
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 

"2 ,'" _ \ 

t- Q.,-', ~ 
--..-

\ 
) -~\ 

-
:..L- ~n., I 0.-°"'-,",",,-.0-

2., ~<a..&t~ 1~~"" \ 

~t\JJ--- ~ &",1, 4~ / ........ "-,:>-".1· - -
> 11W~ -llhN- -t..:l 9.>c~ • ~"" ~ e... 

-c .. , .... tJ............,.,.... .J .. c...... ~ ;'<' I.:A-~ 
\ "J 

RRl10 6 

7235 

AME RICAN I STITUTE OF STEEL CONSTRUCTION • INC. 

The Wrigley Building I 400 North Michigan Avenue I Chlcago, llIinols 60611-4185 

312· 67G-2400 



I 
t 
I , 
I 
• 
I 

J 
I .. 
I 
1 
I 
l 
I 
I 
J 
I 
I 

DETERMINATION OF COLUMN FIXITY 

AT COLUMN BASES 

Donald D. Cannon, Jr. 
August 1984 



~ 

J .~ 

... 
~ 
~ 

I 
INTRODUCTION 

t One of the first steps in most structural engineering 

problems is to choose a reasonable model for the structure 

I being analyzed. In modeling a framed structure it is 

1 common practice for the engineer to assume that the column 

bases are either fully fixed or fully pinned. In reality 

I neither of these two assumptions is strictly valid due to 

• the difficulty in obtaining either of these ideal con-

I ditions in practice. In frame analysis, regardless of 

J 
which of these two assumptions is used, the calculated 

bending moments in the columns of the first tier are gen-

I erally larger than those which will actually exist in 

the structure. These larger moments normally lead to the 

~ use of heavier columns than are really necessary and 

therefore result in a more expensive and less competitive 

I structure. 

1 
The assumptions made concerning the degree of fixity 

also have a significant effect on the calculated drift 

I of a structural frame. If the column bases are assumed 

1 
to be pinned the calculated drift may be so large that 

stiffer members are required to reduce the drift to ac-

I 
ceptable levels. Therefore if partial base fixity is 

considered, additional savings may be realized because of 

I the lighter members needed to control drift. At the other 

extreme, the assumption of full base fixity in drift cal-

J culations may result in an underestimation of the actual 

drift. 

I 
1 

t 
l 
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2 

In the design of steel columns by AISC guidelines 

and specifications , an attempt is made to account for the 

difficulty in obtaining either perfectly fixed or per-

fectly pinned column bases in practice. This difficulty 

is accounted for by recommending rigidity ratios [(;6 ~ 

~(c:!.OLUMN / BEAM) R.IG.ID'T",eS J , for use in effective 

length alignment charts , of 1.0 rather than zero for fixed 

bases and of 10.0 rather than infinity for pinned bases. l 

While these assumptions seem reasonable , they are quite 

subjective and place all base connections into two 

categories with no provision for additional variation 

of base fixity. 

Galambos 2 showed that by accounting for partial base 

fixity of a typical pinned base detail the theoretical 

buckling strength of a rigid frame can be increased 

significantly. Preliminary results of current research 3 

indicate that for a typical pinned base detail a rigidity 

ratio ( ~) for the column base as low as 1.50 (rather 

than the recommended value of 10.0) may be justified. 

Such a drastic reduction in the rigidity ratio will 

result in significant reduction of the effective length 

factor and may allow the use of lighter columns. These re­

sults tend to concur with results of similar studies 4 , 5, 6 

which consider the effect of partial restraint provided 

by simple beam-to-column connections. These studies 

have also indicated that significant reductions in the 

column effective length may be justified by considering the 
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partial restraint of a . simple beam-to-column connection. 

The preceding discussion has made it clear that 

consideration of the degree of fixity of column bases 

would result in more realistic and more accurate structural 

analysis, thereby resulting in a more efficient design. 

