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P9.1. Derive the equations for slope and deflection for
the cantilever beam in Figure P9.1. Compute the slope
and deflection at B. Express answer in terms of E1.
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P9.2. Derive the equations for slope and deflection for

the beam in Figure P9.2. Compare the deﬂectlon atB {a ] | i

with the deflection at midspan.
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P9.3. Derive the equations for slope and deflection for
the beam in Figure P9.3. Compute the maximum deflection.

Hint: Maximum deflection occurs at point of zero
slope.
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P9.4. Derive the equations for slope and deflection for
the beam in Figure P9.4. Locate the point of maximum
deflection and compute its magnitude.
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P9.5. Establish the equations for slope and deflection
for the beam in Figure P9.5. Evaluate the magnitude of
the slope at each support. Express answer in terms of EI.
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P9.6. Derive the equations for slope and deflection for P
the beam in Figure P9.6. Determine the slope at each 1
support and the value of the deflection at midspan.

(Hint: Take advantage of symmetry; slope is zero at
midspan.)
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P9.7. Compute the slope and deflection at points B and

o 120kN-m
C in Figure P9.7. -,
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P9.8. (a) Compute the slope at 4 and C and the P=15kips
deflection at B in Figure P9.8. (b) Locate and compute l B
the magnitude of the maximum deflection. ——
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P9.9. Compute the slope at 4 and C and the deflection 10kN T
at B for the beam in Figure P9.9. IB
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P9.10. (a) Compute the slope at A and the deflection at P =30kips

midspan in Figure P9.10. () If the deflection at midspan 1
is not to exceed 1.2 in, what is the minimum required A B ¢ b : E
value of I? E = 29,000 kips/ in. b= - =
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P9.11. (a) Find the slope and deflection at 4 in Figure 10 kips 10 kips I

P9.11. (b) Determine the location and the magnitude of
the maximum deflection in span BC. 9 B C 4
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P9.12. Compute the slopes of the beam in Figure P9.12
on each side of the hinge at B, the deflection of the hinge,
and the maximum deflection in span BC. The elastomeric
support at C acts as a roller.
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P9.13. Compute the slope at support 4 and the
deflection at point B. Treat the rocker at D as a roller.

Express the answer in terms of EL A
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P9.14. Determine the maximum deflection in span AB
and the deflection of C in Figure P9.14. Express answers
interms of M, E, I, and L.
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P9.15. Determine the slope and deflection of point C in 30kN
Figure P9.15. Hint: Draw moment curves by parts.
A 9 kN/m
LA B{ |
':':'1. o Tmopiy 2T, e
R
P9.15
3okl
{ oki/m
( L illc
— . 5
Ma RA‘I | T~
! : ?\
3M —afs 2m-+ 6
| | :

TMOMENT . CURVES BY PARTS®

I | | m
T , T ex
,mw/////li |
EXI
1 M
B v BT
st Vrl{\/"*;m“
EX
el .
EXYX

6= = O, + YAXS /S
=.0.+[ Y (D3] +<|%éx3

o (Y L ((58)
8= —-:;Eg;:z.

L o — T

-sg-tc/,\ ~Z A-%

-[ ‘3.5%(4) +{5‘1 *(35)]
+[- 4] + B3]

S, = -la1i
C” &

Page 9-15




P9.16. The roof beam of a building is subjected to the
loading shown in Figure P9.16. If a 34-in. deflection is
permitted at the cantilever end before the ceiling and
roofing materials would be damaged, calculate the
required moment of inertia for the beam. Use E =

2.4 kips
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P9.17. Using the moment-area method, compute the

slope and deflection under the 32-kip load at B. Reactions . c 19 E
are given. I = 510 in‘and E = 29,000 kips/irr. A _ ~
Sketch the deflected shape. = ) )
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P9.18. Compute the deflection of points B and D in Figure D
. 12 kips -5
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P9.19. Compute the slope and the vertical deflection at
point C and the horizontal displacement at point D. I,.=
800 in, I,= 120 in*, and E = 29,000 kips/ in2,
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P9.20. The moment of inertia of the girder in Figure B

