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§13.1 Introduction

M, M,

p clamp B P’ C
N -

FEMAB FEMBA I FEMBC FEMCB::/Clamp
C
A — bl B /}—4__\ B i /”-
\\_//, — \\ﬁ_,// gucry
6,=0 B B =0
HB = O

Temporary clamps added at joints B and C to produce a
restrained structure consisting of two fixed end beams

Figure 13.1 Continuous beam analyzed
by moment distribution




§13.1 Introduction

- 1) ) 11

A N —
\;\\_\__,:/f_&:_ i \7\_\\\__;(_/9
s Mp, Mpc

Oc

Clamps removed and beam deflected into
its equilibrium position

Figure 13.1 Continuous beam analyzed

by moment distribution (continued)




§13.2 Development of the Moment

Distribution Method

A

c~
o0
a

v

Loaded beam in
deflected position

Free-body diagram of joint
B in deflected position

Figure 13.2 Various stages in the analysis of

a beam by moment distribution



§13.2 Development of the Moment
Distribution Method

UM = FEMBA

P :
0,=0 \-: )UM Clamp\::)
‘A -
A, 1 N B C ) (
- . . . . ] <

B
_&_
FEM,, FEMp, FEM,,,
Fixed-end moments in restrained beam Free-body diagram of joint
(joint B clamped) B before clamp removed

Figure 13.2 Various stages in the analysis of

a beam by moment distribution (continued)




§13.2 Development of the Moment
Distribution Method

1 DEM,, DEMgc \
DEM
A l B _x——2¢ COMge -
[ — R - _ [ f
——_ = C \_x B 6
FEM,, Op -
DEMy,
Moments in beam Distributed end moments
after clamp removed (dems) produced by joint

rotation 65 to balance the
unbalanced moment (UM)

Figure 13.2 Various stages in the analysis of

a beam by moment distribution (continued)




Example 13.1

Determine the member end moments in the continuous beam shown in
Figure 13.3 by moment distribution. Note that E/ of all members is
constant.

P =15 kips
< R’




Example 13.1 Solution

P =15 kips

* Compute the stiffness K of each
member connected to joint B.

K. = l _ { K —L_
AB LAB 16 BC LBC
L—LABZI6,4’L‘LBC:8’4"
Il [
- L Ko = —— Il I 31
KAB 16 Be 8 EK — KAB + KBC — 1_6 + g — 1_6

* Evaluate the distribution factors at
joint B and record on Figure 13.4.
K,, 1I/16 1

SK 31/16 3

DFg, =

K 1/8 2
DF,. = —& = / _ =
SK 31/16 3
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Example 13.1 Solution (continued)

—-30 +30 FEM (joint B clamped)
1 /2/ —10 | =20 \1/2 DEM (clamp removed)

s > _10|CoM

-35 +20 | 20 —10 | final moments (kip - ft)

* Compute the fixed-end moments at each end of member AB (see
Figure 12.5) and record on Figure 13.4.

—pL  —15(16)
+prL  15(16)

11



Example 13.1 Solution (continued)

Vig= 15 kips Vga = Ve = Vep=
8.44 kips 6.56 kips  3.75 kips 3.75 kips
( T T ;) ( T l ) end moments (kip - ft)
35 A 16’ B "0 20 ¢ 710
8.44
3.75
shear (kips)
6.56
32.52
10
/I moment (kip - ft)
-20
-35 Shear and moment curves

12



Example 13.2

Analyze the continuous beam in Figure 13.6 by moment distribution.
The E/ of all members is constant.