Unfortunately, the determination of the degree of re-

straint offered by column bases is not treated explicitly 

in existing literature. There have, however, been some 

attempts to develop reasonable methods for estimating 

the rotational characteristics of column bases. 2 , 7, 8 

The PCI Design Handbook,9 published by the Prestressed 

Concrete Institute, presents a method for approximating 

the degree of fixity of column bases for precast concrete 

columns which is fairly easy to use. 

The primary purpose of this study is to develop a 

rational method for approximating the degree of fixity 

of a typical steel column base detail. The method will 

be similar to the method presented in the PCI Design 

Handbook and will consider the combined effects of footing 

rotation, anchor bolt elongation, and base plate bending 

on the fixity of the column base. In addition to the 

development of the relationships for the base stiffness, 

a program for the Hewlett-Packard HP-4l calculator will 

be presented as an aid in using the proposed method. 

Using the calculator program, a sensitivity analysis 

will be conducted to determine the relative significance 

of the variables involved in the expressions. Tables 
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and charts will be presented , as an additional design 

aid , to a l low the engineer to obtain a reasonable 

estimate of column base fixity for preliminary input 

4 

into an analysis . Finally , an example will be provided 

on the use of the design aids in structural analysis 

and design. 

DEVELOPMENT OF THE METHOD 

The base detail studied is shown in Figure 1 . The 

nomenclature used is defined i n Appendix A. The degree 

of fixity of a column base is the ratio of the stiffness 

of the base to the sum of the base and column stiffnesses. 

This ratio is analogous to the distribution factors used 

in moment distribution . The stiffness of the column base 

is defined as the moment required to rotate the base 

through a unit angle . Similarly , the absolute stiffness 

of a member is defined as the moment required to rotate 

one end of the member through a unit angle when the far 

end of the member is fully fixed. The inverse of stiff-

ness is defined as flexibi l ity . The approach used in 

this development is to apply a unit moment (P * e) to 

the column and determine the expression for the resulting 

base rotation . This expression is then divided by the 

applied moment to give an expression for the column base 

flexibility . Finally , the expression for the flexibility 

is inverted to obtain an expression for the base stiff-

ness. 
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The total rotation of the base is the sum of the 

rotations d ue to three factors (Fig. 2). One of the 

components is the rotation of the column footing due to 

the elastic behavior of the soil beneath the footing . 

The development of an expression for the rotation of the 

footing is relatively simple , but it is based on the 

modulus of subgrade reaction. The modulus of subgrade 

reaction (Ks) is the ratio of the pressure exerted on 

the soil to the settlement of the soil , and is difficult 

to obtain with any degree of accuracy . 10 , 11 The ex-

pression for the footing rotation is now developed assuming 

the footing rotates about its center (Fig. 3): 

Rearranging ; 

Assuming the rotation is through a small angle; 

1\ - ~ _ ~/,K.. 
OF - D/z. D/2. 

substituting 1 = ~ ~.JC 

e. = M{D/2) 

F 1<. r,. ( Oh) 
Since M =. Pe ; 

c. " D 2 ) 

1\ p~ ( 1) 
of = I<. r,. 

where I ... 8 DT 
" 12. 

Now a fairly simple expression for the footing 

rotation is available . This equation is valid only if 

there is no separation between the footing and the soil. 
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This is not a serious limitation since the rotation of 

the footing normally reduces the vertical compressive 

stress in the soil on one side of the footing rather 

than actually causing separation on the tension side. 

The problem is now one of obtaining a reasonable estimate 

of Ks. 

To simplify the use of the modulus of subgrade re-

action it is assumed that (a) the value of Ks is 

independent of the magnitude of pressure and (b) the 

value of Ks has the same value at every point on the 

footing surface . 10 Actually the value of the modulus 

of subgrade reaction is highly dependent on the size, 

shape , and depth of the footing . For the same soil , the 

value of Ks decreases with increasing width of the footing 

and also decreases with increasing length of the footing. 

