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12-1. Determine the moments at B and C. EI is constant. s 3k/ft s

Assume B and C are rollers and A and D are pinned. F | s
IR |
& oA 00
@ pA IB IC D {'_-*D

8 ft l 20 ft l 8 ft—
LZ L2
FEM, 5 = FEMp = Jsz = -16,  FEMpy, = FEMp = WlT = 16
wL? wL?
Kow— 3EI _4EI Ko — 3EI
ABT g BC T Ty o= g

DFAB = 1 = DFDC

3E1

8
DFp4 = DF¢p = 35 AEl 0.652

_l’_ -
8 20
DFp, = DFcp = 1 — 0.652 = 0.348

Joint A B C D
Member AB BA BC CB CD DC
DF 1 0.652 0.348 0.348 0.652 1
FEM -16 16 -100 100 -16 16
16 54.782 29.218 -29.218 —54.782 -16
8 -14.609 14.609 -8
4.310 2.299 -2.299 -4.310
-1.149 1.149
0.750 0.400 -0.400 -0.750
-0.200 0.200
0.130 0.070 -0.070 -0.130
-0.035 0.035
0.023 0.012 -0.012 -0.023
2 M 0 84.0 -84.0 84.0 -84.0 Ok-ft Ans.
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12-2. Determine the moments at A, B, and C. Assume the
support at Bis aroller and A and C are fixed. EI is constant.

1>36

(DF)AB = 0 (DF)BA = m = 0.4
(DF)gc = 0.6 (DF)cp = 0
—2(36)?
12
(FEM)g4 = 216k - ft
—3(24)2
(FEM)gc = = —144 k- ft
12
Joint A B C
Mem. AB BA BC CB
DF 0 0.4 0.6 0
FEM -216 216 -144 144
-28.8 —43.2
4 N
-14.4 -21.6
EM -230 187 -187 -122 k - ft

3k /ft
(I
_IB

Ans.

12-3. Determine the moments at A, B, and C, then draw
the moment diagram. Assume the support at B is a roller
and A and C are fixed. EI is constant.

DF =0 DF = [>18 = 0.5263
(DF) 45 = (DF)p4 = S8 + 10 - >

(DF)cp =0 (DF)ge = 0.4737
~2(09)(18) _

-0.4(20)
(FEM)pc = ———— = -1.00 k- ft
(FEM)cp = 1.00 k - ft
Joint A B C
Mem. AB BA BC CB
DF 0 0.5263 0.4737 0
FEM -3.60 3.60 -1.00 1.00
-1.368 -1.232
["4 N
-0.684 -0.616
E M —4.28 2.23 -2.23 0.384 k - ft

L = .* — C
L6fta~6ft»L6ftﬂ-—lOft—-L10ftJ

9K 09x o4K
4\284&}21 1 2.232 S-ft l 0.384 k-t
_a , e
U ———1)
("'e"jt"" 67E+6Tt‘| 707¢ 10f¢
1014 & 0786k 02924K 01076 &
Mk-f¢)
o692
— A\ x
4 A 2 % ”‘
232
428
Ans.
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*12-4. Determine the reactions at the supports and then 500 Ib
draw the moment diagram. Assume A is fixed. £/ is constant. l l lgi)ollbi ftl l l
o P EC D
20 ft : 20 ft : 15 ft——
wL? wL?
FEMBC - _? - —2667, FEMCB - ? - 2667 )
Mep = 0.5(15) = 7.5k - ft
K _4EL _4EI S
4B~ g0 TECT 0 Co -
DF 5 =0 i
4ET !
_ _20 i
DFp,4 = DFpc = AEl +4El =05 !
20 20
DFcp =1
Joint A B C
Member AB BA BC CB CD
DF 0 0.5 0.5 1 0
FEM -26.67 26.67 -7.5
13.33 13.33 -19.167
6.667 -9.583 6.667
4.7917 4.7917 —6.667
2.396 -3.333 2.396
1.667 1.667 -2.396
0.8333 -1.1979 0.8333
0.5990 0.5990 -0.8333
0.2994 -0.4167 0.2994
0.2083 0.2083 -0.2994
0.1042 -0.1497 0.1042
0.07485| 0.07485 | -0.1042
10.4 20.7 -20.7 7.5 -7.5k-ft
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12-5. Determine the moments at B and C, then draw the 12 kN
moment diagram for the beam. Assume C'is a fixed support. 8 kN/m l
El is constant. l l l l l l l l l y "
AL sl <
| 6m ——dm————4m—]
Member Stiffness Factor and Distribution Factor.
% _ 3EI _ 3EI _EI % _ 4AEI _ 4EI _ EI
BAT Lpa 6 2 BC ™ Lpe 8 2
DF) =1 DF)z, = Elj2 = 0.5
(DFap =1 (OF)ps = s = O
DF)pc = Elj2 =05 DF)c =0
(DF)pc = El2+ B2 (DF)cp =
Fixed End Moments. Referring to the table on the inside back cover,
L> 8(6
(FEM)py =~ = (8 ) 36kN-m 8(6) kK 24k /2 kN
24 fa-m
PL 12(8) Saintntessnty intate | g
__rL_ _ . A
(FEM) g 3 3 12 kN-m / y jr f ,
' i % kam
PL _12(8) 1 k== 3m 5 |F amn [ #m |
FEM)cp = — =———=12kN- ;
(FEM)cs =~ 8 m 20:0 kn 28.0 k) 826 k) 375KN
(a)
Moment Distribution. Tabulating the above data,
Joint A B C
Member AB BA BC CB
DF 1 0.5 0.5 0
FEM 0 36 -12 12
Dist. -12 -12
-6
>M 0 24 -24 6

Using these results, the shear and both ends of members AB and BC are computed
and shown in Fig. a. Subsequently, the shear and moment diagram can be plotted,
Fig. b.
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12-6. Determine the moments at B and C, then draw the 12 kN/m
moment diagram for the beam. All connections are pins. 4m
Assume the horizontal reactions are zero. EI is constant. N C |
A | I = ¥'D
‘ 4m 7 4 m
12kN/m

Member Stiffness Factor and Distribution Factor.