P =16 kips

R w = 2 kips/ft

Lyp=24 =!< Ly =24 —’LLCD: 12’ —»| EI constant

I I Il
Kap=757 Kpc=51 Kep=715

13



Example 13.2 Solution

P = 16 kips

w =2 kips/fit
PESPY *-1
A B 4 4 \ / \ / C D
R A T A D R N R R I S
= oy oy
~— L,z =24' =!< LBC:24,—’LLCD: 12/ | EI constant
Vi Vi Vi
Kyp oY) Kpc oY) Kcp = B

* Compute distribution factors at joints B and C and record
on Figure 13.7. At joint B:

I I 21
KAB:Z Kgczg EK:KAB_FKBCZQ
K,, 1/24
DFzy = =—=—"=—=05
PAUUSK O 210)24
K 1/24
DFBC be — /— 05

T SK 21/24

14



Example 13.2 Solution (continued)

* At joint C:
I/ / 3/
KBC:Z KCD:E EK:KBC_'_KCD:E
Kpe 1/24 1 Kep  1/12 2
DFBC — — DFCD — —

SK 3124 3 SK o 31/24 3

* Fixed-end moments (see Figure 12.5):

—pL. —16(24
+PL ,
FEMBA — T == +48 klp’ft
—wl?2  —2(24)°
FEM . = 1W2 ~ 1(2 S _ o6 Kip - ft

w .
FEMCB = T = +96 klp - ft FEMCD FEMDC =0

Since span CD is not loaded,

15



Example 13.2 Solution (continued)

temporary

® ™ ©

A /ﬁim=/1\i/2\ D
2T\ T\
—48 +48 | -96 +96 FEM (all joints locked)
___— +24 | 424 S DEM (joint B unlocked)
+12 +12 COM
=36 | 72 DEM (joint C unlocked)
// \\
—18 -36 | COM
+9 | +9 DEM (joint B unlocked)
// \\
+4.5 +4.5 COM
-1.5]-3 - DEM (joint C unlocked)
0.76% 15| coM
+0.38 | +0.38 DEM (joint B unlocked)
// \\
+0.2 +0.2 COM
-0.07 | -0.13 DEM (joint C unlocked)
-31.3 +81.38 | —81.38 +75.13 | =75.13 —37.5 | final moments (kip - ft)
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Example 13.3

Analyze the beam in Figure 13.8 by moment distribution, and draw the
shear and moment curves.

w=35.4 kN/m

17



Example 13.3 Solution

w =5.4kN/m
w =3 K/ 1.51 I
rou e s B B B QR PR AR
= C
151  ==B I = 2 5]
then EK: KAB_I_KBC:_
6 m L 6m— 6
1.51 I
KAB:TS Kpe=+¢
* Compute distribution factors at joint B:
K,, 151/6 Kpe 1/6
DF,; = = = 0.6 DFy. = = = 0.4
ASK 2516 PCSK 25106
wL? 3(6)
FEM, = —— = — = —9KkN-m
12 12

FEM,, = —FEM,; = +9kN-m

WL2 54(6)2

FEMCB — _FEMBC — +162 kN'm




Example 13.3 Solution (continued)

_ temporary
Analysis clamps
( 0.6 ) (04) (1)
9 49| 162 +16.2 | FEM
162
/—
g1
4918 | 46,12 _
14594 TR3.06
3.06
153«
/+0.92 +061\
10464 T 403
03
015«
+0.09 | +0.06
395 +19.19 | ~19.19 0
final end

moments

19



Example 13.3 Solution (continued)

V= 6.46 SKN/M 4154 154 194 19.4 -4 KN/m
( Tw Y VT > ( 1 1 > ( Tw Y ¥ 4
, —— ,
3.95 6m 19.19 T 19.19 6m T
Rg=30.94 Ro=13
19.4
6.46 \ 2.407 m
shear (kN)
2.153 m
11.54 13
15.65

0.74 m 243 m 1.186 m
30 T
= moment (kN . m)
3.95 V

~19.19
Shear and Moment Curves




§13.5 Modification of Member Stiffness

Figure 13.11

21



§13.5 Modification of Member Stiffness

01 =()
\ D
%A v -———-— B Beam with far end fixed

s = 1 Beam with far end
A . ) . ]
X\\__, ,/( unrestrained against rotation

6, = 1 rad HB—_ rad

Figure 13.12
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13.5 Modification of Member Stiffness

