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1 Steel support concept.
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1.1 Design of perimeter beam.
Uniform load w:


slab and beam framing: 
5.02 k / ft


perimeter beam (assumed):
0.025 k / ft


total:
5.045 k / ft

1.1.1 Span length: L = 4’
Bending moment: assume continuous over 3 spans


M
 = 0.10 * w * L2


= 0.10 * 5.045 * (4)2 = 8.072 k*ft

Allowable bending stress: Fb = 0.66 * Fy

Fy = 36 ksi (AISC F 3.1)


Fb = 0.66 * 36 = 23.76 ksi

Section modulus: S x = 
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Try W 8 x 10:
S x = 7.81 in3


b f = 3.94”



t f = 0.205”

Check width to thickness ratio: use AISC Table B 5.1
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From AISC allowable stress design table, pp. 2.31


Lc = 4.2 ft > 4.0 ft (  ok, unbraced length sufficient.

1.1.2 Span length: L = 8 ft
Bending moment: 
M = 0.10 * 5.045 * (8)2 = 32.29 k*ft
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Allowable bending stress:
 Fb = 0.66 * 36 = 23.76 ksi

Section modulus: S x = 
[image: image9.wmf]76

.

23

12

*

29

.

32

F

M

b

=

 = 16.31 in3
Try W 8 x 31:
S  x = 27.5 in3


b  f = 7.995 in



t  f = 0.435 in
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From AISC design table, pp. 2.31


L c = 8.4 ft > 8.0 ft ( ok, unbraced length sufficient.

1.2 Design of corbel bracket
1.2.1 Perimeter beam span: L = 4’.
Reaction at ends:
AISC beam formulas assuming continuous beam


R 
= 1.2 * W * L



= 1.2 * 5.045 * 4 = 24.22 k

Calculate beam seat: N
from AISC K 1.3 (b)
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From AISC K 1.4 (b)


R = 
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24.22 = 
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24.22 = 20.47 * [1 + 0.1989 * N]


N = 0.92 in

Required width of bearing:


W 
= N + 1 in (setback)



= 3.58 + 1 = 4.58 in, say 5 in.

Provided width of bearing: W = 9 in > 5 in ok

Set seat plate thickness to be of same or thicker thickness as the perimeter beam flange (t f = 0.435”).

Seat plate thickness: t s = 5/8” = 0.625”.

Determine vertical plate thickness: from AISC Table B 5.1:
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t v = 
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t v 
= 
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Required vertical plate thickness: t v = 0.57”

Provided vertical plate thickness: t v = 5/8” = 0.625” > 0.57” ( ok

Design welds:

Electrode: E70xx

From AISC J 2.4: minimum size of fillet weld = ¼”

Weld capacity: f weld = 2 * 0.707 * 0.25 * 0.3 * 70 = 7.42 k/in

Assume ½” termination, layout welds as shown.
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Shear: V = 24.22 k

Moment: M = 24.22 * 1.73 = 41.9 k*in

Stresses: 


f 1 = 
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I  x = 2 * 
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 * (11) 3 + 2 * 8 * (1.03) 2 = 238.81



I  y = 2 * 
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I p = 238.81 + 163.92 = 402.73 in3

f 2 
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= 2.23 k / in < 7.42 k / in ( ok.

1.2.2 Perimeter beam span: L = 8’.
Reaction at ends:
AISC beam formulas assuming continuous beam


R 
= 1.2 * 5.045 * 8 = 48.43 k

Calculate beam seat, N:
from AISC K 1.3 (b)


N = 
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From AISC K 1.4 (b)


R = 48.43 = 
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48.43 = 20.47 * [1 + 0.1989 * N] 
( 
N = 6.89”

Required width of bearing:


W 
= N + 1 in (setback)



= 7.15 + 1 = 8.15”, say 9”.

Provided width of bearing: W = 9” ( ok

Set seat plate thickness to be of same or thicker thickness as the perimeter beam flange (t f = 0.435”).

Seat plate thickness: t  s = 5/8” = 0.625”.

Determine vertical plate thickness: AISC Table B 5.1:


t v = 
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t v 
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Required vertical plate thickness: t  v = 0.57”

Provided vertical plate thickness: t v = 5/8” = 0.625” > 0.51” ( ok

Design welds.