C D
P9.20 is twice that of the column. If the vertical deflection ‘é. L ; > 4 kips
at D is not to exceed 1 in and if the horizontal deflection oA ‘ A
at C is not to exceed 0.5 in, what is the minimum required
value of the moment of inertia? £ = 29,000 kips/ in’. The i 9
elastomeric pad at B is equivalent to a roller.
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P9.21. Compute the vertical displacement of the hinge
at C in Figure P9.21. EI is constant.
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P9.22. The loading acting on a column that supports a
stair and exterior veneer is shown in Figure P9.22.
Determine the required moment of inertia for the column
such that the maximum lateral deflection does not

-exceed v41in, a criterion set by the veneer manufacturer. 15
Use E = 29,000 kips/ in. w = | kipft
(wind load)
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P9.22 Continued
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P9.22 Continued
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P9.23. Compute the slope at 4 and the horizontal and
vertical components of deflection at point D in Figure

P9.23. 6 kips
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P9.24. What value of force P is required at C in Figure 12 kips

P9.24 if the vertical deflection at C is to be zero? l
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P9.25. If the vertical deflection of the beam at midspan
(i.e., point C) is to be zero, determine the magnitude of
force F. El is constant. Express F in terms of P and EL
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P9.26. Compute the horizontal displacement of joint B

in Figure P9.26. The moment diagram produced by the
12-kip load is given. The base of the columns at points

A and E may be treated as fixed supports. Hint: Begin by
sketching the deflected shape, using the moment diagrams
to establish the curvature of members. Moments

in units of kip-ft.
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P9.27. Compute the rotation at B and the vertical deflection
at D. Given: E = 200 GPa, L= 400 x 10¢ mm®,
and 7, = 800 x 10 mm*,

I, = 400 xio¢mm? - E=200GPa
Tgp = S00xi0% mm%

o
2 okl

; tce Vo x Gooxlc.sx3[?-1 = lsooxui"
2750 = ETac® | i)
- o, = 1800 x10°

B~ 700 « 107 ( 406 x10™%)(3)

-—

3
&t = 12 o
wligre T g = 5 ’E% (475)

= 6400 < 10°

ETeo

= Gdooxlo® 004
— 200X 806X16>

3

Vo = 0.0075(4)+. 0.04 = 0.07Tm

. or 'Z (414
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P9.28. The frame shown in Figure P9.28 is loaded by a

horizontal load at B. Compute the horizontal displacements
at B and D using the moment-area method. For all
members E = 200 GPa and = 500 x 10¢* mm*

? RD
¥
Em
100 kN _*
———
B C
5m
s T
Aﬁ? (2 |
REACTIONS
‘PE.F =0

6o~ Ay =0
Ay =10kl -

( IMy=0: (ﬂlookN Rpl2=0
4 SQO/ = 4l Gl kN
fzry=0 A\,- 4T KRN
SoruTioN BY MaMENT-AREA
H—
50%r,
%

R=8m

CompUTE _A_g
tcﬁ

= 500 x\?—mxsm :7.4000
Er

2 EI
6a = Tee), = 2,000 kN-m>
EXL .
tAB = 500 xEmy loM= 41&6-‘1
Exr 2 3 EL
A5=tAB + stm

= 416C.6T + 2,000 (5)
EX EL

14.166TT kN-m°

—_—r

Ex

14,166.61 knem? -
200 x 10% kN, = x5cOX10

mt
= O.l42m = 14.2Cm —»

—

o
—

COMPUTE Ao !
Ap= Ap-0.(5)

¢ =-2000 1 500 (12)

= loge
EI 26T Ex
Ap= 14,167 ~1000(5)
EL " E1

=0.09ms= 9.2¢m —»
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P9.29. Compute the slope and deflection at point B of

15 kips
the cantilever beam in Figure P9.29. ET is constant.

-
L=
-

CONJUGATE BEAM ANALYSIS .