The value of Ks increases with increasing depth below 

10 11 original gound surface. Teng and Bowles present 

expressions to adjust the modulus of subgrade reaction 

obtained by a one foot square bearing plate test to take 

account for these footing size and shape effects. Some 

guidelines for selecting Ks are given in several ref-

erences. 9 , 10, 11, 12 T bl 1 . f 1 a e g1ves a range 0 va ues 

for K to use as a guide for approximations. 11 
s 

Another component of the base rotation is the ro-

tation due to bending in the base plate. Several assump-

tions are made in the derivation of an expression for 

this component of the base rotation. First, bending in 
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the base plate is assumed to be elastic. Second, it is 

assumed that the axial forces and the moments due to the 

stresses in the column web can be neglected without 

appreciable error. Figure 4 shows that under an applied 

moment the forces generated in the web are indeed small 

with respect to the forces generated in the column 

flanges . The third assumption is that the ratio of the 

stiffness of the base plate between the column flanges 

to the stiffness of the base plate outside the column 

flanges can be represented by the factor lambda ('A); 

A'" I &'TOJ!IIN F~AN("E~ 
I aun /Of! FLNJG.£s 

where J.f) ~ ). ~ 00 

This factor allows any additional stiffness provided by 

welding the column web to the base plate to be accounted 

for in the expression for rotation due to base plate 

bending . A fourth assumption is that , because of moment 

transfer between the base plate and the column flanges, 

the moment in the base plate just inside the column 

flange can be represented by a factor beta ( ~ ) times the 

base plate moment just outside the column flange (where 

o ~ ,. ~ 1.0 ). 

Before an expression for the rotation at the base 

of the column due to bending of the base plate can be 

developed, expressions for the forces acting on the base 

plate must be derived . In the derivation all forces 

acting on the base plate are considered to be concentrated 

loads (Fig . 5) . The resultant compressive force between 
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the concrete and the base plate is assumed to act at the 

centerline of the anchor bolts . Except for very stiff 

base plates this position of the resultant is essentially 

an outer bound for the location of the compressive 

resultant . These assumptions are generally conservative 

because they tend to result in a n overestimation of 

base flexibility and, therefore , an underestimation of 

base stiffness . Referring to Figure 5 and using statics, 

the tension force (FB ) in the anchor bolts can be ex­

pressed as : 

Solving this equation for FB and rearranging: 

Fa ~ - -ttz .. to.l) +- Pc. 

Pc. 
~ 
~2(") 

Similarly , the resultant compressive force (Fc) may be 

expressed as : 

~M~ -;; 0 ; PL o. + .lI z) + Pe - '3' F, =0 
• 

F.,.. Pc. +- ~'2-.+ .,I.) • • ~ 

~ 

~ 
PG + ~(~) = 

~ 

~ = pf; +- -k-J ( 3) 
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The remaining forces acting on the base plate are 

those applied through the column flanges . Referring 

again to Figure 4 . an expression is derived for the force 

(Pc) applied by the compression flange. It is assumed 

that the average stress in the flange is equal to the 

maximum flange stress . This assumption tends to compen-

sate for the force in the web which is neglected . 

Therefore . from Figure 4: 

Pc. = AF t",u 
FRo /0\ ; t "A':: % + PYs ... 

~ ,;A,,[ f + 

Simplification gives; 

Setting 

(4-) 

In equation 4. the coefficient Bx is the same as the Bx 

that is tabulated in the column tables published in the 

. 1 
Manual of Steel Construct1oo. The trends for this co-

efficient and the newly introducted alpha ( 0( ) coefficient 

have been studied and the results are shown in Table 2 . 

Using these expressions which have been derived 

for the forces acting on the base plate. an expression can 

be developed for the rotation at the base of the column 

due to base plate bending. The method of virtual work will 

be used in this derivation . In Figure 6(a) the real forces. 

as modeled by the assumptions noted previously . are 
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applied to the base plate and expressions are shown for 

the bending moment in different regions of the plate . 

