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In the following sections, the range of variation and influence of each of these fac­
tors will be examined in detail. 

Ring Stiffness Factor 

The ring stiffness factor is a function of the modulus of elasticity of the pipe mate­
rial and the moment of inertia of the particular corrugation configuration and the radius 
of the pipe. The variation of this factor with respect to different corrugations and radii 
is shown in Figure 2. In most cases, the ring stiffness factor has very little influence 
on the deflection of a particular pipe because the soil stiffness factor is much larger. 

Load Factor 

The load factor incorporates the parameters that have to do with the magnitude and 
distribution of the soil pressures on a buried pipe. The pipe deflection is directly pro­
portional to the load factor, and yet less is known about its components than any other 
value in the Iowa formula. 

In a discussion of the deflection lag factor, D1, Spangler (11) has stated, "The deflec­
tion lag factors observed in the experiments ranged from 1.3810 1.46, and in no in­
stance was equilibrium completely attained. Therefore, 1. 5 is suggested as a conserva­
tive value for design use for standard corrugated-pipe culverts installed without strut­
ting or predeforming." 

In the second edition of his textbook (14), Spangler states, "The deflection lag factor 
cannot be less than unity and has been observed to range upward toward a value of 2.0. 
A normal range of values from 1.25 to 1.50 is suggested for design purposes." 

The load on the pipe depends on whether the pipe is installed in a trench condition 
or in an embankment condition; however, in an attempt to obtain information of direct 
use to the design engineer, we may "simplify" the Iowa formula by assuming that the 
settlement ratio is zero. Then the total load on the pipe can be expressed as 

We= Hy Bo (5) 

It is now possible to substitute this value in the Iowa formula and solve for the fill height. 
The deflection can be expressed as a percentage of the nominal diameter (i.e., let 
P = ~x/Bo), and the equation can be expressed as 

H = 144 P / (D1 Ky) [(EI/R3
) + 0.061 E'] 

in which the constant 144 was introduced for dimensional consistency to yield a field 
height in feet. 

(6) 

Equation 6 provides a basis for making a parametric study of the various factors in­
fluencing the height of fill as predicted by using the Iowa formula. From this equation 
it can be seen that the design fill height is inversely proportional to the value of the 
deflection lag factor. Thus, any variation of the lag factor can have a very significant 
effect on the design height of fill, ·and care should be exercised in selecting an appro­
priate value for this parameter. In addition, it should be noted that a change in the 
bedding constant, K, over its range of values can modify the design fill height by as 
much as 30 percent. 

Soil Stiffness Factor 

Spangler regards E' as a semi-empirical constant and has stated that the properties 
of the soil that influence this factor are somewhat obscure although qualitatively it is 
certain that texture and density characteristics are of prime importance. 

The influence of the soil stiffness factor can be illustrated by means of Eq. 6. It will 
be assumed that K = 0.100. For purposes of comparison three design criteria will be 
established: design criterion I assumes E' = 700 psi and D1 = 1. 50; design criterion II 
assumes E' = 1,400 psi and D1 = 1.50; and design criterion III assumes E' = 1,400 psi and 
D1 = 1.25. 
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The variation of fill height for design criterion I is shown as the lowest curve in 
Figure 3. The effect of doubling the soil stiffness factor is reflected by the middle 
curve in Figure 3 (i.e., design criterion II). The corresponding change in fill height 
is not linear but is dependent on the value of the ring stiffness factor. 

The variation of fill height for design criterion III is shown as the highest curve in 
Figure 3. It should be noted that the only distinction between this curve and the curve 
for design criterion II is a change in the value of D1 from 1. 50 to 1.2 5. The modified 
fill height as reflected by this change is of significance but is not as large as the varia­
tion produced by doubling the value of E'. 

For an R3 / EI value of 50, the ratio of fill heights for design criterion III and design 
criterion I is 2.01. This difference is due to the changes in the D1 and E' parameters. 
If the bedding coefficient is also included in the variation, an even greater difference 
in fill heights is obtained. Assuming the bedding angle o: to be O deg for design criterion 
I yields a design fill height of 22.84 ft; assuming a value of o: = 90 deg for design crite­
rion III yields a design fill height of 60.21 ft. The resulting ratio of fill heights is 2.64. 
Thus, an almost threefold variation of design fill heights is possible, depending on 
which set of "realistic" values are assigned to the various parameters in the Iowa de­
flection formula. 