3EI/4
DOF)ap =1 OF)pa= 7 T amrh =

1 3EI)2 2
3EI/4 + 3E1)2 3

OF)sc = Spra+ 3612 ~ 3

Fixed End Moments. Referring to the table on the inside back cover,

wl?  12(4%)
(FEM)p,4 = ? = 3

Moment Distribution. Tabulating the above data,

Joint A B
Member AB BA BC
DF 1 1/3 2/3
FEM 0 24 0
Dist. -8 -16
E M 0 16 -16

Using these results, the shear at both ends of members AB, BC, and CD are
computed and shown in Fig. a. Subsequently the shear and moment diagram can be
plotted, Fig. b and c, respectively.

2H) K
/6 KN)-m ‘Gm-m

V(kN)

7 /6.0

\. £:00 ./] x(m) | 4 /'\ 103 12

20.0 .

x(m)

0 [.ell\ 4 /O% I'Z/ 0 l'i7 } é

280 28.0
(k) )
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12-7. Determine the reactions at the supports. Assume A _ 12 kN/m
is fixed and B and C are rollers that can either push or pull /i l l l l l l l l l
on the beam. E/ is constant. g

—

e
‘A

|

Sm 25m
Member Stiffness Factor and Distribution Factor.
4E1 4EI 3EI  3EI
Kyup=—-—"=—=08EI Kpge=—=—-=12EI
BT L5 BC ™ Lpe 25
0.8E1
(D)4 = 0 (OF)sa = 48k + 1267 =
1.2.E1
DF)gc = ————————=0.
(OF)sc = G5pr + 1261 =~ 06
(DF)cp =1
Fixed End Moments. Referring to the table on the inside back cover,
wl? 12(5%)
wL?  12(5%)
(FEM)pc = (FEM)cp = 0
Moment Distribution. Tabulating the above data,
Joint A B C
Member AB BA BC CB
DF 0 0.4 0.6 1
FEM -25 25 0 0
Dist. -10 -15
co | s °
>M |30 15 -15
Ans.
Using these results, the shear at both ends of members AB and BC are computed
and shown in Fig. a.
From this figure,
A, =0 A, =33kNT B, =27+6=33kN]T Ans.
M, = 30kN-m(Q C,=6kN | Ans.
12(5)
30 kN'm W I5kN-m_ 27k 6k GKN ¢ kN

V)

———

—p .
[ 2sm 2:5m I5kem zem
%

33 kA 27.0kN
)
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12 kN/m

*12-8. Determine the moments at B and C, then draw the .
moment diagram for the beam. Assume the supports at :

12 kN/m

B and C are rollers and A and D are pins. EI is constant.

6 m

Member Stiffness Factor and Distribution Factor.

3EI 2EI EI
K= — =21 Kpo = — =22 =
AB L ag 4 BC e 6 3

3EI/4 9 El/3 4

OF)ps= 777 OF)pc=—=7""7 = =

DF) 45 = 1 =
(DF)4s 3EI/4 + 3EI/3 13 3EI/4 + EI/3 13

Fixed End Moments. Referring to the table on the inside back cover,

wL?  12(4%)
(FEM)py = — = ——

(FEM) 45 = (FEM)pc = 0 3 3

=24kN-m

Moment Distribution. Tabulating the above data,

Joint A B
Member AB BA BC
k2 4
13 13
FEM 0 24 0
Dist. -16.62 -7.385
>M 0 7.385 -7.385

DF 1

Using these results, the shear at both ends of members AB, BC, and CD are
computed and shown in Fig. a. Subsequently, the shear and moment diagram can be
plotted, Fig. b and c, respectively.

12(4) K 124) kN

7385 kN-M

J\ T
\ kc ) \ctt 4
em (II‘ 2m
@ 2585 kN

7385 kn-m

zm. | 2m
2215 kN 2585 kN

m
2215 kN

Vikn) M(kn.m)
25.8 204

; N\ %
] i [l xC’n)

22

' / "
185 0 124s

-258

(b )

: 1] ] 1
22z es Y e
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12-9. Determine the moments at B and C, then draw the 300 Ib
moment diagram for the beam. Assume the supports at B 200 Ib /ft
and C are rollers and A is a pin. EI is constant.
Y YV VY V¥V VY Yy
Member Stiffness Factor and Distribution Factor. E = = —lD
A BH cH
3EI 3EI 4E1  4EI

Kjyp= —=—"=03EI Kpe = —=——=04EI. e B b ager 5% iEpa s %

a8 = 7 10 BCT 10 5 : ‘.D . ‘

10 ft | 10 ft 81t
0.3EI 3 04E1 4

DF)gs=—— == DF)gc = ——————— ==
(OF)sa =037 v oar ~ 7 PP = 03Er + 0481 ~ 7
(DF)cp =1 (DF)cp =0

Fixed End Moments. Referring to the table on the inside back cover,
(FEM)cp = —300(8) = 2400 1b-ft  (FEM)gc = (FEM)cp = 0

wLlp  200(10°)
8§ 8

(FEM) g, = = 2500 b - ft

Moment Distribution. Tabulating the above data,

Joint A B C
Member AB BA BC CB CD
DF 1 3/7 4/7 1 0
FEM 0 2500 0 0 2400

Dist. 107143 142857 | 2400
CO 1200 71429
Dist. 51429 | 68571 | 714.29
CO 357.15 | —342.86
Dist. _153.06 | —204.09 | 342.86
CO 171.43 " -102.05
Dist. 7347 | 9796 | 102.05
Co 51.03 T —48.98
Dist. 2187 | —29.16 48.98
CO 2499 T -14.58
Dist. ~10.50 | -13.99 14.58
CO 7.29 ~7.00
Dist. 312 417 7.00
CO 350 ‘| —2.08
Dist. -1.50 2.00 2.08
CO 1.04 ~1.00
Dist. ~0.45 ~0.59 1.00
CO 0.500' ]  —0.30
Dist. 021 ~0.29 0.30
CO 015 ‘| -0.15
Dist. ~0.06 ~0.09 0.15
Co 007 T —0.04
Dist. ~0.03 ~0.04 0.04
SM 0 650.01 | —650.01 | 2400 2400

Using these results, the shear at both ends of members AB, BC, and CD are
computed and shown in Fig. a. Subsequently, the shear and moment diagrams can be
plotted, Fig. b and c, respectively.
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12-9. Continued

Soo/p
1751b 2400lbfe
5 5f’t,,))/c /oft KI 8f¢
/0651/b 175 1b
(&)
Vlb)
955
0 Soo
- 2 XCR)
4‘-67/5' /75 <8
-/065
(b)
MUlb.f¢)

RI86
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12-10. Determine the moment at B, then draw the
moment diagram for the beam. Assume the supports at A
and C are rollers and B is a pin. EI is constant.