Mg 0p =1 rad Mpa=—-Myp
<| ; === i:!f: (é x |)
() - - - —A/,’o B
0, =1 rad Mpy = 04 = 1 rad Op =—1 rad
. L e L
2 2
Equal values of clockwise Single curvature bending by
moment at each end equal values of end moments
Myp

CA;T_____; ) n B Cantilever loaded at
A T T T ——— supported end

Figure 13.12 (continued)
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§13.5 Modification of Member Stiffness

axis of

symmetr
P 4 4 P

e T Y A

o | )
Aﬁ\\_//.-_O:L\B\\__,//_QE\, 72 LD

SRR, RN Y {ANN S YN |, DR

Beam BC of the continuous beam

Figure 13.13 Examples of symmetric structures.
symmetrically loaded. that contain members whose
end moments are equal in magnitude and produce

single-curvature bending
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§13.5 Modification of Member Stiffness

axis of " |
symmetry |

Beam BC of the rigid frame

Figure 13.13 Examples of symmetric structures, symmetrically
loaded. that contain members whose end moments are equal in
magnitude and produce single-curvature bending (continued

25



§13.5 Modification of Member Stiffness

2%

D I _ + _ - ~} 1 axis of
>;‘~‘j;3-{;- symmetry

axis of
symmetry

All four members of the box beam

Figure 13.13 Examples of symmetric structures, symmetrically
loaded. that contain members whose end moments are equal in
maqgnitude and produce single-curvature bending (continued

26



Example 13.4

Analyze the beam in Figure 13.14a by moment distribution, using
modified flexural stiffnesses for members AB and CD. Given: El is
constant.

P =30 kips o P =15 kips
w = 3.6 kips/ft

s ” ! g

27



Example 13.4 Solution

3/ 360 480
- —\ —/— :18 KBC:_:24

AB 4\ 15 20
Ko = 3(@) — 20 Ky =0
CD 4 18 DE

* Compute the distribution factors.

Joint B: SK =K, + Ky =18 + 24 =42
KAB 18 KBC 24
DF,, = = — =043  DFp. = = =057
A Sk 42 B Sk 42

Joint C: K = Kpe + K¢p = 24 + 20 = 44

Kye 24 Kop 20
DFyc = 5 == =055  DFgp === =77=045

28



Example 13.4 Solution (continued)

* Compute the fixed-end moments (see Figure 12.5).

Pab’ 30(10)(5%) Pba> 30(5)(10%)
FEMyp=——F5—=— > FEMp, = ——= 2
L 15 L 15
= —333 kip- ft = +66.7 kip - t
2

2

L
FEM )= ——— = —972kip+ft  FEMp.= —FEMp, = 97.2 kip - ft

12
FEM,;= —60 kip - ft (see Figure 13.14b) P =15 kips
The minus sign is required because the 15 kips l
moment acts counterclockwise on the D
end of the member. L

MDE=6O klp°ft 4>
29



Example 13.4 Solution (continued)

E)
—\_ =
-33.3 +66.7 +120 | -97.2 +97.2 | -60 FEM
+33.3 372
P —
+16.7 _18.6 «
23] -19
R
+16.2 | +21.5 Moment
TR 108 distribution
details
59|49
/
+1.3 | +1.7 \
TSNA
+0.8
~04|-04
0 +100.9 +123 | -123 +60 | —60 hnﬂ(fg?fﬁ‘;ms




Example 13.4 Solution (continued)

30 kips 3.6 Kips 15 Kips
Hesssnnusenenil
A"ﬂ" B C D :
T T T T
3.27 Kips 61.62 kips 73.01 kips 43.9 kips
Reactions

31



Example 13.5

Analyze the frame in Figure 13.16 by moment distribution.

