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Abstract: Circular base plates are commonly used for pipe columns, such as pylons in cable-stayed bridges, lighting poles, and electri
power line posts. Although the explicit solutions for rectangular base plates can be found in many textbooks and AISC design procedure
for base plates, a design procedure for circular base plates has not been documented. In this paper, two equilibrium equations are presen
for circular base plates with large eccentric loads. Since these two equations cannot be solved explicitly, an iteration approach is used 1
solve them.
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Introduction this paper, two equilibrium equations are presented for circular
base plates with large eccentric loads. Since these two equations

Base plates are usually used to distribute column loads to a sup-cannot be solved explicitly, an iteration approach is used to solve
porting concrete foundation. Depending on the column cross sec-these two equations. A step-by-step ASD procedure is developed
tions, base plates can be rectangular or circular shapes. Rectarand a design example is given.
gular base plates are obviously suitable for steel columns with 1
or W sections. Circular base plates are commonly used for pipe
columns, such as pylons in cable-stayed bridges, lighting poles
and electric power line posts.

. Several different loading cqnditions are con§idered for thg de-. The following assumptions are used to analyze circular base
sign of base plates. Under axial load, the bearing pressure is Uni-plates with large eccentric loads:
formly distributed between the base plate and the supporting con-1  giastic behavior.
crete. The base plate size and thickness can be easily determined  The maximum bearing stress is equal to the allowable value.
based on the allowable concrete-bearing capacity and design3  The compressive bearing area is less than half of the circular

Analysis of Circular Base Plates with Large
"Eccentric Loads

bearing stress. A minimum number of anchor bolts should be base platdlarge eccentricitios
provided. ) ) _ ) 4. The resultant compressive bearing stress is located at the c.g.
When the axial load is combined with moment, base plates (center of gravity of the compressive bearing area. The veri-

experience small, moderate, and large eccentricities which equal fication of this assumption is shown in the Appendix.
to the moment divided by the axial force. For small and moderate 5. On|y the anchor bolts in the other half of the circle are con-

eccentricities, the bearing stress occurs on the full or partial base sidered in tension. This is a simplified and conservative as-

plate, respectively. A linear bearing stress distribution is usually sumption.

assumed. When AS[allowable stress desigiis used, the maxi- 6. The critical section used to determine the base plate thick-
mum bearing stress must not exceed the allowable bearing stress.  ness should be based on 0.80 times the outside dimension of
The resultant for the bearing stress must be equal to the axial  round columns. If stiffeners are provided, the critical section
load. A minimum number of anchor bolts should be provided in may be based on 1.0 times the outside dimension of round
this case as well. columns.

For large eccentricity, the compressive bearing area is less than  Fig. 1 shows the plan and elevation views of the circular base
a half of total base plate area, and it is necessary to provideplate under large eccentric loads. Two equilibrium equations can
enough anchor bolts to resist the tensile component resulting frombe established to determine the unknowns, such as the magnitude
the moment. The design procedure for rectangular base platesf the resultant anchor bolt forceand the length of the bearing
with large eccentricity can be easily found in many textbooks and A. The sum of the forces yields
AISC (1989, 1990 steel design guide series. However, the design

procedure for circular base plates has not been documented. In p+T:Fp§Aseg (1)

ISenior Structural Engineer, Parsons, 10 South Riverside Plaza, Suitelt is noticed that the right side of E¢l) is the resultant compres-
400, Chicago, IL 60606. sive bearing stress, and this formula is verified in the Appendix.

Note. Discussion open until January 1, 2005. Separate discussions  The sum of moments about the resultant bolt force yields
must be submitted for individual papers. To extend the closing date by

one month, a written request must be filed with the ASCE Managing
Editor. The manuscript for this paper was submitted for review and pos-
sible publication on October 22, 2002; approved on December 4, 2002. . B )
This paper is part of th@ractice Periodical on Structural Design and ~ Wheree=eccentricity, equal to the momektt divided by the axial
Construction Vol. 9, No. 3, August 1, 2004. ©ASCE, ISSN 1084-0680/ force P, N=diameter of the circular base platd=rise of the
2004/3-142-146/$18.00. circular segmenfcompressive stress bearing gred&’ =distance

)

c [N
P(e+A")=Fyp Ased 5~ (A= C)+A’
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Fig. 1. Circular base plates with large eccentric loads

Substituting Eq(6) into Eq. (3) yields
T

2 n
1+ =y
Yin=2

T1=Thac (7)

Since Egs.(1) and (2) cannot be solved explicitly, an iteration
approach is used to solve them. A design procedure for AISC-
ASD to analyze the circular base plates with large eccentric loads
is proposed as follows:

1. Determine the maximum allowable stré#dSC 1990,
A2 ,
F,=0.35; A—1$0.7fC (8)
2. Assume a trial base plate si2¢,
3. Assume total number of the anchor bolts and their diameter.
4. DetermineA’, the c.g. of the anchor bolts in the half of the

circle.