5
A s
1:——9'———-{

—= MOMENT
V DIAGRAM

Kip. £+)
— 135 'R=6°'15/£J. p
BT ﬁj_i- 8 ~CONTUGATE
by N‘j;t) “BMe- . -

BT Shear ab B -
R =01 Yo = 135 9_ =0
Y rro s lp= 1358

QB =V8 _%’i—s

Ae m=GSLE (& = 3"-“"’ i
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P9.30. The moment diagram of a fix-ended beam with
an external moment of 200 kip-ft applied at midspan is
shown in Figure P9.30. Determine the maximum vertical
deflection and maximum slope and their locations.

2oFrK ”
?;.%:sq.o g f'\‘ S g W, rvrz
A & ¢

‘gl

/ lcoFrk.

poFrk

<

COHIVAATE BEAM
LAPED BY M/ET

1o’ 375/&:
(V75 t | "%
g(nggwa% :
o

Bvsx= 375/61 @ MiDspAN @ B

AMax: 83%.33 /E1 @ 107 FRoM BEAM ENPs
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P9.31. Compute the slope and deflection at point C and

6 kips
the maximum deflection between 4 and B for the beam — okind
in Figure P9.31. The reactions are given, and EI is constant. 4 P e A B R |
The elastomeric pad at B is equivalent to a roller. ( R = ¢
3 kips Tal
| o v—
9 kips
4
oftk : @ P9.31
C A _ D JC
V" g
. ' i ’
,  —— 2 o 2 -
Gk
spear (V)
EEIT——
o
MoMENT, (M/e1)
155
o % &L
4
t 2
015
gr
ALY >
/ ~18/e1
0 °
= {
SLave (B
415
[+ 4
e
e /
e i
o 4‘/ o
DEFLECTION
-16.%
(4
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P9.32. Determine the flexural stiffness of the beam in
Figure P9.32 (see Example 9.16 for criteria) for (a)
moment applied at 4, and (b) moment applied at C. E is

constant.

(@)

(c

le-K

79;? T Iy 23 ¢
L L2 L, Lz I
71 1 1
yﬂ‘ VeEr
\'KA +0.129L /g1

{’/——_‘-]

/ B |
_0.3l26L/51

(b) |n'-|<»
+__ L/2 ’4|, L/2 ql'“

: - W2e1

Vee1y -lper .
’ W
Ra Re

+0.1875

OL_—’_/ »

-0.125L /€1

s wf
|

P9.32

ApPLY M:=IFrK @ A

COVALME BEAM LOAVED B M/EL

V()

g’lom;
Rpﬁ(a.5)’(m§+(¢5)’(am)+azs(asf(ﬂs)}
Ra=0.3125L/EZ

= 0. -Ra= 1
Ke ﬂnzﬂ Ra= 2 125L/E

FLEXURAL STIFFMESS I;

K | Fr
IRD  23125L/E1

K=3.20EL/L FR M@Q.

-
-

CONJUANTE BEAM |L@ADED BY M/E1

e

iﬂvﬂ,’ ) .
=k flasP(o.ut)+ 035 (0. .2(0.
Ra a((oa')’(oab)-t- sgas)+03s§@_5)

Ra = 7.[25[.451
Re= 23125L/E1 - Ra= 0.1875 L/ET

FLEXVURAL STIFFNESS k.

TR~ Z21875L/ET
K=533E1/L FPRM@B

Page 9-32



P9.33. Using the conjugate beam method, compute the
maximum deflection in span BD of the beam in Figure

P9.33 and the slope on each side of the hinge.

M‘ﬂt A O
o | & & XA A
wiuear V]
v e Lo
0
5 ~4%
IMOVMENT M/Eg t.%:

S kips
A B 1c Fy
qu 1
hinge
e g e g e g PO,
P9.33
\IUGATE PEsM
W=l el 14 34/51
w/EL \ :
384
—— DET.
24 #
Wl
o
bLore (O) 2 /
0
~a8/EL
-12/e1
/ )’ﬂ.w'
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P9.34. Solve Problem P9.11 by the conjugate beam

method.

