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Base Plates For Concentrically L.oaded Columns

When a steel column is supported by a footing it is necessary for the
column load to be spread over a sufficient area to keep the footing from
being overstressed .Loads from steel columns are transferred through a

steel base plate to large area of the footing .

The base plate can be welded directly to the columns ,or they can be
fastened by means of some type of bolted or welded lug angles .These

connection methods are illustrated below :
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The base plate is usually larger than the column size by as much as 3 to 4
in ,all around to provide room for the placement of the anchor bolt holes
outside of the column .

During steel erection 1/4-in, thick leveling plates ,which are slightly larger
than the base plates or leveling nuts are used to plumb the column see fig.
below :
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In the design of the base plate , the bearing stress below the plate are
assumed to be uniform and the base plate is assumed to bent in two
directions into a bowl-shaped surface .

Plate Area

The nominal bearing strength, Pu, is determined as follows:

(a) On the full area of a concrete support:

Pu=0.85¢, fc.Al .................. (J8-1)
(b) On less than the full area of a concrete support:
Pu = 0.85¢, fc A1\/7 <17fcAl......... (J8-2)
A1
P,
A1 =

0.85¢, fc\/;
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where

A, = Base plate area = B X N,
B = Width of base plate,
N = Length of base plate,
A, = Area of concrete pier concentric with the base plate area, A,, projected at the
top of the concrete pier (or at the top of the concrete footing when the column

base plate is supported directly by the footing) without extending beyond the
edges of the pier or footing,

f! = Compressive strength of the concrete pier or footing, ksi, and
&, = Strength reduction factor for concrete in bearing = 0.65 (ACI 318).

A,
1< [—<2
A,
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Plate Thickness

In determining the base plate thickness ,the base plate is assume to be rigid
enough to ensure a uniform bearing pressure distribution at the base plate
The requared plate thickness as :

tp =
e s N OS5
2 s
" — B — 0.80b,
2 L] and
i o A
n = Z\/d_bf

The above equations are valid for W-shaped columns. For a square HSS column,

N—b
m = —= %
B — b
il o= 5 and
, _ b
n = Z,
where
&, = 0.9 (strength reduction factor for plate bending),
F, = Yield strength of the base plate,
3 = Depth of column,
b, = Flange width of column,
m, n, \n' = Cantilever lengths of the base plate beyond the edges of the critical area

of the column,

¢ = Maximum of (m, n, an'),

A is conservatively taken as 1.0 [10] in this text, and

b = Width of square HSS column.

N~ VA + A

A, = area of plate = BN
A = 0.5(0.95d — 0.80 by)

N:\/A1+A
Ay
B~y
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Example (1)

Design a base plate of A36 steel (F, = 36 ksi) for a W12 X 65 eolurl (Fy = 20 k.Si)
that supports the loads P, = 200 k and P, = 300 k. The concrete has a compressive
strength f! = 3 ksi, and the footing has the dimensions 9 ft X 9 ft.

Solution. Using a W12 X 65 column (d = 12.1 in, by = 12.01in)

LRFD ASD
P, = (1.2)(200) + (1.6)(300) = 720k P =200 + 300 = 500 k
A, = footing area = (12 X 9)(12 X 9) = 11,664in> | A, = 11,664 in>

Determine required base plate area A; = BN. Note that the area of the supporting

concrete is for greater than the base plate area, such that \/§ =20
1

LRFD ¢, = 0.65 ASD O, = 250
Pll )
A.= N A= Ll (500)(2.50)
CAGE N O.SSfﬁ (0.85)(3)(2)
1 4,
3 720 _ . 2 = 245 in?
= 065 085)(3)(2) 217.2 |nl
e
The base plate must be at least as large as the column byd = (12.0)(12.1
145.2in* < 217.2 optimize base plate dimensions to make m and n
LRFD ASD
0.95d — 0.8b; :
R = A = 0.947 in
2
0.95)(12.1) — (0.8)(12.0
_ (0.95)( )2 L F—
N=VA, + A= V217.2+0.947 - 157 N= V245 + 0947 = 16.6 in
Say 16 in Say 17 in
A, 72 ) 245
B === 136in B= "= = 1441
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FIGURE 7.15 ——B=16in——*

As previously mentioned, we might very well simplify the plates by making them
square —say, 16 in X 16 in.

