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6-3. Determine the force in cach member of the truss and indi-
cate whether the members are in tension or compression. Assume 6-13. Determinc the force in each member of the truss and indi-
" that all the members are pin-conncctcd. _ cate whether the members arc in tension or compression.
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Prob. 6-13

6-18. Determine the force in cach member of the truss and indi-
cate whether the members are in tension or compression.

6-11. Determine the force in each member of the truss and indi-
cale whether the members arc in tension or compression.
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' ' 6-29. Determine the force developed in members BC and CH
the roof truss and indicate whether the members arc in tcnf'..i\.\
Prob. 6-11 compression. - T
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6-12.  Determine the foree in cach member of the truss and indi-
cate whether the members are in tension or compression.

Prob, 6-12 © ° : | D R T P A
:6~37, Determine the force in members KJ, JN, and CD, and
“indicate whether the members are in tension or compression.







6-3. Determine the force in each member of the truss and indi-
cate whether the members are in tension or compression. Assumc
" that all the members are pin-connected.

10 kip

6-11. Determine the force in each member of the truss and indi-

~ cate whether the members are in tension or compression.

200 1b

400 th

Prob. 6-11

*6.12. Determine the force in each member of the truss and indi-
cate whether the members are in tension or compression.

900 N
Prob. 6-12

-

6-13. Determine the force in cach member of the truss and indi-
cate whether the members arc in tension or compression.

800 1b

Prob, 6-13

6—18 Determine the force in each member of the truss and indi-
cate whether the members are in tension or compression.
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6-29. Determine the force developed in members BC and CH,
the roof truss and indicate whether the members are in lcn' ol

compression.
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—37 Dclcnmne lhc forcc in mcmbers KJ, JN, and CD, and
indicate whether the members are in tension or compresqxon
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2-8Y. ‘T'wo tractors pull on the CC WILN HIC 10TCES SBUWIL. nwp-

~_resent.cach force as a Cartesian vector and then determine the

magnitude and coordinate dircction angles of the resultant force.
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F, = 7551 - 43.6} 2k
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Prob. 2-89

*A( ). The pole is held in place by three cables. If the force of

cach cable acting on the pole is shown, determine the magnitude
and coordinate direction angles «, B, vy of the resultant force. Sct
x=4m,y=2m

Prob. 2-96
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2-113. The two cables exert the [orces shown on the pole. De-

termine the magnitude of the projected component of each force

acting along the axis OA of the pole.

!
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4m
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B e orelf
. point 0. Express the result as a Cartesian vector,

< +4-24. Determinc thc rcsultant moment of the forces about

point P. Express the result as a Cartesian vector.

I) =(-501+ 20j + 40k} N -
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Mo= Yaj* E,

3-51. The cords suspend the two buckets in the cquilibrium po-
sition shown. Determine the weight of bucket B. Bucket A has a
weight of 60 Ib.

Prob. 3-51

) .
3-53. The bucket has a weight of 20 Ib. Determine the tenston
developed in each cord for cquilibrium,
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162 CH.4 FORCE SYSTEM RESULTANTS

4-123. Replace the two wrenches and the force, acting on the -

4-121. Replace the three forces acting on the plate by a wrench.
pipe assembly, by an equivalent resultant force and couple mo:

Specify the magnitude of the force and couple moment for the
wrench and the point P(y, z) where its line of action intersects the  ment at point O.

plate. , :

~a Fe= {150§]N

= {-400i}N

F, = {250k]N

Probh. 4-121 Prob. 4-123

’

ng onthe plate by a wrench.  *4-124.  The three forces acting on the block each have a magni-
tude of 10 Ib. Replace this system by'a wrench and specify the |
point where the wrench intersects the z axis measured from

oint O. Yoo
P A L

4-122. Replace the threc forces acti
Specify the force and couple.moment for the wrench and the point
P(x, y) where its line of action intetsects the plate.

Fo= {40k} Ib

Fy= (~60j} Ib

e Prob.4=124
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"4-25. “Phe cable cxerts a 140-N force on the u,lcphonc polc s

2-110.  Determine the angle 0 between cables AB and AC. 2-1 14
2—111. - If F has a magnitude of 55 Ib, dclcnmnc the magnitude

of its projected component aclmg along the x axxs and ‘along.
cable AC.

I(

2-115.

=8 n—A

— #‘bﬂ‘,

12 fi

Probs. 2—-110/2~111

-/ o

*2-1 12 Determine the angles 0 and ¢ between the axis OA of the
pol(,| and cach cable, AR and AC.

.
i

shown. Determine the moment of this force at the basec A of lhc, i
pole. Solve the problenm two ways, i.c., by using a position vcclor i
from A to C, then A to B,

— o,o,l.)

F=1401b

X

Prob. 4-25
Wip = 3bo + 2¥oy

Yap = 24 ’3‘1."“5
r&’B '7

u‘h 9‘ _%r (y7k ) r 1}0& “¢01-324.k
ﬁ/A: o 6-0“-5‘3

Two cables exert forces on the pipe. Determine the mag-
nitude of the projected component of Iy along the line of action of

!
Determine the angle 0 between the two cables attached
to the pipe.

Fy=301b

Probs. 2-114/2-115 | ()

#2116, The force F = {25 — 50§ + 10k} N acts at the end A of
the pipe assembly. Determine the magnitudes of the components
" Iy and F; which act along the axis of AB and perpendicular to it.

4
‘-5 Su'@ Tf) ¥

~ > ' (0,‘3'6)

e
(8,59)
Prob. 2-116
.lAﬁ/A: 0_1:,-'&-—6?‘-
EN -
F = F u (2:1—5‘0J-i!ok.) (00 ;ﬂ;}k ’.
<" ‘ L iliy
Zm &u lw
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164 cH. 4 FORCE SYSTEM RESULTANTS

=p(x)

. a7
It 2 2 ()
w

dF

l W= w(xy)

y

Tig, 4-51

Magnitude of Resultant Force. From Eq. 4-19 (Fr = SF), the mag-
nitude of F is equivalent to the sum of all the forces in the system. In this
case integration must be used, since there is an infinite number of parallel
forces dF acting along the plate, Fig. 4-51b. Since dF is acting on an element
of length dx, and w(x) is a force per unit length, then at the location x,
dF = w(x) dx = dA. In other words, the magnitude of dF is determined from
the colored differential area dA under the loading curve. For the entire plate
length,

+ | Fy=3F, Fp = J w(x) dyx = f dA = A (4-21
f A

Hence, the magnitude of the resultant force is equal to the total area under the
loading diagram w = w(x).

Location of Resultant I'orce. Applying Eq. 4-20 (Mg, = EMo), the
location X of the line of action of Fy can be determined by equating the
moments of the force resultant and the force distribution about point O (the -
y axis). Since dF produces a moment of x dF = x w(x) dx about O, Fig. 4- -
51b, then for the entire plate, Fig. 4-51¢,

(+Mg, = ZMo; e = J X w(x) dx
L
Solving for X, using Eq. 4-21, we can write

J X w(x) dx J' X dA
f A

x= = (4-22)

f w(x) dx f dA (
A

“1.

This equation represents the x coordinate for the geometric center or centroid
of the area under the distributed-loading diagram w(x). Therefore, the resul-
tant force has a line of action which passes through the centroid C (geometric
center) of the area defined by the distributed-loading diagram w(x), Fig. 4-
Ste.

Once vis (qumlnul Fp by symmetry passes through point (X, 0) on the
surface of the plate, Fig. 4-51d. Il we how consider the three-dimensional
pressure logding p(x), Fig. 4-51a, we can therefore conclude that the resul-
tant force has a magnitude equal to the volume under the distributed-loading
curve p = p(x) and a line of action which passes through the centroid (geo-
metric center) of this volume. Detailed treatment of the integration techniques
for computmg, the centroids of volumes or-areas is given in Chapter 9. [n
many cases, however, the distributed-loading diagram is in the shape of a
rectangle, triangle, or other simple geometric form. The centroids for such
common shapes do not have to be determined from Eq. 4-22; rather, they can
be obtained directly from the tabulation given on the inside back cover.
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170 cH. 4 FORCE SYSTEM RESULTANTS

4-130. The column is used-to support the floor which exerts a *4-132, Replace
force of 3000 1b on the top of the column. The ¢ffect of soil pres-
sure along the side of the column is distributed as shown, Replace
this loading by an equivalent resultant force and specily where it
acts along the column measured from its base A.

3000 1b

Prob, 4-130

, ny> plag D w3k oniy 3o
4-131. The distribution of soil loading on the bottom of » build- 4-133,
ing slab,is shown. Replace this loading by an equivalent resultant

tant force, and spec
force and specify its location measured from point O,

pinat C.

100 1b/ft

: . ©o 3000
T 12f $~‘.'_\ 9t ——r

f

g N A=Lhlarh)
- Prqh. 4-131 Ye = % Zﬁ:t)h

A= .%\L(S@)'—fim bl N 30| l o Je ;(3&)3
e (). Jos A~ $4{4o0) <1200

o 20 kN/m

the loading by an equivalent resultant force and

couple moment acting at point 0.

7.5 kN/m

Prob., 4-132

ify its loca

Prob, 4-133

Replace-the distributed loading by an equivalent resul-
ition on the béam measured from the

C
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Table 5-1. Supports for Rigid Bodies Subjected to Two-Dimensional Force Systems

Types of Connection Reaction

Number of Unknowns

POANS

AN

One unknown. The reaction is a tension force which acts away
from the member in the direction of the cable,

weightless link

One unknown. The reaction is a force which acts along the axis of

the link.
Cy

(3)

S————

o

=

F
0

smooth contacting
surface

-
6 or
F
o One unknown. The reaction is a force which acts perpendicular fo
Dl the surface at the point of contact.
0,
10 .
(4)
t\'\"% . . . . .
~O or One unknown. The reaction is a force which acts perpendicular to
0 r 7] @ he &
rgv« N ’ o F the slot.
‘ roller or pin in
contined smooth slot
> ,
One unknown. The reaction is a force whicli acts perpendicular to
0 the surface at the point of contact.