Note that the factor beta ( ~ ) is applied in the equation 

for moment . Figure 6(b) shows the application of a unit 

moment and the resulting virtual forces. Applying the 

information from Figure 6 to the virtual work equation 

gives: 

+ r -l(F •• ')~ 
• E,.l:~ 

J. 
+ S [~a - -;TxJlgx 

o AErI, 

Note that in the third term of this equation the 

lambda ( ~ ) factor is applied to the base plate stiff-

ness. Multiplying both sides by Ep Ip and multiplying 

the polynomials in 

" Er:r~ 8p = I !i. x".4. , ~ 

Integrating; 

the third term gives: 

0\ J..I [ · ~F. +- I .£i ;< " )v,. +- -1... fl "I c-

D 4 "D t 

+ _ r e I [..<z"z.F..J 
:>. a-
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Simplifying ; 

Er r,9r • [Fe + Fa] ;; + ~~ [~~ Fe. + ~; ~ - /$; Pc. 

-~ .. Fc. - ~ eA F;. + ; d p.:J 
From equations 2 and 3 ; 

Fe. ... F, '" p[ l + ~ J + P [~ - -t J 
F F:::. ~ 
'" + Po ~ 

Substituting for [ Fc + F a] and combining terms; 

Ep Tp 8," Z; ~~& + X; [ ... ~ (~ "-,8) - (Pc. - Fe ') pi 
+ (Pe - Fe) ~ .A J 

Factoring beta ( f$ ), Fc ' and d o ut of t he second term; 

Simplifying; 

From equation 3 ; 

Fe. ~ p[; r ~ J 

From 

Fe :0 Pe [t oj. ~ J 
Fc. ~ Pe [ 2. ez : " ] 

equations 3a and 4; a 
0< P [8. G + I] 
Pe [ 2.~ oj. ~J 

2~ c. 

z~o([B.e""l 
2.e +- a-

I~ 
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substituting for 

Simplifying; 

-;- ~.;;P~ [t( t ~ ti)( ,. - I) 

t ( p< [Bx ~ ~ 1 - ( ~ +- L.))( $- - t ) 1 

Factoring out p~ and dividing by E, If; 

8,. = ~~~ l ~ +- ,\;J >-f ~(i + ~c)(ft - I) 

+ (!~ - ~ X'KB)< +- (o< ~d. S) - t)}] (~) 
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Now an expression for the rotation of the column 

base due to bending in the base plate is available. 

While most of the variables in the equation are straight-

forward and easily obtained for a specific column base 

detail, the factors beta ( ~ ) and lambda ( ).. ) are not 

readily attainable. If the column web is welded to the 

base plate it is obvious that lambda will have a value 

greater than 1.0, but it is not obvious whether lambda 

should have an order of magnitude of 10.0 or of 100 . 0. 

Similarly, the value for beta will probably be only 

slightly less than 1.0 if the column flange is welded to 

the base plate on one side of the flange only . If the 

flange is welded to the base plate on both sides of the 

flange or is welded with a full penetration groove weld, 

some transfer of moment will occur between the base plate 

and the column flange . Either of these weld conditions 

would require beta to have a value less than one. The 

selection of reasonable values of the beta and lambda 

factors will be discussed in another section of this paper. 

If a value of 1.0 for beta ( ft ) is used the rotation 

can be simplified somewhat. Substituting a value of 1.0 

for beta leads to the following form for Equation 5: 

The third component of the column base rotation is 

the rotation due to the elongation of the tension anchor 

bolts. In the derivation of an expression for this 

2.1 
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rotation , two simplifying assumptions are made. First, 

it is assumed that the plate rotates about the anchor 

boltson the compression side. This assumption is con-

sistent with the assumed location of the resultant com-

pressive force. Second, the derivation assumes that the 

anchor bolts do not yield and do follow a linear stress-

strain relationship. From Figure 7 the rotation due to 

anchor bolt elongation can be derived as follows: 

Using Equation 2 ; 

SUM Of'< A~A OF ANClIat. 