The values of the parameters for design criterion I are equivalent to those suggested 
by the Bureau of Public Roads in 1966 (17), whereas the values of the parameters for 
design criterion Ill are equivalent to thevalues recommended by the Federal Highway 
Administration in 1970 (20). 

ANALYSIS OF TEST DATA 

From the foregoing discussion it can be seen that the most influential parameter in 
the Iowa deflection formula is the modulus of soil reaction E'. Unfortunately, this 
modulus is not a fundamental soil property that can be evaluated by means of a stan­
dard laboratory test. Researchers (13, 19) have attempted to determine E' by direct 
laboratory measurements but withoutsuccess. Recently, several investigators (1, 5, 
7, 8) attempted to correlate E' with basic soil properties, but these correlations have 
not yet been widely tested. 

Consequently, the design engineer must rely 011 past experience and "1·ecommended 
values" of E' for design purposes. Spangler has suggested that E' be considered as a 
semi-empirical constant whose values may best be determined by observation and mea­
surements on actual culvert installations. Recently, Spangler published a table showing 
values of E' for various kinds of soil in various states of compaction as deduced from 
18 actual culvert installations (15). These data are given in Table 1. This limited 
study reveals that the modulus E' varies over a wide range, from as little as 234 psi 
to as much as 7,980 psi, a 34-fold variation. 

These data are from two experimental programs and three actual installations. The 
original sources of the information are as follows: 

Item Date Report Reference 
Number Test Dates Published Number 

1 to 10 1927 to 1936 1938 10, 11 
11 to 15 1924 to 1926 1929 2, 12 

16 1952 1956 3 
17 1952 1956 16 
18 1966 1969 9 

Thus 83 percent of the data are from test installations that were constructed more than 
35 years ago. Spangler (15) has stated that these data are the result of his efforts to 
accumulate information onvalues of E' and to correlate them with soil properties. 

For purposes of later identification, the culverts have been divided into three groups. 
Group I includes items 1 through 10 and consists of the pipe in the Iowa State College 
tests. Group II includes items 11 through 15 and consists of the pipe in the North Caro­
lina tests. Group III consists of the three large-diameter installations having high fill 
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heights. Additional data from the original test results are given in the first five col­
umns and the eighth column of Table 2. 

The reported values of e and E' for items 1 through 17 (as shown in the last two col­
umns of Table 1) were evaluated by means of the basic definitions. The test data used 
for these calculations consisted of the measured deflection and the side pressure, h, 
which were measured for items 1 through 10 and estimated for items 11 through 17. 

As an alternative approach, the modulus can be evaluated from the Iowa deflection 
formula. Thus, if Eq. 3 is rewritten in the form 

E' = 16.39 [(D1 K We/Ax) - (EI/R3
)] (7) 

and assumptions are made concerning values of D1, K, and We, then E' can be evaluated 
on the basis of the measured values of the deflection and the ring stiffness factor. 

It has been suggested that the modulus of passive resistance and/or the modulus of 
soil reaction is dependent on the density of the soil adjacent to the pipe. To check 
this hypothesis, we made a linear regression analysis of the e and E' data given in 
Table 1 with the percentage of standard Proctor density data for group I pipe given in 
Table 2. The prediction equations, as obtained from the linear regression analysis, 
are given in Table 3 together with the correlation coefficient for each case. From 
Table 3 it can be seen that there is a higher degree of correlation between e and PPD 
than there is between E' and PPD. This analysis cannot be considered as conclusive 
because only 10 data points are available for consideration. 

Regression analyses were also made to explore the dependence of the moduli e and 
E' on the parameter D and the nondimensional ratio H/D. By considering these param­
eters, it was possible to analyze various combinations of the 18 items given in Tables 
1 and 2. The resulting prediction equations and the associated correlation coefficients 
are given in Table 3. 

The results given in Table 3 do not establish a strong enough dependence of E' on 
PPD, D, or H/D to warrant the use of any of these equations for design purposes. For 
example, if the data for item 17 are considered, the prediction equations at the bottom 
of each group in Table 3 yield the following values: 

Parameter Considered 

Percentage of Proctor density = 100 
Diameter = 84 in. 
Ratio of H/D = 19.6 

E' Value 

916 psi 
2,432 psi 
2,834 psi 

All of these values fall short of the value of 7,980 psi as given in Table 1. 
The measured horizontal and vertical deflections for 16 pipe culverts are given in 

Table 2 together with the ratio of these deflections. The mean value of the ratio 
Av.rt./Ahoriz. is 1.13, and the standard deviation is 0.18. Thus, it can be seen that the 
vertical and horizontal deflections are not equal, and the vertical deflection is generally 
the larger. 