One unknown. The reaction is a force which acts perpendicular to
the surface at the point ol contact.

e
member pin connected
to collar on smooth rod

One unknown. The reaction is a force which acts perpendicular to
the rod.
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Table 5-1 (Contd.)

Types of Connection Reaction Number of Unknowns
8 F, . :
{ . ~
T'wo unknowns. The rcactions arc two components of force, or the
or magnitude and direction ¢ of the resultant force. Note that ¢ and 0
; ¥ @ arc not necessarily cqual [usually not, unless the rod shown is a
; X nk ag i
“'T-—- 0 »\'fb link as in (2)}.
smooth pin or hinge
(Q‘ “Two unknowns. The reactions are the couple moment and the
N - . .
/ force which acts perpendicular to the rod. ©
¢M ‘
member fixed connected
to collaron smooth rod
(10) E,
: A

Three unknowns. The reactions are the couple moment and the
two force components, or the couple moment and the magnitude
and direction ¢ of the resultant force.

o

{ixed support

Support Reactions. Before presenting a formal procedure as to how to

draw a free-body diagram, we will first consider the various types of reactions
(hat occur at supports and points of support between bodies subjected Lo co-
planar force systems.

The principles involved for determining these reactions can be illustrated (b) {
by considering three ways in which a horizontal member, such as a beam, is i
commonly supported at its end. The first method of support consists of a
roller or cylinder, Fig. 5-2a. Since this type of support only prevents the Fig. 5-2

peam from translating in the vertical direction, it is necessary that the roller
exerts a force on the beam in this direction, Fig. 5-2b.

The beam can be supported in a morc restrictive manner by using a pin as
shown in Fig. 5-3a. The pin passcs through holes in the beam and two leaves
which are fixed to the ground. Here the pin will prevent translation of the
beam in any direction ¢, Fig. 5-3b, and so it must cxert a force F on the
beam in this direction. For purposes of analysis, it is gencrally casier to
represent this effect by its two components I, and F,, Fig. 5-3c¢.
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PROB. 2-5

PROB. 2-8
PROB. 2-10 —
| !
' 5-29. Determine the support reactions on the beam. !
. 3 kip/ft
2 Kip/ft P 2 kip/ft
°
‘l fo kN } E 354
ek 600 kip- ft AN 60°
[ oK | . , | g \”
Ay [6) 9 ! [ 12 ft | 12 ft
e 77T /4 .
{ s J_ g ’ (0 l 10 __,_| | Proh. 5-29

Determine the tension in cables BC and BD and the reactions at the
ball-and-socket joint A for the mast shown in Fig. 4—28a.

SOLUTION (VECTOR ANALYSIS)

:Free-Body Diagram. There are five unknown force magnitudes shown -
on the free-body diagram, Fig. 4-28b.

‘Equations of Equilibrium. Expressing each force in Cartesian vector
‘form, we have
F = {-1000j} N
Fa=Ad+Aj+AKk
= P — g bi-be Uguaky oL
TC = O707Tcl O707Tck -Ys - Yo" F e

Tp =Tp (:BD) = —0.333Tpi + 0.667Tpj — 0.667Tpk
BD

Applying the force equation of equilibrium gives
ZF = 05 F+F,+Te+Tp=0
(A, + 0.707T¢ — 0.333Tp)i + (—1000 + A, + 0.667Tp)j
+ (A, — 0.707T¢c — 0.667T,)k = 0
J2F. =0 A, +0.707T¢ — 0.3337, = 0 ¢))

3F,=0; A, + 0.667T, — 1000 = 0 (2) ) !
ZF =0, A, = 0.707T¢ = 0.667T, = 0 3) - |
Summing moments about point A, we have
LM, = 0; rp x (F+Tc+Tp) =0 5 Te=T0IN Ty Is00 N
6k x (—1000j + 0.707Tci — 0.707Tk
= = = | 500
~0.333Tpi + 0.667T,f — 0.667T,k) = 0 Ax=0N Ay=ON Ay =)500N
+Evaluating the cross product and combining terms yields ) r NS AP J" An Cianeg YN
o '
—4Tp + 6000)i + (4.24T¢ — 2Tp)j =0 )i .
N (—47p \ )i+ (4.2 f_ p)j » l,c )@‘F"D ™Y r; n;) DD Y
=0; —47Tp + 6000 = 0 ) 3N Squ—;'xn N )(B a k. A-»
; 424TC - 2TD =0 )] ,/ ’5@"3"@ J\Ih'DT)

A){AjOb"}

+ The moment equation about the z axis, M, = 0, is automatically satisfied.
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allowed to rotate freely about any
ball-and-socket joint. ,

It should be noted that the single bearing supports (5) and (7), the single:
pin (8), and the single hinge (9) are shown to support both force and coupl
moment components. If, however, these Supports are used in conjunction
with other bearings, pins, or hinges to hold the body in equilibrium, and
provided the physical body maintains its rigidity when loaded and the sup:
ned when connected to the body, then the force reqc.’
y alone be adequate for supporting the body. In
other words, the couple moments become redundant and‘may be neglected on
the free-body diagram. The reason for this will be clear after studying the exam-
ples which follow, but essentially the couple moments will not be developed
at these supports since the rotation of the body is prevented by the reactions
developed at the other supports and not by the supporting couple moments,

axis, no couple moment is resisted bya

tions atthese supports ma

cted to Three-Dimensional Force Systems

Types of Connection Reaction Number of Unknowns
M r
One unknown. The reaction is a force which acts away from the
member in the direction of the cable.
cable
(2
! One unknown. The reaction is a force which acts perpendicular to
¢ the surface at the point of contact,
si;g:)thhsclz-fa CN:.lpp(‘}l't F ?""‘ﬂk 9“‘\{“‘« s04nn ny

@)

roller

nlel Japa 212mm ms —nsav me
1 )

One unknown. The reaction is
the surface at the

a force which acts perpendicular to
point of contact.

ball and socket

Three unknowns. The reactions
nents.

are three rectangular force compo-
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Types of Connection Reaction

Number of Unknowns

5) .

L2

single journal bearing

Four unknowns. The rcactions arc two force and two couple-
moment components which act perpendicular to the shaft.

single journal bearing
with square shaft

Five unknowns. The reactions are two foree and three couple-

moment C()Illp()llclllb'.‘

{7)

Five unknowns. The reactions are three force and two couple-

moment COlﬂpOﬂClllS. :

@)

“Five unknowns. The reactions are three force and two couple-

moment componcnls.

Five unknowns. The reactions are three force and two couple-

moiment componcms.

(19)

fixed support

Six unknowis. The reactions are three force and three couple-

moment componcnls.







CHANICAL ACTION OF FORCES.

S LIBRIUM CONDITYO

' of Contact; and;};FQtd@iszﬁgiﬂ'

Force: mist be'normal. t
thie surface and- directed ™
-, toward the member,

' < member, as well as 2 normal
& Fforee N ot

N \\}"

force Ftangent to the surface
(friction force) to act on the

S

oller or wheel support_with.
teral constraint - I

' [
e €«

e

SNy

A lateral force P exerted
.. by the guide on the whee}
.- can exist, in addition to - -
“the normal force N,

ll-and—socket joint -

A ball-and- t joint free
... to pivot about. the center of
~.the ball can support a force -

R with all uucc,.comgpq:ntg.,

s

td connection (embedded - .
T gy .or welded) . -
I

2 In addition to three components

L its three oornponcnts.

of force, a fixed connection cam |
support 2 couple M represented byl

| st~bearing support -

< well as ‘radial forces' R, and R

Thrust bearing is capable of )
supporting. axial force Ry as o

. » r
Unless bearing is pivoted about
x— and z—axes, it can support
Ccouples My and M,,

Tyhc‘po:‘:rﬁil.ity exists for 2. .*
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* size of the collars at D and B and the thickness of the becn,
determine the horizontal and vertical components of forug z»it“
pin A and the force in cable CB. |

boam— ey N C/N
collowr - ’)LTT’ ' }'D

R

s

e

SEEEDNLE:

3

350N

4-69. The boom supports a load having a weight of W =}
i 850 Ib. Determine the x, Y, z components of reaction at the ball-|
! and-socket Joint A and the tension in cables BC and DE. !
Toe = 721 Ib Az= 121 kl'F “

4-70. Cable BC or DE can support a maximum tension of 700 Ib|
before it breaks. Determine the greatest weight W that can be sus-|

pended from the end of the boom. Also, determine the x, Y, 2

components of reaction at the ball-and-socket Joint A, e

Z

AJ'- SOOHD

Probs. 4-69/4-70

5-50. Determine the intensity w; and w, of the trapezoidal load-
ing if the supports at A and B exert forces of 4 kN and 4.5 kN,
respectively, on the beam. '

Wy = 1.63 klf, :

A LAY

*5-48. The man has a weight W and stands at the center of the
plank. If the planes at A and B are smooth, determine the tension in
the cord in terms of W and 6.

'4-33. The crane lifts a 400-kg load L. If the primary boom AB

has a mass of 1.20 Mg and a center of mass at G,, whereas the
secondary boom BC has a mass of 0.6 Mg and a center of mass at
G, determine the tension in the cable BD and the horizontal and !
vertical components of reaction at the pin A, /
Crane - IRy ‘
boowm ~ ‘LN Cm

Typ= 768k

N

. *¥5-96. The stiff-leg derrick used on ships is supported by a ball-
" and-socket joint at D and two cables BA and BC. The cables are
attached to a smooth collar ring at B, which allows rotation of the
derrick about the z axis. If the derrick supports a crate having a

|

|
I
|

mass of 100 kg, determine the tension in the supporting cables and |

the x, y, z components of reaction at D.
shff 'eS olwuak,sn'elﬁ oo \'m:?
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<4 CH. 6 STRUCTURAL ANALYSIS

2 Example 6-4

|
Fee
—x
Fop C Fop
(®)

Fpe
b Fpg
~y

/ F[)F

X

(©

y

Fre 0

G~

—_X

FFG F F[’E

(d

2 kN

Yy
2 kN
Fue
—X
Fy, H Fug
()

Using the method of joints, determine all the zero-forcg members of the
Fink truss shown in Fig. 6-13a.