P =32 kips

e o U

AL H , =
I
F

» 20’ »‘« 20’

32



Example 13.5 Solution

P =32 kips

10’

w = 3.6 kips/ft

A'ﬁ" 21 B 1
* Compute the distribution factors at joint B. - |
_3(2) I Y I
AP 4\ 20 40 TP 20 TP 10 40
KAB KBC KBF
DFzy = = =033 DFzre = =—==022 DFyr=—- =045
BA EK BC EK BF EK
* Compute the distribution factors at joint C.
20 P4\9 “ 0 60

DF.; =021 DF., =036 DFy = 043

33



Example 13.5 Solution (continued)

D ?:IH K
o P =32 kips '
w = 3.6 kips/ft 1 9’
l—— 10’
Y Y Y \ \ / \ /  / !
y
Ah )
21 B 1 C
1 I 10
F E |
!‘ 20’ ‘!‘ 20’ ‘!

* Compute the fixed-end moments in spans AB and BC (see Figure12.5).
wl?  —3.6(20)*

FEM,, = —FEM,, = + 120 kip - ft
—pL. —32(20)

FEMCB — _FEMBC — +80 klp' ft



Example 13.5 Solution (continued)

Meg=+ 55.1 “<H b

MBA:+149'4 MBC:_107'6 B 02
+ 24 + 1.6 — + 0.8
Map=___ 0 - 330 = 72 ~— _ 145 st
+ 120 — + 60.0 — 220 ~11.0 - b
~ 120 +120.0 800 + 80.0 (3@ ~ 03
B — 248
45 @3
MBF—— 450 I MCE__ 297 e
+ 3.2 — - 0.3 —
- 41.8 MCE:_ 30.0
F + 1.6 < E — 0.15 <
e — 225 - el —14.85 <-—

Analysis by moment distribution

35



Example 13.5 Solution (continued)
E’:[H —> 2.79 kips

32 kips
w = 3.6 kips/ft

28.53 kips <— 6.27 kips <— 4.5 kips
\T/MFB =20.9 kip - ft \T/MEC = 15 kip - ft
62.1 kips 13.37 kips

Reactions computed from free bodies of members




Example 13.6

Analyze the frame in Figure 13.18a by moment distribution, modifying
the stiffness of the columns and girder by the factors discussed in
Section 13.5 for a symmetric structure, symmetrically loaded.

w = 4 Kkips/ft

IBC = 600 in4

Iep =360 in®

axis of
symmetry

I,z =360 in*

L— 20/ >t 20/ =!

37



Example 13.6 Solution

w =4 kips/ft

y

\ A \J \i

\i Y \ 4

ALL

IBC = 600 in4

IAB =360 in4

ICD = 360 in4

axis of 18’
symmetry

20’

20/ ‘!

Ho

* STEP 1 Modify the stiffness of the
columns by for a pin support at points
A and D.

31 360
= = =15
4L

18

3
Kyup = Kcp = Z

* Modify the stiffness of girder BC by 2
(joints B and C will be unclamped
simultaneously and no carryover
moments are distributed).

111600 _

Kp-=——=— =175
BC 2L 2 40

38



Example 13.6 Solution (continued)

* STEP 2 Compute the distribution factors at joints B and C.
K,z 15 2

PFgy = Dbep = S0 = 155775 = 3

Kye 75 1

Pl =Dba = 5= 1577573
_ WL _ 4(40)°



Example 13.6 Solution (continued)

533.33 —533.33
x}_( 13 [ 1 )—f
=3 3 A
2 2
3 3
#—fFA D f{—
—355.55 +355.55
+177.78 —177.78
—533.33 +533.33
1 1
B = ( § ) ( § ) C

2 2\
+355.55 3 3 )—35555
i A D

* STEP 3 (a) Clamp all joints and
apply the uniform load to girder
BC. (b) Remove clamps at
supports A and D. The stiffness
of each column may be reduced
by a factor of % .

* STEP 4 Clamps at joints B and
C are next removed
simultaneously. Joints B and C
rotate equally and equal values
of end moment develop at each
end of girder BC.