All of the test pipe in groups I and II (items 1 through 15) were studied prior to the 
introduction of the E' concept, and the "exact" values of e as reported in the original 
publications (2, 11) are given in Table 2. Using these values of e, we calculated the 
theoretical horizontal deflection of the pipe by means of the Iowa formula as given by 
Eq. 1. These values are given in Table 2 as (Ah)eaie., together with the ratio of this 
deflection to the measured horizontal deflection. The mean value of this ratio is 0.96, 
and the standard deviation is 0.38, indicating a fairly wide scatter of the data. 

As an alternative to evaluating E' by means of the basic defining equation, we ex­
plored the possibility of utilizing more of the test data. This was accomplished by as­
suming D1 = 1.00 and K = 0.100 and by rewriting Eq. 7 in the form 

E" = 16.39 [0.20 We/(Ahortz. + Avort.) - (EI/R3
)] (8) 

The measured values of the ring stiffness factor, We, Ahor1z., and Avort. as reported in 
the test results were utilized to evaluate this alternative form of the modulus. The 



Table 1. Values of E' for 18 flexible pipe culverts. 

Flll 
Height/ 

Pipe Flll Pipe Side 
Diameter Heii;ht Diameter Pres - Deflec - Back- E' 

Item Group (in.) (ft) (ft / ft ) sure lion Load Type of Soil fill (psi/in.) (psi) 

1 42 15 4.28 M M Loam topsoil u 14 294 
2 42 16 4.56 M M Well-graded 

gravel u 32 672 
3 36 15 5.00 M M Sandy clay loam u 13 234 
4 42 15 4.28 M M Sandy clay loam u 15 315 
5 48 15 3.74 M M Sandy clay loam u 14 336 
6 60 15 3.00 M M Sandy clay loam u 12 360 
7 36 15 5.00 M M Sandy clay loam T 28 502 
8 42 15 4.28 M M Sandy clay loam T 25 525 
9 I 48 15 3.74 M M Sandy clay loam T 29 696 

10 I 60 15 3.00 M M Sandy clay loam T 26 780 
11 II 20 12 7.20 E M Sand NA 35 350 
12 II 21 12 6.86 E M Sand NA 82 861 
13 II 30 12 4.80 E M Sand NA 25 375 
14 II 30 12 4.80 E M Sand NA 80 1,200 
15 II 31.5 12 4.58 E M Sand NA 56 882 
16 Ill 66 170 30.90 E M Clayey sandy silt C 40 1,320 
17 Ill 84 137 19.60 E M Crushed sand-

stone C 190 7,980 
18 Ill 216 83 4.60 M M Graded crushed 

gravel C 58 6,300 

Note: e = modulus of passive resistance, E'= modulus of soil reaction, M = measured, U"" untamped, T = tamped, E = estimated, NA= not available, and 
C • compacted. 

Table 2. Summary and analysis of test data for 16 flexible pipe culverts. 

Data From Teat Results 
Horizontal Deflec-

Percent- lion Calculated E" 
age of Measured Deflections Using e Value (based 
Standard on "F:/ E' 
Proctor w, lhorll. ~Hrt. t:..,.,,. / e (t:..,) .. 1<. (t:..,),.,,./ t:...,,) (E' from 

Item Density r,, (lb/in.) (in.) (in.) bihorts• (psi/in. ) (in.) (t:..,) ..... (psi) Table 1) 

1 87.7 443 1.38 1.43 1.04 14.0 1.23 0.89 226 0.77 
2 93.2 443 0.75 0.80 1.07 32.0 0.78 1.04 699 1.04 
3 86.8 -0.38 300 1.27 1.21 0.95 12.93 1.17 0.92 241 1.03 
4 89.2 -0.26 375 1.39 1.31 0.94 14.82 1.41 1.01 332 1.05 
5 91.4 -0.38 408 1.62 1.56 0.96 14.39 1.56 0.96 338 1.01 
6 89.0 -0.67 508 1. 79 1.82 1.02 11.60 1. 72 0.96 402 1.12 
7 93.5 -0.18" 342 0.67 0.71 1.06 28.30 0.83 1.24 657 1.31 
8 91.5 -0.14" 425 0.77 0.84 1.09 24.67 0.94 1 .22 747 1.42 
9 92.6 -0.17" 458 0.86 1.02 1.19 29.30 0.97 1.13 716 1.03 