S kN

(a)

Fig. 6-13

SOLUTION

Looking for joint geometries that are similar to those outlined in Figs.
6-11 and 6-12, we have

Joint G (Fig. 6~13b)
+ T 2F, =0; Foe =0 Ans.

Realize that we could not conclude that GC is a zero-force member by
considering joint C, where there are five unknowns. The fact that GC is a
zero-force member means that the 5-kN load at C must be supported by
members CB, CH, CF, and CD.

Joint D (Fig. 6-13¢)
+ v 3F, = Q; Fpr =0 Ans.
Joint I (Fig, 6-134d)

+1ZF,=0; Fpccos = 0, since 6 # 0; ch =0 Ans.
Note that if joint B is analyzed, Fig. 6—13¢,

+NEE =0 2—Fgy =0 Feu =2 kN (C)

Consequently, the numerical value of Fue must satisfy 2F, =0, Fig. 6~
13f, and therefore HC is not a zero-force member,

PR(
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6.4 The Method of Sections

SEC. 6.4 THE METHOD OF SECTIONS

249

The method of sections is used to determine the loadings acting within a body.
Itis based on the principle that if a body is in equilibrium, then any part of the
body 18 also in equilibrium. To apply this method, one passes an imaginary

. section through the body, thus cutting it into two parts. When a free-body

diagram of one of the parts is drawn, the loads acting at the section must be
included on the free-body diagram. One then applies the equations of equilib-
rium to the part in order to determine the loading at the section. For example,
consider the two truss members shown colored in Fig. 6-14. The internal
loads at the section indigated by the dashed line can be obtained using one of
the free-body diagrams shown on the right. Clearly, it can be seen that equi-
librium requires that the member in tension be subjected to a “‘pull’’ T at the
section, whereas the member in compression is subjected to a “‘push’” C.

The method of sections can also be used to “‘cut’” or section several
members of an entire truss. If either of the two parts of the truss is isolated as
a free-body diagram, we can then apply the equations of equilibrium to that
part to determine the member forces at the “‘cut section.”’ Since only three
independent equilibrium equations (£F, =0, 2F, =0, XMy = 0) can be
applied to the isolated part of the truss, one should try to select a section that,
in general, passes through not more than rhree members in which the forces
are unknown. For example, consider the truss in Fig. 6—15a. If the force in
member GC is to be determined, section aa would be appropriate. The free-
body diagrams of the two parts are shown in Figs. 6—15b and 6-15c¢. In
particular, note that the line of action of each cut member force is specified
from the geometry of the truss, since the force in a membar passes along its
axis. Also, the member forces acting on one part of the truss are equal but
opposite to those acting on the other part—Newton’s third law. As noted
above, members assumed to be in fension (BC and GC) are subjected to a
“pull,”” whereas the member in compression (GF') is subjected to a *‘push.”’
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. cate whether the members

are in tension or compression. Assume

 that all the members are pin-connected.

10 kip

6-11. Determine the force in each member of the truss and indi-
- cate whether the members

200 1b

are in tension or compression.

400 1b

Prob. 6-11

*6~12.  Determine the foree in cach member of the truss and indi.

cate whether the members

are in tension or compression,

900 N
Prob., 6-12

6~13.  Determine the force in each member of the truss and indi-
cate whether the members are in tension or compression.

800 Ib

TR R e i WA

‘.Lﬂ ﬂ—-’——3 ft—»t__ﬁs ﬂ_{

[

Prob, 6-13

6-18. Determine the force in each member of the truss and indi-
cate whether the members are in tension or compression.

Bl WY o) aasr Dj :
J‘mf -—L—]Oﬂ 161 —

Prob. 6-138

:6—29. Determine the force developed in members BC and G+
+ the roof truss and indicate whether the members are in tension i3

PR
(S

compression.

6-37.  ‘Determine the force in members KJ, JN, and CD, and
- indicate whether the members are in tension or compression,
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cate whether the members are in tension or compression,

5001b  5001b
e 3 ft—ef— 3 ft —

Prob. 6-20

® *6-32. Determinc the force in members BG, HG, and BC of the
truss and indicate whether the members are in tensmn or compres—
sjon.
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*  §-19. Determine the force in each member of the roof truss and
indicate whether the members are in tension or compression.

3 kip

)

B
[~ 6 ft— —J~— 6 fi- -1+— 8 ft — 8 ft—-

Proby. 6-19

» 1 0-31. F or the given loading, determine the force in members .I ]
‘CD,-CJ, and KJ of the Howe roof truss. Indicate whether the ( ) )
‘”members are in tension or compression, : -

F—— m6@2m

Prob. 6-31

- Deteiniine the foice in mesabers BE, J1, and DO of the }
* “truss, and indicate whether.the members are in tension or com
premon Hint: Use Gccuons aa and bb. : :

*6-40. Dctexmme thL force in members CD and KJ of thel

) truss, and-indicate whether the members are in ténsion or ¢om

! *pression. Hine: Note scction aa can be used to find the force:
members DE and JI. ;

1400 b
150016 | X ‘
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floor loading shown, determine the horizontal force P that must be -
applied to move the wedge forward. The coefficient of static fric-<
tion between the wedge and the two surfaces of contact i$ p; =

0.25. Neglect the weight of the wedge.

8-33. The man attempts to move the block, which has a weight !

of 800 1b and a center of gravity at G, over the cdge ol the step. if
lhe coefficient of static friction at A is gy = 0.3, determine the |
angle 0 at which the block begins to slip. Also, with what horizon-
tal force P must the man pull for this to occur? |

04m
0.4 m /

e

9-21. Dectermine the location (x,y) of the centroid of the' ..

shaded area.

. '
v
. |

y

sion-testing, machine. Determine the design angle # ol the weages !
50 that the specimen will not slip regardless of the applied load.
The coefficients of static friction are pa = 0.1 at A and py = 0.6 |
at B. Neglect the weight of the blocks.

ol 0y

Prob. 8-62

4832, * A 50-1b beam rests on two surfaces at points A and B.
Determine the maximum distance x to which a boy can walk up the

assume he walks up the beam with a constant velocity. Neglect the
{hickness of the beam.

214t

#9..24. Determine the distance ¥ to the centroid ol the cone. |

9-25.. Deltermine the distance ¥ to the center of mass of the cone..

The density of the material varies linearly {rom zero at the origin O
o pg at x = 1., ‘

Probs. 9-24/9-25

»1

! peam before the beam begins to slip. The boy weighs 120 Ib and |

|
!
|
|
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\ | . Ly = Ly = §sm@R? + 1) I, = fomR* O
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SEC. 9.3 COMPOSITE Bobpits 421

2 Example 9-7 v
Locate the centroid of the wire shown in Fig. 9—13a.

SOLUTION

Composite Parts. The wire is divided into three segments as shown in
i | Fig. 9-13b.

Moment Arms. The location of the centroid for each piece is determined :
and indicated in the figure. In particular, the centroid of scgment @ is '
determined either by integration or using the table on the inside back cover.

Summations. The calculations are tabulated as follows:

. . N . i
! L

Segment L (mm) ¥ (mm) Y (mm) 7 (mm) %L (mm?) YL (mm?) i ZL (mm?)
1 7(60).= 188.5 60 ~38.2 0 11310 om0 o
' 40 0 20 0 0 800 g 0
3 20 0 40 —10 0 800: oL -—200 0
IL = 248.5 ; S¥XL= 11310  ZyL=-5600"  X7L=—-200
Thus, _ , : ' f;
SXL 11310 C -
X = = ——— =455 mm Ans.
2L 248.5 . :
>yL —-5600 i
y=—=——= =225 mm , Ans.
YIS T 2485 " ,
_ 2ZL —200 '
zZ= 5L = 2485 = —0.805 mm Ny Ans.
Z 2

0 mm

20 mm
/(> g/lnm

20 mm

(a) (b)

Fig. 9-13
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Geometric Properties of Line and Area Elements -\-T
Centroid Location Area Moment of Inertia

Centroid Location
y
I 0r?
x .
I, = }r%0 - i sin 26)
W) I, = 3r%(0 + § sin 26)
3 0
Circular sector area
Iy = fgmrt
1y = feopt
Quarter and semicircular arcs
=Lh(a+p)
X 1\‘ = gTYr
2a+b = 1.4
%(-{I*;_T)h Iy 8T
| N
Iy = dart
Iy = {opd

Iy = %5 bh*
I, = 4 hb?

Rectangular area :

Parabolic area

I = &bh3

Triangular area

C‘

T et







Center of Gravity and Mass Moment of

Hemisphere

L= L, = 0.259mR?* [, = 2mR2

=

Thin circular disk

I =1y ={mR* [, = 1mR?

Thin ring

I = yy 1, = mR?

= $mR?

Inertia of Homogeneous Solids

V=aR%

' Cylinder .
L = Iy, = fom(3R? + 112)' I, =

1 =

== > -2 a
R
X
Thin plate
Ly = fgmb* [, = Jyma?

Slender rod

_ — 1.2
xixt = Ay = dml

s

smR?

H5mR>?

