Duc T. Nguyen

Review of Statics

Equation of Condition(s)
(ZMhingeB)BA =0= (ZMhingeB)BC

B = Hinge Joint

20 10

w®
10
L,
; ‘ 10°
C Ry
25 15' u-‘-TRu

Method 1: solving 4 simultaneous equations

A
ﬁ
|

2 =0:)+R1+R3 Efl(R11R3)=0

F
SF,=0R, + Ry — 20X — 40X = f,(R,,R,) =0

)

M, 0 = —(20%)(15) — (40%)(55") + (R3)(12) + (R,)(80),= 0

\_ -
(G Ry)

(EMp)pa - 0= (20%)(25) + (R;)(20") — (R,)(40) = f4(R,R,) =0 ...... (Eq.123)
Method 2:
My =0 Z-BI = f1(R3,Ry)
Solve for R3, R,
D
(EMp)pc - 0=f2(R3,Ry)
IMc = B 0 = f3(Ry, Rp) = (40%)(25) + (20%)(65) — (R1)(12) — (R2)(80)
olve for R, R,
®
(EMgp)pa = 0 = f,(RyR;) = see Eq. (123)

1



Duc T. Nguyen

Chapter 6 : Analysis of
Structures

A) Method of Joints

i 0 12K

FBD of Joint B

FEI} of hdember BEC

Tension

*Each TRUSS N—
of Jomt

member
is connected by 2 C
“hinge joints”

*A “hinge” join can
transfer forces, but NOT moments

*Truss members can only carry

A
Axial forces / ﬁ)’
¢ L N

B) How to Compute Truss Member Forces oS54
SF, = 0

Step 1: Apply 3 equilibrium egs. SF, = 0 ++

To find 3 unknown reactions | EM,_,4js = 0¥}

Step 2: At each joint which has 2 (or less) unknown member force(s),
apply 2 (force) equilibrium eqs XE. =0
to find 2 (or less) member force(s) | Zf, = 0

Step 3: Repeat step 2 until all (or few desired) member force(s) are found.
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C) Method of Sections

This method is useful

if one has interests to
compute only few selected
(not ALL) member forces,
such as member forces
AB, DB, AD

Step 1: Apply 3 equilibrium eqgs. for the entire structure to find 3 unknown reactions.

Step 2: Make an “intelligent and honest” cut section (1)-(1)

o
™ Nl oy
The cut should go
The cut should The cut must be completed,
through member(s) NOT go thmm it should NOT end

that you have interests

than 3 membegri_,ﬂ prematurely

Then, decide “which side” of the cut to draw FBD, say LEFT side!
Step 3: Apply 3 equilibrium eqs, using LEFT — FBD:

b3
YMp = 0= fi(Fyp Ex, Ey) = 0 >[s0lve for Fyg]

YE,_*0 = f,(Ey, Fpc, Fppcosa, Fup) = 0 —solve for Fn
T
ZFyZT“LO = f3(E,, —18%, Fpgsina) = 0 —> [solve for Fpg

Notes: The remaining member force F,pcan be found by:
*Apply Method of Joint at joint A:  XF, =0
Solve for Fyp, Fag
if, =0

*or make another cut section (2)-(2), use LEFT-FBD, and
IM@a = 0 => f,(Fap, Fap, Fgp, Ex, Ey) = 0 => Solve for Fgp,
LF, =0 => f5(Ex, Fgp, Fapcosp, Fpyg) = 0

Solve for F,p,
2Fy, = 0 => f,(Ey, FapsinB) = 0
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C,) Quick Ways to determine zero forces in truss structure

At Joint B:

37,120 =>

At Joint D:

2Fy \;O=FDAcosa=>

Rules

“If we have 3 TRUSS members joining at a common joint (say, joint D), and if there are NO
FORCES applied at the common Joint D, if two members form a 180° angle, such as members
DB and DC, then the remaining member (such as member DA) should have Zero-force !

