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INTRODUCTION 

Ihe effects of live load are often reduced to reflect the low 
probability of all live load existing simultaneously through­
out a substantial portion of a structure. Subject to certain 
limitations, ASCE 7-88' provides the following permissible 
reduction 
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^ / 
L„ > aL„ (1) 

where: 

L = reduced design live load 
Ai = member influence area in square feet 

(Aj > 400 ft̂ ) 
L,, = unreduced design live load 
a = 0 . 5 for members supporting one floor and 0.4 

otherwise 

In the analysis of entire structural systems or substantial 
portions thereof, methods for incorporating live load reduc­
tion are essential. They can have a significant influence on 
a structure's response. Not to include live load reduction pro­
visions may be overly conservative. For example, reduced 
live loads may produce smaller second-order effects. In some 
cases, however, use of full live load may be unconservative. 
For example, full live load may not be in place to resist an 
overturning moment produced by lateral load. 

The incorporation of live load reduction provisions of the 
type in ASCE 7-88 requires careful consideration when 
analyzing structural systems. This is because (i) the influ­
ence area for beams and columns are generally different, 
and (ii) Eq. 1 is a nonlinear function of this area. Several 
methods for including live load reduction in system analyses 
have been suggested.̂ ^ "̂̂  These methods, however, have 
only treated reduction of member forces for the purpose of 
member proportioning. Also, they may produce member 
forces that are not consistent with the calculated deflections 
of the frame. With this in mind, a more comprehensive 
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method for incorporating live load reduction in system ana­
lyses has been developed.'' 

OUTLINE OF APPROACH 

The method is based on the use of "compensating forces" 
calculated by: (a) applying beam live load reduction factors 
to the column connected beams; (b) applying column live 
load reduction factors to the columns; and (c) determining 
any out of balance at the beam-to-column intersections. 
Because columns typically have a larger influence area than 
beams (providing for a larger reduction), the compensating 
forces are generally upwardly directed (opposite of gravity). 
All structural system analyses which include live load are 
then performed by applying a combination of the reduced 
beam live loads and the calculated compensating forces. By 
applying this combination of live load, the resulting forces 
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Plan All Columns are W14x61 
All Beams are W21x44 
E = 29,000 ksi 
Fy = 36 ksi 
Live Load = 75psf 
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Story 3 

Story 2 

Story 1 

Fig. 1. Description of example frame. 
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in both the main girders and the columns will reflect the 
ASCE-7 live load reduction provisions. 

The frame shown in Fig. 1 will be used to illustrate the 
determination of compensating forces. Each of the relevant 
structural components in the frame is assigned a two part 
identifier. The first part, a beam, column, or area number, 
is defined in the plan view of Fig. 1. The second part, the 
level (for beams and areas) or story (for columns), is pro­
vided in the corresponding elevation view. For example, the 
member designation Bl-3 refers to Beam 1 of level 3, and 
C2-1 refers to Column 2 of story 1. 

The following steps outline how the live load compensat­
ing forces could be calculated: 

1 Based on tributary area, estimate the axial force in each 
column without applying any reduction factors. For col­
umn C2-1 (see Fig. 2), an estimate of the unreduced 
axial force is 

3 

Fc2.j = Vi E [(wfi/.,- X L^i-i) + (Wfi2-/ X LB2-i) 

where: 

(2) 

o^Bj-i = unreduced uniform live load along beam Bj-i 
^Bj-i ~ length of beam Bj-i 

(In lieu of assuming one-half of the beam loads con­
tributing to each of the column forces, a structural anal­
ysis that accounts for the actual continuity of the sys­
tem could be performed to obtain a more accurate 
estimate of the column axial force distribution). 
Based on each column's influence area, reduce the 
above axial force by the ASCE 7-88 live load reduc­
tion factor (Eq. 1). For column C2-1, the reduced axial 
force is 

Pc2-1 -
0.25 + 

15 

n \Fc2-i 
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where: 
3 

E (Areai.i+Area2.i) = total influence area for 
column C2-1. 