'

lzz = _%nl(az + b2)
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SEC. 9.3 COMPOSITE BODIES 423

' ® Example 9-9 wmemmmmmmmer R e R ok

B R L T O ey

R R Y

Locate the center of mass of the composite assefnbly shown in Fig.. z
9—15a. The conical frustum has a density of p. = 8 Mg/m3, and the hemi-
sphere has a density of p, = 4 Mg/m’. '

: ‘ : 25 1‘m‘
SOLUTION . : S : o
Composite Parts. The assembly can be thought of as consisting of four SR
segments as shown in Fig. 9-15b. For the calculations; (3) and (@) must be ‘
considered as ‘‘negative’” volumes in order that the four segments, when _
added together, yield the total composite shape shown in Fig., 9-15a. 50 mm

. . ) 50 mm F C
Moment Arm.  Using the table on the inside back cover, the computa- ;

tions for the centroid Z of cach picce arc shown ii the ligure. o >
Summations.  Because of symmetry, note that ' ‘ (@)
X=y=0 _ Ans.,

Since W = mg and g is constant, the third of Eqs. 9-8 becomes z = e
ZZm/Zm. The mass of each picce can be computed from m = pV and used Fig. 9-15
for the calculations. Also, 1 Mg/m?® = 107¢ kg/mm3, so that

i .
i

B N - ! a \
Segment m (kg) Z (mm) zm (kg * mm) ( ’

8(10"(’)(%)77(50)2(200) = 4,189 50 209.440 i
4(1079YHw(50)3 = 1.047 —18.75 —19.635 )
—8(10_")(-;1;)77(25)2(100) = —0.524 100 + 25 =125 —65.450

—8(10797(25)%(100) = —1.57] 50 —78.540

Zm = 3.141 X7im = 45.815

EESRA I SR

Thus,

——— = 14.6 mm Ans. e

100 mm 25 mm

100 mm _, 25 mm

50 mm T

200 mm

100 mm

|

25 mm

200 mm

é 7 =50 mm

50 mm

|

-3 (50) =~ 18.75 mm

(b)







422 CH.9 CENTER OF GRAVITY AND CENTROID

1« Example 9-8 :

P 450 A A A5 A 1 S SR

Fig. 9-14

SRRV R

Locate the centroid of the plate area shown in Fig. 9-14a.

SOLUTION
Composite Parts. The plate is divided into three segments as shown in

Fig. 9—14b. Here the area of the small rectangle @ is considered ‘‘nega-
tive’” since it must be subtracted from the larger one (2).

Moment Arms. The centroid of each segment is located as indicated in
the figure. Note that the ¥ coordinates of 2 and ® are negative.

Summations. Taking the data from Fig. 9—14b, the calculations are tab-
ulated as follows:

Segment A (ft?) ¢ 1)) TA (ft3) VA (ft)
1 13)(3) = 4.5 1 I 4.5 4.5
2 3)3) =9 ~1.5 1.5 ~13.5 13.5
3 @) =-2 =25 2 5 —4

YA=115 STA = —4 SVA = 14
Thus,
: S¥A -4 :
X = = ——= —().348 ft Ans.
YTTSA T s
_ STA 14
y= AR L A 1.22 ft Ans.

*«‘Q‘E’?gg

=







Y->>. Determine the distance y to the centroid of the shnded;
area, _

150 mm
1

600 mm

*9-84. Determine the approximate amount of aluminum neces-
sary to make the funnel. It consists of a full circular part having a
thickness of 2 mm. Its cross section is shown in the figure.

9-85.  Determine the approximate outer surface arca of the fun-
nel. It consists of a full circular part of negligible thickness.

30 mm

9-67. Determine the distance y to the center of mass of the as-
sembly, which has a hole bored through the center. The material

has a density of p = 3 Mg/m?.

: : _ITS mm

|4— 100 mm “I’ﬁ]ﬁr

20 mm
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Geometric Prydpevrties of Line and Area Elements

Centroid Location
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0cy -
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Circular arc segment’

w

Centroid Location

Area Moment of Inertia
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e
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' e
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Parabolic area

Triangular area
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330 CH.7 INTERNAL FORCES

cetlva
i

S

— J .
Cabie Subjected to a Distributed Load. Consider the weightles
cable shown in Fig. 7-22a, which is subjected to a loading function w = w(x
as measured in the x direction. The free-body diagram of a small segment ¢
the cable having a length As is shown in Fig. 7-22b. Since the tensile force i
the cable changes continuously in both magnitude and direction along th
cable’s length, this change is denoted on the free-body diagram by AT. Th
distributed load is represented by its resultant force w(x)(Ax), which acts at ;

fractional distance k(Ax) from point O, where 0 < k < 1. Applying the equa
tions of equilibrium yields

H3IF. =0; —Tcos 8+ (T+ AT) cos (8 + AB) =0
+13F,=0; ~Tsinf—wx)(Ax) + (T + AT) sin (6 + AB) = 0
(+FEMo =0; w(x)(Ax)k(Ax) — T cos @ Ay+TsinfAx=0

Dividing each of these equations by Ax and taking the limit as Ax — 0, and

hence Ay— 0, AG— 0, and AT— 0, we obtain
d(T cos 6)
=0 7~
T ‘ (7-7)
d(T sin 8 :
Isinb) _ L oy=o0. (71-8)
dx
dy .
—— ='tan @ : 7-9
o an o A .v

Integrating Eq. 7-7, we have - T

T cos 6 = constant = m‘mw; o (7-10)

Here .Fy represents the horizontal component of tensile force at any point
along the cable. ) -
Integrating Eq. 7-8 gives _

o Zsmn\sg‘&_,.,, -1

.Ug&:mm@.qlzg\m@.wluom:nmumﬂmmﬁ Hronuc.mmummm.qlovimomn
obtain the slope - ‘







o a Distributed 1.oad. Consider the weightless
12a, which is subjected to a loading function w = w(x) =

rection. The free-body diagram of a small segment of
h As is shown in Fig. 7-22b. Since the tensile force in
inuously in both magnitude and direction along the
nge is denoted on the free-body diagram by AT. The e
sented by its resultant force w(x)(Ax), which acts at a
) from point O, where 0 < k < 1. Applying the equa-~

:1ds :

wﬂnmoamsm a second EﬁamBmosv yields

(7-12)

This equation is used to determine the curve for the cable, y = f(x). The
 horizontal force component Fy and the two constants, say C; and C,, result-
ing from the integration are determined by applying the boundary conditions

for the cable. 3 -

=

0+ (T + AT) cos (6 + AB) =0
—wx)Ax) + (T+AT)sin (0+ A6 =0
x)k(Ax) — T cos 8 Ay + Tsin 6 Ax=10

equations by Ax and taking the limit as Ax— o,.mua .
), and AT — 0, we obtain

d(T cos 6) i w=w(x)
—=0 - T i .
o (7-7)
d(T sin 6) :
N T =0 7-
i w(x) (7-8) |
dy : = A
- =.tan 6 o - x
~ = tan (7-9) = f . ,
' __‘ - x Ax -
¢ have (@) — o
: , WA X) . . u ] T
T cos 6 = constant = Fy (7-10) ) I._ R
: horizontal component of tensile force mw any point \\\\\ - ) ”

|

§

! .
-7 B T +AT -

“ ‘ N

|

} gives

—mhmm T T TN

T sin 8 = \ w(x) dx (7-11) .v

Eq. 7-10 eliminates 7. Then, using Eq. 7-9, we can |




o

N




Fig. 7-23

The cable of a wcwmm:mwon bridge supports half of the uniform road
surface between the two columns at A and B, as shown in Fig. 7-23a. If
this loading is w, N/m, determine the maximum force developed in the
cable and the cable’s required length. The span length L and sag h are

known.
| L
| ]
A
NS
JJ//I 0
\_\_1
~ Ay ¥ i i
] 1
..\TN w, N/m Tﬂ
- f
53
7o
v,
i M.A

SOLUTION .
We can determine the unknowns in the problem by first finding the

curve that defines the shape of the cable by using Eq. 7-12. For reasons of
symmetry, the origin of coordinates has been placed at the cable’s center.

Noting that w(x) = w,, we have

_ .
wum. A«ﬁsye&«v&ﬂ

Integrating this equation twice gives

H.\e.w
gu|A« N« +9.«+9v 8

The constants of integration may be determined by using the boundary
conditions y = 0 at x = 0 and dy/dx = 0 at x = 0. Substituting into Eq. 1
yields C, = C2 = 0. The curve then becomes

This is the equation of a parabola. The constant Fy may be obtained by
using the boundary condition y = h at x = L/2. Thus,
Fy= wol® 3

8h

Therefore, Eq. 2 becomes : S

Since Fy is known, the tension in the cable may be determined using
Eq. 7-10, written as T = Fy/cos 6. For 0 = 0 < w/2, the maximum ten-
sion will occur when 6 is maximum, i.e., at point B, Fig. 7-23a. From
Eq. 2, the slope at this point is

dy w,
—- =tan Opa = — X
dx x=L/2 F, H x=L12
or
%Bux = nmﬂl— AS\QN\V AMV
2Fy
Therefore,
Fu
Toax = ——77
" = Cos (Brmd) ©

Using the triangular relationship shown in Fig. 7-23b, which is based on
Eq. 5, Eq. 6 may be written as :

o= V4FE + wil?
2
Substituting Eq. 3 into the above equation yields
woL L\?
N.n_px".m _+A|v .. ..Ans.

4h
For a differential segment of cable .F:m% ds, we can write
dy

ds = V@ T @ = ZAMVN&

Hence, the total length of the cable, &, can be determined by integration.
Using Eq. 4, we have

£= “. ds (N
Integrating and substituting the limits yields
Iwﬁ ~+A a3 A
5 ns.

SEC. 7.4 CABLES
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Cable Subjected to 1ts Own Weight. When the weight of the cable
becomes important in the force analysis, the loading function along the cable
becomes a function of the arc length s rather than the projected length x. A
generalized Toading function w = w(s) acting along the cable is shown in
Fig. 7-24a. The free-body diagram for a segment of the cable is shown in
.Fig. 7-24b. Applying the equilibrium equations to the force system on this
diagram, one obtains relationships identical to those given by Egs. 7-7
through 7-9, but with ds replacing dx. Therefore, it may be shown that

Tcos 0=Fy (7-13)
Tsin 0= \% w(s) ds

dy 1 .
%.n 7w ds (1-14)
To perform a direct integration of Eq. 7-14, it is necessary to replace dy/dx
by ds/dx. Since .

ds = Vdx? + dy?
o _ &
dx dx

m = T + M.,chw w(s) &avww:u

Separating the variables and integrating yields

then

Therefore,

ds
fi+ 5 wo s}

The two constants of integration, say C; and C», are found using the boundary
conditions for the cable.

x =

w = w(s)

————————

ig. 7-24

RS
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Example 7

15 mezemme

Fig. 7-25

) UQQ.BEQ the deflection curve, the length, and the maximum tension
in the uniform cable shown in Fig. 7-25. The cable weighs w, = 5 N/m,.

