: - : ( :
@ A builder wishes to use a 5"1_'ﬂ be.am o e In Figure P8.34, compute the reaction forces, shear
walls that must support the loads given in Figure P8.21. axce, and bending moment for the combination of point

The building code states that the maximum bending mo- load P and distributed load w,, in terms of the constants
ment for a beam of this construction (cross section and a, b, L, P, and w, as a function of x. Assume that a < b.
material) is 13 kN-m. Compute the reaction forces, 1 a i Figure P8.34
shear, and moment functions, and plot the shear and mo- \ J YYTYY
ment functions. Does the beam satisty the code? )]
10 kN 5 kN Figure P8.21 =
1m :

i+2m*>-‘-—2m —

‘ ¥ ! ,In Figure P8.35, compute the reaction forces, the
shear force, and the bending moment function at each

e, B
[} é point x between the values of 0 and L, due to the applied

distributed load and the applied moment M in terms of
the constants a, b, L, w,. and M. Assume that a < b.

Compute the reaction forces and the shear and Wo >
. e 5 Figure P8.35
moments along the beam for the given load shown in Fig-
ure P8.22. What is the maximum value of the bending i BRS8N, 7] B
moment, and where in the beam does it occur? i‘ 53 M é
20kN  Figure P8.22 ' '
—_~——
M=10kN %
Y i,

” e Q}.i(;)n Figure P8.36, compute the reaction forces, the
i B Stredr force, and the bending moment due to the two applied
point forces P and the distributed load wy, in terms of the

constants L, P, and wy, for each value of x = 0 << x < 6.
P wo P Figure P8.36

forces ghd moments for the system illustrated in Figure

P8.257 Plot the shear and bending moment functions
against the distance x. 1
400 N/m Figure P8.25
)
A fo}, : . L
R ég 841 Figure P8.41, compute the reaction forces, the
force, and the bending moment due to the distrib-
l*‘3 ii— ‘ uted load of intensity wy, in terms of the constants L and
i 7m ~| wy, for each value of x between 0 and L.

f L | Figure P8.41

— [
E\8.2 A cantilever beam is used as a crude model |
e .
- W
3w,

of a building. (See Figure P8.28.) Compute the reaction
forces and the internal shear force and bending moment
for a strong wind load modeled as w(x) = (x* — 100x?)

107+ 1b/ft. —
1y A Figure P8.28

100 ft w(x)




8.21 From S8.21a:

10 5 v 10 Vv 10 5
‘:[ : 1 - l 115 t x I)M f = x l)M g x2 11|)M(x)
By Ay Ay A Vi(x)

FIGURE S8.21a FIGURE S8.21b FIGURE S8.21c FIGURE S8.21d
> Fy=0: Ay+B,—10-5=0,% M4=0: —20—20+5B, =0

B, =8 kN
and
Ay, =T7kN.
From S8.21b:
Y F=0: 7-V=0
or
V(z) =T7TkN 0 < z < 2 (down)
and ‘
ZMAZU -T2+ M =0
or
M(z)=7zkN-m, 0<z <?2.
From 58.21c:
S F,=0
yields
7T-10—-V =0
or
V(z) =—-3 kN, 2 <z < 4 (up)
S Myg=0: —(z)(-3)+M(z)-20=0
or
M(z) =20—3z kNm, 2<z <4
From 58.21d:
S F,=0: 7T—15-V(z)
or
V(z)=—-8kN, 4 <z <5 (up)
and
S Mu=0: (—2)(10) — (4)(5) — z(—8) + M(z) = 0
or

M(z)=40—8z 4<z <5
The plots of V(z) and M(z) are

V(x)
Tk M(x) kNm
H
—
0 :2 — X

JETRY] — —_—
E

8k L —

FIGURE S8.21e

The maximum value of the bending moment is 14 kNm, so the beam will not
hold the desired load and does not satisfy the code.



8.22 From S8.22a: 3 F, = A, + B, —20=0
3 My =10 kN — (1.5)(20) + (1)(B,) = 0

so that
B, =20 kN,
A, =0

From S8.22b:

ZFy=U: Ay+V(z)=0

V(iz)=0: 0<z<05m

D Ma=0: M(z)+2V(z)=0,

M(z)=0: 0<z<05m
From S8.22c:

ZFy:O 1 —A,+V(z)=0

V(z)=0 05<z<10m

S Ma=0:10+M(z) =0

M(z)=—10Nm 05<z<1.0m
20 V(x) Vix)
8 | i N
T = I - e 1)M(x) A e = Moy A O_ST L
A, B, V(x) ' 20
(@) (b) (c) (G)]
FIGURE S8.22a

From S8.22d:

> F,=0:20—-V(z)=0
V(r)=20kN 10<z<15m
D Ma=0: 10420~— 20z + M(z) =0
M(z)=20z—-30 1.0<z<15m