Member Stiffness Factor and Distribution Factor.

K. _AEL_AEL . 4EI _4EI _
AB LAB 4 BC LBC 4
(DF)as =1 (DF)up =0 (DF)ss = (DF)pe = —0— =
AB AD BA BC EI + EI

(DF)cp =1 (DF)cg = 0

0.5

Fixed End Moments. Referring to the table on the inside back cover,

(FEM) ,p = 6(2)(1) = 12kN-m

(FEM) 45 = _V:?B = 6(;;2) = —8kN-m
(FEM)p,4 = ijB = 6(122) = 8KkN-'m
(FEM) ¢ = _VIZL e _ 6(1422) = —8kN-m
(FEM)(p = wle%c = 6(122) — 8kN-m

Moment Distribution. Tabulating the above data,

(FEM)cp = —6(2)(1) = —12kN-m

6 kN/m
y y Y ¥V LA
- =] -
R Bl CLC
~—2 m- } 4 m l 4m l 2mJ
V(k)
/3.5 12

MCkn-m)

Joint A B C
Member | AD AB BA BC CB CE
DF 0 1 0.5 0.5 0
FEM 12 -8 8 -8 -12

Dist. —4 0
[4
CcO )
>M 12 -12 6 -6 12 -12

Using these results, the shear at both ends of members AD, AB, BC, and CE are
computed and shown in Fig. a. Subsequently, the shear and moment diagram can be

plotted, Fig. b and c, respectively.

6)M

664) kN 6(4) kN 6(2) K
6 kN-m 12 KN-m
(PP 1 AV S T
R ‘f Y
_—Mm ,(P“m 2m ;lb rm™ im
10:5kN 3.5k 2 ku
(&)

XA(m)
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12-11. Determine the moments at B, C, and D, then draw

1.5 k/ft

the moment diagram for the beam. EI is constant. 10 k-ft

L

10 k-ft

il

(o

-

10 fta‘

10 ft | 20t 20t |
Member Stiffness Factor and Distribution Factor.
4E1  4AEI 4E1  4E1
KBC—TBC—E—O.ZEI KCD—TCD—W—O.Q,EI V(Ka)
(DF)ps = (DF)pg = 0 (DF)pc = (DF)pc = 1 18
02EI 12
(DF)es = OF)en = g1+ 0261 ~ %
¥ & xao
Fixed End Moments. Referring to the table on the inside back cover, 0 15 8 o 472\] T
(FEM)g, = 10k - ft (FEM)pr = —10k - ft %
12 1.5(20% -
(FEM)pe — (FEM)op — — 5 = J15C0) oy 8
12 12 b
) (b)
wL? 1.5(20%)
(FEM)c = (FEM)pe = — - = 5 = S0k-ft
Moment Distribution. Tabulating the above data,
Joint B C D MekA)
38 328
Member BA BC CB CD DC DE ’ [
/ 20 /\50 ¢o
FEM 10 -50 50 -50 50 -10 o— 4% /
Dist. 40 0 0 —40
co 20 20 ° 70
EM 10 -10 70 70 10 -10 )
Using these results, the shear at both ends of members AB, BC, CD, and DE are
computed and shown in Fig. a . Subsequently, the shear and moment diagram can be
plotted, Fig. b and c, respectively.
10kt /okft Pkft 10Kft okt
 — - I\ 7" -1 \
= 45 1 (— (=
[oft Frof 0 0/t /0f% q( /0ft /0f¢
12k 16k 12k
(@)
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*12-12. Determine the moment at B, then draw the 4k /ft
moment diagram for the beam. Assume the support at A is
pinned, B is a roller and C is fixed. EI is constant.

A JLB C
| 15 ft | ‘ 12 ft |
wl?  4(15%) ‘ - |
FEM 5 = == = == = 30 k- ft
wL?  4(15%)
FEMp, = === — = = 45k - ft
L wl? (#H(2) v (k)
FEMCB = 48 k . ft 6150
o ] i Q?R‘\( (ﬁ’)
Joint A B C \&% %
Member | AB BA BC CB _23.) ~23.06
DF 1 0.375 0.625 0
FEM | -30 45 —48 48
M-
30 1.125 1.875
15 0.9375
-5.625 -9.375
4688 AR AR
N x ({)3
>M 0 55.5 -55.5 44.25 o 274
Mg = —555k-ft Ans. -555

12-13. Determine the moment at B, then draw the
moment diagram for each member of the frame. Assume
the supports at A and C are pins. E/ is constant.

Member Stiffness Factor and Distribution Factor.

3EI 3EI
Kpc="7—="-=05EI
Be = c
3EI 3EI
Kpy=——=""7-=06EI
BA LAB 5
(DF)ap = (DF)eq = 1 (OF)sc = 5 om0 orr = 1 2
0.6E1 6
(DFypy =~ OOEL 6

0.5EI + 0.6EI 11
Fixed End Moments. Referring to the table on the inside back cover,
(FEM)cp = (FEM) 45 = (FEM)4 = 0

wLje 8(6%)
_BC = - = —36kN-
3 3 36 m

(FEM) 3¢
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12-13. Continued

Moment Distribution. Tabulating the above data,

Joint A B C
Member AB BA BC CB
6 5
DF 1 11 11 1
FEM 0 0 -36 0
Dist. 19.64 16.36
E M 0 19.64 -19.64 0

Using these results, the shear at both ends of member AB and BC are computed and

shown in Fig. a. Subsequently, the shear and moment diagram can be plotted, Fig. b
and c, respectively.

8(6) kN

o
3927kl
ﬁ\}iﬂ_

sm
(<)
-
3927 kA
2713”)]( 34im 2:59m 269 kN-m
= 19.6 ka-m
B \ - T ©
19.6 kN-m
2 [ [oeimel |
[ 34Im 2.59m |
5m 5m
._~L7‘ L 13.93 il

) | A )
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12-14. Determine the moments at the ends of each
member of the frame. Assume the joint at B is fixed, C is
pinned, and A is fixed. The moment of inertia of each
member is listed in the figure. E = 29(10%) ksi.