40



Example 13.6 Solution (continued)

445 Kip - ft

355 kip - ft 355 kip - ft

355 kip - ft

19.75 kips

41



Example 13.7

Determine the reactions and draw the shear and moment curves for the
continuous beam in Figure 13.19a. The fixed support at A is accidentally
constructed incorrectly at a slope of 0.002 radian counterclockwise from
a vertical axis through A, and the support at C is accidentally
constructed 1.5 in below its intended position. Given: E = 29,000 kips/in2

and / = 300 in4.

6, = 0.002 rad

- 20/ L 25’

42



Example 13.7 Solution

=0.002 rad
T‘/_~&\ B C
f _&_ \\\\ _&_ "
0, = 0.002 rad T— L5
- 20 L 5 J

* Use the slope-deflection equation to compute the moments at each
end of the restrained beams.

2EI
MNF L (29}\/ + HF _ 3¢) + FEMNF

43



Example 13.7 Solution (continued)

0y = 0.002 rad Restrained
w clamp beam locked in

::/ Op=0 position by

T clamp

S —— — / temporary
\A B == W )
= BC 1.5 clamps at

== ! joints B and C
s = ., locints Ban
hpc = 25(12) c

* Compute moments in span AB: 6,=-0.002 rad, 65 =0, and @,z =
0. Since no transverse loads are applied to span AB, FEM,; =

FEM,, = 0.

(29 000)(300)

M, = 20(12) [2(—0.002)] = —290 kip-in = —24.2 kip - ft
2(29,000)(300) o |

My, = 20012 (—0.002) = —145kip-in = —12.1 kip - ft



Example 13.7 Solution (continued)

0= 0.002 rad Restrained
w clamp beam locked in

/ "
F =0 lam position by
- = — / P temporary
\A B == W ,

=~ e 1.5 clamps at

15 T joints Band C
25(12)

hpc =

* Compute moments in span BC: 6;=0, 6, =0, ¢ =1.5in/[25(12)] =

0.005.
FEMp- = FEM 5 = 0 since no transverse loads applied to span BC.

B ~2(29.000)(300)
My, = My = 205) [2(0) + 0 — 3(0.005)]

= —870kip-in = —72.5 kip - ft

45



Example 13.7 Solution (continued)

» Compute the distribution factors at joint B.

K,=X_15 g —3(@>—9 SK = 24
4B 90 BC 4\ 25
KAB 15 KBC 9
DF,, = = = 0.625 DF,, = — = — = 0.375
PASK 24 BC Sk 24
\ 4 — B
\ 0.625 o 0.375 | -\ C
-24.2 —12.1|-72.5 -72.5 | FEM
12_— +72.5
1363
Moment
4/1/2/ +30.2 | +18.11 distribution
+15.1
-9.1 +18.09 | -18.09 0 | final moment (kip - ft)

46



Example 13.7 Solution (continued)

V=045kip  045kip  045kip 0.724kip  0.724 kip

(l=t) (=z=)) (l=
i R |

Rp=1.174 kips Rp=0.724 kip

Free bodies used to evaluate shears and reactions

0.724
shear
(kips)
—-0.45
moment diagram
kip - ft
-9.1

—18.09
Moment curve produced by support movements

47



Example 13.8

If girder AB of the rigid frame in Figure 13.21a is fabricated 1.92 in too

long, what moments are created in the frame when it is erected? Given:

E = 29,000 kips/in2.

A B

[ =450 in® _T

[ = 360 in*

- 30 .

48



Example 13.8 Solution

1.92"

- Ar) * Add 1.92 in to the end of girder AB, and
A erect the frame with a clamp at joint B to
prevent rotation. Compute the fixed-end

/ moments in the clamped structure using
_Eié the slope-deflection equation.

— L]

'\

\/ clamp

Col BC: 0,=0 0.=0
Deformation introduced oiumn oo B C

and joint B clamped Ype = — 400133 rad
against rotation (65 = 0) 12(12)

* FEMg. = FEM,5 = 0 since no loads are applied between joints.