80L.i"S ON nt-JslaAJ SlOt:. , 

Fe = p[ ~ - ~ J (2.') 
and substituting for Fa ; 

b.p, ; [~ - ± ] : L; 
assuming the an~le of rotatfona is small; 

8" ~ y~ 

_ [~ ~J PL& •• &$ - ,....--;=-
~ t\t Ea 

Simplifying this equation gives; 

Now a fairly simple expression is available for 

determining the rotation at the base of a column due to 

anchor bolt elongation. Observing the first term of the 

equation , it is apparent that for eccentricities ( ~ ) 

less than 0/2. the result would be a negative rotation. 

Therefore, for e'~ this expression is invalid. 
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There are two factors which this expression for 

ea neglects. The effects of pretensioning the anchor 

bolts and the effects of crushing of the concrete under 

anchor bolt head are both neglected . Pretensioning the 

anchor bolts tends to decrease the rotation and increase 

the stiffness of t he column base . Conversely , crushing 

of the concrete under the bolt head causes a reduction 

in stiffness . Pre tensioning the anchor bolts tends to 

counteract the flexibility increase due to the crushing 

of the concrete because some of the crushing is complete 

before any loads are applied to the column. Neglecting 

the effects of pretensioning the anchor bolts is not 

usually critical because it results in underestimating 

the stiffness. 

The expressions, for the three rotational components 

of the column base , which have been derived can be 

summed to find the total rotation due to an applied 

moment ( Pe. ): 

8r orAL - 8F + 86 + Bp 

Brar ... L. 

p~ + (Ze - 1 ) & a f 2~ ~ .. - Ks~ +-Z~" A. Es Er If 3~ Z. 

+- ~"J Z.[i(t "ieX~-I) + (~ - ~X()(8)C ... (<< - o.S) 
c::. 

'" 

Since the flexibility ( r ) is the rotation due to an 

applied moment , divide through by Pe; 

ro = 8n "'-A L 

Pe. 

- t~ 

'2.+ 

(7) 
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Since stiffness 
I 

Y 
(K) is the inverse of the flexibility; 

I 

+ '717 " [j 13 + ('" -D,S) - -LJJ 
,~ "''' ~ ~ 

Using Equations 7 , 8, and 9 , the engineer can obtain an 

estimate of the flexibility and stiffness of a column 

base of the type studied . 

A few notes on the use of these equations are called 

for. First, since Equation 6 is invalid for eccentricities 

(e) less than VZ' the equations given for flexibility 

and for stiffness (Equations 8 and 9) are not valid for 

values of e less than ~. Second , the equation deri ved 

for the stiffness at the base of the column gives an 

approximation of the absolute stiffness . Therefore, 

when comparing the base stiffness with the column stiff-

ness, the absolute stiffness (+E~/~ ) of the column should 

be used , or alternately , the base stiffness should be 

divided by 4E (where E is the modulus of elasticity of the 

base materials) and compared with the relative stiffness 

of the column (I l L). 
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CALCULATOR PROGRAM 

A program has been developed for the Hewlett-

Packard HP-41 calculator which solves the expressions 

previously developed to determine the stiffness of column 

bases . A listing of the program and sample output are 

provided in Appendix B. The program prompts the user to 

input the following variables : 

B = Footing width 

D = Footing Length 

KS ~ Modulus of subgrade reaction 

LB ~ Anchor bolt length 

AB = Summation of area of tension anchor bolts 

EB = Young ' s Modulus for anchor bolts 

d = Depth of column section 

B = x Ratio of column area to column section modulus 

0( = Ratio of AFI A for column (See Table 2 ) 

a = Distance from column face to centerline 
bolts 

Ep ~ Young ' s Modulus for base plate 

b ~ Base plate width 

tp = Base plate thickness 

of anchor 

P = Ratio of base plate moment just inside flang e 
to base plate moment just outside flange 