At Joint B;
SF, 10 = —Fp, o B ¢ it Joint B:
T =+t N —
K 8 " A ‘Fx -0= FBA
hA
G



Duc T. Nguyen

C,) Multi-Force (Beam, Frame) Members

1w

/

/f F . T £ F
b~ A

g9 P B
/!
Ve
s
A #
/‘H\ : ’ : A
G ade e e e e ey

Notes:

a) Members AD and CF are multi-force members
b) Member BE is a 2 force (axial) member
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Problem 6.4

Using the method of Joints, determine the force in each member of
the truss shown. State whether each member is in tension or
compression

]
F—on—— gy —

Solution:
Joint FBDs
- Joint D:
Fup 5001k
Fep _ Fap _ 5001b
8.4 116 8
F,p =725 T
F.p =5251bC
- Joint C:
=>3%F,= 0: Fp. — 5251b=10
Far _
~ For = 5251bC
Fpe 525 1b o , , , B
c This is apparent by inspection, as is F;r = C,
Cv
==FF = 0: == (7251b) — 3F,, — 3751b=0
* T 5 4F
Fie=250T
- Joint A :
37516 A =0 - _* _ 8 =
g 1ZF, = 0 :Fyc — 2(2501b) — ——(7251b) =0
NG
' 7251 F,.=T001bC
Be Fac
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Problem 6.8

Using the method of joints, determine the force in each
member of the truss shown. State whether each member
is in tension or compression.

Solution

Joint FEDs=:
Joint B:

fDF
Jomt C:
Skips
c 2D kips
=
12
F
F -
“CE CF
Jomt E:
17.5 kips
FEF
g!:'

By inspection:

—¥F;=0: Fep—12/13 (13 kips)— 18 kips=10

1Y F,=0: 5/13 (13 kips)— Fpp= 0

L,

—YF,=0: 30kips— 12/13 Fpp=0

1Y Fy=0: Feg— Skips— 5/13 (32.5 kips)

Bv mspection:

Fac=Fap=

3

1

Far=12.00kipsC

Fpn=0

=

12 kips
|

]

Far=3.00kipsC

Fap=15300kipsT «

Frp=300kipsC -

Forp=300kipsT

Frp=325kpsT

Fep=17.50 kips C

Frr=0
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Problem 6.34

For the given loading, determine the zero-force members
in the truss shown.

K o
=2 '
Solution
E g 8 D E
By inspection of joint A- Far=0
[
F g By inspection of joint C: Feu=0
K " By inspection of joint E: Fpoe=Fr=04
E, & L H
K, o By inspection of joint L. Far=04
By inspection of joint N: Fp=0 4
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‘ i.:,.a
A &!C E ‘i-G I ¥ 16kips
YA A A A A SAMPLE PROBLEM 6.2
wi 1271270 27 07027 . .
LB 1 2 Determine the force in members EF and Gl of the truss shown.
! |
8t .?Bft 8it 8it 8&1
SOLUTION:
Free-Body: Entire Truss. A free-body diagram of the
Zoklee Bk entire truss is drawn; external forces acing on this free
l l body consist of the applied loads and the reactions at
A ¢ E G I K 16kips . . A .
2 2 . . . s B and J. We write the following equilibrium equations.
10 ft /
B_.{ -L—.ﬁ' = ‘KJ k-l:_>] MB = 0:
D F H
B, J —(28 kips) (8 ft) — (28 kips) (24 ft)
- " — - — (16 kips)(10ft) +J(32ft) =0
it J =+33 kips ] =33Kkips T
_ LY F,=0: B, + 16 kips =0
2aikdes R By = -16 kips By = 16 kips «
A lc E ,"lGTI k 16kips k‘i__') M, = 0:
T X v = i e ,«;_,-._’ ] — .
tof , // ya (28 kips) (24 ft) + (28 kips)(8 ft) — (16 kips)(10 ft)
! [ 2 : | — =
16 kips HT B F ®W 1 A By(32 .ft) 0 .
m | 33kips By, = +23kips B, = 23 kips T
23 kips
28 kips Force in Member EF. Section nn is passed through the truss
A C E so that it intersects member EF and only two additional
7 ¢ bFEG members. After the intersected members have been
Fgr removed, the left-hand portion of the truss is chosen as a
i % > free body. Three unknowns are involved: to eliminate the
16 kips D Fpr . .
T two horizontal forces, we write
2Blps +1 z Fy = 0: + 23 kips — 28 kips — Fgp = 0
Fag 1 Kk 16Kkips For = —5 Ki
————p EF ps
/ The sense of Fgr was chosen assuming member EF to be in
107t Fu tension; the negative sign obtained indicates that the
Fig 3 member is in compression. Fgg = 5 Kips C
8ft 33kips