A

8

10 kips 10 kips
. B C \
AL B v g ey o T T T D
- R Y

="1860
ET

/!

YR ' = =860 $. =
AOMMBY: Aew B0 - Afs SO

--e*-’: §£_
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P9.35. Solve Problem P9.12 by the conjugate beam

45 kip-ft
method. 14 2 c
E 21 ! .
e o]
pPe.12
o
'22.' Ex° j:’i'
R.= 1B, 40
s E.I BT
i 5 ‘ " Resemioust PEpg= o
EL - _ - - ()
Re” = A =310 o= R.B-405(2-20
E
b R “Re= 2_.1 _Y
e Tz"7=°““q° gt eE- 32
‘ PE
. {3LoPE) Ra= -5
A B = ¢| MOMENT
e l CDEFL) Locate Pant o
o > ' Max Derl. M spaL BC (SEE b)
B 8 A= 1212 (SEAD_ 2. 0) .
) Bmas 2 X = YD (SIMILAR TRIANGLES)
' 1D 4543
Y =43% o
Y
T A SHEAR = AREA

95 = Y% (% x)
- x.=612' - 5(832) =90%

MacDEFL = M @ K= 812" u
"9y (8+812)-5(8.12) + 812(2(PEM =
=90, (B+212)-5(8.12) + 12 g1l

Amz_M [ DeErR) = %1—% I
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P9.36. Solve Problem P9.17 by the conjugate 32 kips
beam method. 1 .

4 .15 ST
%ka’ | ? G JEockeH

—k—4=r—-4--m . 4-—:2—«4
q@

- R . Yovat,
.!/ \/ R e

qyﬂ ql‘/a W/ex «er

LouT UG,
BM Losoe>

B Mex

Sheac

[Yg) b.
con i P™
(_SLO

M at® = DEFL_EC_TLOL)

R -é(ex‘?b 188
e1” ET

T Mg=-28% ..'.ii?IQ;é}iiz—%éZ _

]

.._2304— l)

~2304x 7128
2qlooox 5{0

Ag==0.2¢91n {
e —

; ’D% kip-fi

Page 9-36




P9.37. For the beam shown in Figure P9.37, use the
conjugate beam method to compute the vertical deflection
and the rotation to the left and the right of the hinge

at C. Given: E =200 GPa, L= 100 x 10¢ mm, and

I-= 50 x 10°mm,

I-D m-L—S m-]-—S m-l- m-'L—IO m )

P9.37

Ter= 50 (10%)mm* =1

Tac: 2T

6EAMENT Y4

g ZHF =0, :

~5(20m) +07™ "+ Dy (150)=0
by=c
Ff = 5Nf

Zﬁp =0;
=125 (12.5)-6.25(11.47) +250(6.67)
+Dylism) = ©
Dy = 41.47kNE

Wﬁ%ﬁ%\é% 120:=0; K= loai=* ¥

I {L'I\M

P9.37 Continued

Page 9-37A



P9.37 Continued

SELMENT “AL°

EMaFC,

-62.5(n)4 625 (33) ¥41.67(15) Ly (19) =@
Cy=1457% %

RaTATIoNs @C”

Vst SEAMENT TF" FOR SLOPE RIAHT oF £°:
Or = Vo= (250 -250 -104.1TVEL = 10417 1, ¢
= m4,t7/zap (100x16°)

0L Ve Cy-Vr = 1457-104.17 = 1C4/ETs

PBELECTION € HINAE C" = MOMENT IN (ANNAME BM:
VSE SE4MENT "Ac’ v
De=Mce= €025 (3.33) +4.07(51) /61 =-46.5/61 4
=-416.5 ko-m (1000 "*/m) = —4[.45 mm '
(220x10° ki) (5710~ ) -
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‘deflection at midspan due to the two end moments equals MLY/(8EI). Given: I = 46,656 in‘, A = 432 in, beam weight

P9.38. The reinforced concrete girder shown in Figure P9.384 is prestressed by a steel cable that induces 2
compression force of 450 kips with an eccentricity of 7 in. The external effect of the prestressing is to apply an axial
force of 450 kips and equal end moment Mp= 262.5 kip-ft at the ends of the girder (Figure P9.385).