(DF) 45 =0
4(0.68751 yc)>16
DF)p, = = 0.4074
(DF)34 4(0.68751 5c)>16 + 31 pc>12
—4(16)
(FEM) 45 = = —8k-ft
(FEM)BA = 8k’ft
—2(12%)
(FEM)BC = = _24 k . ft
12
(FEM)¢p = 24 k- ft
Joint A B C
Mem. AB BA BC CB
DF 0 0.4047 0.5926 1
FEM 8.0 8.0 —24.0 24.0
6.518 9.482 | —24.0
3259 4 -12.0
4.889 7.111
2.444
>M -2.30 19.4 -19.4 0

B

2k /it

NRRRERRRRRENY

4k

‘ Ic = 800 in* cl

12 ft }

IAB =550 in4

24 K

....... ccoaveceay

4‘-—1 -11—

Ans.

194 ki
Si5kf(

i

& -2-30 k:ft
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12-15. Determine the reactions at A and D. Assume the 8 k/ft
supports at A and D are fixed and B and C are fixed
connected. ET is constant. B l l l l l l l l l l l l c
15 ft
(DF) 45 = (DF)pc = 0
DF)gs = (DF)¢p = 1715 = 0.6154
(DF)pa = ( )CD_I/15+I/24_ . A D |
\ \
(FEM) 1 = (FEM) 4 = 0
—8(24)
(FEM)BC = T = —384 k- ft
192 k&
(FEM)cp = 384 k- ft :92.57 k. l_ 202574
_____________________ .
(FEM)cp = (FEM)pc = 0 . £ ]
~ 12 ft ; 2fe l ( -0k
Joint A B C D ‘ 960k Jeor
Mem. AB BA BC CB CD DC it
DF 0 0.6154 0.3846 0.3846 0.6154 0
FEM —384 384
236.31 147.69 | —147.69 —236.31
7 2 M‘ 2 /40.28 g‘ft M,I. [4‘2& k'ﬁ
118.16 —73.84 73.84 —118.16 .b,’
45.44 28.40 —28.40 —45.44
27 | —1420 | 1420 207
8.74 5.46 —5.46 —8.74
L4 "4 \ﬂ
4.37 —2.73 2.73 —4.37
1.68 1.05 —-1.05 —1.68
7 K
0.84 —0.53 0.53 —0.84
0.32 0.20 —0.20 —0.33
7 2k
0.16 -0.10 0.10 -0.17
0.06 0.04 —0.04 —0.06
7 2%
0.03 —-0.02 0.02 —0.03
0.01 0.01 —0.01 —0.01
>M 146.28 292.57 | —292.57 292.57 —292.57 —146.28

Thus from the free-body diagrams:

=293k Ans.
Ay =96.0k Ans.
M, = 146k - ft Ans.
D, =293k Ans.
D, =96.0k Ans.
Mp = 146 k- ft Ans.
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*12-16. Determine the moments at D and C, then draw 5 k/ft
the moment diagram for each member of the frame.
Assume the supports at A and B are pins and D and C are
fixed joints. EI is constant.

Member Stiffness Factor and Distribution Factor.

Kun = Koo — SEL _3EL_EI _4EI _4EI _EI
ap = Kpe=——=—==7 =" =1 =3
(DF)ap = (DF)pc =1 (DF)pa = (DF)pc = (DF)cp
El/3 1
ZDFCB=7/ 1

EI/3 + EI/3 2
Fixed End Moments. Referring to the table on the inside back cover,
(FEM)4p = (FEM)ps = (FEM)pc = (FEM)cp = 0

wlep  5(12%)

wLip,  5(12%)

Moments Distribution. Tabulating the above data,

Joint A D C B
Member | AD DA DC cD CB BC
DF 1 0.5 0.5 0.5 0.5
FEM 0 0 60 60 0 0
Dist. 30 30 30 30
co 15 T 15
Dist. 7.50 7.50 ~750 ~750
o 375 | 375
Dist. 1.875 1875 , —1.875 | —1.875
o —0.9375 | 0.9375
Dist. 04688 | 04688 | —0.4688 | —0.4688
o 02344 02344
Dist. 01172 | 01172 -01172 | -0.1172
o —0.0586 | 0.0586
Dist. 00293 | 00293 00293 | ~0.0293
o —0.0146 |  0.0146
Dist. 00073 | 0.0073 | —0.0073 | —-0.0073
S M 0 4000 | —40.00 4000 | —40.00

Using these results, the shear at both ends of members AD, CD, and BC are
computed and shown in Fig. a. Subsequently, the shear and moment diagram can be
plotted.
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12-16. Continued

A0.00 k.ft

6 ft

4. 444K

gt

A A4k

40.0 k-ft

(b)

|
g a4 K

<)

40.0K:

9ft
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12-17. Determine the moments at the fixed support A
and joint D and then draw the moment diagram for the
frame. Assume B is pinned.

Member Stiffness Factor and Distribution Factor.

KADzﬂzg:g KDC:KDB:E:ﬁ:ﬂ
L,p 12 3 L 12 4
(DF)4p = O (DF)p4 = El/s =04
EI/3 + EI/4 + EI/4
El/4

(DF)pc = (DF)pg

EIj3 + Eljd + Elja 03

(DF)¢p = (DF)gp =1

Fixed End Moments. Referring to the table on the inside back cover,

wlip  4(12%)

wlyp  4(12%)
FEM)p, = = = 48k-f
( )pa B 2 8 t
L2 4(122
FEM)pe = ~ 250 = ) 3y

(FEM)¢p = (FEM)gp = (FEM)pg = 0

Moments Distribution. Tabulating the above data,

4K /ft

Joint A D C B
Member | AD DA DB DC CD BD
DF 0 0.4 0.3 0.3
FEM | —48 48 0 -72 0 0
Dist. 9.60 7.20 7.20
co 480
SM | 432 57.6 720 | —64.8 0 0

Using these results, the shears at both ends of members AD, CD, and BD are
computed and shown in Fig. a. Subsequently, the shear and moment diagram can be

plotted, Fig. b and c, respectively.

a4 Sa s
A
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12-17. Continued

124t

. A
o.éokifi

@)

5ft | &30ft + 735 ft | 46

228k | 94
{A \ 5.70ft ) és0ft 735ft | 4654
D| 060k c z:skft P2k ]