Pick a trial-bearing lengtt.

Determine the section properties of the circular segment
(compressive bearing aneas follows:

N/2—A)

o= arcco%w

B=2(N/2)sina
Determine the area of the segméAtSC 1989:
N\ 2 N
Ase=0.008726 5 (20)—B §—A 2
(o is in degrees as shown in Fig.) 1.
Determine the c.g. of the segmeivbung 1989:

2 sirfa
3(a—sina cosa)

i N
= = —
a=ml4, C 5

COoSsax

between the c.g. of the anchor bolt forces and the column center;

As.~compressive bearing are&=distance from the c.g. of

compressive stress bearing area to the zero stress section;

F,=allowable bearing stress; anfi=sum of the anchor bolt
forces in the half of the circle.

The maximum anchor bolt force can be determined by sum-
ming the anchor bolt forces:

n
T, 42> T,=T (3)
n=2

where T, =outmost anchor bolt force; and@;=ith anchor bolt
force. Since the strain distribution is linear, we have

Ti= Tmax (4)
and
y.
si=y—'ls1 ®)

wherey;=distance from theth anchor bolt to the centerline of
the base platey,=distance from the outmost anchor bolt to the
centerline of the base plate;=strain at theith anchor bolt; and
g,=strain at the outmost anchor bolt.

Theith anchor bolt forceT;, can be presented as follows:

(6)

where o;=ith anchor bolt stressE=modulus of elasticity of
steel; andA,,=area of each anchor bolt.

Yi
T;=0Apoit= E&iApor=E Vi £1Apolt

N
If a<w/4, C= 0.25 a?(1—0.061%2+0.0027%4)

5. Determine the values of both the left and right sides of Eq.
(2). If the value of the left side is equal to that of the right
side, go to Step 6. Otherwise return to Step 4.

6. Determine the resultant anchor bolt forEérom Eq. (1).

7. Determin€T . from Eq.(7). If T,,.«<allowable anchor bolt
load, go to Step 8. Otherwise return to Step 2 or 3.

8. Determine the base plate thickness, based on the elastic bear-

ing stress distribution:

6M
=\ ©)

whereM ,;=moment fo a 1 mm(or 1 in.) wide strip at the
critical section, i.e., the total moment at the critical section
divided by the chord at the critical section; afg is the
allowable bending stress, equal to ({5
This is a trial-and-error iteration that is easily accomplished using
a spreadsheet.

Example

Design a circular base plate for an axial load of 200 K§89.6

kN) and a moment of 20,000 in-kig2260 m-kN, as shown in

Fig. 2. The outside diameter of the steel column pipe is 1067 mm
(42 in.). The ratio of concrete to plate areds/A;=1.5. The
allowable stresses for the anchor bolts and the base plate are 44
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Fig. 2. Design examplgl ft-kip=1.356 m-kN, 1 f=0.3048 m, 1
ksi=6.895 MPa

ksi (303 MPa and 50 ksi(345 MP3, respectively. The concrete
strengthf is 5 ksi(35 MP3a. The allowable stress design is used
in this design example.

1. The maximum design bearing stress is

F,=0.355)\1.5=2.14 ksi
2. AssumeN=60in.

M 20,000

N 60 )
e= 100 in>==—==30 in.

P~ 200 2 2
This is the case for large eccentricity.

3. Assume total number of the anchor bel and their
diameter1.5 in. The distance from the c.g. of the anchor
bolts in the half of the circle to the centerline of the base
plate (Fig. 2 is

A’=[25.50+2(24.63+22.08+ 18.03+ 12.75+ 6.60 ]/11

=17.61 in.
4, AssumeA=18.1in.

a=(mw/180)[ arcco$30—18.1)/30]=1.163 radians 66.63°

B=2(60/2)sin 66.63=55.08 in.
and the area of the segmediebmpressive bearing anea

Aqeq=0.008726660/22(2)(66.63 —55.08 60/2— 18.1)/2

=719 in?
Sincea=1.163=1/4=0.785, the c.g. of the segment is

B 60[ 2 sin*66.63

C= 5 |3(1.163-5n66.63 c0s 66.63 *°° 66'6%

=7.47 in.
5. Determine both left and right sides of E@):

P(e+A’)=200(100+17.61) =23,522 in-kips

c [N ,
Foa Aseg s (A—C)+A

_ 7.4 60
= 2.1{ KZ) (719 5 (18.1-7.47+17.6

=23,506 in-kips
The difference between the left and right sides of &.is
only 0.07%. Eq(2) is satisfied.
6. DetermineT from Eq.(1):

C 7.4 .
T=FpKAseg—P=2.14(K;)(719)—200:435.7 kips
7. DetermineT ,, from Eq. (7):

435.7
Trax= 2
1+ (FSO) (24.63+22.08+ 18.03+ 12.75+ 6.60
=57.36 kips
The allowable anchor bolt foreem/4(1.57(44)

=77.75kips>57.36 kips O.K.