M(x) kNm

FIGURE S8.22b



8.25 The equivalent point force and centroid are used here to construct a free-body
diagram of the whole structure.

2200N

—— 102 — |
=)

FIGURE S8.25a

4

Summing forces:

A, + B, = 2200
ZMA : —(2200)(4.182) + 7By =0
so that
B, =13143 N
and
A,=8857TN

Next make a free body diagram of the section to the left of a cut at z before
o = 3 and again at z after x = 3. The height of load is given by similar triangles

h _ 400
z 3
400z
h,.—_
3
P=2—goﬂz2
X Fe=l 885.7—V(:c)—¥3:2=0

V(r) =885.7—66.67z> N, 0<z<3m

STM,=0: M(z)— 885.7z — g(?ﬁ)

M(z) =885.7x — 22.222%, 0<z<3

=1 —h
P: th’ -1 p
I._Z_x_. = 1 X-3
3 - 1 ————l
-
- 1

I x —

& —2—]

M
¢ g e —
. : 600 3 1

x-x;a 1
885.7 V(x) 885.7 . V)
FIGURE S8.25b FIGURE S8.25¢
From S8.25¢:

The cut at =z > 3 yields the force P is
(z —3)(400) N
> F,=0: 885.7—600— 400z + 1200 — V(z)=0

so that
V(z) =—400z + 14857 N, 3<z<7

and

3
3 My =—1200 — {% +5)(4002 — 1200) — z(~400z + 1485.7) + M(z) = 0

SO
M (z) = —200z® + 1485.72 — 600 Nm, 3 <z < 7




8.28 The equivalent point load and position are:
100
W =10~ f (#° — 1002%)dz = —8.33 x 10% Ib
0
10~

W
This yields the free-body diagram used for calculating the reactions at the base

00
z(z® — 100z%)dz = 60.0 ft

I, =

AX

—»833x 107 ﬁ(i()\

4—gVT) =

60.0
o |-+
ST
Ry
\-r:\'n,\ y+~— —LL% 833x10?
R 50x 10"~
FIGURE S8.28a FIGURE S8.28b

EF:,:O-—MRI:U
> Fy=R,—833x10°=0

R,=833x1021b

> Mo = (60)(8.33 x 10%) + M, =0
% My=-50x101b-ft
The load acting on the cut section from 0 to z is

z3(3z — 400)
120000

P = 10—4 * 3 _ 1 2 -
jo (z 00z%)dz
acting at

i 1 gz . 4 12 z(z — 125)
.=+ [ z(z” —100z%)dr = — x "<
P]u (= =)z =5 X By — 400)

From the free body diagram (58.28b)
z3(3x — 400)

F,=0: 833 i
2E i 4 120000

—V(z) :_0

or
—z3(3z — 400)

120000
DM, =0: M(z)—5.0x 10* - (833 x 10%)z
5 (I _12z(z - 125)) z3(3z — 400) _

V(z) = +833x 10% Ib

5 (3z—400) / ~ 120000

4
M(z) = 5.0 x 10° + (8.33 x 10%)z — ;—010"4(33: — 500) Ibft

Note that
dM(z)

dz = Vial

as it should.



8.34 Reactions at the support:

¥
1 P

FIGURE 58.34a

S Fy=0=—wy(L—b)— P+ Ry=0
= Ra=P+wo(L—b)1
ZM,g:O=>+%(L—b)2+P(L-a)—RA(L)+MA:0

= MA=J_P_m-m(,L(fr;—b)—P(L—a)-%(Iﬁb)2
(L—-1b)
My = Pa+ "—”29(1,2 -5
Loading changes intervals:

0<r<a, e<zgh bzl

To find the internal loading (forces/moments), the following cuts must be made:

P

E— — 4
My =pw_;g<e.u2)(x=6il Dm{x) MA( —_J=| pM(x)

E] 1
Cl
X

V(x)
Ra=P+w,(L-b) Ra

Vi)

0<x<a as<x<b

FIGURE 58.34b

e

bsxsL
FIGURE 88.34c
Equilibrium equations:

0<z<a=) F,=0=V(z): P+wy(L—bH)

Y M. = 0= M(z) + (Pa+ 22(L2 — 1)) — (P +wo(L — b))z = 0.0

M(z) = (P +wo(L— b))z — (Pa+ %(Lz —?)

a<z<b=> F,=0=V(z) =w(L—)
> M. =0= M(z) + Pa+ 2 (L* = 8%) — (P+wo(L — b))z + Pz —a) =0

M(z) = wo(L — b)z — ?(L2 — )

b<z<L=)» F,=0=—wy(z—b)— P+ (P+w(L—0)-V(z)=0
= V(z) = —wo(z — b) + wp(L — b) = wo(L — 1)