The axial force causes the beam to shorten but produces no bending deflections. The end moments Mp bend the beam
upward (Figure P9.38c) so that the entire weight of the beam is supported at the ends, and the member acts as a
simply supported beam. As the beam bends upward, the weiglit of the beam acts as a uniform load to produce
downward deflection. Determine the initial camber of the beam at midspan immediately after the cable is tensioned.
Note: Over time the initial deflection will increase due to creep by a factor of approximately 100 to 200 percent. The

we = 0.45 kip/ft, and E = 5000 kips/ in®.

prestressed 12 §
» - lc?don '—b A ?"—.I_ r-
ENEAAEIR SR o o e N3 R PR
450 ° C S ot Amn o =450 f&
kips kips
i o Lea J Section A-A

Beam dimensgions
(L

450 kips 'G!T--.;-:l;,-'*w’.- AL L "9‘ £50kips
R AT N v

My = 2615 kip-ft M= 2625 kip-fi e _a“__';“.’;; ;‘.*"a; ;"‘,} s,
[t L s .4 »:-.._'_,"
e e st o : - —
I L3625 kip-ft AN
moment diagram instial camber
Forces applied to concete by prestress Deflocted shape: presiress and weight of beam act
12} ()

Wg = 0.45kips/FT "

1ll
T 1
4so'<_!;;\JHH§E¢,gu§45;

A et
MOMEKT DIAGRAMS

L | Mp
_ wiy T262.5 Kipft

. i qu-
DEFL (PRESTRESS)
p = MO _ Zb2.5(e0) 22 0.8
: 8ET 8 xS'OOO &4@,656: ) 1

DEFL ( WEQHRT OF BM

4 4
_swll _ 5(0.45 ¢o x122
A‘i' 384EI = 38¢,.5000x 46,650

= 0.563 }
NETDEFL = 0.8T5-0.5¢3 =312 §
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P9.39. Because of poor foundation conditions, a 30-in deep Py =130 kips

steel beam with a cantilever is used to support an Fo= €00 kips
exterior building column that carries a dead load of ‘CJ

600 kips and a live load of 150 kips (Figure P9.39). _,J __L
What is the magnitude of the initial camber that should

be induced at point C, the tip of the cantilever, to eliminate I .
the deflection produced by the total load? Neglect ko camber”
the beam’s weight. Given: I = 46,656 in*and E;= carrea

30,000 ksi. See case S in Table 9.1 for the deflection
equation. The clip angle connection at 4 may be treated i .
as a pin and the cap plate support at B as a roller. "

1
]

P9.39

%._o

% | (riQ:Fn J TAMBER

| L=( ‘ A=l
L - N o}

2
. - Y o (N - O I
CAMBER = A= 2ET
Z
= 150 (b x12)(18+6)12-
-3 x 30,600 % 46,656

= D0.271n u_?waub
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P9.40. The rigid jointed steel frame with a fixed base at

Wp = 1.2 kips/k Wy = 036 kips/it
support 4 has to carry both the dead and live loads RERRERER
shown in Figure P9.40. Both the column and the girder R ETERERERRRER ot
are constructed from the same size members. What is T ot
the minimum required moment of inertia of the frame
members in the vertical deflection at D produced by )
these loads cannot exceed 0.5 in.? Use E = 29,000 ksi. 2
B R ot e R e, TR ROt - A R
s —d 1 |
P9.40
Wo = L2 kips 44 We=0.30kps/y 0
_ . . 2
bbb kbbbl ddddey  ~  EMa=0; (L2¥)(18)(3)+0.3M 12),-My=0
T E s ,_.:c = Mas 9070 F”‘\)
2’ +tZFY: o; EL)18)t(-o%TLi12) +Ay=0
i : AY = 29 .q 1K t
X & _L g Frie
Liter I Ty e s & 2.3
20 :"! ‘: LJ&" T K \V/
- =il BEi
e
P9.40
e —"