A P
'\ '\ A ~ ' '/.zo/off c

8.6k
R5ZK N |12 ft B2k STokft Mes.8 kft

B 000k
B

(b) )
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12-18. Determine the moments at each joint of the frame, 0.5 k /ft
then draw the moment diagram for member BCE. Assume B l l l l l l l l l l l l l
B, C, and E are fixed connected and A and D are pins. 2 k—>] 2
E = 29(10%) ksi. SWﬁ Ipc = 400in* C ([ EF
ICE = 400 il’l4
3 k——> Ipc = 500 in*
8tt | 17,5 =600in"
I S Aal?
l 241t 12 ft—
(DF)4p = (DF)pc =1 (DF)pc =0
3(A1.5150)/16
DF = = 0.6279
(D)5 3(1.51¢)/16 + 41 pc/24
= RE 2242k
(DF) ¢ = 0.3721 1943 k4t 242 kL " “mé/c LB 4t
N 41 5c/24 - € S S | O 7
(DF)cs = 41 5c/24 + 3(1.25130)/16 + 4l pc/12 ;-
| | | I, l, ,l
(DF)¢p = 0.3191 \l,' j12ft T a2ft ) 65t 6t
2K .
(DF)¢j = 0.4539 590k Guox 4 119%
~3(16) M(k-ft)
(FEM) 5 = —g— = —6k-ft 49
FEM =6k-ft
( )BA 2 2 204
_ —(05)(24* 1 } <Pa— Xt )
(FEM)gc = T = —24k-ft 783 24!—/,/5
(FEM)cp = 24 k- ft . 156
—(0.5)(12)? /79 -22.
(FEM)cp = (FEM)pc = 0
Joint A B C E D
Mem. AB BA BC CB CD CE EC DC
DF 1 0.6279 0.3721 0.2270 0.3191 0.4539 0 1
FEM -6.0 6.0 -24.0 24.0 -6.0 6.0
6.0 11.30 6.70 —4.09 —5.74 -8.17
3.0 —2.04 3.35 —4.09
—0.60 —0.36 —0.76 -1.07 -1.52
—0.38 —0.18 -0.76
0.24 0.14 0.04 0.06 0.08
0.02 0.07 0.04
—0.01 —0.01 —0.02 —0.02 —0.03
—0.02
EM 0 19.9 -19.9 224 —6.77 —-15.6 1.18 0
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12-19. The frame is made from pipe that is fixed connected. 18 kN 18 kN
If it supports the loading shown, determine the moments
developed at each of the joints. EI is constant.

} 4m 4m 4m |
FEM . = —2% — —48, FEMj = 2% = 48
Kap=Kcp = %, Kpc = %
DF 5 = DFpc =0
DFy, = DF¢p = m =075
4 2
DFpc = DFcp =1 —0.75 = 0.25
Joint A B C D
Member AB BA BC CB CD DC
DF 0 0.75 0.25 0.25 0.75 0
FEM —48 48
36 12 —-12 —36
18 -6 6 —18
4.5 1.5 -1.5 —4.5
2.25 —0.75 0.75 —2.25
0.5625 0.1875 —0.1875 —0.5625
0.281 —0.0938 0.0938 —0.281
0.0704 0.0234 —0.0234 —0.0704
20.6 41.1 —41.1 41.1 —41.1 —20.6 Ans.
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*12-20. Determine the moments at B and C, then draw
the moment diagram for each member of the frame.
Assume the supports at A, E, and D are fixed. EI is constant.

Member Stiffness Factor and Distribution Factor.

e N O T N Y
K= ELAEL_EL o k= Kep = YEL_4EL_EL ST
ABT L 12 3 Be BE o 16 4
DF = (DF = (DF =0 (DF = El/3 =04
(DF)4p = (DF)gp = (DF)pc = 0 ( )BA_EI/3+EI/4+EI/4_ :
DF = (DF = El/a =03
(DF)sc = (DF)sr = EI/3 + EI/A + EI/4
DF = (DF = Elja = 0.5
(DF)es = (DF)en = 5t prg =0
Fixed End Moments. Referring to the table on the inside back cover,
wL? g 2(12%)
(FEM) = ==t = ===~ = ~24k-ft
wlhp  2(12%)
(FEM)g4 = TR 24 k- ft
PL 10(16
(FEM)pe = —— € = ——(8 ) _ a0kt
PL 10(16
(FEM)cj = TBC = (T) =20k-ft
(FEM)gp = (FEM)gp = (FEM)cp = (FEM)pc = 0
Moment Distribution. Tabulating the above data,
Joint A B C D E
Member AB BA BE BC CB CD DC EB
DF 0 0.4 0.3 0.3 0.5 0.5
FEM 24 24 0 -20 20 0
Dist. -1.60 -1.20 -1.20 -10 -10
co 080 © 5 M 0.60 5 0.6
Dist. 2.00 1.50 1.50 0.30 0.30
CcO 1.00“ 0.15 Y075 0.15 0.75
Dist. —0.06 —0.045 —0.045 -0.375 -0.375
CcO -0.03 “ ~0.1875 ‘[ —0.0225 -0.1875 -0.0225
Dist. 0.075 0.05625 0.05625 0.01125 0.01125
CcO 0.037% 0.005625 B 0.028125 0.005625 0.028125
Dist. —0.00225 | -0.0016875| —0.0016875| —0.01406 —0.01406
EM -23.79 24.41 0.3096 —24.72 10.08 -10.08 -5.031 0.1556

Using these results, the shear at both ends of members AB, BC, BE, and CD are
computed and shown in Fig. a. Subsequently, the shear and moment diagram can be

plotted.
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12-20. Continued

232)K
2379k | 2441kt

=y
{l}“ i " Ch b

10-08 k-ft

10.08 K-ft
0.3096 k-f¢ 0.0291 K.
l6f¢ l6ft
00291k
- — _ 0-9445 K
01556 K, @) 5.032 kf+
59754 ) 60251, ,
II.%E : o BR SR 6 0.2,5/9‘ &ft * 8f
5915k ¢ e > 19 k.ft‘ 226kt
N : S
A A L2 4 <
4.085k. 1008 k-t
1205 238 k'f't o%'4‘k‘ff 247 k.ff
loft
0291 K
e 0.9445 K 0156 kft 503 kft

(b)

)
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12-21. Determine the moments at D and C, then draw the
moment diagram for each member of the frame. Assume
the supports at A and B are pins. E/ is constant.