Force in Member Gl. Section mm is passed through the
truss so that it intersects Gl and only two additional members. After the intersected members have been
removed, we choose the right-hand portion of the truss as a free body. Three unknown forces are again
involved; to eliminate the forces passing trough point H, we write

e, Z My = 0: (33 kips) (8 ft) — (16 kips)(10 ft) + Fg(10ft) =0
FGI = _104’ klpS FGI = 104 klpS C
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Chapter 7:

Forces in Beams and Cables

A. Sign Conventions :

“Positive’’ end-moments (because the “rice” still

Remains inside the “bowl”)

e

“Negative” end-moments (because the “rice” will fall-off
From the “bowl”, hence no rice left to eat! )

fizx ——v '} f-——*ﬂmnf
3

©
@ T e
[ L K; Jf A

FBD of beam segment AC, where V; & M ; are internal shear force & bending moment in cut

section (1) — (1)
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B. Relations Between (Distributed) Loads ‘“‘w’’, Interval Shear Force “v”’, and

Bending Moment
(z) w E/ft (z)
1 »
LY i 1 N
P s o
v : 'lI 'u"n".l'.'.‘:.x '='1~.'+&1~.'
Lx
- 2 -
@ €]
-+ ﬂ.x -

Consider the FBD of beam segment between cut-sections (2) — (2) and (3) —(3).
For Equilibrium, one has:

YE0=—V + (w-Ax) + (V + AV)
wAx AV AV

[ —_—— =
Ax  Ax Ax

—w

av

Let Ax - Ohence. |[— = —w
dx

SMgy = 07 = —M — (wAx) (32)+ (1 + am) — (v + AV)Ax
0=-w(T)+T - (V+4V)

Let Ax — 0; hence AV — 0; and above eq. becomes:

+dM dM
0=—-V;0r |—=
dx dx

3 _ r®3
Or @) dM = @) dx

M (3) M 2) =Area under shear curve, between cut-sections (2) and (3).

11
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Basic Examples About Shear & Moment Diagrams

Example 1 (Concentrated Force Applied)

P =107

®

A, =0Hp 4

CI

™
-
1

=

HHtHHH

R e . sttt T

1= %

- -

w

]

/f.;'

e
E e e IS

=

K

*® At concentrated

force locations, there
were discontinuous

Example 2 (concentrated Moment Applied)

**at Concentrated moment locations,

There were discontinuous @ values.
p—

®

12

Notes:

* DMake several cut-sections

* At each cut-section, identifv internal
shear force V; & internal moment M;

o Apply 3 equil. eqs. On the “LEFT” FED
to solve for V; & M;

¢ (Connect all the dots to create the @&

@ diagrams

M = ggTon B
%,
AN 3k )
-
Ay = gF R}' = 5%
[ [
c
g5
=5"
+30%
(4
hd -]
—30%
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Quick Ways To Draw @ & @ Diagrams

To draw the internal shear diagrams:

“Look at the given beam structure, observe how the shear forces applied on the beam. Then,
draw the diagram accordingly”

To draw the internal moment diagrams:

Step 1: Refer to the shear diagram, and compute the areas under the shear diagram sections

