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a Kolmogorov-Smirnov test on groups I, II, and m combined at the 10 percent signif­
icance level. Because all of the observed data points are contained between the upper 
and lower Kolmogorov-Smirnov limits, the fitted log-normal distribution may be ac­
cepted at the 10 percent significance level. 

It is desirable to determine ranges of probable levels for E'. To do this, the log­
normal distribution was used with the parameters given in Table 4. A standardized 
normal variable, u, was determined from the general log-normal variable, E', by the 
following relation: 

u = (1/crLn) Ln (E' /m) (16) 

Design levels were chosen from the student t distribution. This distribution is 
similar to the normal, but it reflects the uncertainty associated with having only a finite 
number of data observations. Bot)l 80 percent and 33 percent ranges were found. The 
results are shown in Figures 7 and 8 respectively for groups I and II combined and 
groups I, II, and III combined. 

The 80 percent range is defined as the range in which there is an 80 percent proba­
bility that an observed value will lie. This means there is a 20 percent probability that 
an observed value will lie outside of the range. The limits of this range have been 
chosen so that there is a 10 percent probability that an observed value will be below the 
range and a 10 percent probability that an observed value will be above the range. Notice 
that such a definition produces unsymmetric limits with respect to the median. This is 
because of the skewed nature of the log-normal distribution. 

Based on the information shown in Figures 7 and 8, it can once again be observed 
that the wide spread of the data as given in Table 1 makes it extremely difficult to justify 
the use of E' values in excess of the median values. Thus, from a statistical point of 
view, it is essential that additional data be recorded from full-scale culvert installations 
in order to obtain a statistically meaningful and realistic value of the modulus E' for 
design purposes. 

CONCLUSIONS 

Since its introduction more than 30 years ago, the Iowa deflection formula has been 
utilized as a fundamental design critPrion for r.orrne;::it,;,rl m,;,t?.l. plpe. 'T'ho 1,..,.,., f"""""l" 

is based on an assumed distribution of loading around the pipe, including the total ver­
tical load, We, as predicted by the Marston load theory. In addition, the Iowa formula 
contains three parameters, D1, K, and E', which are empiric~J quantities . To date, no 
extensive study has been made to establish a sound basis for estimating or evaluating 
these very important parameters. Realistic variations of these parameters can yield 
an almost threefold variation in the design requirement for a particular installation of 
pipe. 

Spangler has collected data concerning experimentally determined values of E'; how­
ever, as given in Table 1, these 18 values vary over a very wide range. The modulus 
of soil reaction E' is not a basic material property whose value can be determined from 
field or laboratory tests. The values of E', which have been suggested for design use, 
are based on empirical considerations, and this study has shown that no strong correla­
tion exists between this modulus and the parameters of the soil-culvert systems whose 
properties are given in Tables 1 and 2. A statistical study of these data confirms the 
fact that there is no rational basis for assigning any value for E' that is greater than 
the median value. 

This study has shown that the Iowa deflection formula per se can be an effective de­
sign tool. However, there are insufficient data available in the open literature to assist 
the designer in making realistic and rational decisions concerning the establishment of 
appropriate and reliable values of the parameters r,d, We, Di, K, and E'. Until such 
time that sufficient quantities of additional field data can be obtained and analyzed in a 
statistical sense, the designer should exercise extreme caution and discretion in assign­
ing values to all of these parameters in the Iowa deflection formula. 
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DISCUSSION 
M. G. Spangler, Iowa State University 

The paper by Parmelee and Corotis is a very welcome addition to the literature that 
deals with the structural design and performance of flexible conduits under earth fill 
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loads. The authors have reviewed the development of the Iowa deflection formula and 
have pointed out thP. empirical and semi-empirical nature of the deflection lag factor, 
D1, and the modulus of soil reaction, E'. They have skillfully applied methods and 
principles of the science of statistics to a determination of the adequacy of currently 
available data on which to base selections of workable values of these parameters. The 
writer is in complete agreement with the authors' conclusion that there is insufficient 
knowledge available at this time to enable a designer to select realistic and economical 
values of the needed parameters. 

At the time the deflection formula was developed, experimental evidence clearly in­
dicated the important influence of the modulus of soil reaction, but the range of the ex­
periments was relatively narrow. Since then, applications of the equation to actual 
situations has revealed that E' appears to vary over a very wide range, from as little 
as 234 psi to as much as 8,000 psi. These facts indicate and the authors' statistical 
analyses confirm the need for a massive program of field measurements to establish a 
working body of data for use in this area of design. The paper provides a valuable 
background and guidance material for any future study directed toward fulfilling this 
need. 
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