Electrode: E70xx

From AISC J 2.4: minimum size of fillet weld = ¼”

Weld capacity: f weld = 7.42 k / in

Adopt weld layout similar to previous.
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Shear: V = 48.43 k

Moment: M = 48.43 * 1.73 = 83.78 k*in


I x = 238.81


I y = 163.92


I p = 402.73 in3
Stresses: 


f 1 = 
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1.3 Check top plate for bending
Trial thickness (from previous):


t w = 5/8” = 0.625”


t f = 5/8” = 0.625”

At span L = 8’:

End reaction: P = 
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Bending moment: M = 20.18 * 2.1875 = 44.14 k*in

Allowable bending stress: Fb = 0.66 * Fy = 0.66 * 36 = 23.76 ksi

Section modulus: S x = 
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Required thickness: t req = 
[image: image45.wmf]9

86

.

1

6

b

S

6

x

*

=

*

 = 1.11”

At span L = 4’:

End reaction: P = 
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Bending moment: M = 10.09 * 2.1875 = 22.07 k*in

Allowable bending stress: Fb = 23.76 ksi

Section modulus: S x = 
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Required thickness: t req = 
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93

.

0

6

*

 = 0.79”

Revise top plate thickness to be 1 ¼” and weld at minimum of 5/16” thick fillet weld.

2 Concrete support concept.
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Design perimeter corbel.

ACI 11.9 – special provisions for brackets and corbels

a < 4”

d = 12 – 2 – 0.5 * 1 = 9.5”
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Service loads:


DL = 3.47 k


LL = 1.55 k

Shear: V = 3.47 + 1.55 = 5.02 k

Bending moment: M = 5.02 * 
[image: image52.wmf]12
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 = 1.67 k

Material strengths:


concrete: f c’ = 3,000 psi, fc = 1,200 psi


reinforcement: f y = 60,000 psi, fs = 24,000 psi

2.1 Shear reinforcement:
AASHTO 8.15.5.4 shear friction

AASHTO 8.15.5.4.3


A vf = 
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coefficient of friction: 


( 
= 0.7 * (
(( = 1.0 for normal wt. concrete AASHTO 8.15.5.4.3 (c))



= 0.7 * 1.0 = 0.7


A vf = 
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2.2 Bending reinforcement:
Concrete density: W = 150 pcf

Concrete modulus: E c = (W) 1.5 * 33 * 
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 = 3320.56 ksi

Steel modulus: E s = 29,000 ksi

Modular ratio: n = 
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Bending moment: M = 1.67 k / ft

Effective width: b = 12”

Effective depth: d = 7.5”


k = 
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j = 1 – 
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A s = 
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Conservatively add shear & bending reinforcement to get total reinforcement required. Distribute reinforcement evenly perpendicular to beam longitudinal axis. This is slightly higher than the requirements of AASHTO 8.15.5.8.3 (d).

Total steel area: A sT = A vf + A s = 0.3 + 0.124 = 0.424 in2 / ft

Using #7 bars @ 12” o/c, A s = 0.60 in2/ft ( ok.

2.3 Check concrete shear:
AASHTO 8.15.5.2.1

Allowable shear: V c = 0.95 * 
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 = 52 psi

Actual shear: V = 
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Reinforcement shear: V = V – V c = 55.78 – 52 = 3.78 psi

AASHTO 8.15.5.3.2

Shear reinf.: A v
= 
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b = 12”, s = 12”
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2.4 Weld design
Electrode: E70XX, Fu = 70 ksi

Trial weld size: t = ¼”, fillet

Allowable shear: Fv = 0.3 * Fu = 0.3 * 70 = 21 ksi

Length of weld: L = 
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Try 2 – 6” weld length at each rebar side & analyze for bending capacity.

M = 5.02 * 4 = 20.08 k*in

Moment per weld line: 
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Allowable: 0.3 * 70 * 0.707 * 0.25 = 3.71 k / in


f v = 
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I p = 
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2.5 Reinforcement for incidental bending
Shear: V = 5.02 k

Pressure load: q = 
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Uniform load: N = 0.0784 * 8 = 0.64 k / in

Bending moment: M = 
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Beam parameters: 
f s = 24 ksi


j = 0.8966


d = 7.5”

Steel area: A s = 
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Use 4 - #4 bars: A s = 4 * 0.2 = 0.8 in2 ( ok.