Step 2: Compute the initial value of internal moment (including the proper sign) say M (4,

Step 3: Apply the formula: M ;) - M (1) =area undel@ diagram,
Between sections (1) & (2) to compute M (,)

Step 4: Decide how to connect the (two) dots in the@diagram

by referring to Eq. i—l\: =V, or My -Myy = f((12)) Vdx

13
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it l'upb 8 kips 4 kups Problem 7.34
l For the beam and loading shown,
Ay D Ev (a) draw the shear and bending-

moment diagrams, (b) determine
the maximum absolute values of

i _
TTTE— | ¢ A the shear and bending moment.
liggt  =/H 458 boooovet
Solution: (a)
FBD Beam:
10 kips 8 lips 4 kips C ZMB =0:
l l l (.6 ft) (4 kips) + (5.1 ft)(8 kips) + (7.8 ft) (10 kips) - (9.6 ft)
sz A C D Ey B A,=0
=, y
43 T 186 | 27 f 45 To.s& Ay=12.625kips 1
‘_
12625, T XF, = 0:12.625kips — 10 kips — 8 kips — 4 kips + B = 0
v 265 B = 9.375 kips 1
(kips)
-5.375
— Al AC:
29.8125 - 8275 ong
12.625 ]
\5_525 x 5 M
12 &25 V
M kips v

TZF, = 0: 12.625kips —V =0
V=12.625 kips
© ZM;=0:M—x(12.625kips) = 0

M = (12.625 kips) x
M =22.725 kip.ftat C

Along CD:
10 kips
TZFy, = 0:12.625Kkips — 10 kips =V =10
V =2.625 kips A C K >
— . [
© O IM=0: _ _ 18A F

M + (x — 1.8 ft)(10 kips) — x(12.625 kips) = 0 1% 634 X b

M = 18 kip.ft + (2.625 kips)x kips v

M = 29.8125 kip.ftat D (x=4.5 ft

14

.



Duc T. Nguyen

Problem 7.34 Continued

Along DE:

10 kaps 8 kips

Cl l“ LI‘ M
)

N

4
12,625 kaps | 18] 278 xl

T Xk, = 0:(12.625-10-8) kips — V =0, hence V = -5.375 kips
¢ EMp =0:M +x,(8kips) + (2.7 ft + x;) (10 kips) — (4.5 ft + x,)(12.625 kips) = 0

M =29.8125 kip.ft - (5.375 kips) x4

M =5.625 kip.ft at E (x; = 4.5 ft)

Along EB:

R
MC:

HN
22
hﬂ'ﬁ lips

T3F, = 0: V+9.375kips = 0 V = 9.375 kips
¢ XMy = 0: x,(9.375kip)— M =0

M = (9.375 kips) x,

M = 5.625 kip.ft at E

(b) From diagrams:
|V max = 12.63 kips on AC

IM|max = 29.8 kip.ft at D

15
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9 xl
Y

0.54 1N 13569 0.54 127
I Problem 7.35
1
= ]
A © Ds - M - For the beam and loading shown, (a) draw the shear
AN N - and bending-moment diagrams, (b) determine the
200 mem| i: '] 77 : '; maximum absolute values of the shear and bending
;) in;:nh AP s : t.&. moment’
i SN LI AL TIHOL i S ITHT
Solution:
(a)
FBD Beam: IMg = 0:
340 M 1350 1 540 W
(1.1 m)(540 N) — (0.9 m)C,, + (0.4 m)(1350 N) —
a D E (0.3m)(540N) =0
A B
Zmé Sm dm T Z2m Cy=1080NT
Cy 540 By 54
z T2ZF, = 0: E, = 1350N T
W)
Along AC:
2401
-310 - 0 - V=
_sap TZFy, = 0: -540N-V=0 l
162 V=-540N I
/
M (1. m) x
CIMj= 0: x(540N) +M =0  *
/ -
108 M =-(540 N)x
-162
Along CD:
TZF, = 0: -540 N+ 1080 N - V=0 V=540N
54019 C EIMg = 0: M+ (0.2m + x,)(540 N) — x,(1080 N) = 0
& ¢ £ > M