16 kN

4m
Moment Distribution. No sidesway, Fig. b.
Ko g _3EL_3EL . _4EI _4EI _
pa = Rep =77 = 7y o= T T 77,___4 B
DF)up = (DF)gc = 1 (DF)p, = (DF)ep = ——21/4 3 i
(DF)4p = (DF)gc =1 (DF)py = ( )CB_3EI/4+EI_7
EI 4
(OF)pc = OF)cp = i w7 = =
3EI/A+ EI 7 /6
AN
Pba 16(3%)(1)
(FEM)DC = - L2 = - 42 = —9kN-'m Im 3m
P 16(1%)(3 ) c
(FEM)cp = — 5" = — ( 2)()=3kN-m
L 4 / / W
4m =
Joint A D B
Member AD DA DC CD CB BC
3 4 4 3
DF 1 2 d 2 2 1 A
7 7 7 7 é; é 8
FEM 0 0 -9 3 0 0
Dist. 3.857 5.143 ~1.714 ~1.286 (@)
CO -0.857 2.572
Dist. 0.367 0490 | -1.470 -1.102
CO -0.735 0.245
Dist. 0315 0420 | -0.140 ~0.105
CO -0.070 o 0.210 /6 kN
Dist. 0.030 0.040 | -0.120 ~0.090
CO -0.060 0.020 7 c P
Dist. 0.026 0.034 | -0.011 ~0.009 51@‘_
co -0.006 ‘T 0.017 ( M|
Dist. 0.003 0.003 | -0.010 -0.007
SM 0 4598 | —4.598 2.599 -2.599 0

for the entire frame

Using these results, the shears at A and B are computed and shown in Fig. d. Thus, A ;

- 2F,=0; 1.1495 —0.6498 — R =0 R = 0.4997 kN

b )
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12-21. Continued

For the frame in Fig. e,

Joint A D C B
Member AD DA DC CD CB BC
3 4 4 3
DF 1 7 7 7 7 1
FEM 0 -10 0 0 -10 0
Dist. 4.286 5.714 5.714 4.286
co 2857 T 2857
Dist. -1.224 -1.633 -1.633 -1.224
CcO -0.817 -0.817
Dist. 0.350 0.467 0.467 0.350
Co 0234 T4 0234
Dist. -0.100 -0.134 -0.134 —-0.100
CcO -0.067 -0.067
Dist. 0.029 0.038 0.038 0.029
co 0.019 7" 0.019
Dist. —-0.008 -0.011 -0.011 -0.008
>M 0 —6.667 6.667 6.667 —6.667 0 P c 2
y >
Using these results, the shears at A and B caused by the application of R’ are W
computed and shown in Fig. f. For the entire frame,
== 2F,=0; R'1.667 —1.667 =0 R’ =3334kN
Thus,
0.4997
Mpy = 4. + (—6. = 3.60 kN - Ans.
DA 598 + ( 6667)(3.334) 3.60 m ns A B
0.4997 é
Mpe = —4.598 + (6.667)( ) ~ ~360kN-m Ans. (©)
3.334
0.4997
= 2.599 + (6. = -3. . .
Mcp = 2.599 + (6.667) ( 3334 3.60 kN - m Ans
0.4997
Mcg = 2599 + (—6.667) (—) = —3.60kN-m Ans.
3.334 6.667 KN-m
6.06TkN-M
4 Y h" .Ekr
4.598 ki-m 2599 kN-m () c 1, ,
> ) > R
3 N & \
K k _r 4m 4o
{ /0 kKN-m
4m 4m ]
" / — N

[
— 3 A g .
= /./475’/0;#' Va=0.6498KN w% %'= 1.66TkN Vy=/667k]

@) @) )
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12-22. Determine the moments acting at the ends of each 6k /ft
member. Assume the supports at A and D are fixed. The

moment of inertia of each member is indicated in the figure. S
E = 29(10%) ksi.

Ige = 1200 in*

Icp =600 in*

15 »
IAB = 800 in

Consider no sideway ! 241t
(DF)4p = (DF)pc = 0
1 er/rt
L120)/15
D)y = 2B a6 CTTTIITTLT
(51 8c)/15 + 1pc/24
DF) 5 = 0.4839
(DF) gc 5 ]
DF)¢p = Isc/24 = 0.4545 i
(DF)cs = 0.515c/10 + Ipc/24 Jn ‘:f‘ A
DF)¢p = 0.5455 Bkilt -
(DF)cp e ST
(FEM) 45 = (FEM)p4 = 0 —
FEM) ¢ = 624" _ 288 k - fit
( Jsc = 2 A
(FEM)cp = (FEM)pe = 0 +
RI
Joint A B C D
Mem. AB BA BC CB CD DC e
DF 0 05161 04839 | 04545 0.5455 0 pis
FEM 288 288 — 20640 £
14864 | 13936 |—-130.90 |-157.10 1 ==t
74.32 6545 T 69.68 N 7855 ioR
3 .
3378 31.67 ‘2&—31.67 38.01 it Be: 20568
16.89 —-15.84 15.84 -19.01 lo322 Kt
8.18 766 | -7.20 864 A3 96,50 . fe
4.09 ~3.60 3.83 —4.32
1.86 1.74 174 —2.09
093 4 087 “T' 087 N 104
0.45 0.42 & ~0.40 —0.47
0.22 0.20 021 —0.24
0.10 0.10 ~0.10 ~0.11
Y le N
0.05 —0.05 0.05 —0.06
0.02 0.02 —0.02 ~0.03 AF i Bo55KHt
SM | 96.50 193.02 | -193.02 | 20646 |-20646 | -103.22 ’
0f¢
isfe
7528 2+
4928 K-f¢ Dati2-583 K
Ay »S06 K.
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12-22. Continued

= > F, = 0 (for the frame without sideway)