Check the bearing strength of the concrete.

LRFD ¢. = 0.65 ASD Q. = 2.50

: P, 085f.A [&
¢,.P,,=¢co.85ffA,\/1;I] o.” 0. VA

(0.85)(3)(16 X 16)(2)

065 0.85)(3)(16 X 16)(2) e 250 = SH2k > 0k 0K

848.6 > 720k OK

L

Computing required base plate thickness

_ N — 0954 16 — (0.95)(12.1)

) > = 2.251in
B — 0.8by 16 — (0.8)(12.0)
n = = = 3.20 in
2 2
. Vdby  \/(12.1)(12.0)
il === == - = 3.01 in

€ = largestof m,n,or n’ = 3.20 in

LRFD ASD ]

[__ 2P, s 3.33P,

Treqd = € O.QFYBN Lreqd = f\/;‘ﬁ‘]v
o [ @ _ 320, [CCRY_
= 3.20\/ 55)(36)(16 x 16) _ 0" 204/ B6)ia6)(16y ~ 1-36in

1 ;
L Usep]_lé % 16 % 1 ft 4in A36. Use PL 1 x 16 X 1 ft 4 in A36,
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Example (2)

A base plate is to be designed for a W12 X 152 column (F, = 50 k_Si) that supports t_he
loads P, = 200 k and P, = 450 k. Select an A36 plate (F, = 36 ksi) to cover the entire
area of the 3 ksi concrete pedestal underneath.

Solution. Using a W12 X 152 column (d = 13.7in, by = 12.5in)

LRFD ASD

P, = (1.2)(200) + (1.6)(450) = 960k | P, = 200 + 450 = 650 k

Determine the required base plate area, noting that the term g /é is equal to 1.0
since A; = A,. A ’

LRFD ¢, = 0.65 ASD Q, = 250
PH
A] = Al = —-—ﬂ__
B.(0.85f1), [A2 0.85f". [A2
A, f A
) 960 _(650)(2.5)
0.65 (0.85 x 3)(1) (0.85)(3)(1)
= 579.2 = 637.3in? «
Aymin = db; = (13.7)(12.5) A;min = db; = (!3.7)(]2.5)
= 171.2 in? = 171.2 in? i ool
Optimizing base plate dimensions n ~ m
LRFD ASD
0.95d — 0.8b;
A R i e
2
0.95)(13.7) — (0.8)(12.5
=( ( )2( )( )=1 1in A = 1.51in
N=VA +A =S“ 2 N = V6373 + 1.51
= 256 ay =2675in.  Say27in
A, 579.2
e il = 223 _ 6373
B=- 7 B = 27 = 23.60in
Say 23 Say 24 in
Faculty of Engineering A3al8l) 5 _pcalaal) Al-Mustansirya University



(Compression Member)

Check the bearing strength of the concrete.

LRFD ¢, = g ¢s

ASD Q. = 2.50

P, = 6 085f.A,./ 4
A,

= 0.65 (0-85)(3) 23x26 (1)

P, 085f.A;, [A;
Q. q, \/AI.
(0.85)(3)(24 % 27)
N 2.50

(1.0)

91.2 > 960k OK

=661k > 650k OK

Computing required base plate thickness

N — 0954 27 — (0.95)(13.7)

= 5 > = 6.99 in
B — 0.8b 24 — (0.8)(12.5)
_ f_ . .
n = > > 7.00 in
' db (13.7)(12.5)
y f )
n = = = 3.27 in
4 4
€ = maximum of m,nor n' = 7.001in
LRFD ASD
2P, _ [3.33P,
treqt = 4\[G9F, BN tws = ¢\ Tt
B (2)(960) " [;E;?}')'(GSU)
= 70N 09)(36) 23x26 = 700\ (3624 x 27)
= 2.05 = 2.13in

Use 2 % x23 x2ft2in A 36 plate with 23%26 concrete pedestal

Example (3)

Repeat Example 2 if the column is to be supported by a concrete pedestal 2 in wider
on cach side than the base plate.