M =-108 N.m + (540 N) x4
M=162N.matD (x; = 0.5m)

16

Iy
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Problem 7.35 continued

Along DE:

540N

BE T
=

3 [ .3m

TIZFy = 0: V+1350N-540N=0 V=-8I0N

" IMy = 0: M+ (x5 + 0.3m)(540 N) — x5(1350 N) =0

M=—-162N.m + (810 N)x,
M =162 N.matD (x3 = 0.4)

Along EB:
540N
¢
k
(‘ L
—
yl %
TEZFy,=0: V-540N=0 V=540N
IMy = 0: M+x,(540N) =0 M =-540 Nx,

M=—-162N.matE (x, = 0.3m)

(b) From diagrams:
[V |max = 810 N on DE

IM|ax = 162.0 NNmatD and E

17
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< - : -
D Problem 7.36
1.2 KN =+ Bid
i D B For the beam and loading shown, (a) draw the shear and
= bending-moment diagrams, (b) determine the maximum
A C ?m - El absolute values of the shear and bending moment.
E &b E
1
2"‘ﬁ im
Solution:
15 kN A 4tT (a) FBD Beam
a=lm = XF;,=0 B,=0
|B Bx
| vo TIF,=0 —15kN+2kN-4kN+
A acgl a paEl a &/ skN-B,=0
2k 5 kN By B
B, = 1.5kN{
1.5
0.5
W (k) C3XMg=0:
a[4(1.5 kN)- 3(2kN)
L5 + 2(4kN)- 1(5kN]- MB= 0
Mg = (3kN)a =
35 B = (3kN)
W (k. m) ' 3kN-m
TZF, =0
—15kN-V =0
J
V=-1.5kN — M
s e 1Y
g
“ IM; = 0: M —x(1.5kN) = 0 M1 m)=-(1.5)x

18
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Problem 7.36 Continued:
Along CD:
15K
TEXFy,=0 : —1.5kN + 2kN-V = 0 V=
A =54 05kN
m C
1 [ y CSMk = 0 : M+ x(L5kN) - (x— 1m)(2kN) = 0
21 M= —2kN-m + (0.5kN)x M(2m) = —1kN-m
Along EB:
N 1-":_ 3k m
(=
I,\","[‘.-J.L xl }
15T

T2F,=0 V—-15kN=0  V=15kN
C M =0: —M-—x,(1.5kN)-3kN-m = 0

M = —3kN-m-(1.5kN) x1
M(1m) = —4.5kN-m

Along DE:

i<y

ST R
[ne)
f s &

TZFy= 0: V+5kN-15kN =0 V= —-35kN
Also M is linear here
(b) |V|max = 3.50 kKN along DE

IM|ax = 4.50 KN-m atE

19
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]

il
Z
8

Problem 7.37

B For the beam and loading shown, (a) draw the

A

NN
LB
>

}

o
§

shear and bending-moment diagrams, (b)
determine the maximum absolute values of the

shear and bending moment.

R e

Solution:

1.8 k1%n

1

e
lav}

|

dd

5.559

2.679
v
)|

-1.321 T

5 59 -3121

431
T 1)
L?

(a) FBD Beam
G EIM, = 0
~(1.3m) [(=F) (26 m)] — (16 m)(4 kN) + (4 m) B =0
B = 3.121kN 1

T IF, = 0:
Ay — (1L8KN?m)(2.6 m) — 4kN +3.121kN = 0

Ay = 5559 kN 1

o W o Li‘
I m

w

5.559 kN v

Strayght

Along AC:

T3F, = 0: 5559kN — (L8kN/m)x—V =0

V = 5.559 kN — (1.8 kN/m)x

X
CIM;=0: M+ ~[(1.8 km)x] — x(5.559 kN) = 0

M = (5.559 kN)x - (0.9 kN/m) x?