R + 19.301 — 30.968 = 0

R = 11.666 k
6E(0.751 45)A
~100(10%)
"~ 6E(0.751 4p)
6EI 45A’ (6EIAB>( 100(10%) )
FEM) 5 = (FEM), = = = 5926 k - ft
(FEM) a5 = (FEM)4 15? 152 J\6E(0.751 1)
Joint A B C D
Mem. AB BA BC CB CcD DC
DF 0 05161  0.4839 0.4545 0.5455 0
FEM 59.26 59.26 100 100
~30.58 | —28.68 —45.45 —54.55
~1529 4 273 Y —1434 —27.28
11.73 11.00 6.52 7.82
587 326 5.50 391
~1.68 -1.58 —2.50 ~3.00
—0.84 -125 —0.79 -1.50
0.65 0.60 0.36 0.43
032 4 0.18 0.30 022
—0.09 —0.09 ~0.14 ~0.16
—0.05 1 007 T —0.04 —0.08
0.04 0.03 S 0.02 0.02
002 7 0.01 0.02 S 001
SMm 4928 3931 | —3931 -50.55 50.55 75.28
R’ = 5906 + 12.585 = 18.489 k
11.666
M 5 = 96.50 + 4928) = 128k - f Ans.
A5 = 96.50 (18.489)( 9.28) Sk-ft ns
11.666
Mpy = 193.02 — <18.489)(39.31) =218k - ft Ans.
11.666
= —193.02 + -39.31) = . -
Mpe = —193.02 (18.489>( 39.31) = 218 k - ft Ans
11.666
Mep = 20646 — (m)(—SO.SS) =175k - ft Ans.
11.666
My = —206.46 + 55) = 175k - i Ans.
cD 06.46 (18.489)(50 55) 75k - ft ns.
11.666
= —103.21 + ( ———)(75.28) = —55.7k - .
Mpe = —103.21 ( 5 489)(75 28) = —55.7 k- ft Ans
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12-23. Determine the moments acting at the ends of each 1.5k /ft
member of the frame. EI is the constant.

15 k=1

20 ft

Consider no sideway

(DF) 15 = (DF)pc = 1 | it

31/20
= 0.4737 g xfit

31/20 + 41)24 pe SOCCOITITL,
——

(DF) ¢ = (DF)¢p = 0.5263

(DF)ga = (DF)¢p =

(FEM) 45 = (FEM)p4 = 0

—1.5(24)*
(FEM)pe = — o = ~T2 k-1t |
(FEM)cp = 72k - ft 1
> R
(FEM)cp = (FEM)pe = 0
Joint A B C D J
Member AB BA BC CB CD DC -
DF 1 04737| 05263 | 05263 | 04737 1
FEM —72.0 72.0
34.41 37.890 | —37.89 | —34.11 sesseft ot
~18.95 18.95
8.98 9.97 -9.97 -8.98 ok 2t
498 | 498
2.36 2.62 2.62 236
131 ] 131 A Rdos
0.62 0.69 —0.69 —0.62
—0.35 035
0.16 0.18 —0.18 -0.16
—0.09 ] 0.09
0.04 0.05 —0.05 —0.04
—0.02 0.02
0.01 0.01 —0.01 —0.01 crrf casortt
S M 4628 | —46.28 4628 | —46.28
28 20t
A3 128 * 328K
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12-23. Continued

EsF « = 0 (for the frame without sidesway)

R +2314-2314-15=0

R =150k
Joint A B C D
Mem. | AB BA BC CB cD DC
DF 1 04737| 05263 05263| 04737 1
FEM 100 100
4737 52.63 52.63 4737
26.32 26.32
1247 | 1385 | -1385 | —1247
24
6.93 ~6.93
3.8 3.64 3.64 3.28
1.82 1.82
~0.86 ~0.96 ~0.96 ~0.86
0.48 ~0.48
0.23 0.25 0.25 0.23
013 T 013
~0.06 ~0.07 ~0.07 ~0.06
0.03 ~0.03
0.02 0.02 0.02 0.02
~62.50 62.50 6250 | —62.50

R’ =3.125 + 3125 = 625k

1
Mpy = 46.28 + (75)(—62.5) = —104 k- ft Ans.
6.25
15
Mpye = —4628 + [ —> )(62.5) = 104k - ft Ans.
6.25
15
Mcp = 46.28 + 25 (62.5) = 196 k - ft Ans.
15
Mep = 4628 + 22 )(=62.5) = ~196 k£t Ans.
MAB:MDC:() Ans.
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*12-24. Determine the moments acting at the ends of
each member. Assume the joints are fixed connected and A
and B are fixed supports. E/ is constant.

Moment Distribution. No sidesway, Fig. b,

4EI _4EI _2EI 4EI _4EI _EI

— —
— Y C
—
—
| —
0.2 k/ft —> 18 ft
=

12 ft

K — = = —— =
AP L. 18 9 P Lep 205 s
\
. _4EL _4EI _EI | 201
BC ™ Lpe 1273
DF) . = (DF)c = 0 DF),, = - JEUS_ 10
(DF)4p = (DF)pc = ( )DA_2E1/9+E]/5_ 9
N /- B Roft
(DF)pc = 2EI/9 + EI/5 19 C
EI/S 3 EI/3 5 T
DF)p=— bt =2 DF)p=— =2
(DF)cp EI/5 + EI/3 8 (DF)cy EI/5+ EI/3 8 12t
FEM),, = - Va0 _ _0208) _ o 01k =
( )AD - 12 - 12 - . B
wl?p, 0.2(18%)
(FEM)ps = — 0 = =5 = 540k-1t
(FEM)pc = (FEM)¢p = (FEM)cp = (FEM)ge = 0
(4)
Joint A D C B
Member AD DA DC CD CB BC
10 9 3 5
DF 0 — = 2 b 0
19 19 8 8
FEM ~5.40 5.40 0 0 0 0
Dist. 2842 | -2.558
EI/ N
Cco ~1.421 ~1.279
Dist. 0.480 0.799
co 0240 [ 0.400
Dist. ~0.126 | -0.114
CO ~0.063 N 0057
Dist. 0.021 0.036
co 0.010 0018 | 02kfft
Dist. -0.005 -0.005 D
S M ~6.884 2427 | 2427 ~0.835 0.835 0.418 /

(b)
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12-24. Continued

Using these results, the shears at A and B are computed and shown in Fig. d. Thus,
for the entire frame,

+ 2F,=0; 02(18) + 0.104-2.048—-R=0 R =1.656k

For the frame in Fig. e,

6FEIA’ 240
(FEM)BC = (FEM)CB = — 10k‘ft, - L2 =-10 A’ = E

6EIN’  OEI(240/ED)