Note that /^2-/ should not be less than 0.4/̂ 2-/ • 
3. Based on tributary area, estimate the axial force in each 

column by applying only beam live load reduction fac­
tors. For column C2-1, this axial force is approximately 

FS, = V2E[(co ;̂., X L^;,) + (oô '2-, X Ls2.i) 

-h (co '̂p,- X Ls9.i)] 
(4) 

where: 

^Bj-i — reduced uniform live load along beam Bj-i 
LBJ_I = length of beam Bj-i 

As in step 1, a separate structural analysis could be per­
formed to obtain a more accurate estimate of these col­
umn axial forces. 

4. Determine the difference in axial forces calculated in 
steps 2 and 3. For column C2-1, this force is 

Torn 17" LTf 
^C2-] — ^C2-l ~ ^C2-l (5) 

5. Determine the additional upward axial force, compen­
sating force, to be applied at the top of each column 
segment. For column C2-1, this force is 

fc2-l ~ ^C2-I ^^fc2-i 
1=2 

(6) 

Applied Live Loads: 

i 
-J CO", distributed load based 

on beam reduction factors 
f, "compensating force" 

Fig. 2. Components used in live load reduction example. 
Fig. 3. Description of applied live load to be used in 

frame analysis. 
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Table 1. 
Example of Reduced Live Load Calculations 

(a) Beams 

Member 

B1-i, B2-i 
B9-i 

Length 
ft 

30 
20 

Tributary 
Area 

ft^ 

200 
200 

CO, Unreduced 
Uniform L.L. 

k/ft 

0.500 
0.750 

Influence 
Area 

ft^ 

600 
1200 

Permissible 
Reduction 

Factor 

0.862 
0.683 

cj", Reduced 
Uniform L.L. 

k/ft 

0.431 
0.512 

(b) Columns with Force Distribution Estimated 

Member 

C2-1 
C2-2 
C2-3 

F, Unreduced 
Axial L.L. 

kips 

67.50 
45.00 
22.50 

Influence 
Area 

ft^ 

3600 
2400 
1200 

Permissible 
Reduction 

Factor 

0.500 
0.556 
0.683 

F', Reduced 
Axial L.L. 

kips 

33.75 
25.02 
15.37 

F", Reduced 
Axial L.L. 

kips 

54.15 
36.10 
18.05 

kips 

20.40 
11.08 
2.68 

f, Compensating 
Force (Upward) 

kips 

9.32 
8.40 
2.68 

(c) Columns with Force Distribution Determined by Linear Elastic Analysis 

Member 

C2-1 
C2-2 
C2-3 

F, Unreduced 
Axial L.L. 

kips 

69.48 
46.45 
23.37 

Influence 
Area 

ft^ 

3600 
2400 
1200 

Permissible 
Reduction 

Factor 

0.500 
0.556 
0.683 

F', Reduced 
Axial L.L. 

kips 

34.74 
25.83 
15.96 

F", Reduced 
Axial L.L. 

kips 

55.71 
37.21 
18.78 

kips 

20.97 
11.38 
2.82 

fy Compensating 
Force (Upward) 

kips 

9.59 
8.56 
2.82 

A summary of typical forces used in this frame's live load 
calculations are provided in Tables 1(a) and 1(b). Figure 3 
shows the net applied live load distribution. Table 1(c) shows 
distributions obtained by calculating the forces for steps 1 
and 3 by a three-dimensional linear elastic analysis of the 
rigidly jointed system. 

In all cases where factored load combinations are inves­
tigated, both the beam live loads and the compensating forces 
should be multiplied by the appropriate live load factors. 

SUMMARY 

An approach for incorporating live load reduction provisions 
within system analyses is presented. By determining an 
appropriate applied live load, the resulting forces in both 
the beams and the columns will include the ASCE 7-88 live 
load reduction provisions. In applying this live load, any dis­
placements calculated by a structural analysis will be con­
sistent with the reduced internal member force distribution. 
Joint equilibrium will be maintained. Because the procedure 
does not rdy on applying the principle of superposition, it 
may be used with either linear or nonlinear structural 
analyses. 

The concept of compensating forces has been illustrated 
by applying them at beam-to-column intersections only. The 
same idea can be extended to accommodate any desired 
degree of modeling of interior floor framing. 
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