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*11-20. The wood frame is subjected to the load of 6 kN.
Determine the moments at the fixed joints 4, B, and D.
The joint at C'is pinned. EI is constant.

i A

6, = 6p=W¥ac=0
Va = ¥oc =V

Applying Eqs.ll-Smdll—lo.
My = 2E-‘;l(an -3y + 0

Mua =2£T'(2e.—3m +0
Msc =3-f!<o.)+o

Moc = ZH-w +0

Momens equilibrium aB:

My +Myc =0 (4]
Force equilibrivm for entire frame:
LIF =0 6=V~ ¥b=0
From FBDs ofmunbusABdeD:
My + M

My = 0, % =.(_A.'_7—LA-)
~Mpc

My = 0; ==

Thes,

6 Eﬁ..:"_ﬂl‘- + .‘%‘S =0 2

From Eq.(1): -

2El _ 3El, 0

—4-'(291 3w + Iy =

6
6 = :iV 3
From Eq.(2):

1 2E1 :E a0
6+ f‘(-—:(en -3y * T(zal 3y} + (~¥))=
%‘;no.-xsvso “

Solving Eqgs.(3) and (4).
8.348

0= 5
9,739

V-.——-—-

El

My = ~-10.4 kN-m
My = ~6.26 kN-m
Mye = 6.26 XN-m
Mpc = —130KNm

11k
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11-21. Determine the moments at the ends of each
member. Assume A and D are pins and B and C are fixed-
connected joints £f is the same for all members.

2 2
FEMac = '% = -81, FEMcy= -‘%- = 81

3rL
FEMcp = --l-é- = ~27

Vec = 0 ’ . 'n'! md!,

Vas = ¥Wep =V

lying Eqs. 11~8 and 11~ 10,
Applying B M™aq LE
My = -E-(GH-V) .

Myc = 2‘,5;(29'4‘9:)-81
M = %"(19:-0-9.)-&8! £

Mcp = E!ﬁ—’(%"' =27

Moment equilibriem at B and C': Wi
My +Msc= O OATZEIGy +O.NEIC+025ETy=81 (D) |
Mcy+Mcp= 0. OAEIBy +04T2EI8c +0.25Ely= =34 (D)
From FBDS of AB and DC!
{ +IMy = 0; Mpp=121= 0

F +eMc= Mep+12(6) =12V = 0

Mo
i 4 §
%= T
From FBD of frame:

SEF =0 Vit Vo= 24
M+ Mep = 216
0.25EI8; +0.2SEI; +0.5Ely= 243 3y
Solving Bqs. (1),(2) and (3):

g

-~
=

flm'tlcn v

_1310m
EI
510923

EJ

9. =

b= -
810

v=—

[
My = 168K Tt Ans
Mac= ~168kR Ans
Meg= -418k-ft Ans
Mcp = 418k f Ans
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11-22. Determine the moments acting at the ends of
each member. Assume the supports at A and D are _fixed.
The moment of inertia of each member is indicated in the
figure. E = 29(10°) ksi.
FEMy= -"E - 288, FEMp= "L = 288
- 12 " LT
F 26 : Uy = 6p = ¥ac =
w = ' = -A—
“ 15
Voc = —-6= L5y
My = ZE(%)(26N+3}'-3V)+FEMN
2E
M= 26, -3)
Mo = 5226, -3m)
pc = zi(;——m(ZOrf-ac) ~-288
Mo = ZEC20 26+ 6,) 4288
Mep = D 26 - 31.5)w)
Moc = E2(6c-31.59w)
Moment equilibrium at B and C:
Mys+Mac = 0; 413.3E6) + 100E6; - 320Ey = 288 (43)
Mcs+Mcp = 0:  100EBy +440E0, —540Ew = —288 2)
¥ /"\ M v M M From FBDs of members AB and CD,
' i C+iMy= O: Myy+ My +V4(15) = 0
(M= 0; Mep +Mopc +(10) = 0
. A :
K J For the eutire frame,
, L% = IF, = 0; Gtz 0
v‘ MJ Hne Thus,
\PH Maa+Mug+ 1.5(Mcp + Mpc) = 0
ot 320E6; + S40EBc — 2260EY = 0 3)
Solving Egs. (1).(2) and (3),
.. 084589
6. =
E
0.99016
' 8c= ~ 3
__ 01681
E
Thus,
My = 128k-ft Ans
Mgy = 218k-ft Ags
Myc = -218k-ft Ans
Mcg = 175k-ft Ans
Mep = -175k-ft Ans
Mpc = —557k-f Ans
R
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11-23. Determine the moments acting at the ends of
each member of the frame. EI is the same for all members.