20
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Problem 7.37 Continued
Along CD:
TEFy, = 0: 5.559kN —x(1.8kN/m) —4kN —V =0
V = (1.559 kN) — (1.8 kN/m)x

¢ IMg = 0: M+ (x— 1.6 m)(4kN) +>[(1.8 km)x] —
x(5.559 kN) = 0

kN
M = 6.4 kN.m + (1.559 kN)x — (0.9 E)x2

Along DB:

3.121 kN
13F, = 0: V+3.121kN =0
V = —3.121kN
< IMp = O: —M+x,(3.121kN) = 0

M = (3.121kN) x,

IVImax = 5.56 kN at A

IM| ;0 = 6.59 KN.mat C

21

5.559 kN

'16m C

W
4 kN




Problem 7.38

-152

M = (12kN/m) x? + (8 kN)x — 152kN.m

22

45 kT LN
For the beam and loading shown, (a) draw the shear
iy i : and bending-moment diagrams, (b) determine the
A c N — maximum absolute values of the shear and bending
%’ E moment.
b/ EE S LT X T SR,
B '___J i 0 1 8 1 8 1§ &7hdN/ill
Ei Zm T i5m ! X 05m
Solution:
(a) FBD Beam:
< YFx=0: Ax=0
¥ by TZF, = 0 Ay + (2m)(24kN/m) —
T ‘L Ay = 8kN T
B ¢ 2XMy;=0:
TTT1 71 TT24H¢fm My + (Im)(2m)(24kN/m)-(3.5m)
A T T e e (@8KN)-Cm)(BKN)=0
2m 1.5m 0.5m
M,=152kN-m
a6
Along AC:
B
g _ 8 !
V(i) — L5 .
3 .
4
TZF, = 0: 8kN +x(24kN.m) -V =10
V =8KkN + (24 kN/m)x
-85
¢ EM;= 0: M+ 152kN.m

X kN
—X(8 kN) - E(Z‘l—a)x =0
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Problem 7.38 Continued

Along DB:

KN
Sk

T2ZFy, = 0: V—-8kN =0

|

V = 8kN
- IMg=0: M+ x,(8kN)=0

TEF,=0:  V-48kN-8kN=0,

=M, = O M + (x, — 0.5m)(48 kN) + x, (8 kN) = 0

(56 kN)x4

(b)
|V |max = 56.0 KN along CD

|M|max = 152.0 kN. m at A

M = - (8kN) x,

V =56 kN

23

M = 24kN.m —
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iZib/in i001b 150ib 100 121b/in
NER NEEER
RN BEEEN Problem 7.39
P ind O I
P ind O I
I o cel 1T )
A TR MR AR SR S 2 222 R For the beam and loading shown, (a) draw
A A ) the shear and bending-moment diagrams, (b)
A hea s determine the maximum absolute values of
E the shear and bending moment.
i
= 10 h“. i Ea - = _-’i"'\- l:! mn ——
6in 6in 6in 6in
Solution:
(a) By symmetry, C; =0, and
1 1b .
e p—— Cy =Gy = 2[2 (12H) (10 in) + 2(100 Ib) +
gt 11 B (150 lb)]
i HC i E F G | | %
! 10m T:m fm fm  Bn | 10 Cy=Gy=2951bT
Along AC:
oy Gy i 3b/in
5 M
el
A x .
’ b
73 o TXF, = 0: —(12_—)x—v=0
1n.
v \
b
V= — (12 _—)x
1n.
\ ZM—O'M+X<121b> 0 M= -6
120 -75 = 2 i)~ = i x
Along CD:
00 - 175 13b'in
10in '[ 3"5
430 450
295
A} % >
M Ib _
TZF, = 0: —(12E> (10in.) +2951b -V =0
\/ \/ V=1751b
Mg = 0: M+ (x—sm.)(12§.)(101n.) -
500