FEM) .5, = (FEM),, = = 4444k ft
( )AD ( )DA L2 182
Joint A D C B
Member AD DA DC CD CB BC
10 9 3 5
FEM —4.444 —4.444 -10 -10
Dist. 2.339 2.105 3.75 6.25
¥ S D < R
Cco 1.170 1.875 1.053 3.125 >
Dist. ) ~0.987 ~0.888 ~0.395 ~0.658 (
Cco ~0.494 ~0.198 ~0.444 ~0.329
Dist. 0.104 0.094 0.767 0.277
e > 8
Cco 0.052 0.084 0.047 0.139
Dist. 0.044 ~0.040 ~0.018 ~0.029
Cco —0.022 ~0.009 " —0.020 ~0.015 A
Dist. 0.005 0.004 0.008 0.012 e <)
Cco 0.003 0.004 4™ 0.002 0.006
Dist. ~0.002 ~0.002 ~0.001 ~0.001
DI -3.735 -3.029 3.029 4.149 —4.149 ~7.074
3029 kft 449G Kft
/7
A
RET kg A 0.825kft
- )
T =
! dilvd
" Ikt j2ft
2( | .
o =008k 4444 k-t
9t ;
0416KQ§_ [y
= A
7 Vi=20#0 Kk %
6884 kAt g
a €)
@) 4.444 Kft
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12-24. Continued

Using these results, the shears at both ends of members AD and BC are computed
and shown in Fig. f. For the entire frame,

== >F,=0; R —0376-0935=0 R =1311k

Thus,

1.656
= —6884 + | ——— |(-3.
M,p = —6.884 (1.311)( 3.735)
1.656

1.311

1.656

=11.6k-ft

—1.40 k- ft

Mpc = —2.427 + (7)(3.029) =140k-ft

1.311
1.656

Mcp 1311

1.656

Mcp = 0835 + (—)(—4.149) =

1.311
1.656

—0.835 + (7)(4.149) =441k ft

—441 k- ft

Mep = 0.418 + (—)(—7.074) = —852k-ft

1.311

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

12-25. Determine the moments at joints B and C, then
draw the moment diagram for each member of the frame.
The supports at A and D are pinned. E/ is constant.

Moment Distribution. For the frame with P acting at C, Fig. a,

3EI 3EI
KAB=KCD=T=? BC

(DF) 45 = (DF)pc =1 (DF)g4 = (DF)¢p =

4EI _ 2EI

10 5

3EI/13 15
3EI/13 + 2EI/5 41

DF)pc = (DF)cp = ___2EI5 26
(DE)sc = (DF)cy = 3EI/13 + 2EI/5 41
3EIAN , 16900
(FEM)g, = (FEM)cp = 100 k - ft; = 100 A’ = SEL
From the geometry shown in Fig. b,
5 5 10
Alpe = —=A"+ A" = — A’
K 13 13
Thus
10\ / 16900
6EI| = | ==
6EIA' e (13)( 3E1 )
(FEM)BC = (FEM)CB = P) = B) = _260 k‘ ft
Lyc 10

=431 A
LSft

10 ft
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12-25. Continued

(FEM)pc (FEM)cp
“ C P
N 134+
(Fzm )@:/Ook.ft \\

(&)

26698 k. 1— oft L P

M
/44'4'4'kft 4

Z28.888 K. 28-888k
12 ft
l =24.07k
L ‘/A=‘74'07 K ~ JL
) |
28888 k 26688 k_
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12-25. Continued

Joint A B C D
Member AB BA BC CB CD DC
DF 1 15/41 26/41 26/41 15/41
FEM 0 100 —260 —260 100 0
Dist. 5854 | 10146 | 101.46 58.54
co 50.73 50.73
Dist. 1856 | —32.17 | 3217 | -1856
co ~16.09 | —16.09
Dist. 5.89 1020 1020 5.89
co 510 ] 5.10
Dist. 187 | -323 323 -1.87
co -1.62 -1.62
Dist. 0.59 1.03 1.03 0.59
co 051 ] 051
Dist. 019 | -032 032 ~0.19
co —0.16 —0.16
Dist. 0.06 0.10 0.10 0.06
co 005 | 005
Dist. 002 | —003 ~0.03 —0.02
Su 0 14444 | 14444 | 14444 | —144.44 0

Using these results, the shears at A and D are computed and shown in Fig. c¢. Thus
for the entire frame,

5D F, =0; 2407 +2407 - P=0 P =4814k
Thus, for P =8k,

8
Mgy = (m>(14444) =240k-ft Ans.
Mpe = <L)(—144 44) = —24.0k-ft An
BC ™\ 48.14 : ' >
Mog = <L)(—144 44) = —24.0k - ft A
B~ \48.14 Y e
Mgy = (L)(144 44) = 240k - ft An
= \4814) 7 ' -
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12-26. Determine the moments at C and D, then draw the
moment diagram for each member of the frame. Assume
the supports at A and B are pins. EI is constant.

Moment Distribution. For the frame with P acting at C, Fig. a,

3EI _3EI _EI 3EI _3EI _EI

K — = = =
AL Lo 6 2 BT Ly 12 4

4EI _4EI _2EI

Kep= =~
L Lep 10 5

EI)2 5

(DF)4p = (DF)gc =1 (DF)p, = m — 5

(DF)pe = 2EIS 4
bC T EI2 +2EI5 9
2EI/5 8 El/4 5
DF)p==ct—=—" DF)p=cr o = —
(DF)ep 2EI/5 + EI/4 13 (DE)cs 2EI/5 + EI/4 13
3EIA 1200
FEM)p, = 100 k - ft; =100 A’ =——
( )DA ) L%)A EIl
3EIA'  3EI(1200/EI
(FEM)CB = P = ( 2/ ) = 25k'ft
Lig 12
A/

P A
(2584 kft

(FEM), j

(L)

12f¢ 44-96 k

oft

i=7.493k ! Ve=/-787 &
(b)
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12-26. Continued

Joint A D C B
Member AD DA DC CD CB BC
5 4 8 5

br ! 9 9 13 13 !
FEM 0 100 0 0 25 0
Dist. 5556 | —4444 | 1538 962

co 769 2222

Dist. 427 342 13.67 8.55

24

co 6.84 171

Dist. 380 | -3.04 -1.05 ~0.66

Co 053 | -152

Dist. 0.29 0.24 0.94 0.58

co 0.47 0.12

Dist. 026 | -021 ~0.07 -0.05

Co 004 | -011

Dist. 002 | -0.02 0.07 0.04

Sm 0 4496 | —4496 | —23.84 23.84 0

Using the results, the shears at A and B are computed and shown in Fig. c. Thus, for
the entire frame,

i,EFX =0; 7493+ 1987-P =0 P =9480k
Thus, for P =3k,

3
Mp, = (9480)(44 96) = 142k - ft Ans.

(—44.96) = —142k - ft Ans.

23.84) = 7.54k - ft Ans.
(

- (5am)
(9 80)( 23.84) = —7.54k - ft Ans.
o= (sa1)
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