LW

[t

uh

o o
FEMyc = --‘—2'- ~72, FEMa= T =72
e =0

Vaa = ¥oc = W

Applying Egs. 11-8 and 1110,
Mag= 2EN@r-w)
=8

Mac = %’(ze.a, 6c)-T2
1 on oy an
Moy = %(2%4—0,) +72

3El
Mcp = -2—6-(9‘:"' L

Moment equilibrium at 8 and C:
Mpa+ My = 0; 0.317£163 +0.083EI6¢ —~ 0,15Ely = 72 [£)]
Moy +Mep = 03 0.083E70; +0.317EI0¢c ~0.15Ely = —T2 2
From the FBDs of members AB and CD :
(+IMy= ©; My, +20V = O
T+IMc» 0: Mcp+20% = 0
For the frame
IF, = 0; Vi+hp= 15
Thus
Mys +Mep = ~300
0.075E10y +0.075EI0c ~0.15Ely = ~ 150
Solving Bqs. (1),(2) and (3),
S0R.5714

El
B 291.4285
O = =%

3

1600

Y= E
Hence,

My = ~104k R Ans
My = 104 k-1t Ans
Mcp = 196 k- ft Ans
Mcp= =196 k-ft Ans
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*11-24. Determine the moments acting at the ends. of
each member. E7 is the same for all members. Assume all
joints are fixed.

150D vk

wi? wiL?
FEM = =" = =15, FEMu= 5

wl? wi?
- - = —— = 50
‘FEM.c = 12 = 50. FE%. 2 =

= 15

6, =6p =wc=0
Vas = Wep = ¥

My = w(é)(zowor— 3v)+ FEMy
My= %’(9.-3:/)- 15
My = %('zo, —3y)+15

2E1 P

= Z(20p+6¢)-50
Myc 20 (20p+6¢) - .,,n_z
Meg = 25-51(2&- +85)+50 . o

Mo = Z(20c-30)

V4]
Moc = zf-—s'(sc—m leu o

Moment equilibrium at 8 and C:
My +Mac= 0;  Q.466TEIGy +0.1E18; — 0AEIy = 35 T
Meg+Mep= 0. 0.1EI0y+0.466TEI0c ~QAEIY = -350 (2) , " " ‘_/‘_
From FBDs of AB and DC: ‘(' :1‘ L]
(+EMy= O: Map+Mag +V(15)-90= 0 '
(+ZMc = O; Mcp + Mpc +5(15)= 0 11
From FBD of frame, 12K B
i+t = 12 % |
Thus,

g
Mo+ Mag+ Mcp + Mpc = —90 R S Mo/
Substituting. y
0.4EI6) +0.4ET6¢ ~ 1.6EI¥ = ~90 3)
Solving Egs. (1),(2) and (3),
156.818

Mg = ~248k-0t Ans
Myy = 26.1k-ft Ans | .
Myc= =261k Mt Ans \V v, *¢ Y,
Mcy = 50.7k-ft Ans
Mcp= ~507%-ft Ans
Mpec = —40.7k-R Ans

S
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11-25. Determine the moment at each joint of .the
battered-column frame. The supports at A and D are pins.

EI is constant.

(FEM).‘ = (Fm).c .. (Fm)c. '(Fm)rp =0

A
Vis = ¥pc .‘I_S Yoc= 2400:#

VYaz =Voc = ¥y

1
My = 35(7_"9” ~v) + (FEM),

N

1
“.‘ = 3&3)‘9.“ VA.) +0

M.A = 0.23085(0. + V‘.) (9}

I .
My = 2E(7)(26y +6;~3¥) + (FEM),

¥}
Mu- = ZE(E)(ZO, + DC -3 V‘.) +0
Myc = 0.2E1(26, + 6. ~3 V) +0 (F3)

