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1. Introduction

In order to understand complex force flow and actual stress distribution in the column-base
plate connection under large lateral column deformation, an organized study was conducted at
the University of Michigan (Fhamy, 1999; Lee and Goel, 2001) The Michigan researchers
evaluated the Drake and Elkin's design method (Drake and Elkin, 1999), which is the current
design practice for the column-base in the US, for both the strong and weak axis column
bending and developed a new design method that is more realistically estimate the actual
behavior of the connection under weak axis column bending. In the proposed new design
method (Lee and Goel, 2001), a method for the calculation of minimum base plate thickness
which can prevent undesirable anchor bolt failure before the connection reaches its ultimate
state is provided. Also provided is an anchor bolt design procedure considering moment due to
base plate deformation. This methodology for the design of anchor bolt is introduced in this

paper.
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2. Simplified Analysis Model

For the design of anchor bolt, a simplified analysis model (simple beam model) is developed
(Figure 1). In this figure, Mp_plate means ultimate strength of the base plate and Wu is
ideally distributed force developed by column flange forces. And, h indicates distance between
the maximum base plate moment location (i.e., plastic hinge location) and the anchor bolts on
the tension side.

As shown in Figure 1, the anchor bolts on the tension side are assumed as a hinge
condition in the simplified analysis model. This assumption, based on the global mechanism of
the connection, may be satisfactory for the design of the base plate thickness. However, due
to its simplicity, the analysis model (i.e., simple beam model) cannot properly explain the
actual force flow around the anchor bolts on the tension side. Thus, based on the numerical
analysis (Lee and Goel, 2001), the actual force flow around the anchor bolts is investigated in
depth and finally, a representative local mechanism on the tension side of the connection is
developed. This local mechanism is presented in Figure 2.

Portion of only one anchor bolt is considered in the local mechanism for the purpose of
design convenience. For this reason, Wu and Mp_plate are divided by the number of anchor
bolts on the tension side (i.e., #t). In addition, the actual reaction forces, developed by the
contact between nut and base plate, are simplified as two force components (e, Pl and P2)
located at two different distances (i.e, dl and d2) from the center of the anchor bolt. These

four variables will be replaced by more convenient expressions later in this paper.

3. a and B

For more convenient expressions, the two reaction forces (ie, Pl and P2), presented in

Figure 2, are replaced by,

A=a-P (1)

p=P )

In Equation (1), a is the ratio between Pl and P2. Based on the numerical parametric study
(Lee and Goel, 2001), the value of a shows a variation between 0.65 and 0.70 when strong
anchor bolts and flexible base plates are used. In this study, a = 0.7 is adopted because
larger value results in a more conservative design criteria for the design of the base plate. In

addition, d1 shows a little large value as compared with d2 for both boit type connections
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(i.e., 6-bolt type and 4-bolt type). However, the amount is very small and ignorable. Thus, in

the proposed local mechanism, dl and d2 are assumed to have the same distance B, ie,

d=d,=p (3)

Further, a simple expression is proposed for B based on the numerical analysis results, ie.,

d, +W
3-d, +( h )
ﬁ =
8 (4)
where:
db = diameter of each anchor bolt including threaded part, in.
dh = diameter of oversized bolt hole, in.
W = nut width across flats, in.

In Equation (4), the value of B (i.e, the location of Pl or P2 from the center of anchor bolt)
is highly dependent on the size of anchor bolt. Now, for a given detail around the anchor bolt,

shown in Figure 3, the location of P1 or P2 can be easily given by Equation (4).
4. Anchor Bolt Contact Force, P

Using the two variables, a and B, the proposed local mechanism is re-configured in Figxire
4. In this figure, bf is column flange width and Ls means distance between Tu and Ru. Based
on the simplified local mechanism, shown in Figure 4, the moment M at the plastic hinge

location can be determined as follows:

w (6 V1[5
#,)\4-L ) 2\4L,

={a'(h+ﬁ)+(h—ﬂ)}.p_[%.j. b,

M=a'P-(h+,B)+P-(h—ﬁ)—(

!

#, ) 32.0° (5)

R

And, plastic moment of the base plate for the portion of each anchor bolt is,
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In Equation (6), ®bp, N, tp are resistance factor for flexure in base plate, base plate width,

and base plate thickness, respectively.

By letting the moment M equal to the value of (Mp_plate / #t), the anchor bolt contact

force P can be easily calculated.

5. Anchor Bolt Diameter, db_eff

In order to explain how to design the size of the anchor bolt, the force and moment
resisting mechanisms in the anchor bolt are introduced in Figure 5. The tensile force and
moment developed by external P and aP are resisted by Teach and Meach internally in the
anchor bolt. Using the defined two variables, a and 8, the two intermal forces (i.e., Teach and

Meach) can be expressed by,

Tw=0+a)-P 7

Meach = (1 - a) ) ﬂ ! P (8)

Referencing to Figure 6, the maximum tensile stresses due to the tensile force (Teach) and

the moment (Meach) in the anchor bolt can be written by,

TL'ach . (1+a)P

g, =

4y o Ay o 9)
d, . d. .
Moo =21 Q-a)-pg-P| -2
cach L 2 j ( ) ﬂ ( 2
0'2 = =
Ly o I, (10)
where:
7579
Ab_eff = effective area of each anchor bolt = 4 in.’
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db_eff = effective diameter of each anchor bolt = T , in.

Ib_eff = effective moment of inertia of each anchor bolt = 4 , in.

In order to prevent anchor bolt yielding at its outer surface, the summation of 6l and 02

should be smaller than or equal to the specified yield stress of the anchor bolt, ie.,

(1 _ a) . ﬂ '[db;”

= % y_bolt
]b-c,'li'

_ (1+oc)+

Ab- eff

o, +0,

an

By solving the above equation, db_eff can be provided.

6. Summary and Conclusions

An anchor bolt design procedure considering moment due to base plate deformation is
introduced in this paper. Simplified analysis model (so called, simple beam model) is developed
for the design of column-base plate connection and local mechanism is configured for the
design of anchor bolt on the tension side. Using the two variables, a and B, the method how
to calculate the anchor bolt contact force P and anchor bolt diameter db_eff is presented in

this paper.
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Figure 1. Simplified Analysis Model (Simple Beam ModeD)
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Figure 2. Local Mechanism (For Each Anchor Bolt)
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Figure 3. Detail around Anchor Bolt
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Figure 4. Simplified Local Mechanism
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Figure 5. Two Internal Forces in Each Anchor Bolt
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Figure 6. Stress Distribution across Anchor Bolt
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