(x—101in.)(2951b) = 0

M = —23501b.in.+( 175 Ib)x

24
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Problem 7.39 Continued

Along DE:

12 Ib/in

-

I ol

100 Ib

1EY

10in
295 Ib

x

N)
o

Fd
L

e
Al

1b
TZF, = 0: —(125)(101n.)+ 2951b—-1001b -V =0, V=75lb

G $My= 0: M+ (x—16in.)(1001b) — (x— 10 in.)(295 Ib)
+ (x=5 in.)(lZ%) (10in.) = 0

M = —7501b.in + (75 lIb)x

(b)

Complete diagrams using symmetry.
|V |max = 175.0 Ib along CD and FG

IM| 0 = 900 Ib.in at E

25
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Mc = (10.5kN)(3m) = 31.5kN.m
Mp- = 31.5kN.m + (1.5 kN)(3 m) = 36.0 kN.m

Mp+ =36 kN.m + 27 kN.m = 63 kN.m

91T 1234
7N m i 225KN.m
" - I E .~
A=Y £ d A Problem 7.71
/| \ o A -/
i i B o For the beam and loading shown, (a) draw the shear
i i o and bending-moment diagrams, (b) determine the
el maximum absolute values of the shear and bending
P e om e non moment.
Solution:
. - (@ & IM, = 0: — (3m)(9kN) —
27 kN.m — (9m)(12 kN) + (12m)F +
l il 23ln (16.5m)(3KkN) + 225kN.m =0
A A ¢ 7{ E T
{_'3 R 1B F=75kN T
I‘ i 3m\ D3m 3m T4.5m ]‘
by i)
Fy XFy, = 0: Ay — 9KN—12kN +
105 75kKN+3kN =0
i 1 A, =10.5kN 1
]
SUERN Y .
Shear Diag:
3 3 V is piecewise constant, with jumps at A, C, E, F, and B,
r\ equal to the forces there.
36
6
35 Moment Diag:
235 M s piecewise linear with jumps at D and B equal to the
couples there.
M(e )

Mg = 63 kN.m + (1.5 kN)(3 m) = 67.5 kN.m
My = 67.5 kN.m — (10.5 kN)(3m) = 36 kN.m
Mg- = 36.0 kN.m — (3kN)(4.5m) = 22.5kN.m

(b) From the diagrams:

|V |max = 10.50 kN along AC and EF
M| = 67.5KN.matE
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Problem 7.74

For the beam shown, draw the shear and bending-moment
diagrams, and determine the maximum absolute value of
the bending moment knowing that (a) P = 7 kips, (b) P =
10 kips.

Note:

Solution:

- n. kips . L

T2ZFy, = 0: Ay(2 T)(S ft)- 3kips + 7kips =0
Ay, =12kips 1

CIM, = 0:M + (410 (252) (8£0)

— (14 ft)(3 kips) — (20 ft)(7 kips) = 0

Shear Diag:
V jumps to 12 kips at A, then decreases at 2 kips/ft to -4
kips at C to D.

V drops 3 kips to -7 kips from D and B and jumps 7 kips
to zero.

V =0 where 12 kips — (2 kips/ft) x =0, x = 6 ft.

Moment Diag:

M jumps to 34 kips.ft at A and then increases with decreasing slope to

1 1
34 kip-ft + ) (12 kips) (6 ft) = 70 kip-ft at E, and decreases by ) (4 kips) 2 ft) =4

kip-ft, to 66 kip-ft at C. M then decrease by (4 kips)(6 ft) to 42 kip-ft at D, and by (7
kips) (6 ft) to zero at B.