8. Assuming the stiffeners are provided, the critical section is
located at 21 in. from the centerline of the base plate. Similar
to the previous calculation, consider the circular segment at
the critical section and calculate the section properties of the
segment as follows:

o= (/180 (arccos 21/3p=0.795 radians 45.57°
The chord of the segment is
B,=2(30)sin(45.57=42.85 in.
and the area of the segment is
Aseqr=0.008726660/2)2(2)(45.57 — 42.8521)/2= 266 in?
Sincea=0.795=1/4=0.785, the c.g. of the segment is

2

2 sir? 45.57 ,
C1—7 —€0s45.57=3.65 in.

3(0.795-sin 45.57 cos 45.57
The moment at the critical section is

A—(N/2—d/2)+C,
A

plI= B,

( F pAseglcl)

whered=diameter of the column,

~ 18.1-(60/2-42/2)+3.65
I 18.1

(2.14)(266)(3.65/42.85

=34.21 in-kips

and the plate thickness is determined by the following:

. /6(34.21)_234 ,
»~ NVo.7550 <°% M

use 2.5 in.
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N wherex, A, F,, By, anddx are shown in Fig. 3.
The resultant compressive bearing force is taken as the integral
of Eq. (11), which is

 coot e R | AFpBax (12)
o Letting R=N/2, the chord can be expressed as
B,=2VRZ— (R—A+x)? (13)
3 Let y=R—A-+x and substitute Eq13) into Eq. (12):

2F, A
RC:TJO X\/RZ*(R*A+X)2dX

PLAN "
o om0 e _2F J [y (R—A)]JRE=y2dy
A R—A
: :TUR ANRZTyZdy—(R—A)fR X Rz—yzdy}

N
E (14)
i

The solutions of the integration in E¢L4) are given as follows

(Swokowski 1983
T A c fp
By R y=R

A 1
" f yVR?—y?dy=— 2 (R?-y?*)*?
—-A y=R-A
ELEVATION
1
Fig. 3. Verification of resultant compressive stress in circular :§[R2—(R—A)2]3’2 (15)
segment
and
. R y RZ y=A
Conclusions f JRZ—y2dy= > Re—y +7arcsin§
R-A y=R-A
Two equilibrium equations are presented for circular base plates
with large eccentric loads. A detailed iteration approach is pro- =ER2— R-A RZ—(R-A)Z
posed to solve these two equations. A design example is given to 4 2
show the implementation of this approach. Since the design pro-
. . . . e R2 R—A
cedure presented in this paper is a simplified approach, a more _ = aresi (16)
complicated and more accurate approach will be developed in the 2 R
future.

Therefore, the resultant compressive bearing force is

2F, (1 ™
Re=—x"{3[R?~(R-A)2]¥*~ ZRAR-A)

Appendix. Verification of Resultant Compressive
Stress in a Circular Segment (R-A)2 (R—A)R? R_A

+— JRZ—(R—A)%+ TarcsinT
The resultant compressive fordg, in a circular segment, as
shown in Fig. 3, can be expressed as follows: (17)

R=F EA 10 The following parameters from the design example are used to
c pa “seg ( ) .
compare the values for Eq$10) and (17): A=18.1in., C

This is based on the assumption in which the resultant compres-="7-47 in., F=2.14 ksi, Aseg=719 in?, R=N/2=60/2=30 in.
sive bearing force is located at the c.g. of the compressive bearingSubstituting the above design parameters into EX3.and (17)

area and the stress distribution is linear. yields
To verify Eq.(10), consider a strip of the compressive bearing c 24
force: . )
Ro=Fpa Aseq™ 2.14(&) (719 =635.02 kips
X
A FoBxdx (11) and
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2(2.14 (1

ki e an n T i
c=—1g1 |3[3%~(30-18.1%]%~ 7-30%(30-18.1

(30—18.1)2
J’_—

5 J30P—(30—18.1)2

(30-18.)(30)2  30—18.1
+ 2 arcsin 30

=634.72 kips

The difference between the values of EtQ) and Eq.(17) is only

0.047%. Therefore, it is sufficiently accurate to use Hd) to
calculate the resultant compressive stress in a circular segment.
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