A = Ratio of base plate stiffness between column 
flanges to base plate stiffness outside column 
flanges 

P = Axial load 

e = Load eccentricity 
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Once the variables have been set, the program calculates 

and prints each of the three components of the rotation, 

the three components of the flexibility, the total 

flexibility , and the total stiffness of the column base. 

The user is then given the opportunity to change the 

column base variables and the applied loading (P and e). 

This program works very well and saves considerable 

time in computing the column base stiffness . It is very 

useful in the design process because it allows one to 

vary the inputs and compare resulting stiffnesses fairly 

quickly. 

BEHAVIOR 

It is very important in structural engineering, as 

well as other fields, for the engineer to have a good 

understanding of the principles involved and the behavior 

which the equations exhibit before using them. The 

purpose of this section is to observe the behavior of 

the derived expressions as small changes are made in the 

variables involved. The behavior is studied by beginning 

with a set base configuration and varying values of one 

variable at a time. The beginning base configuration 

selected is: 

LB = 24 in. b = 30 in. 0 = 10 ft. . 

AB 6 in. 2 = t = 2 in . B = 6 ft. 
P 

a = 4 in. ~ = 1.0 K s = 250 Ib/ in 3 

~ = 20.0 
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First, the relative values of the three components 

of the column base flexibility are compared. The flex-

ibilities due to each of the three rotation components 

are determined for a W14 x 43 column with the base con-

figuration given. These flexibilities are determined for 

eccentricities of load varying from zero to 120 inches. 

The three components of the flexibility are plotted 1n 

Figure 8 together with the total flexibility of the column 

base connection. For this particular case the footing 

rotation component accounts for the largest percentage 

of the total base flexibility. Note that for values of 

eccentricity of less than about 12 inches the equations 

behave much differently than they do at larger eccentri­

cities. This graph amplifies the importance of the 

limitation of the equation to values of eccentricity (e) 

grea ter than V2.. 
Figure 9 is a comparison of the full stiffness of 

the selected base for a heavy 14 inch column (W14 x 426) 

and a light 14 inch column (W14 x 43). Superimposed on 

the same graph 1S a plot of the stiffness for a represent-

ative 14 inch column. For this representative column 

alpha (co() was taken as 0.385, Bx was taken as 0.185, and 

the column depth (d) was taken as 14 inches. The graph 

indicates that using these values of 0( , Bx ' and d 

results in a lower bound estimate for the column base 

stiffness. Figure 10 shows similar results for 12 inch 

wide flange columns; where 0( = 0.385, Bx = 0.215, and 

d = 12 inches for the representative 12 inch column. It 
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should be noted that the percent change in the base 

stiffness with column weight is quite small ln comparlson 

with the percent change in column weight . 

The final observations of behavior are made by 

varying the values of Ks ' D, B, LB, AB, d, a, b, t p ' 

and one at a time. The reference curve is for a 

representative 14 inch column with the base configuration 

given earlier. The variation of base stiffness with 

small changes in these variables is illustrated in Figures 

11 through 21. 

In revlewlng the graphs of these variations several 

general characteristics are noted. First, for all of the 

variables except Beta (~) small variations from the 

reference value cause variance in the stiffness (K) of 

at least 10 percent. The variation of stiffness is 

particularly large (20 to 50%) for changes in Ks ' in D, 

and in values of tp less than 3.0 inches . Small changes 

in B, LB, AB, d, a, b, and result i n variations of 

stiffness of roughly 10 to 20 percent. This 

would indicate that, if the engineer had a fairly good 

estimation for these variables and took care in esti-

mating Ks ' D, and t p ' an estimate of the base stiffness 

could be determined within about 10 to 20 percent . 