Megu
-2.0

¢ qonbrx
M coumn

GC:' GA"' AOAC

= 0 +{a072/e1)12'= |088.6 €T

toc= -llz.3 (12) (4) = 404r.8/€x

Apy=128c + toc= 17, 106.5/EL

vigea'p 2 17 106.5 (V128 iN3)
29, 000 ksi (U2

Teerp = 2038.6 in%

S ——
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P9.41. Computer study of the behavior of multistory building frames. The object of this study is to examine the
behavior of building frames fabricated with two common types of connections. When open interior spaces and future
flexibility of use are prime considerations, building frames can be constructed with rigid joints usually fabricated by
welding. Rigid joints (see Figure P9.415) are expensive to fabricate and now cost in the range of $700 to $850
depending on the size of members. Since the ability of a welded frame to resist lateral loads depends on the bending
stiffness of the beams and columns, heavy members may be required when lateral loads are large or when lateral
deflections must be limited. Alternately, frames can be constructed less expensively by connecting the webs of beams
to columns by angles or plates, called shear connections, which currently cost about $80 each (Figure P9.41c). If shear
connections are used, diagonal bracing, which forms a deep vertical truss with the attached columns and floor beams, i
typically required to provide lateral stability (unless floors can be connected to stiff shear walls constructed of
reinforced masonry or concrete).

Properties of Members

In this study all members are constructed of steel with £ = 29,000 kips/ in:.

All beams: /= 300 in‘and 4 = 10 in?

All columns: 7= 170 in*and 4 = 12 in?

Diagonal bracing using 2.5 in square hollow structural tubes (Case 3 only—see dashed lines in Figure P9.414), 4 =
3.111im, /=358 in*

Using the RISA-2D computer program, analyze the structural frames for gravity and wind loads in the following three
cases.

Case 1 Unbraced Frame with Rigid Connections

(a) Analyze the frame for the loads shown in Figure P9.41a. Determine the forces and displacements at 7 sections
along the axis of each member. Use the computer program to plot shear and moment diagrams.

(b) Determine if the relative lateral displacement between adjacent floors exceeds 3/s in—a limit specified to prevent
cracking of the exterior fagade.

() Using the computer program, plot the deflected shape of the frame.

(d) Note the difference between the magnitudes of the vertical and lateral displacements of joints 4 and 9. What are -
your conclusions?

Case 2 Unbraced Frame with Shear Connections

(a) Repeat steps a, b, and ¢ in Case 1, assuming that the shear connections act as hinges, that is, can transmit shear and
axial load, but no moments. ) '

(b) What do you conclude about the unbraced frame’s resistance to lateral displacements?

Case 3 Braced Frame with Shear Connections

As in case 2, all beams are connected to columns with shear connectors, but diagonal bracing is added to form a
vertical truss with floor beams and columns (see dashed lines in Figure P9.41q).

(a) Repeat steps a, b, and ¢ in Case 1.

(b) Compute the lateral deflections of the frame if the area and moment of inertia of the diagonal members are doubled
Compare results to the original lighter bracing in (a) to establish the effectiveness of heavier bracing.

(c) Make up a table comparing lateral displacements of joints 4 and 9 for the three cases. Discuss briefly the results of
this study.

o
a—]
e
o
o1
1
-
fe

e
o

| 1O

NE
N
-] hm)\

4 EL
EE
55—

1
Wk
%g_

B kips ]

=2 kips/ft N I
] | ,
¥
12 ips s . ' + T
® ® '
: Tig
2 15 ;
II]::_.‘ e Rigid Coanection Shear Coancution
@ @ b [f3)
I x +- 2 |

Suuctural Frame
diagonals braciag Case X caly

i@}

PQ.QI 59LUTION FILLOWS
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-

Pa.4| CONTMUED (ac;e 1)

Case 1 Unbraced Frame with Rigid Joints
-2kift -2km

8k

EI ]
(ool

TR
%vw

. P 1 N4

it A n3
(a)