2EI

Mpe = Mep = T(_3¢’Bc)

2(29,000) (360)

RRTYITY [—3(0.0133)]

No moments develop in
= —5785.5kip-in = —482.13 kip-ft member AB because y g

=0,=6,=0. 49



Example 13.8 Solution (continued)

* Compute the distribution factors.

Kp=+="2_15 k=L _30 SK=15+30=45
BT T30 T2 - i
Ky 15 1 Kpc 30 2
DFp =——=-—== DFy=—-="—==
PUSK 45 3 Sk 45 3
| | — 482.13
+80.36 +160.71 /717 + 321.42
\3/ | - 16071
2
3/ + 160.71
— 482.13
~ 32142

Analysis by moment distribution (moments in kip-ft)

50



Example 13.8 Solution (continued)

1.92"
MAB = 8036 klp . f[ ‘—"
40.18 kips /> - @ @OO0— Yy
= L
/ “deflected
shape i
8.04 kips p Reactions and
_ deflected shape
| €=——40.18 kips
8.04 kips
80.36
v
- 10/ 4»‘ o . ~
160.71 moment (kip - ft)

C

321.42

51



§13.6 Analysis of Frames That Are Free

to Sidesway
A ‘A"
B | ————~ — C \7
| /
/ /
/ /
/ /
/ /
/ /
A /
AR |
D displacement
Displacement of loaded frame Linear elastic load
displacement curve
Figure 13.22
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§13.6 Analysis of Frames That Are Free

to Sidesway

1// 1//
1// 1//
e L 3 I
/ /

/
/

/ / /
/

/ / / /

/
/
/
Ax—H / e |

HA = O I I
Dl 1
Unit displacement of frame, Displaced frame with clamps removed,
temporary roller, and clamps joints rotated into equilibrium position;
introduced to restrain frame All member end moments are known

Figure 13.22 (continued)
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§13.6 Analysis of Frames That Are Free

to Sidesway
1//
Vi+V,=S ] 17
| 2 I < >
S —————————— - T
w_/ w_/ | /
-V P — T | /
_>Vl _>V2 / /
£ \ £ N\ | /

D — ——

Computation of reaction (S) at roller Frame displaced 1 in by a horizontal

after column shears computed; axial  force S, multiply all forces by P/S to

forces in columns omitted for clarity establish forces and deflections
produced in (a) by force P

Figure 13.22 (continued)

54



Example 13.9

Determine the reactions and the member end moments produced in the
frame shown in Figure 13.23a by a load of 5 kips at joint B. Also
determine the horizontal displacement of girder BC. Given: E = 30,000

Kips/in2. Units of / are in in4.

5 kips B C
-
I =200
20" [ {1=100
— RIA =200
< 40’ >!

55



Example 13.9 Solution

1//

[ ——|

'

MAB

BA

Mcp = Mpc

6EI
N

6EI
N

* Displace the frame 1 in to the right with
all joints clamped against rotation and
introduce a temporary roller at B. The
column moments in the restrained
structure are computed using Equation

13.21.
6(30,000)(100) o
= — — = —312kip-in
(20 X 12)°
= —26kip - ft
6(30,000)(200) o
= — — = —166 kip-in
(40 X 12)-
= — 13 kip-ft

56



Example 13.9 Solution (continued)

* The clamps are now removed and the column moments distributed
until all joints are in equilibrium. The distribution factors at joints B

and C are computed.
Joint B:

1200 20
ATy T
sK =2
4
Joint C
KCB:l:@ =5
L 40
1200
Roo =770 =
2K =10

Distribution factors

Kag _ 3
SK 7
Kpc _ 4
SK 7

Distribution factors

5 1
10 2
5 1
10 2

57



Example 13.9 Solution (continued)

+ 8.50
- 0.09 + 8.03
- 1.32 — — 0.66
+ 2.32 -+ 4.64
+ 7.43 —> + 3.72
4 1
7 2
3
7
|
A

—13.00

D | —

+ 4.64
+ 0.33 —TI

— 8.03

computations

—-10.51

+ 0.17
+ 2.32
—13.00

Moment distribution
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Example 13.9 Solution (continued)

$=0.89kip B C
| 1
043 €— 0.46 <—

Sy
A ok

V=043 kip ==V, =0.46 kip =——p

20’
Algle—
40’

1

Computation of <
roller force \T/lo.sl

S

* Compute the column shears by summing
moments about an axis through the base
of each column.