The distressing point is that the modulus of sub­

grade reaction (Ks) is probably the most variable and the 

most difficult to determine factor, in addition to being 

one of the most critical. As a possible approach to 

counter this problem one could choose upper and lower 
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bounds for the subgrade modulus and calculate coorespond­

lng upper and lower bounds of stiffness. The other 

variables are not quite as critical Slnce they can be 

altered in the design if need be. 

Focusing attention on coefficients introduced ln this 

study; ft and A . First, it was found that if I> could 

be taken as unity the expression for base plate bending 

could be simplified significantly. Based on the graph in 

Figure 20, it appears that assuming Beta ( ~) equals unity 

would be very much acceptable for approximating base 

stiffness . In comparison with the variations of the stiff-

ness with changes in other variables, the variation of 

stiffness with changes in Beta is negligible. Nevertheless, 

if more accurate estimates of the base stiffness are de-

sired, the possibility of using Beta less than one should 

be explored. 

Finally, some conclusions can be drawn concernlng 

Lambda ( A ) from the plot of Figure 21. There are basically 

two situations to be considered in choosing values of 

this coefficient. First, if the column web is not welded 

to the base plate it appears that Lambda (A) should be 

taken conservatively as 1.0. Second, if the web is welded 

to the base plate some value greater than 1.0 should be 

chosen. The question of how much the column web stiffens 

the base plate is one without an obvious answer. Ideally, 

a finite element analysis, backed by experimental tests, 

could be used to get an approximate range for Lambda (A) 

in this case. Looking at Figure 21 carefully reveals that 
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the difference i n stiffness between A~ 10.0 and 

~ ~ 100 . 0 is very small . Based on this graphical re­

presentation it appears that assumi ng Lambda ( A ) equals 

either 5 . 0 or 10 . 0 would give a reasonable lower bound 

value for the stiffness. 

RECOMMENDATIONS 

Application of this expression in structural engi-

neering practice should be done only after obtaining a 

good understanding of the behavior of the equation and 

of the assumptions involved in the derivation . If the 

engineer understands the behavior and the assumptions 

made , he can easily choose values for the variables which 

will give conservative estimates of the stiffness , with-

out being overly conservative . 

For the use of the equations to obtain approximate 

values of stiffness and flexibility , several recommenda-

tions are made. First , it is recommended that the 

average values given in Table 3 be used for representative 

nominal column sizes . Second , it is recommended that 

Beta ( ~ ) be taken as unity. For cases where the column 

web is not welded to the base plate , Lambda ( ).. ) can 

be taken conservatively as unity . Finally , if the 

column web is welded to the base plate, a value for 

Lambda of 10 . 0 is probably a slightly conservative 

assumption. 

+s 
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Tables are provided in Appendix C which allow the 

engineer to very quickly obtain a rough estimate for the 

column base flexibility and stiffness. The three tables 

give values of flexibility for each of the three com-

ponents of rotation. Table Cl tabulates flexibility due 

to the footing for different sizes of square footings 

and different values for the modulus of subgrade reaction. 

Table C2 tabulates the flexibility caused by anchor bolt 

elongation for various values of La and Aa , and for 

different nominal column sizes. Finally, Table C3 

tabulates values of flexibility due to base plate bending 

for different nominal column sizes as the base plate 

thickness varies . These tables are provided as a quick 

way to obtain a first estimate of column base stiffness . 

A value for each of the three components is selected. 

These three values are then summed to determine the total 

base flexibility . Finally , the inverse of the total 

flexibility is taken to give the total base stiffness. 

The recommended procedure for using these relation-

ships and design aids in structural design is as follows: 

1. Use portal method or some other approximate 

method to obtain preliminary estimates of mem-

ber forces . 

2 . Assume trial member sizes and column base 

configuration . 