Zkipsitt
|
~
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-10
1n4.25
&

IM|pax = 70 Kip.ft atE

(b)
kips ) )
TZF, 0: Ay — (2 T) (8ft) — 3 kips + 10 kips
=0
Ay =9kips T
. Kkips )
EM, = 0: My + (4 f0) (2 T) (8 ft) + (14 ft)(3 kips)
— (20 ft)(10 kips) = 0
Shear Diag:
V jumps to 9 kips at A, then decreases, at 2 kips/ft, to

-7 kips at C to D, drops 3 kips to -10 kips from D to B

and jumps 10 kips to 0.
Note: V =0 where 9 kips — (2 kips/ft) x =0, x =4.5 ft.
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= - Problem 7.76

W kN wmn 0 kN'm

For the beam and loading shown, (a) draw the shear and

e E
vy yy ¥ ¥ YY bending-moment diagrams, (b) determine the location and
gt "% i 2 magnitude of the maximum absolute value of the bending
i sl moment.
Solution:
Z0kNsm Z0kN/m +
¢ M ) ZMA =0:
) g KN
= e (6m)By — (1m) (20=~) (2m) - 24kN.m
N kN
— (5m) (20—) (2m) = 0
36 m
By =44kN T
kM
TZF, =0: Ay — 2(20—) (2m) + 44 kN
m
=0
x2 \:\\\
3?/\ E \\\\
\\\ A, =36KkN T
E\fmfn)// Ay
Shear Diag:

V jumps to 36 kN at A, then decreases with slope -20 kN/m to -4 kN
at C, is constant to E, then decreases with slope -20 kN/m to -44 kN

at B.
Note: V=0 at F where 36 KN — (20 kN/m)x =0, x = 1.8 m.
Moment Diag:

1
Starting at zero M increases with decreasing slope to 5 (36 kN)(1.8 m) = 32.4 kN-m at F, decreases by

1
5 (4 kN)(0.2 m) to 32 kN-m at C, then with slope -4 kN to 28 kN-m at D, where it jumps to 52 kN-m, M

4+44
decreases with slope -4 kN to 48 kN-m at E, then with increasingly negative slope by (

kN) (2 m)

to zero at B.
M| =52kN-m (at D) 4
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s W ¥ ¥ W ke ¥
£ ' B Problem 7.79
A Em Ve Solve Prob. 7.78 assuming that the 2-kip force
Voorrral ST applied at E is directed upward.
i 2 kips i
i ' i Problem 7.78: For Beam AB, (a) draw the shear
L ) o and bending-moment diagrams, (b) determine
e P T he location and magnitude of the maximum
af 4t 12 ft At the loca gnitude
absolute value of the bending moment.
_ _ 1 kip (a) Note: The 2 kip force at E has been
e Vhipt  Ship.ft D 1 replaced by the equivalent force and couple at C.
£ M P ¥ ich Ty ¢ Y Mug =0: —(6ft)( klp)(lth)+
128 T ¢ 128 |88 (12 ft)(2 kips) — 8 kip. ft + (24 f)D, —
A cY —
v 2 fips Dy (32 ft)él klpl)1 k-O )
11/3 y = 5 KPS
K
. TYXF, = 0: Ay—( lpS)(12ft)+ 2 Kips —
11
; z W F — Kkips—1kip=0
V (ips) : s TP ’s
2213 & \l = Ay = —- kips T
- 143 Shear Diag:
Starting at 23—2 kips at A, V decreases with slopes —
26, 889 _
54 1 kip/ft to % kips at C, jumps 2 kips and
16 remains constant at _?8 kips to D, jumps % kips
: and remains constant at 1 kip to B, drops to
Rlapay Z€ero. ’ ’
V =0 at, where 23—2 kip — (1 kip/f)x = 0, x = % ft
-8

Moment Diag:

Starting from zero, M increases with decreasing slope to % (% kips) (% ft) = 26.889 kip.ft at

F.

M increases by %(13—4 kips) (13—4 ft) to 16 kip.ft at C, jumps to 24 kip.ft, decreases with slope

(b)

_?8 kips to — 8 kip.ft at D, and finally increases with slope 1 kip to zero at B.

IM|hax = 26.9 Kip. ftat F (7.33 ft from A)
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