ 500 = 200N [Vl = 300N
Ve= 200N '

@ Areas of sheor diogram
At C: §°ydx = (60N )(03m) =30 #m
Ct D J?de = CoN)(©0.225m)=-22.5 N-m
Do E: [Fvde=E3000)(0.3m) = -0 N
EwB:  [Pudc= Goon)@225) = 45 Nem
“ Be“d"ii MOMENtS

M= 375 Am |
MC: MA"' J}\:dz :BY‘LW'”“"BON‘M= G'Zgﬂ.m

= Memy (- -
MD"MC-FJ;DWJ:: ¢ KSN-M ~22.5Nm= 45Nm gr\‘ = &

Me= MP"‘EEW)’_; ASN-m— Folem =~ 45 Aom B
Mg= Mg+ SV ~&Nm 4 4hm= 0 -4

A c D VB
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&M[h\agz GT-l'N"n}
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Problem 5.49

[Given]

[To Find] Dpy the Sheor ond l:rcndmj~h1omtﬁ't d{'aj_mms . =3

ilar.rs 3okps o ke s
[FBD] [ (Rg. 1)
R R CFy.2)

FRUL \pVe=- (WX, Mp=Mce= (v
[Solution]
0> Deterinine the reoctions Gt the sipports fom FBD of the etire beam (Fy.2)
M=o ~(BkipsDBfe)- (Bokps) (3t)+ Re (6ft)=0 > Re= 54 Kps

H{ZR=0 Ry-BkpstRe—3okps=0 > Ra=—§ ks

@ Shear
Vi=- Ry= -6 kips
Ve=Va- (ywdx = —6kps ~Bkps/ft)(6ft) =-24 kps
ChB: V=-H4 k-‘ps-i- Re= 3o Kips Iv (i) 30

- . &% x
VB = 30 Kips l\'24

€Y, AMSof sheor db.jrnm ('Vl or ]
A# c~ S;cvdx;__@r_zdﬁ_z)@k,?.ﬂ:_?ok‘?_ﬁ (1 wax PS |

Cod B [Bydc= 303 kp-fe = 9o kp-ft
@) Bersling moments

s

MC-: M,ﬁ' QCVdI =0 - ?o |<~F ‘ -Ft: - % K{P .ﬁ-_

MB E‘MC'{' J;Bde == ?0 K.r . f‘t B 90 K.r ..ft =0

M Cap-tt)
Oi—\/ xX
/0,

[ l‘“fmx =5 k‘r-ﬁ:)
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Problem 5.64

[Given]
[To Find] Doy the Shear ardl LenJ.‘n ~ o mertt d.‘aﬂmns

‘T"!"T\__ .-; _—

M ' 12K} ﬁffus N — i
N Y b — A
(FBD] pgruw Nelfing| Stress ~Ur § v -

R4 (Fiy tRo T TR T
POl - b (e e O (s
[Solution]

@) Drtermine the teactions ot the supperts ‘ﬁ’m\ the FBD Df the ertice beam (Fij.l)
) EM=0  -(I2kps)GR)+ Ror (2ft)- Gk d(MR)=s = Ro= [0 Kips
+TEF~I:O R4~ [2Kps +Rp~ Ckps =0 > Ry= & Kips

(€3 g}mr:
Va= Ra= 3 kips
Ve=Va - (Cwdc = Fkps —Rkps ) (bfe) = - 4 k;,?(r ‘
CtoP: V=—4kKps Ny —
Db B V= —4kps +[0kps = Ekps 3[“ PR
&) f sheor diagram
g / ﬂvlm:{:’ 4 *‘ﬂ

Ve=Va- [fwdx =Sp-Lhiggeps=> X=4 f .
AwE: {fvix =S8R _ ooy
Eac: [Svdea-@RCh g0
Ct D (Jvde= -~ (KOG ) = - 24-Kpte
p zﬁ B: [PVd = Grps>eft) = 12 k- ft GO
) Bending mome l
"y st

OfR E © -] X
-3 B
'Ft -rc} \4

Mg =M+ (Fide = Ot Bkpft = [6kp:
Me=Met (Svdx= [6¥pft ~Fpft = 2 kpft
Mo=Mot (Pvdx= [2kpfe ~ 24kip-ft =12 Kife [Mowr = 16 k*r'ﬁ}
Me = Mo+ (Budx = —[2 Kip-ft+ [2Kp-fL= 0

&) For WBx3l,  Sx= 2[¥

o ‘ 3 % (6’('. ﬁ) 2 : )
Mot il svesy 5= Moo, . PROCEH) g