3. Use the tables in Appendix C to approximate 

the flexibility due to each of the three rota­

tional components ('aF ) 'f~ J t fp ). 

47 



I 
1 
I 

--
I 
• 
I 

J 
I 

I , 
I 
1 

4. 

5. 

Determine the approximate 

I 

'4'F + 1s +- ~,. 
Using this base stiffness 

base stiffness (K) by: 

to either: 

(a) Determine a distribution factor for the 

base of the column, for use in moment 

distribution; 

or (b) Choose an equivalent member, to attach to 

6. 

7. 

8. 

9. 

10. 

the column base just above a hinged support 

(see Figure 22), which has the same stiff-

ness that the assumed column base has; 

J<. = 4-eI"", 
SA S I!. L e.., 

~ IeM ~ I "DIt. eq",v. M""'6e.e. 

Le ... = LeN~"" <>t<- e:qv,v. ME,.. .t:e . 

Analyze the structure by the method selected 

to obtain design member forces. 

Calculate the rigidity ratio: 

Determine effective length of the column using 

the effective length factor alignment charts. 

Revise column size and base detail. 

Revise approximation of column base stiffness 

I using Equation 9 or calculator program. 

11. Repeat Steps 5 through 10 if necessary . 

This recommended procedure is illustrated in Appendix D. 

I 
t 
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SUMMARY AND CONCLUSIONS 

An expression has been developed which allows an 

engineer to approximate the stiffness of column bases . 

The approximation considers the combined effects of 

footing rotation, elongation of anchor bolts , and bend­

ing in the base plate . Several simplifying assumptions 

have been made: 

1. Base plate , anchor bolts , and soil behave 

elastically . 

2 . Forces in the column web are neglected. 

3. Forces on the base plate are modeled as con-

centra ted forces . 

4 . Resultant compressive force in the concrete 

acts at the bolt line. 

After developing the expression a sensitivity 

analysis was performed to investigate the relative 

significance of the variables involved . The stiffness 

was found to be a very strong function of the modulus 

of subgrade reaction, the footing length , and the base 

plate thickness. Variations in the values of the other 

functions caused only a moderate variation in the base 

stiffness with the single exception of Beta (fo ), 
which caused very little variation . 

Based on the assumptions made in the development 

and the results of the sensitivity analysis , recommenda­

tions were made for the practical application of these 

expressions. Examples of the recommended applications 
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are given in Appendix D. A program for the Hewlett-

Packard HP-4l calculator and approximate flexibility 

charts are presented as design aids for utilizing the 

proposed method. 

This method provides a rational approach for es-

timating the column base stiffness for a specific base 

detail. Research is needed , however, to verify the 

validity of this method. The engineer should recognize 

that the calculated base stiffness using this method 

is accurate to only three significant digits at best 

because of the assumptions and approximations made. 

If used intelligently the method pres~nted will be of 

significant practical value to the practicing engineer . 
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APPeNDIX A - N aYllENCLATUR.e. . 
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e = E:.e.CElVrll../I!'T'f OF LoAD ON CO/.. UMN . 

K. :. fIIOClUL.US OF= S UBG.~{)E: R.E)OC lioN. 
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Fa'" rol{c. E /to.) T"l!:IJSION 
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J. - Ctx.IJMN DePni. 
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~ = ..( ... z.", 
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B",s AI::;" 
I:. ~ U) 1I>-nI 01" BAsE. pUTE . 

4· TlIIC.I(.",;;:~S OF BASE PI.).Te. 
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~ ;C.~A)JG.IO: IN LE",c;..TII OF /Em ION ANCHck.. 80LT"S. 

L. -:: LEtJGTI\ OF TEIVSION ANCI<02. BOl..TS Fll.tz'I &I..T HEAO "'" 
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~:o ~/>. .. c F'L.E)l.IB'LIT"I · 

K = B~o;c $'1" 1"""''''''1' 
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