 Compute V..
ot EM, =0 20, — 85 =0

Vi =043 kip
* Compute V..

Ct SMp =0 40V, — 8.03 — 10.51 =0
V, = 0.46 kip

* Considering horizontal equilibrium of the
free body of the girder, compute the roller
reaction at B.

-+ 2F=0 SV -KL=0

S =046 + 043 = 0.89 kip 5o



Example 13.9 Solution (continued)

* To compute the forces and displacements produced by a 5-kip load,
scale all forces and displacements by the ratio of P/S = 5/0.89 = 5.62.
The displacement of the girder (P/S) (1 in) = 5.62 in.

0.89 kip ——peef’

o
- ¥

/043 kip /

A /

10.51 kip-ft\A/

0.41 kip

Forces created in the frame by a
unit displacement after clamps
removed (moments in Kip-ft and

forces in kips)

5.62" 5.62"
~— ‘;-77 45.13X<—»|
5 kips > = ”/ ‘\,
N /
| 47.77 TN
/ 4513 | /
/ //
/242 kips /
= /
2.58 kips
_|—
Y A
2.32kips 5907 kip - ft\ | o

2.32 kips

Reactions and member end
moments produced by S-kip
load
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§13.7 Analysis of an Unbraced Frame for

General Loading

B l C B 1 C B __C
[ o~ | | R | F
/ - | \ \ / |
| /I \\ \\ / |
P e // | = P —> | ,| + // /
/ / l / ,
/ // /I / // //
/ /
D A .8 o = o
Case A Case B
Deformations of an Sidesway prevented by  Sidesway correction,
unbraced frame adding a temporary roller holding force reversed
that provides a holding and applied to structure
force Rat C at joint C

Figure 13.24
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Example 13.10

Determine the reactions and member end moments produced in the
frame shown in Figure 13.25a by the 8-kip load. Also determine the
horizontal displacement of joint B. Values of moment of inertia of each
member in units of in4 are shown on Figure 13.23a. E = 30,000 kips/inZ2.

B C
1 A
10’ =200
8 Kips === 7= 100
10’
— KA 7=200|| 4V
D |
I 40’ =!

62



Example 13.10 Solution

e}

8 KIpS mmip-

A

Case A solution
(sidesway prevented)

* An imaginary roller is introduced at support
B to prevent sidesway. The fixed-end
moments produced by the 8-kip load are
equal to

8(20)
3

PL .
FEM = i? = = *£20 k1p°ft

* The analysis of the restrained frame for the
8-kip load is carried out
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~16.15
= 0.00 — 459
+ 0.16 «—+ (.31
— 122 — ~ 0.61
+ 2.14 «~—+ 4.28
~17.14 — — 8.57
4 1
7 2
+ 4.29
3 ] + 0.30
7 21 + 459
1
+ 0.15
R + 2.15
) + 2.30
Case A analysis 1
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Example 13.10 Solution (continued)

R = 4.97 kips ,
— | T * Since .the roller force at B equals
V, =4.8 —> Vy=0.17 =2 4_.97 Kips, add thg Case B |
G \l/ sidesway correction shown in
Figure 13.25c.
TN 615 /1\4.59
Vi 4'— V, t— R =——p I~_-—/ — \/
8 kips / /
b —— / /
10’ / //
—  R<€——3.2kips g
[
|
0.51

0.17 kips Case B

(sidesway correction)

force at B for Case A

Computation of holding 23 \l/
0.51
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Example 13.10 Solution (continued)

| 44.8\ ﬁig.‘ * All forces and displacements in
RS — — _ Figure 13.23e are multiplied by a
FINN 4743 LN scale factor 4.97/0.89 (from Example
14743 / 44.8 12.9) = 5.58.