Solution. Using a W12 X 152 (d = 13.7in, b, = 12.5in)

LRFD

ASD

A, required from Examplc 2
Was' 579.2

P, = (1.2)(200) + (1.6)(450) = 960k

solution

P, = 200 + 450 = 650 k

A, required from Example 7-6 solution
was 637.3 in’
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If we try a plate 24 X 25 (A, = 600in?), the pedestal area will equal

(24 + 4)(25 + 4) = 812in? and , ,Jf will equal . ,‘% = 1.16. Recalculating the A,
1
values gives

LRFD 4_= p.65

Pﬂ
" 2
P (0.85f; }\ﬂ _‘;{;
960

= (0.65)(0.85)(3)(1.16)

Ay

= 4993 in?|

Optimizing base plate dimensions n ~ m

LRFD

0.95d — 0.8b;

2
~(0.95)(13.7) — (0.8)(12.5)
¥ 2

N = VA, + A = V49038 + 1.51
= 23.66in  Say,24in

N

= 1.51in

Ay 4.8 v
B = R e 20.45 in
Say, 21 in

Use pedestal 25 < 28
;[
VA, Naeney P

Check the bearing strength of the concrete

LRFD ¢, = 0.65

P, = M.ssml,f;”f

= (0.65)(0.85)(3)(21 x 24)(1.18)
=9857k > 9%0k OK
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Computing required base plate thickness
N — 0.95d e 24 — (0.95)(13.7)

n = > > = 549 in
B — 08b; 21 — (0.8)(12.5
. L= (@81123) _ 50
2 2
Vdb V(13.7)(12.5) '
n = = = 3.27 in
4 4
€ = maximum of m. n or n* = 5.50 in
LRFD
f = ==
read = “\ 0.9F,BN
» (2)(960) |
= 330\ (09)(36)(21)(24)
= 1.89in

Use 2 X 21 X 2 ft 0 in A36 base plate with 25 X 28 concrete pedestal ( f. = 3 ksi).

Example 4

A HSS 10 X 10 X %with F, = 46 ksi is used to support the service loads Pp = 100 k

and P; = 150 k. A spread footing underneath is 9 ft-0 in X 9 ft-0 in and consists of re-

inforced concrete with f. = 4000 psi. Design a base plate for this column with A36
steel (F, = 36 ksi and F,, = 58 ksi).

Solution. Required strength

LRFD

kil :
1] =
s 0 TR

k)
I‘.-'..i‘ﬂ.'.. . =yeiall) T .—:

P, = (1.2)(100) + (1.6)(150) = 360k

Try a base plate extending 4 in from the face of the column in each direction—that is,
an 18 in X 18 in plate.

Determine the available strength of the concrete footing.
A; = (18)(18) = 324 in?
A, = (12 X 9)(12 X 9) = 11,664 in?

, A, 11.664
P, = G.SSfCA,\lE = (0.85)(4)(324) /55, = 6609.6 K
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£ )

- = 6.0>20.. P, = 1.7, A,
P, = L7f!A; = 1.7(4)(324) = 22032k

since

LRFD &, = 0.65

&P, = (0.65)(2203.2)

= 14321k > 360k OK

Determine plate thickness.

N — (0.95)(outside dimension of HSS)
2

m=n=

18 — (0.95)(10)
g 2
Notice that these values for m and n are both less than the distance from the center of
the base plate to the center of the HSS walls. However, the moment in the plate outside

the walls is greater than the moment in the plate between the walls. You can verify this
statement by drawing the moment diagrams for the situation shown in Fig. 7.16.

= 4.25in

I

HSS ———

T OO O O O O O

il eff
morn morn
FIGURE 7.16 B=N=18in
LRFD
P, 360 )

T —E;w—(]—a]ﬁg']-— 1.11 ksi
R
reqd 0.9F,BN

A (o))

= 4'25\/{0.9}{35}(13}(133 =L

Usel% x 18 X 11t 6 in A36 base plate for both LRFD and ASD.
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