AV SN DRVA Y

By reasons of symmetry, the origin of coordinates is located at the
center ..% &a cable. The deflection curve is expressed as y = f(x). We can
determine it by first applying Eq. 7-15, where w(s) = w,. ‘

. ng ds
[1+ (UFRJ w, ds)*1V?

Integrating the term under the integral sign in the denominator, we have
v % - ds
:ﬁc\wmxﬁm+9§:~

wccmm.Em:m u = (1Fy)(w,s + Cy) so that du = (w,/Fy) ds, a second in-
tegration yields :

Fa, .
x=—>(sinh™! u + Cy)
W, -
or
x = WTEHL_HP. S : :
" Fs ?\e..vh.+ C)+ G . ).
To evaluzte the constants note that, from Eq. 7-14,
dy 1 d
Qv _ 4 1
& w, ds or e IW':Ee,m+Q_V
Since dy/dx = 0 at s = 0, then C; = 0. Thus,
dy _ WS
i F, @

MMo _oommﬁm C, may be evaluated by using the conditions = 0 atx = 0in
. 1, in which case C, = 0. To obtain the deflection curve, sol i
Eq. 1, which yields rsolve for o

_Fy . Aée
s= v sinh mxv 3)
Now substitute into Eq. 2, in which case

@ umr& AE V ,,,.
i Fu

i

Hence

e S E R

m,
y= |~H00m5 AP»WMV +Qw Ahv
w, Fy

If the boundary condition y =0 at x=0is applied, the constant Cs=

" —Fyiw,, and therefore the deflection curve becomes

Num ﬁ . A:\Q V 1\—
= h -1
y w CcOSs m.;m X

o

This equation defines the shape of a catenary curve. The constant Fy is
obtained by using the boundary condition that y = h at x = L/2, in which

case
h= WTOmr AMW.MV - L 5)
Since w, =5 N/m, h =6 m, and L = 20 m, Egs. 4 and 5 become
y= mmm\a To% Am Na xv - L ©) .
6m= S ﬂm\a _Hno% APM&HMV - L )

Equation 7 can be solved for Fy by cmmsm a trial-and-error Eo.o&c_d. The
result is p . '
v Fy =458 N
and therefore the deflection curve, Eq. 6, becomes

y = 9.16[cosh (0.109x) — 11m Ans.
Using Eq. 3, with x =10 m, the half-length of the cable is

Wa.mz. T_z\a
2 5Nm 458 N

(10 BVH_ =12.1m

Hence, .
. P =242m Ans.

Since T = Fylcos 6, Eq. 7-13, the maximum tension occurs when @ is
maximum, i.e., at s = $/2 = 12.1 m. Using Eq. 2 yields

5 N/m(12.1
L — an g, =2 ymAZIm _ 5,
dxls=12.1m 45.8 N
Brax = 52.9°
F 45.8 N
Thus, Tpox = —— = =759N Ans.

€0S Opax  COS 52.9°
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and bending-moment diagrams for the beam shown in

The reactions at the fixed support have been calcy-
1 0n the free-body diagram of the beam, Fig. 7-17p.

Jsing the established sign convention, Fig. 7-11, the
f the beam is plotted first; ie,x=0, V= +1080;
Fig. 7-17c. _
n distributed load is downward and constant, the slope
Vs dVidy = —w = —40 for 0=x=12as indicated,
of shear at x =12 is v +600. This can be deter-
g the area under the load diagram between x = ( ang
nts the change in shear. That 15, AV = —fw(x) dx =
Thus V|5 V]e=o + (—480) = 1080 — 480 =
obtain this value by using the method of sections,
or equilibrium V = +600.
ween 12 <x=20isw = 0, the slope dVidx = 0 a5
s the shear to the required value of V = +600 at

Again, using  the established sign convention,
*nts at the ends of the beam are plotted first; ie.,
»x =20, M= -1000, Fig. 7-174.

2ar gives the slope of the moment diagram since
ated, at x = 0, dM/dx = +1080; and at x = 12,
< x < 12, specific values of the shear diagram are
*creasing. Hence, the moment diagram is parabolic
ng, positive slope. o
1oment atx = 12 ftis ~5800. This can be found by
pezoidal area under the shear diagram, which repre-.

aent, AM = [Vdx = 600(12) + (1080 — 600)(12)
lemps = M|,~o + 10,080 = —15,880 + 10,080 =
sic”” method of sections can also be used, where
equires M = —5800, Fig. 7-17e.

n has a constant slope for 12 < x < 20 since, from
/dx =V = +600. This brings the value of M =
'quired.

e b A e A AR o B ..

.w\,/,mummsm:m QIHH S Y ATt

_

=
H

Draw the shear and moment diagrams for the beam in Fig. 7-18a.

SOLUTION
Support Reactions. The reactions at the supports are shown on the free-
body diagram in Fig. 7-18b.

Shear Diagram. The end points x =0, V= +35 and x = 8, V=-35
are plotted first, as shown in Fig. 7-18c.

Since there is no distributed load on the beam, the slope of the shear
diagram throughout the beam’s length is zero; i.e., dV/dx = —w = (.
There is a discontinuity or “‘jump”’ of the shear diagram, however, at each
concentrated force. From Eq. 7-5,AV = =F, the change in shear is nega-
tive when the force acts downward and positive when the force acts up-
ward. Stated another way, the “‘jump’’ follows the force, i.e., a downward
force causes a downward jump, and vice versa. Thus, the 20-kN force at
x = 2 m changes the shear from 35 kN to 15 kN; the 30-kN force at x =
4 m changes the shear from 15 kN to —15 kN, etc. We can also obtain
numerical values for the shear at a specified point in the beam by using the
method of sections, as for example, x = 2% m, V=15 kN in Fig. 7-18e.

Moment Diagram. The end pointsx =0, =0and x =8, M = 0 are
plotted first, as shown in Fig. 7-18d.

Since the shear is constant in each region of the beam, the moment
diagram has a corresponding constant positive or negative slope as indi-
cated on the diagram. Numerical values for the change in moment at any
point can be computed from the. area under the shear diagram. For exam-
Ple, atx =2 m, AM = [V dx = 35(2) = 70. Thus, Ml._, = M|,_, + 70

=0+ 70 = 70. Also, by the method of sections, we can determine the
moment at a specified point, as for example, x = 2+ m, M = 70 kN - m,.
Fig. 7-18e.

s T A Ny A A

(c)

slope = +15  slope =-15
M (KN-m)

slope = +33

20 kN

T M=T0kN-m

e

C35KN . V=15kN
(e)

Fig. 7-18
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9 CH.7 INTERNAL FORCES
AN

# Example 7-12 =
M

-~
¢
{

20
slope =0 500
2500
M (b f) slope =-500
: 10 \ofis 20 *®
-1500
(d)
600 Ib
1000 Ib-ft
10 ft L
100 b -500Tb
(&) -
600 Ib
h 4000 Ib-ft
, 7
Ly _ D{e]| 12500 Ib-fe
L
10t tJﬁ 5t L
500 Ib
G
“Fig. 7-19

e

force equilibrium, AV = 0 in Fig.

KR

N AN Y

R TR

ey

R e

e e e p
L i,

x (ft)

SOLUTION
Support Reactions.
free-body diagram, Fig.

The reactions
7-195.

Shear Diagram. As in Example 7—
structed by **following the lIoad’’ on th

beginning atA, V4 = +100 Ib. No load acts between A and C, so the shear
. —w(x) = 0. At C the 600-1b force acts
downward, so the shear Jjumps down 600 Ib, from 100 b to —500 Ib.
and ends at —500 Ib,

remains constant; i.e., dV/dx =

Again the shear is constant {(no load)

that no jump or discontinuity in shear occurs at

4000-Ib - ft couple moment is applied

7—

Moment Diagram.
two points are plotted

=

from A to C is constant since dM/dx = v =
ment at C can be determined by the method of sections or by first comput-

ing the rectangular area under the she

gives the change in moment AMac = (100 1b)(10 £t) = 1000 Ib - ft. Since
= 1000 1b - ft. From C to D the slope “

My =0, then M =0+ 1000 1b - ft
of the moment diagram is dM/dy =
under the shear diagram between point

(=500 1b)(5 fty = ~2500 Ib - ft, so
—1500 1b - ft. A jump in the moment diagram occurs at point D, which is
caused by the concentrated couple moment of 4000 1b - ft. From Egq. 7-6,
the jump is positive since the couple moment is clockwise. Thus, at x =

157 ft, the moment is Mp = —1500
can also be determined by the method
of dM/dx = —500 is maintained until t
7-194 .

are calculated and indicated on the

The moment at each end of the beam is zero. These
first, Fig. 7-19d. The slope of the moment diagram

600 Ib Sketch the shear and bending-moment diagrams for the beam shown i
4000 Ib-ft Fig. 7-19a. _ S
h \ —buD “ F .
F— O q [ ] A
4 . 600 Ib I
Sft~-5 % _ _ ﬁ 4000 Ib-f L
100 Ib 500 Ib = = U
—rd oy v e e B P
AUV T P \
V(b m=-fu /= _ - , :
(1b) F— 108 T 5ft

11, the shear diagram can be cop-
e free-body diagram. In this regard,

point B. Notice
D, the point where the
, Fig. 7-19a. This is because, for
155. .

+100. The value of the mo-
ar diagram between A and C. This
V= -500, Fig. 7-19¢. The area

sCand D is AM, =Mp—Mc=
that Mp = 1000 — 2500 =

+ 4000 = 2500 Ib - ft. This value
of sections. From point D the slope i

PR

he diagram closes to zero at B, | TS







Example 6-15

e

e

(@

Fig. 6-28

reactions at its supports. Neglect its weight and thickness.