// /
/ /

Ige—2.4kips

l l’ 2.57 kips
231 \1/58.65
231

Sidesway correction
forces, Case B
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Example 13.10 Solution (continued)

40.38
* The final forces in the frame
produced by summing the Case A
31.45 and Case B solutions are shown in
31.45 40.38 Figure 13.25g. The displacement of
the girder is 5.58 in to the right.
8 kips
e
5.6 kips
1 7}1(1 . ﬁl Kips Final results from superposition
' ps of Case A and Case B
56.56 kip - ft \T/
1.78 kips
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Example 13.11

If a member BC of the frame in Example 13.9 is fabricated 2 in too long,
determine the moments and reactions that are created when the frame
is connected to its supports. Properties, dimensions of the frame,
distribution factors, and so forth are specified or computed in Example
13.9.

B C
1 A
10’ =200
8 Kips === 7= 100
10’
— KA 7=200|| 4V
D |
I 40’ =!
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Example 13.11 Solution

temporary
roller - } C

T I]O\ 0p=0
B

20’ \
\ GA:O ’
L UL/ 40

ol D
40—

* Compute the end moments in column AB due to the chord rotation, using
the modified form of the slope-deflection equation given by Equation 13.20

2 1

= — — d
Yar = o002y T 20 ™
" " 6E] 6(30,000)(100)( 1 >
S § as = 20 X 12 120

= 625 kip - in = 52.1 kip - ft



Example 13.11 Solution (continued)

- 398
—14.08 + 0.26
_ 1.06 — - 0.53
+ 1.86 «—+ 3.72
~14.90 — — 7.45
4 1
7 2
52.10 [
-26.10 | =
7
—11.10
— 0.80
+14.08
52.1
-52.1

oi

Moments in frame associated with

D | —

removal of clamps shown in (a)

+ 0.13
+ 1.86

+

[
O
\O

* Carry out a moment
distribution until the
frame has absorbed the
clamp moments
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Example 13.11 Solution (continued)

0.85 kip B
| | |
0.70 =0 0.15 ——>

\‘/ 14.08 \l/ 3.98
0.45 0.45
0.45 /T\O‘AS

0.70 <t 0.15 <t
0.70
— oA
0.45
—> 0.15
1.99 \l/
0.45

Computation of holding force
in temporary roller at B

* The reaction at the roller
is next computed from
the free-body diagrams
of the columns and
girder
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Example 13.11 Solution (continued)

* Add the sidesway correction

A= 0.96" 1.04 0.96"’
—_—
il |]o 0.85 = _ == -
\ /
\ /
) /
+ = AN ;
0.70 il 0.41 0.29 kip /
0.15 .
T — 1 DAL T 1l (.29 kip
0.45 .
1.99\1/ 0.39 0.06 kip N
\PIO.(M- 8.05 kip-ft
0.45 0.39 0.06 kip
Results of Sidesway correction made Final results
analysis by multiplying results in

Figure 13.23e by 0.85/0.89
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§13.8 Analysis of Multistory Frames

Al‘

Building frame with two degrees of sidesway

Figure 13.27
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P,

Restraining forces
introduced at joints
D and E

§13.8 Analysis of Multistory Frames

—_

R /

1

] b
e 0 - St — = . 512
'\ /
\
/ J 1
\| & / ﬂ/E
= — - 5, + —= — 5
\ l l
| | |
I \ \
| \ \
| \ \
| \ \
Case I Case II

Case Il correction,
unit displacement
introduced at joint E

Case | correction unit
displacement introduced
at joint D

Figure 13.27 (continued)
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