The sample calculation below, outlines the formulas and the methods
used by the RBSection software (www.sdceng.com/software.html) for
compliance with the requirements of FEMA 350 (July 2000), for a
Reduced Beam Section Connection for a single bay moment frame.

October, 2003

Problem:
Note: Initial sizes are from a frame analysis program using code specified lateral forces.

D=12 KIP DL=15KIF
U=23KP LL=21KP

DL=1.§ KIP/FT ﬂ
LL=1¢ KIP/FT

W16x57

130"

16°=¢0"

12'=0"

W14x53
W14x53

7 77

20'-0°
Beam W16x57
d,=16.4 in t,=0.715in S,=92.2 in® | ,=758 in®
h,=7.12 in t,, =0.43 in Z,,=105 in® R,=1.6 in’
Column W14x53
d,=13.9 in t,.=0.66 in S.=77.8 in® | .=541 in®
b.=8.06 in t,.=0.37 in Z,.=87.1in° R,=1.92 in’
Frame Properties
Col/Col distance 20 ft
Loads As shown above
Frame height 12 ft
Steel Grade A992 F, =50 ks F, =65 ks

_F,+F, _50+65
 2°F, 2°50
Ry=11

=1.15
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Calculate the Reduced Beam Section (RBS) geometry:

a=b,” 0.60=7.12" 0.60=4.272 say4.25 in
b=d,” 0.75=164" 0.75=12.3 say12.25in
c=b,” 0.20=7.12" 0.20=1.424 sayl.5in
AC? +? _ 4" 152 +12.252
- 815
=10.38in

Radius = =13.255in

X = a+% =425+ 12.25

U=20- (229). 2 1938 47191 1
12 12

Z,.=Z,-2 ¢ t,(d,-t,)=105-2"15 0.715 (16.4- 0.715 = 71.36in°
S, =59.22in° (Details not shown)

Code Checks:

Beam and column parameters:

1.

2.

Beam depth less than 36”? Beam is 16.4” deep
Beam weight less than 300 Ib/ft? Beam is 57 Ib/ft

Beam's span to depth ratio greater than 7?

Beam Length _ 20" 12- 13.9
Beam Depth 16.4

Soan Ratio = =13.79

Beam's flange less than 1-3/4 inches thick? Beam'’s flange is 0. 715" thick

Moment capacity of BM's flange less than 0.7xMplastic?

Plastic section mod ulus of beam's flange _ Zxt _ 79.83
Plastic section mod ulus of beam Z, 105

=0.76

Mom Ratio =
Z,=A, (d,-ty)=(0b, t,) (d,-ty,)=(712" 0.715)" (16.4- 0.715) =79.83 in®

Flange reduction less than 50% of flange width?
(b,-2"¢c) 712-2"15
by, 7.12

Flange reduction ratio = =0.579 = 57.9%

Column's size W12x or W14x? Column is W14x53

Column Width less than beam Width? 8.06 in vs. 7.12 in
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Calculated values:

(L- 9oy 2w, +05° vv”) (20- @) (1.2° 1.5+05 1.0)
Vg = 12 = 21.65kip From Dist Loads
2 2
13.98 13.98 13.98
V,, = Load” A _ ) oxg v a3- 12 )+ (05* 2.3* (13- —12 )+ (1.2*1.5* (16- —12)
BeamLength 2 2 2
1398
L (05* 2.1+ (16 12 1788+1427+2773+1618 _ )\
2 13.98
20- =2
1
Total = 21.65+4.04 = 25.69kip
. . . 11511 7136° 50 _ .
M, =C, R, Z, F,= =376.12 ft- kip

12

V, = 68.0kip (Calculated similar to Vg above)

M =M, +V, ~ x=376.12+68.0 %—43494ft-klp

MC:Mpr+Vp(X+ )= 37612+680(@ 213—9) 474.3 ft- kip

M
V, =2 ——+V = BN o5 60=7185 kip
L-d g 139
c 20__
12

15
05" 7.12
2

d. =009 (—2)=0.09" ( ) = 0.758 = 7.58%
C

max

Design checks:

1. Mf
M, <R"Z, F,,612=11"105" 50, 12=481.25 ft- kip

2. Doubler Plates

1 1
C. = = =072
y
C o Ze qyy LB
" s 59.22
c M. - h-h 072" 4743 12° 12 12)-164
v Moo —4 12 12)

= = 0.561in<0.27 in
(09 06 F, R, d. (d,-ty) ~(09) 06 50" 1.1 13.9° (16.4- 0.71)

FAIL- Doubler Plates Required
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. Continuity plates

F.” R
ty <04 |18 b, " t;”~ M 0.4 \/18 7.12° 7157 50 11 =1.21in>0.66 in
Fre Ry 1
b, _7.12 o .
ty < ? = T =1.187 in>0.66 in FAIL- Continuity Plates Required

. Beam flange

b
2" (R-0)+b,-2" JR?-(=2)? 2% (13.255-1.5)+7.12-2" \/132552 (712)
3" _ 3 _
- = - =3.22
27 t, 2 .715
2 2
D2 -2 7355322
‘/Fy /50
. Beam Web

=34.81

h, _dy- (2" ty) _16.4- (2° 0.715)
t t, 0.43

=59.11>34.81

_ 418
FE

. Allowable Beam Shear

FV,=F 06 F, d t,=09 06 50" 164" 0.43=190.40kip>V, = 71.87kip

. Allowable Beam Moment

FM, =F 2 F :Wzsgsjs ftkip

n X y

. Allowable Beam Moment at RBS

FMopgs =F " Zgs” F, =22 7i'236 0 _ 267.60 ftkip

END
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