-~ The beam showa in Fig. 6-284 is p

R s R

in-connected at B: Detérming th

SOLUTION
Free-Body Diagrams.

of the entire beam ABC,

2m

wk inspection, if we consider a free-body diagram
there will be three unknown reactions at A and one

atC. H.:.omm four unknowns cannot all be obtained from the three equations
wm m@c:&::? and so it will become necessary to dismember the beam
Into 1ts two segments as shown in Fig. 6-28b.

Equations of Equilibrium.

Segment BC
BIF =0
(+2Mp = 0;
+12F =0;

Segment AB
HIF, =0;
(FEM, =0
+12F,=0;

The six unknowns are determined as follows:

B, =0

—8kN(Im) + C,2m) = 0

B,~8kN+C,=0

A, —10KN@) + B, =0
My~ 10 KNE)(2 m) — B4 m) = 0
Ay~ 10kN@) - B, =0

Solving each of these equations successively, using previously calculated

results, we obtain
A, =6kN
B, =0
C,=4kN

Ay=12kN  My=32KkN-m
B, =4LkN

Ans.

TR

e N e i

WNNE@uG Q.lu.m mi%zmuw&lkwul&&chwﬂf

Determine the horizontal and vertical componer
pin at C exerts on member ABCD of the frame sl

SOLUTION
Free-soay Diagrams.

PR} PR | A Tan Anfaceas
dl Wi SUpPOorLs ExCil i ABCD can be determined

gram of the entire frame, Fig. 6-29b. Also, the free-
frame member is shown in Fig. 6—29¢. Notice that
force member. As shown by the colored dashed line
and E have equal magnitudes but opposite directions
body diagrams.

By inspection, the three cc

Eguations of Equilibrium. The six unknowns A, +
will be determined from the equations of equilibriun
frame and then to member CEF. We have

Entire Frame

(FEMy=0; 981 NQ2m)+D,(2.8m)=0
5H3F, = 0; A, —700.7N=0
+12F, =0 A,—981N=0
Member CEF
(t2Mc=0; —981 N(2 m) — (Fp sin 45°)(1.6 m

Fz=~17342N
~Cy, — (—1734.2 cos 45° N) =

C.=1230N
+13F,=0; C,— (—1734.2sin 45° N) — 981 N
C,=~245N

Since the magnitudes of forces Fg and C,, were
quantities, they were assumed to be acting in the
free-body diagrams, Fig. 6-29c¢. The correct sense
have been determined ‘‘by inspection’” before appl:
equilibrium to member CEF. As shown in Fig. 6-:
rium about point E on member CEF indicates that
downward to counteract the moment created by th
point E. Similarly, summing moments about point
vertical component of force Fg must actually act upy
act upward to the right.

The above calculations can be checked by apply
rium equations to member ABCD, Fig. 6—29c¢.







SEC. 7.3 Eu_/VOZm BETWEEN DISTRIBUTED LOAD, SHEAR, AND MOMENT 325
Table 7-1 illustrates application of Egs. 7-1, 7-2, 7-5, and 7—6 to some
common loading cases. None of these results should be ﬁm@BonNma. rather
each should be carefully studied so that you become fully aware of roi Sm

v .
e AN o M+ AM %Q.&. wna B\oBoE diagrams can be constructed on the basis of knowing the
variation of the slope from the load and shear diagrams, respectively. It would
ﬁ/Q be well worth _,,.Ew time and effort to self-test your understanding of these
4 M, o concepts by covering over Eo shear and moment diagram columns in the table
3 E:M then trying to reconstruct these diagrams on the basis of knowing the
loading.
.'_<+>< TPT.._ V+AV i
. (b)
Fig. 7-17 i
Loading i av
g Shear Diag == i
ear Diagram de +w Moment UEWSEn%\N =V

1

ncentrated Force and Moment. From the deriva-
7.2, it should be apparent that Eqs. 7-1 and 7-3 cannot be
ere an external force F acts, since these equations do not
dden change in shear that occurs at these points. Similarly,
74 cannot be used at points where an external couple -
oplied because of a discontinuity of moment. In order to
two cases, we must consider the free-body diagrams of
nts of the beam that are located at a concentrated force and
%ig. 7-16a. These diagrams are shown in Fig. 7-17a and

sctively.
17a it is seen that force equilibrium requires the change in

V- F-(V+A)=0
AV=-F (7-5) .

s downward on the beam, as in Fig. 7-16a, AV is negative
aps’” downward, Fig. 7-16b. _Lw@sgmou if F acts upward,

upward. E
-17b, moment equilibrium requires the change in moment %

ST
Knlw&&»gfsﬁwm 4+

}.N

L 2

M+AM+My—VAx—M=0

we get

AM = |I>\No

VIp is m@w:oa&:me&cnws_mwm. as in Fig. 7-16a, AM S
noment diagram jumps downward, Fig. 7-16c. rwwwim,m.,, :

f I
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intensity of load can bpe approximated by the function
w = (5% N/m. Simplify this distributed loading 1o a resultant
force and specify the magnitude and location of the force
measured from A. The sand is from X=2 do x=4p m,

W

| 3
Joen e 3

— P 0
SN

oNIYD J\N3;m~ 123 AR i/ ly 303 fin
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nn alhe we x %.l, ,1'3',\_3193 sen)

e ni5d o9

APUPE AR g ' fpen ple anpy

%=2m I pl> [y Je3n) fir\’»
X=10m -
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®3-47. The lamp has a mass of 15 kg and is supported by a pole -
AO and cables AB and AC. If the force in the pole acts along its
axis, determine the forces in AO, AB. and AC for equilibrium.

x Prob

. 347

BA 33 on sany A PPN plnje ik
lsk%-f e k3 8 nonn . oa Cient A -
3w ,Gun 43 ]u'm P fvo (e mi> ple

e D' NY '3 Fe ' LR, Fa Dinioa pl

.fron

wk 33 ‘3> ZFj o slkiuens 1eapen :san
2B fo slnens ,oerJhN







3-46. The boom supports a bucket and its contents, which have a
total mass of 300 kg. Determine the forces developed in struts AD
and AE and the tension in cable AB for equilibrium. The force in
each strut acts along its axis.

Prob. 3-46

10D

fon por 1M {0 popip prfiAD porN
AAPIRAD qupion ple 1Je3im . 300kg ks pryopai
AR S S N NpN pel AE T AP pbin»
Lwm ~3 == 1o (inm Mo .Flw,u e

)







4-142. The system of four of the system forces acts on the roof :
truss. Determine the resultant force and specify its location along
AB, measured from point A.

200 1b

Prob. 4—142

: PN

S

son fx pfvio pimo ymle o pown
finegn ple 13w ~r3a ((orpa N> eed
A 19 PAtION PAIPYP ft’l\e’b _y‘° -IN',)'.“







toove 'k IR = NN oA

3-46. The crate is hoisted from the hold of a ship using the cable

arrangement shown, If a vertical force of 2500 N is applied to the -

hook at A, determine the tension in each of the three cables for
~ equilibrium, Set d = 1.5 m.

B (i,-—s)o)

Cc( 1,15,0)
D (011.5,0)
A(0,0,3)

2(D+ ()

3N + (3)

Q]

A F=2500N

o{.bSm | T\T

peD

233 ik y3vke i NN

Mo ok 3% (Caens pfas PO

A PNYR pLN 2500Nfg ek

Jsmfe'a n'(rla& Jsn ple 13 A

.F'sw W e e AlRom

Prob. 3-46 ,
s i - (v-3)~3c O]
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3-46. The crate is hoisted from the hold of a ship using the cable |
arrangement shown, If a vertical force of 2500 N is applied to the \
hook at A, determine the tension in each of the three cables for }

equilibrium. Set d = 1.5 m.

Z

A F=2500N

Prob. 3-46
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; 104. Determine the magnitude and orientation 8 of force F
Cand its placement d on the beam so that the loading system is |
uivalent to a resultant force of 20 kN acting vertically down-'
ard at point O, and a clockwise couple moment of 80 kN - m.

Probs. 4-103/4-104
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the resultant force that wet concrete €xerts along hc pIare A,
0.5m=z=3m, if the pressure duc to the concrete Varies as
shown. Specifr e location of the resultant force, measured from
the top.of the'...umn.

Prob. 9-120

9-121. Determine the location (X, ¥, z) of the center of gravity
of the homogeneous wire.

400 mm

- Prob. 9-121

-/ L3

Prob. 9-122

9--123. Determine the location (x, ¥)-of the centroid of the ho-
mogeneous plate. ¥
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*9_124. anm:dm:m 9.9‘‘<o,Hv,_.@,,m,H of steel needed-to produce the

tapered part. The cross section is shown, although the part is 360° In the L
around. Also, compute theoutside surface area of the part, exclud- first mo
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ing the ends.
. area, su

termino.
ever, it

form rel

The

the mon
typical ¢
acting o
the pres:
below tt
. Weight ¢

Prob. 9-124



)



=€ (Kl NQ LD ¢ULED N QULT
N) QANL NU LWL TR gV ‘dd OF ‘dD

UGL&LA &¢ umatl el Tl
V (CXCLA data T- g ‘[ - CRaLaa TRl auu

tul watl wqu-ten. drouel coul waty  crdwy

ULt ®@ |

HULQU LaeqlLra

NL. NCalg, Nu uecul

a1 {41008-

s

a Moo;—} -~
»

‘uorssaid

-0 1O UOISUS) UL 912 SISQUISW ) JIaym 2jedIpur iggf%%‘gg
ﬁ’@ug!@mo; QU euIuINA( " Pue ‘g ‘@ W SYUI[ Joys pue Yy
"1e Jutof 19300s-pue-[[eq & Aq papoddns st ssni adeds oy,

eNLL prodl N o Lan (W) odtg &iu anl nun MU quu ALl exl NULT ND NEO NATWL £¢ Nl

qUuE &¢ a&d Lox todaw:

Ld quauna tdeal @eca’ Ukt T @D’ (wuatll (LTLA Lruica 4C0 &0 urcul ool
RLL vooul cw 0QT Ldr Torul @ NLTE aNGU £4.CR GAIW (¢ LaNgu