10 90.5 -0. 76" 483 1.01 1.26 1.25 25.71 0.87 0.86 640 0.82 
11 98 0.48 0.543 1.13 33.3 0.479 1.00 296 0.85 
12 173 0.212 0.233 i.10 63 .2 0.176 0. 83 al3 0.36 
13 162 0.631 0.812 1.29 26.3 0.711 1.13 352 0.94 
14 233 0.234 0.261 1.12 70.0 0.255 1. 09 1,030 0.86 
15 224 0.322 0.379 1.18 50.3 0.324 1.01 673 0.76 
18 9,800 1.4 2.4 1.71 8,366 1.33 

Note: Item 11 was a smooth iron pipe with t = 0.076 in. Item 13 was a smooth iron pipe with t = 0.109 in. Item 14 was a steel tube with t • 0 ,349 in, 
All others were corrugated metal pipes, 

'Adjusted value. 

Table 3. Prediction 
equations. Group 

Percentage of Proctor density• 
I 
I 

Pipe diameter' 
I 
I 
I, Il combined 
I, U combined 
I, II, II1 combined 

Fill height-pipe diameter ratio' 
I 
I 
I, II combined 
I, II combined 
I, Il, Ill combined 

'e = -240 5 + 2,886 and E'= -3,790 + 47.06. 
'• • c1 + c2 (0} and E' = Ci + C2(D}, 
'e = C3 + c,(H/ D} and E' = C3 + C.(H/0}. 

Characteristic 

e 
E' 

C1, C2 

Cl, Cf 
C1, C2 

Cl, C2 
Cl, C~ 

C3,' C,a
1 C3 1 C11, 

C3/ C4
1 C3, C.,. 

c;, c~ 

Value 

25.0, -0.09 
96.4, 8.2 
66.0, -0.09 
955.0, -10.1 
-550.0, 35.5 

14.4, 1.56 
810.7, -83.1 
-4.8, 7.6 
492.0, 14.6 
521.0, 118.0 

Correlation 
Coefficient 

0.718 
0.557 

0.086 
0.363 
0.572 
0.431 
0. 721 

0.120 
0.305 
0.468 
0.061 
0.385 
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resulting values are given in Table 2 together with the ratio of this modulus to the value 
of E' as reported by Spangler and given in Table 1. The mean value of this ratio is 
0.98, and the standard deviation is 0.25, indicating that approximately two-thirds of the 
data lie within the range of 0. 73 to 1.23. 

The quantity We as used in Eq. 8 was that value reported in the test results and 
given in Table 2. In order to investigate the validity of the design assumption that the 
settlement ratio is zero, we evaluated the weight of the total prism of soil above the 
culvert by means of Eq. 5 (listed as the quantity We), The values of W0 are compared 
with the We values. Perfect correspondence does not exist between these two quantities; 
however, the data are very well correlated (the correlation coefficient is equal to 0.953), 
and a regression analysis yields the equation 

W. = 10 + 1.32 We (9) 

The mean value of the ratio W0 /We is 1.38, and the standard deviation is 0.20. 
From the foregoing it can be seen that the value of the modulus of soil reaction as 

evaluated from test results is very sensitive to the method of calculation. In addition, 
the assumed value of the bedding coefficient will have a large influence on the result. 

The design fill height as predicted by Eq. 6 and the values of the parameters as given 
by design criterion I (K = 0.100, E' = 700 psi, and D1 = 1.50) and design criterion m 
(K = 0.100, E' = 1,400 psi, and D1 = 1.25) ai·e shown in Figure 4, and it can be observed 
that only seven of the points for design criterion I lie in the conservative region of the 
figure. A linear regression analysis was made of both sets of data and yielded the fol­
lowing results: 

1. Design criterion I: 

Hdeelgn = 11.4 + 0.47 Hextrapolated 

The correlation coefficient is 0.67. 
2. Design criterion III: 

Hdealgn = 33.4 + 0.52 Hextrapototed 

The correlation coefficient is 0. 66. 

(10) 

(11) 

Thus, within the range of values considered, there is a fairly good correlation of the 
data; however, both criteria tend to yield unconservative results when compared to the 
observed behavior of actual culvert installations. Consequently, it appears that a more 
complete definition is required for the various parameters used in the Iowa deflection 
formula. 

STATISTICAL EVALUATION OF E' 

There are really insufficient data to do a truly meaningful statistical evaluation of the 
data concerning E' as given in Table 1. However, because no other data are available, 
the most one can do is to provide a statistical analysis of the 18 observed values. 