Moment Diagram (kip-ft) Shear Diagram (kips)

-242
538 S ‘««@ 195

27
)

[

w

-

\ RN ;

-34.2
1065

§~ N, X’

187 58

SIS,

Axial Force (kips)

58 \1 72.3 3

N

N %;L N,
(®)
Relative Displacement between 1% and 2™ floors = 1.25-0=1.25 in.>3/8 in.(NG)
Relative Displacement between 2" and 3rd floors = 1.90 —1.25=0.65 in.>3/8 in.(NG)

:22 CONTINVED
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P9.4l cONTINVED (@91 4 cont 2)

L) (o8 1 conilugp)

/ 0
[T / / 2 2572 s ]
/- -3.9786-4
/ / T 1252 T T
/ / / 1913 023 “4.051e-3
( / [C 1804 | Cpee | -0606e4 |
- A - 1.899 ~032 1.7508-3

Case 2 Unbraced Frame with Shear Joints

, -2kt -2t
)

ﬂ 7 NG
= wflg =
oy i je=]

-2 2
12k AALAIA 4
E E =
7y 4’%2 3

(a)
Moment Diagram (kip-ft) Shear Diagram (kips)

-20 , -20

R, ]
.22.4 -22.8

\ N ‘
X 2103 ” .200.7

F9.41 CONTINVED
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107

ckoe 2(_D) CadTIVED
W
kAxial Force (kips)

F9.4] contivvep (chse 2)

59

538

1%

k777

jo 4
4

Relative Displacement between 1% and 2™ floors = 5.81-0=>5.81 in.>3/8 in.(NG)

\

N,

Relative Displacement between 27 and 3rd floors = 15.58—5.81=9.77 in.>3/8 in.(NG)

Deflected Shape

oy

(b)

/ /

’ / o
’1' 1/ ) 5.8% 5 083e-20
/ / 5871 041 432762
/ / 5823 070 | 508782
/ 15.584 031 -5.587e-2
/ 15579 T S B T B

76578 031 550162

The lateral displacements are significantly increased if shear connections are used.

P9.4l CONTINVED
- e d
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Po4| contiduepr (e~E 3)

Case 3 Braced Frame with Shear Joints

-2k 24t
B ot N9
= \!\’G’ 4 =
, sl 2
el
12K
3 N4
E L < =
1 2 3
(a)
Moment Diagram (k-ft) Shear Diagram (kips)

22

073 A 'y
Axial Force Diagram (kips)
5,2 y
1 3 gpo
-10:5
N
N & | 13

P9.4l CINTINVED
-
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P9.41 Continued — Case 3

Relative Displacement between 1% and 2™ floors = 0.136—0=0.136 in.>3/8 in.(OK)
Relative Displacement between 2™ and 3rd floors = 0.24-0.136=0.104 in.>3/8 in.(OK)

Deflected Shape
J /" o
/ / 6 ointtavet 0 xonp
/ /
// . / T
/ / J N3
/ 7 ; N4
/ / N
/ / N8
N7
N9 . |
iy kel
(b)
0 0 0
ONZ e LB ) B e e e
N3 0 0 0
TTNe | @88 [ ot | eibsed
N5 1088 ~052 476764
TTONB | 405 | -0i8 | -bbSled .
N7 77 -028 ~2.666-4
TTN8 | AT | -018. | -A316e-4
NG A7 -031 -373e-4

Doubling the area and moment of inertia of the braces reduces the lateral displacements
by 35% and 29% at the 2™ and 3" floors, respectively.

(©)
Case Lateral Displacement (in.)
Joint 4 Joint 9
1 1.247 1.899
2 5.812 15.578
3 0.136 0.240

For the given member sizes, the rigid frame (Case 1) is not stiff enough to limit the
relative lateral displacements between floors to within 3/8 in. Without rigid joints
between beams and columns for a frame—as in Case 2—the lateral displacements are
increased significantly. One efficient and practical way to increase the lateral stiffness of
a frame with simple framing is to use diagonal braces, as in Case 3.
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