In longitudinal direction, top & bottom anticipating continuity action in beam.

2.6 Design shear studs
All calculations assume 1 ft. width for simplicity.

Shear range: V r = 5.02 k / ft


Modular ratio: n = 9

Transformed width of concrete: b = 
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 = 1.33”

Areas:


A 1 = 1.33 * 8 
= 10.64 in2

A 2 = 12 * 0.375 
= 4.50 in2

Total = A1 + A2
= 15.14 in2
Centroid: 
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Statical moment: Q = 15.14 * 3.13 = 47.39 in3
Moment of inertia: 


I = 
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2.7 Design studs for fatigue.
AASHTO 10.38.5.1.1


S r = 
[image: image83.wmf]I

Q

V

r

*

 = 
[image: image84.wmf]32

.

112

39

.

47

02

.

5

*

 = 2.12 k / in

Allowable: Z r 
=  * d2
 = 7850 for 2 mil. cycles


= 7850 * (0.625)2 = 3100 lb / in


= 3.10 k / in

No. of studs: n = 
[image: image85.wmf]r
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Use one layer 5/8”  stud * 4” long @ 12” o/c. 

Check ultimate.


P u 
= 1.4 * P PL + 1.7 * P LL
(ACI 318-99, 9.2.1)



= 1.4 * 3.47 + 1.7 * 1.55 = 7.49 k

AASHTO 10.38.5.1.2


Shear connector strength:


S u 
= 
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= 
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= 15.6 k


60,000 * A stud = 60,000 * 0.31 = 18,600 lb > 15,595 lb ( ok

No. of studs: 
n
= 
[image: image88.wmf]u
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For added strength and safety for continuity of beam and sheet pile connection consider using two layers of studs.

( use two layers of 5/8”  studs @ 12” o/c staggered.

Copyright © 2004 Skyline Steel LLC







_1142120563.unknown

_1142120582.unknown

_1142120591.unknown

_1142120600.unknown

_1142120604.unknown

_1142120767.unknown

_1142121531.unknown

_1142840408.unknown

_1142859284.unknown

_1142865358.unknown

_1142193972.unknown

_1142194133.unknown

_1142120972.unknown

_1142121375.unknown

_1142120835.unknown

_1142120606.unknown

_1142120610.unknown

_1142120669.unknown

_1142120607.unknown

_1142120605.unknown

_1142120602.unknown

_1142120603.unknown

_1142120601.unknown

_1142120595.unknown

_1142120597.unknown

_1142120598.unknown

_1142120596.unknown

_1142120593.unknown

_1142120594.unknown

_1142120592.unknown

_1142120586.unknown

_1142120589.unknown

_1142120590.unknown

_1142120587.unknown

_1142120584.unknown

_1142120585.unknown

_1142120583.unknown

_1142120573.unknown

_1142120577.unknown

_1142120580.unknown

_1142120581.unknown

_1142120579.unknown

_1142120575.unknown

_1142120576.unknown

_1142120574.unknown

_1142120568.unknown

_1142120570.unknown

_1142120572.unknown

_1142120569.unknown

_1142120565.unknown

_1142120567.unknown

_1142120564.unknown

_1142120545.unknown

_1142120553.unknown

_1142120559.unknown

_1142120561.unknown

_1142120562.unknown

_1142120560.unknown

_1142120556.unknown

_1142120558.unknown

_1142120555.unknown

_1142120549.unknown

_1142120551.unknown

_1142120552.unknown

_1142120550.unknown

_1142120547.unknown

_1142120548.unknown

_1142120546.unknown

_1142120533.unknown

_1142120538.unknown

_1142120543.unknown

_1142120544.unknown

_1142120541.unknown

_1142120536.unknown

_1142120537.unknown

_1142120534.unknown

_1142120528.unknown

_1142120531.unknown

_1142120532.unknown

_1142120529.unknown

_1142120526.unknown

_1142120527.unknown

_1142120525.unknown