S M, =0= +%(:c~b)2+P(r~La)-}-[Pa+%(L2—62)j—(P+wg(L—b)):.c+M(:c) =0

Wo

= M(@) = =z — )’ +wo(L— bl — (L —b%) = -2

5 (L —z)*




8.35 Compute the reaction forces from a free-body diagram of the entire structure:

¥
]

[ 5 aw,
1 2 Wo
-
A S jB — —=x
2
S — M t
b } REI
1
1
R, B

FIGURE 58.35a

ZFU:O# +(a)wo = Ra+ Rp

2
> Ma=0=—M+LRg — Swo =0

a? M
=gt T
a M
Bl —gpl—~F 1

The loading changes in the intervals:

D=2w<a gaso<gh <ol

To find the internal loading (force/moment) in every segment, the cuts shown
in $8.35a, S8.35b and S8.35¢ must be made. Equilibrium equations for each
segment become:

0<z<a Y F=0=V(z) =wpa(l — =) — = — wyz

ZM‘,=O=>+w0$——RAz+M(x) =0

M(z) = wmbuﬂ——) S

2
a<z<b ZFV=O-¢-V(I)=—23—ng %

EMC=O=>awo(:r—%)—RA:c+M(z)=0

2 M 2
M(z) = —;—Lw{,x -7 4.2 ;UU
a? M
L

b<z<L EF!»’:O:}V(I):“'Q—LWO_

EM.-,=O=>M($)-M—RAz+woa(a:—g)=O

& -
M(z) = ——ng:c+M(1— —) 5
W, W, Wy
M(x ——| MK =—— FRy IV
C I) < C |.) - ] - G I_)
* Vix) R Sa— 0 — 5 Vo
Ra=woa( 1- 2)-M Ra Ra & '
O0<x<a
(b) (c) (d)

FIGURE 58.35b



8.36 Compute the support reactions from the free-body diagram with the distributed
load modeled as a point load:

>_Fy=0= Ra+ Rp=2P +2Luwyp

Y Ms=0= —5LP— (2Lwa)(§(4L)) 4+ PL+4LRp =0
= Rq= P+ jwolL
Ry=P+ 2wl
The loading changes in the intervals:

0<z<L L<z<4L 5L <z <6L

FIGURE SS 36a
To find the internal forces/moments draw the FBD after makmg the cuts illus-

trated.
—— P M(x) | P M(x) | = P M(x)
ey L R, v g ™ By 5
(x) .—K..{ ) Ve
® © ()
FIGURE S8.36b,¢,d
O<w<L

TF,=0=V(z)=—P
YM,=0= M(z)=—Pz
L<z<5L

At this stage we need to know the value of the load at z (i.e. w). Consider the
total distributed load: from similar triangles: —*; = 72 so that w = EQ%Q

T 4L
| ]
W,
|

I"—L*J——4L|—"i
l—-—x—i

FIGURE S58.36e
consider the free body diagram = (Fig. S8.36¢)
YF,=0=—P+Rs—V(z)- Lz — L) (woS2) =0
= V(z) = —gzwo(z — L) 2 — P+ Ry
V(z) - 1w0(;|: —L)?+ %woL
T Me=0= M(z) - Ra(z — L) + Pe + §(z — L) - (242) (1 - L)) = 0
M(z) = Pz — §(z — L)*% + (P + 3wol) (z - L)
= M(z) = —3;%(z — L)® + 2woL(z — L) — PL
5L < z < L (Fig. $8.36d)
TF=0=-V(z)—P+Ra+Rp—uw2 =0

V(z)=P

. M, = 0= —Rp(z—5L)~Ra(w—L)+wo(2L) (z— (2(4L)+ L))+ P+ M(z) = 0
= M(z) = —P(6L — )




8.41 The reactions at the supports are found from S.41a and similar triangles:
wofa = 3w/ (L — a) = & — ﬁisothatL—a=3a=>L=4a=>a=L/4
Y F,=0= Rs+ Rp — jawg + 3(L — a)(3wp) =
=>RA+RB——(L)WO—%(L—Z)31UO

Ra+ Rg =—Lwy (1)
T M0 =
—LR4= (Swo) (%) (%) 3) + (%) (%) (3(3)+%) =0 (2)
Solving yields: R4 =—*L and Rp = —3w,L
i
WI
e
— e
L 3w,
R
Rg
FIGURE S8.41a

To find the internal force/moment at each segment make the cuts illustrated:
Wo
v ()
M(x)
1)

x— Vix)

Ra= Wb

A

]
Dex< Lt
- 4
(b)
FIGURE S8.41b

02 <L/2 TF=0 —V)-Ra-a(#5) () 4o (w25 (5 - <)) -

V(z) =—w0:t:( — gf) — wl
EMo =0: %gta+ 5 (dfy (£~ 2)) +i2 (o~ ofhy (& - <)) dor M) =0

orM(z)z—Eﬂ,_f—Z( —g—i)—-“-‘gé:c

L/4 < z < L = same solution, since w(z) is the same.
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