GLIG &ILX ¢l
QCLEU LILQU-CUAL N

woul oG,

L1 T 000C







“MMW‘_&.L_M-%,_A_“-<‘ ——a

2 on »an
PRRW T2 M1 voMYRS Y Ay oy M Pn3
A M 9w (X,7) 7297 19m nx wen 6

A00 TWRD PRI PAT B mEIT AR Wen ]
m2yn 45 yownn wn 220m Ny, 360 mx nx
X x5

X OPET 27201 Iy 11U%O1ON7 DI DR RN (3

Lox 2RI vimm nx wen (Mmoou mmps 8) (4
TN 1M T MW X TR 308







3 on SN

w= 100X
L /,,.MJL-—M{‘* TORIT DINIM IRAY TX2 TR PO
. ~— o] = ~ ™= —
S — =0 DA T AB 1 90 N Spw qmmm ian o
9,;_,_,,7,“ 9——' 3.33m XPNDI WM DY Sy 35w bx MM 67 N/m Spw
PoorneT A ampm T X7 wi(x)=100x N/m- ey
35m
AB y1i1 5w 7omam ma vaam ca%in nx Rz (X
M
Y hl
E{- E 7Mp1a owein @iomm mman nx e (2
IIM? N7 0D DYID TAYM YT PR Wwpnw I
3.5m

1




()



e R T S

oMM Lm

4 om 5aan
DRNW 7¥2 XY Novwng n9xons

Q7 3IRT MMM B PONT MM9T DR R (R
~ABCD =2°x by n»yon noonw

N2 ABCD 9285 nmamn C-n 12707 7Y
ECF 12°x2 X¥na pbr mnp 7

@,




-




2000 =2nv503 20 D0 AR 2 TYM-N"07I7 N37Ion
' "7 RIY DB

MoRWI % naye oovy  MvRw yaaR w0 mama mpt 180 mn AT IR
7272 1ART DY 0D D10 02T Nawnm 095w A3 SN ,029% 0%p2 wrnwnh po

WP RIT Y0 DY onns
SR DY MAYR VAN OR TIR XY 7Y NNk oW IR 'qu Ay 92p% (n)RwT RY IR T TR
J1ann DR PwoR IR

DITWOT hnvhn

1 .on v a9n

P12 N2V MTO2 NIt “Tentnbn gilelaln lght
mms Arxa vvwnd F D, E, =2 owvp o'k A
X2 MIRD JA0MT DY DYV

The space truss is supported by a ball-and-socket jointat, CD, EC, EB, AB muma nman nx ween (x

A and short links at D, £, and F. Determine the forcegin€D . 5 5 -
Esm,m indicate whether the members are in tension or coff—6 MNA W 2T o ok e FB

pression.,




O




S 6o —!

2 on San
PRIV T MR DOMRS B M oy 3 pns
MM 50 (R, 7) 72057 1990 N e x

DP220R WRD XA AT YW moIn X Wwen (3

moyn 45 yown i 2mon mbye 360 AT DR
X TxY

X TR 20201 Ly TRO1RT v DX WRE (2

Lex XK vimm nx wen (Mmoo mmps 10) (1
DT 1M TIT WYY xR 00




O

T



|

1
o ;
Ol | 5 <. ~ A L_ B !
[+ [=) T ’
O |2 ]
Fe— )b m—p— 33N ‘T '
F—wx - '
35m
E |
3.5m

A

3 .on YN

ATIRT DONNIM DR 722 RT3

T2 Nt AB v 90 N Hpw A mn b

XPNDD Y17 Y Y0 350 03 AMma 67 N/m Spw
a2 A TP T x7Y w(x)=100x N/m n*axey

AB yvri7 5w 1mam mo vaam o9n IR OIRE (x
E 1Mp13 0enep oeviam nmon iR wes (3

YIW? DN 03 SV TRYM VI PR WP T

W=100x N (U’h afm jw3l)’ ;YD
m







e e i e

orM i n

go N

4 1 939n
DRAY 732 97en ialolomiiirtaly Mo Lbtatal)

O7IIRA MMM D PNT MMan AR Wen (X
ABCD 72X 5y m>yon nivonw

nawt ABCD 92°X% nvama C-2 nvon .y
ECF m2°%3 xeminv pbn nnp T

S
&\\__4/'

L




{)

TR IR



0,

2000 :7:mvso§ 20

norw b3 iy’ Dby

NU 80 7 I K
1293 13 oy gy 0NN gy Twm

p:-‘témmpn'?v P

B

Pvo by oy
IR Fn oy L
ani . ny WK iy

TR BY My ox TR RS 10y ppb IR n oy ;b;,ﬁf?g‘(h)?&;f}p,:,f;{b_

o BETRN Jaom phy

RS ey T e

o ' 0L 2y nbying "

LA ’ The spacc truss fs supponéd by a ba”-and-sbckc( Jjoint at ) v

Land short links at D, £, and 'F._Dclcrminc the forcegin€p i
8 , FB indicate Whether the members are iy tension or cony.













KW 7 73:: e wu '
; pwz 'nm'n Sy
By m 267 N/m '7,71w

J‘O'Oxf_;N/iii_' ey







ECF"

TNy N C DR
R Ry ponmns gy o

™2 120 i R







2001 -2 18 K=l igin}a X TYM-N°07I7 Nov1on
: B X 7ym W2 RITY BMB

DORYT 95 nuyh aby  mvRw yauR v 132 .mp1 180 m mann ax
7352 Jmani oy onniT ovam WM ,03% N7 30 055w %P2 wanw pa

1 on 5a9n

P12 DAV NI Jancat CTanenbn J2o% PnI
mm> Arza vowns F D, E, -2 070p DAk A

nrard nrma P=500 N man o aomm 9y obynn
E2 M0 B ormpaa moy (oL BLy =90,90,180) v

CD, EC, EB, AB nwma niman nx NRXM (R
DMhn W 02w 07 ax 173 FB-Y

{800k} Af







e

ST

_ e "

2 on »an
IROW T2 MR vUNMWRS Y ns oy M nna
AWM W (X, F) 72097 199 nx WX (R

QPI200 WRD XRT MAT Y A03T AR W (]
n2yn 45 yown i 27a0m noyn 360 M7 nx
X x5

X TR 2200 L TEOINT 01w AR wen (3

Lo 23K 1w nx wxen (Mmoou nmps 10) (5
DT 1MW TIT WY X7 1Y 30







B A T

' B
oL Y S =
AlS ol Iz
19} =3 S :
P bR 1B
b

0 0 S O

Je)

]

D

17777777

3

3 on Yan

T ORI D INIM YR 721 WA 0

@AM PNt AB vyt 90N P MM M b

3 P Tavn By awn men o AN 67 N/m Spw
L )

P Wy )=100 N/m 573 vmon maa v nx
290 *0%3 D nmpam 7 Y71 IRm

CD v 5w g mo VINM 5N AR IRZN (x

3.5m

E m1p12 0nin oovamm nmem nx W2 (2

L Y DN a0s Sv Tmym v T2 WP Y




T T T R R T T T




onrn —é—m —_

4 on Yann
DROW TXI WXL NOLIRT hions

O3IRT MMM B7PORT MM AX 1RY7 (R
-ABCD 2R By mivyon nisvonw

P ABCD 72°%% namm C-q 12°01 41
ECF 7283 x2man1 pon nng 7







40 7100
o' 4T M3 NE031 11100 - TR0

HRN R Rt
REIRR

o 1"3

o"un
17:2331/01/2000

Hwmwt a1
IAITI-NOROYY 200N

EE- B
- R i
P
: ™ :
H s 11 = i
i s T o=
s ¥ = H
{ =z na em - o
HEES B e ]
P OEID i
[, — i
PO A =
N
R o
b 2 b
i O = na
HEE o = <5
H - et
i g
S P o o -
'
N
E
-
H
L ]
=
D T e e e - o
- H :
s o~ 1
Pl
= G
o
: -
p
~
B -
-
4
=i -
[ S o
P =
b 5
. =
o ifL ] o
P ~
v ~
s =
[y zs
y
bl
bt
s