The first case is group I, the second is group II, the third is groups I and II com­
bined, and the fourth is groups I, II, and III combined. The first three cases indicate 
a fairly symmetric clustering of the data around the 300- to 600-psi range but with a 
slight tendency for the number of observations to decrease more gradually on the 
higher side than on the lower side. The histogram in such a case is said to be skewed 
to the right. The fourth case produces a much greater skewness. This skewness leads 
one to suspect that the normal, or Gaussian, distribution, which is symmetric, will 
not represent all four cases well. Three common probability distributions that exhibit 
skewness toward higher values are the Rayleigh, exponential, and log-normal distri­
butions. 

A useful statistical aid is a graphic display of the observed "cumulative" made by 
plotting the data on a special graph paper. In Figure 5, the observed "cumulative" for 
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groups I, II, and III combined is graphed by using four different types of probability 
scales: normal, Rayleigh, exponential, and log-normal. The more colinear are the 
observed points on a particular scale, the better is the assumption that the data follow 
that particular distribution. 

It is observed that graphing the observed "cumulatives" on a log-normal probability 
scale produces a result significantly closer to a straight line than with the other dis­
tributions. It should be noted that there are not sufficient data to expect exact fit for 
any proposed distribution. 

Some important statistics of the data are given in Table 4. The observed mean, m, 
is found from the data as 

n 
m = (1/n) I: E~ 

i=l 
(12) 

where E~ is one observed value of E' and n is equal to the number of observed values. 
The observed standard deviation, a, a measure of dispersion in the observed data, 

is found as 

{ 
n }½ 

a= (1/n) ~ [(E~ - m)2] 
1=1 

(13) 

The observed coefficient of variation, V, is simply a/m. The observed median, m, is 
the central value of the observed data. 

Using the observed mean and standard deviation, we fitted a log-normal distribution 
to the data for all four groupings of the data. From this fitted distribution, the model­
calculated median and standard deviation of the logarithm of E' were found. The appro­
priate formulas are 

m* = m exp [(-½) atn 

ai = [Ln (V2 + 1)//2 

(14) 

(15) 

If we consider the number of observations, the observed and model-calculated medians 
given in Table 4 agree rather well. 

In order to substantiate the adoption of the log-normal distribution, we performed a 
chi-square test on the observed data. This test is a measure of the difference between 
the observed values of the histogram and the values predicted by the assumed distribu­
tion. The difference, d1, is compared with a table value of the chi-square distribution 
for a given level of significance. If d1 is less, the deviations are not considered signif­
icant (at the given level), and the assumed distribution may be accepted. 

Because of the limited amount of data at hand for this problem, the results of a chi­
square test must be used cautiously. The test was carried out at the common 10 per­
cent significance level. The results are as follows: group I, d1 = 1.64 and chi-square = 
2.7; group II, d1 = 0.66 and chi-square= 4.6; groups I and II, d1 = 0.97 and chi-square= 
4.6; groups I, II, and III, d1 = 70.31 and chi-square = 12.0. The chi-square value has 
been found as a function of the number of degrees of freedom in the deviations. 

For groups I and II separately and I and II combined, the deviations are well below 
the chi-square level, and the log-normal distribution is acceptable. For groups I, II, 
and III combined, however, the chi-square test indicates rejection of the assumed dis­
tribution. Data often fail a chi-square test because of the uncertainty surrounding the 
tail areas of a distribution. This is especially true when insufficient data are available. 
In this case, a graphic·Kolmogorov-Smirnov test can be performed. Such a test defines 
an acceptable region, at a given significance level, for observed data surrounding the 
assumed distribution. It is based on the fact that the maximum difference between the 
"cumulative" of the histogram and the "cumulative" of the assumed distribution is a 
variable whose distribution is independent of the assumed distribution. Figure 6 shows 
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Figure 5. Probability "cumulatives" for groups I, 11, and Ill . 
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Table 4. Observed and calculated statistical parameters for E'. 

Model 
Observed Observed Calculated 

Observed Standard Coefficient Standard Observed 
Mean Deviation of Deviation Median 

Group (psi) (psi) Variation of Log (psi) 

I 471.4 182.42 0.3870 0.3736 368 
II 733.6 326.04 0.4444 0.4246 861 
I, II combined 558.8 269.99 0.4832 0.4581 502 
I, II, III combined 1,332.33 2,094.15 1.5718 1.1155 600 

Calculated 
Median 
(psi ) 

439.63 
670.37 
503.15 
715.18 
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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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