. ] ‘
Moy = ME)(“:: +6; ~3wy) +0

Moy = 02E(26 + 6, -3 y,,) +0 3

1
My = mz)w,, =-¥) + (FEM),

1
Mep = mﬁ)(ac +V¥W)+0

Solving these equations
Mcp = 0.2308EK 0.+ y,,) 4
3
Equilibrium bote s Ez
My, + Myc = 0 ts) ' 5
‘ Vs = =
Mcp + My =0 (©
My, = 24k-ft Ans
e (-n-ﬂl.,-o: % (26)+ —IM§—°(26) -8(12) = 0 Yo =Tl -
- ) My =~24k-ft Ans
2My, + 2Mcp ~96 = 0 (M .
| Mep =24 k-1t Ans
A
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{d=2f Determine the momenes acting at the
supports A and D of the bactered-column frime, Take
E = 29(10") ksi, | = 60C in,

4k

!
i 08

Y

?—-—-IS'I et MR

1311

3
wl @ =L . 1600 kin.
FEMyc = "—1—2— = —1600 k-in., FEMcs 12 =
OA = OD =0

_ A
Ya = ¥eo = Y]
L 1A
Vac = 20
¥oc = —15¥cp= ~1.5ym
¥= LSy (wherey =Vac.¥=V¥u= Vco)

- My= 22(%)(29,+9r—3W+FEM”

My = 2E( um))con.-smq-o: 116,0008; — 348,000y

Mas = zs(.is;(‘q"lz-))(za.+o—3w)+q= 232,008, - 348,000y

600
= e )(28 + B¢ — 3(~1.5v)) — 1600
Mac 25(20(12))( y + 8¢
= 290,00004 + 145,0008¢ + 652,500y ~ 1600
600 .
= 20, + 0y —3(—1.5%) + 1600
M 15(20(12))( c+6p
= 290,0008¢ + 145,000, + 652,500y + 1600

. 600 H
= ———){28c +0-39) +0
Mcp 25(25(12))( 8c 14

= 232,0008, - 343,000y H“
600
04+60c=3y)+0
Mpc = 25(25“2))( +6c¢
= 116,0008¢ - 348,000y

522,0008y + 145,0000 + 304,500y = 1600 (n

Mcg+Mcp= 0
145,0006, + 522,0006¢ + 304,500y = - 1600 )

using the FBD of the frame. ' ’L Mo + Mg
. AR [eL) §TM)
O, Mo + M

- (Mot M 12 - (Mot Mep,y ) 6671(12) - 6(13333)(12) = O
Mg+ Mpc = ( 2502) ¥(41.667)(12) - ( 35012)

~0.667Myg ~0.667Mpe — 1.66T Mg — 1.667Mcp —960= 0
464,0000y + 464,0008 - 1,624,000y = —960 (3)
Solving Eqgs (1).(2) and (3),

6y = 0.004030 rad

Oc = -0.004458 rad

v = 0,0004687 in.

My =254k ft Ans

Mpa= 643K f¢

Mye= ~643k-ft

My = 9.8k i

Mcp = ~99.8k.ft

Mpc = ~567k-fi Auns

N
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11~27 Wind loads are transmitted to the frame
at joint E. If A, B. E. D, and F are all pin-connected
and C is fixed-connected, decermine the moments ac
joint C and draw the hending-moment diagrams for
the gin:le;s BCE. Ei is constant.

3

wic = ver =0
Va=Veoo=Ver=V

Applying Eq. 1110,
Mes = Elioe -0y +0

Mex = Zi8c -0 +0

Mep = BETI(GC—V)‘*O‘ n

Moment equilibritim 2 C:
Mcs + Mcz + Mcp =0

3.?(9,) + -3%!6.: + %(ﬂc -»=0
v = 43336 @

From FBDs of members AB and EF :

(;u:u.-&. v,seo0
";ra::ﬁrz‘:em—tmmm.mrmumm:
DI =0 w-lzsmvu,.um

From FBD of member CD:

KT =0 Mep - 128) = 0

Mcp = 95 KN-m Ans
From Eq.(1).
96 = %m (8c - 433360)
~7638
9;_- = 2l
From Eq.(2),
. 3328
Y= "u
Thus,

Mcs = ~384kN.m  Am
Mg = -51.6KN-m  Ams
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