170 VL1 BT RTINN Dn N

ninata

! Eac B o I e BN SRS o I v | [ T o R o (I =k I e R R ol LS TR o O S o B e B WO R o O~ N ] L B N S N o | e
bosge H 1 1 H i H [ T B B B o B B G S B T SR R N I O N B B O oV I i W R (S o ¥ 4
1 1 1 T H 3 1 { 1 1 4 H H i 1 H i ] i i o h
NN e I e = = R T L I A A A N T e =R R P Y
| [ ol = == - - b I i ~= - = fo ] [l b= ™ I [Se I ~ -— - D3 Pty
[l I &1 = [l b = - [ — [ g | el —1 =3 o el — =2 fon ] ot - = ) - = LT
LI IR ol B - B Bl Bl B~ E=S Il o L =] m I I = I~ i S
- - f - o - =z - - ] = >
== — — 3
= W = ”
= ;
= |
W 2
[ rod = f=} = = =] ~ = = Lo = F e - ™ =z = = =2 =] ro ™ =z = m..Q —
iy = g [ £ F il — — I — =3 - — — I~ r—— i 2 ™ i [ g ™~ -—— -]
=1 - - — =i o - - ™ - il i = [t rirmi= e — L &
N R~ = o= ] B o, = - —
oo = Laall Bany [t = g
i = =%
i [ gd
e N N e N N N . R
;. i icth i icaleithitiml i wicmivioitli@io i—i@sicimicly 3
-~ fux] ~r | Lo vt [ -t = s [ =] - xx] [Xw] -~ [on) [=3] [ (K] < -~ (2%} £ fend] ~— ~a >
- =3 -~ [=n ~t [ [ | N | ] [l [ ™~ =<3 PX] - =t [Ty =t [ ] PR} -~ [Xs] f=d ™~ ™ N 0005”
r= DX ] ul -3 u3 fx] (¥ =3 ™l I~ o] [¥s] ™~ ~ [ (=] [Xs] m [1¥] ™1 [e] il cre [ e -
bl -~ ™~ | el u < cr ul et ———t Pl w3l e ul [T | e (X ] o] = e =} e u ~3 [Xn ) U eoo
- — o ul [T L] (=] =3 ~r 3 -—t ¥ | -t [r] e < ™~ ~— | nerd ™ 0wl [=rn ] B [ IF A
el o) (] ™ Cid ™~ faup] il -2 - ™3 fan) ~i -3 ™~ ~2 -2 [ ] ™7 H _....Ou ~3 ™~ ™l o~ Wl W
e e e e e e e e e e e e e e e e e e e e e e e e e e e e s e saen st s . st o s St s i v S et S Q
[ ] I R I Bt B <Y B =% I < W A % BRI o N % N W A W S T QO o T % O I S T w2 NS % O % BT o % I Y | (oM N 0 A W
P i 1 1 1 1] H i 1 1 1 ! 3 H H i 1 1 i H I i H H
o H 1 1 H | H 1 i ! 1 i H H H H ] H H i i H i
lllllllllllllllllllllllllllllllllll S O AU S RO IO UL DS SO
" Q1 v \p 21 2 o Wl 2w
2 > S IR IR A A A S S~ S N - < U B B N U B B BRIP4 IR IR PR
N AL Il ._ “laigielgie K A& R
Al oE= o = o ; S A R T TR ~ &
R QE IR TR PRI RIGHITR S girigal
]
2w ~Eob gLy iR -SRI R A R AP AR S A R
s T i Tt e el Es
i = o i o! ©O : ) Wi s o o ! ©
A Bl IS F S by Rl @ & | Lledl i ¥ 11 &)
H
&9 \A il Wi = W W |~
] S s Iaw ~s! T Q! i - o9 & PN ]
o h R IR I B RIS R} NSl Al el NITTRD LD S Qe & P&
LR Ww! ™~ s g Sl & = It ~D 1 5l o~ ol G-I o Q
RS /LD mm Nl @ A O 2R LI "N B A A S R A B P
lllllllllllllllllllllllllllll S 100 SO NI SR U UL SN P VRSO S SO SRS UL
o 0 ool ~° o~ o - lon -~ [ &0 O ~5
LAY USRI SIS A R RN TIx fRIFIR ISR iwlR
llllllllllllllllllllllllllllllllllllllllllllllllllllllll "
RiI v WA
a2l .8 AR~ N W AV EEAV,Y = & Al - e
a1 N ST N o IR A SRS S AR HIERS
llllllll G e e e e e e e e et e ames s e et e st e S, e s St sttt St ot S o . et Stes et st et B v et T St St 1t e e St e e
i w
2 \a Saisnal MY bl v o 2
ESER A TSI B W g R R R~ Bigih v~
i
e e e e e e e e e e e e e e .\A e e e e e
Y 2 i R o B !
A= LRl T K m,/; o7 T 3l =& - R A o
ek L O G
P g
N A PR S R Ay —_—iai 0 LY. S R 7)) i o o R
Ris= 3 & =R FiI N T e SIS F TS 1R QX Sww
< ..A | Iy 1_ = [P
I e e I ¥ eI T i R By Hte Rogr byt etk st okl R
ui 2 u...vvﬂn,.m.sz...lf a8 a8 8 Mw.:_whﬂum
[ o~ > A a2l ot o E
= X GlR/&EITZgSsSE ] wWiRR(RR Fi R el & Fha
o e e e e e e e
e .g oo Qi 381 Al 0 Mmooy > i AL S P 9 w. o< T O
ha R 3 ~i 9 9 oo maulvrb“ ﬁsua‘“mb Oﬁ. NN
i ! i 1
lllllll e e e e e e e e e gy e R
ﬂ\“ %nwnwﬁnﬂﬁﬁﬁsuwm BT EE st
d - : o $i mevi %P R i -
= T sdigesgRl i3 LIAFER SR dia?

LA






N‘Zﬁ;~ /“‘]f'\ hja/ "\73[
| L"h \‘a r;;; J\lm;n_p’o /ugﬂf

/O'CJMN ison

I Z M =0
Dy e 18D + TR 1y =T L (0494173 02) + T (14) 47 (2
7 2
Yoy + 133 A ST (2441:4) 20
»J::N‘b f;

Bs LHLT

A,: -0:3MT
Dy =-0.¥2T
Dy=101T

AxtDe wg:a
- N
A" +D»] = T_:_:

Cn= "A;(-“ - 1ALT

s Gemuefyr-idar




C




Y
z {g Tﬁw@ -3 Sw’(x) Ax
’ é-ﬂ = ‘}MG’
dx
A
-d-j X+C] ' "‘:O
dx FH [6” o €20 & yzo x=o
= fX fn20” = ﬁmg, dy. Lisfa20” xe0n
FH Cl". F“
C' = FH 4‘“‘610’
" 2
= '— oa A =
\/’Fﬂtq‘ ?-\-C‘O\ '\ % o 3:‘3‘/2 Xz &
2l
ph S g
Ty
umgs) L3N0 = iz 107880
2k
ReT w2 T =1433N
chonby = P& thar's 120 > 0,028y
dy I3 (4
$.3 X+ N H
N b 391k
BR '
‘O?K<Ml74 <. 1038S = Ty 20° gmo'mo
| \ (,..»«-"": Tb | few
e I G
“*T % | i%f
f 92y €

11!5\-

AB
w2 [ree o favas L2 NP
# S
AB/CDE J ,CJNM ‘>[M W r”"’j:‘:‘l 130 '

1
OYF ST NS T TS NP SN E
. H
1
!

1392y (338) =0
P, = 2% N

Exs’o?‘éf

Fa s Toem €234° o> T, 2 1342.N

')*=o Jovso o )28 + Sova( ?35\-D(z$)+

Py + 87 P9y = e, 137N

R







v

v v v
A6, &F (A DE DC

<
160 — ZMA7=0 Yy -l0:5-10v.2 20
< Gy =128l ;
chzo Af-éy:llﬂ) A*,:’?g}“di
T 620 Px+lpozo  Ax=-okd
ZMD'] -m-po‘»FAc,Jo.; #.2z20
Fap= 1000 -1S0 _ ¢ kn
/ 1o
3
re
1
AN > } ':AB\ Fac s J.f. + Fae = 3520 (
| 2y :
I ¥ ey 190> Fag =Fied =+ R =0 FAB""L{_'@V:—-fEV
2 Fre {3y -
as Fa 23S -Fg-f = ook
— fy —
6 @ :
3 |
P :
i :
Fcpzjé’ g Feo | For
PN c fiv 1
e e AG Sfzo Ferd -Fe= Far = g
FBL l 2 e 2;;( Q GF ‘]73\' AG qF I_E_\’ 8: M
Fae. Tn!
F' * r,_l, '.g.- - r -
A A Fen® _%1 Fae = 20(z kel :
Fp = Foe M Ero
x A
~ thie < (Lo n,f (52.8):f¢e
] . N !2\(4 )/2 =3 /‘
ey wR* 3¢ ?.Sn{z,"
2 i
Jo @S)lo) - s
fu8030) - TR







D) 1350

Yo 105

- 8

vy Aen Jodo 4 =

rf I > &b z (27w°) 01‘7‘“‘

WY in 127,,,

- T 44358 1 Voo~ ! Dtro—f e S —
__________ "{A, = o :"3(}?.&0),,,,,,, . (1 Y Wrwi et “"""3»;?‘ ® A l a9 /y
‘ thwa 27u~,o
) - e e
- 3 A . gub\)o\x —écmx s 29“@?‘)& Sy
. , Y
- - B N Szf(x),\,;[ﬁ M“D )‘~ f» j$e ((? >:l Al
- " _ Ao 118e
Yitoo
g e i < \ 4“) A .yj

AR x\,;}ﬂ

B-» ¢D

P’\\'\;

o™

7

TO0MIDA NIDA J\/’mé

0.4« ,4 'cv’\ {lb'h ﬁ'%\‘/d D yes /\(M% ﬂ'c ,vg(x)_;m_é%(

- ?Pl/ NIST D A’.,,.,.,ﬁ.,},zf/% > '(*"\?"” A3RAD Cven nltanl

LR A sk }'.':’Af '35 PRSND . P 'FN'\‘/JD
° i T T ‘ B4 I A -
e Q RIPNED le 1p'217

f=ouBdy

e T

N, =N - QA/B '}?ML“ m?/,* 048dj 1 =0

 Gaes @D {lb -

Ps03Qdh
P R

.
Yo ,:‘,’ -

MW
V 1‘«*)@ *wiMP«‘@’"’P

(ﬂ&, A? C 4.\ L,

© @
. o@D',f :?/2 e h,% red B

‘t‘z') }A’C"Nl o .\ Z‘QJ/E T

om0 0 .E@ ,;“»/7,\,,‘

2 nl

-

SNy =




N)Bad \},__,Jw 3 \_H S

“";\!'flc%‘p’a’w Meuean ple aapa |

aed e pva oo fo

k
% - (/A L/ P . N JnoNfﬁk_,.Jn'Mm

on' l\“f T“

.f/a II'IL, YN0
ENNILE AL,
J I =

i SR T

r‘—".’\’l
i
\
—

AB ®
ZFx 20 'YA = ‘){B ®/

P Y = {ysD @

()

L

-/

T
5 N 'y~ |3§D ’7/\ - Z')sv l’f\ 136 /2/43 =0

Vg3 = 2nl)s0 {210 ya 20 @

N‘B: N, =200

ZF“:O D
J

N,*— ND = LI00 @

Zﬁ@o P’: '|£t_ t {D @ ?

@
M ?V\, =

‘ ©)
SRR I AN,

-

'F > 8']0» 3” ‘l.-.:"{:hi:lo?o //P:ZL:Z\LO%—' ‘fc"‘-‘ch. C-» ,q)c

,..,,,_/.,.

4 . = logo
4 A
e N s o e

_”..,Q::;)lﬁL,,_,’r\:,f_\v,,;lm.._..'])‘ - \2‘& IO



