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This paper contains a s implif ied explanation of the theory and related com
putations fo r estimating f i l l settlement, using the voids rat io . Included is 
a problem involving two layers of compressible so i l . The problem is solved 
in a step-by-step method, with comments fo r each step. Necessary charts 
and graphs are included for predicting the settlement of a f i l l . 

• MANY highway engmeers do not f u l l y understand the principles involved in analyzing 
the settlement of highway embankments. The pr imary factor in estimating settlement 
is based on the amount of water and a i r which is squeezed or pressed out of the com
pressible foundation soil by the f i l l load. The rate of settlement is controlled by the 
character of the compressible foundation soil and the distance the water and air must 
t ravel to escape. Obviously a clay soil w i l l drain water slower than a sil ty or peaty 
type soi l . Any layers of granular material in the foundation soi l w i l l result in acceler
ating the time of settlement, since the excess water w i l l t ravel horizontally as wel l as 
vert ical ly. 

ACCURACY OF ESTIMATE 

It must be stressed that computations are correct for each soil test. However, since 
a soil test may represent many thousands of cubic yards of non-homogenous soi l , there 
results at best an average representation of the soil mass. For highway embankment 
foundations the condition of average representation by sampling is more pronounced 
than in the case of structure foundations where the effective mass of foundation soil i s 
much less. 

STANDARD FORM OF COMPUTATION 

The following data has been selected f r o m the publications of soils authorities. I t 
has been my experience that a continuity of study on this subject involves many r e f e r 
ences which in turn make i t d i f f icul t to follow the subject. This probably is the principle 
reason that many highway engineers are not eager to pursue the subject. A standard 
procedure generally offers a better understanding of a complex problem. 

ESTIMATE OF SETTLEMENT 

The computation of the amount of settlement involves the average void ratios of the 
natural ground before loading with the f i l l (ei) and after loading with the f i l l (e2) and 
the thickness of the layer, or: 

Settlement = thickness of layer times ( ) 

ESTIMATE OR THE RATE OF SETTLEMENT 

The rate of settlement is determined by the ability of the soil to drain away the ex
cess water and reduce air voids in the soil mass under the pressure caused by the f i l l 
load. The basic formula used to estimate the time of settlement ( t ) , i s : 

1.2 
t T h^ 

Cv 

t = time to settle h^ = longest vert ical 
T = Terzaghi time factor (depends on pressure and drainage path 

direction of drainage relationships) .Select values Cy = average coefficient of 
f r o m Charts C or D. consolidation 
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SETTLEMENT COMPARED TO SHEAR FAILURE 

A f i l l settlement should not be confused with the slide or shear type fa i lure . I t might 
be stated that foundation consolidation is contained within the f i l l section, and the shear 
type results i n action outside of the f i l l section. Of course, both types of action can 
occur in the same embankment. 

The above section represents settlement on a foundation soil of sufficient strength 
to support the f i l l load. In general terms the action is ver t ical and the amount of 
settlement depends on the quantity of water and air pressed out of the foundation soil 
by the weight of the f i l l . 

The above section represents an embankment placed on a foundation soil which is too 
weak to support the load of the f i l l . The pressure of the f i l l acting vert ical ly causes 
the weak foundation soil to r ise or shear outside of the f i l l section. U the foundation 
soil is very unstable a slide can develop in the f i l l section; this condition is indicated 
on the right side of the above sketch. The condition on the lef t side prevails when the 
pressure of the f i l l exceeds the strength of the foundation soi l , but to a lesser degree 
than that indicated on the r ight side of the sketch. 

SAMPLING 

The importance of sampling cannot be over emphasized. There are several factors 
involved in sampling which can seriously affect the mathematical approach to an es t i 
mated settlement of an embankment foundation; chief of which are: 

1. The non homogeniety of soils w i l l be a cause of concern. If a layer of clay wi th 
in a mass of sil ty type material i s selected for testing, the results would be of question
able value; since such material has a definite effect of slow consolidation. Hence the 
laboratory technician can become a salient factor in the end result of the computations. 
Also, since the undisturbed sample is very small (generally about 2 i n . in diameter 
X about 1 i n . thick) when compared to the volume of foundation soi l , the non homogen
iety of the soil demands careful selection of the samples. 

2. The method of sampling, where i t is generally impractical to remove a sample 
by means of a pit or excavation (most questionable highway embankment foundations 
b e i i ^ submerged) are subject to serious consideration. At best a so-called undisturbed 
sample is disturbed, but to a lesser degree i t obtained with best design equipment. 
Usually best samples are obtained by means of samplers using a removable series of 
r ings, inserted into an outer split shell or containing body. Samples are selected by 
sawing the soil between adjacent rings and inserting the r ing and i ts contained soil 
directly into the consolidation apparatus. 

3. The technique of taking a sample for consolidation testing can produce varied 
results. In this respect I believe i t best that one man be assigned to supervise or take 
such complex samples. A l l strata of the foundation soil must be observed and r e 
corded and zones of typical consolidating soils sampled. Layers of granular material 
within the soil mass must be recorded and the type of material on which the compress
ible material rests must be identified. Such observations have a direct bearmg on the 
time element computations fo r estimated settlement, as w i l l be shown later. With a 
specialist taking a l l samples (a soils engineer is desired but not required) most con-
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sistent results are obtained and more complete data w i l l be obtained. 
4. Improper shippi i^ and handling methods can result i n altering or even destroy

ing a properly taken sample, again a sampling specialist can take personal care in 
transporting samples to the laboratory or take proper action in preparing the undisturbed 
sample for shipment. 

Other factors could be described but i t is the intention here to bring attention to some 
of the problems which fundamentally affect the results of computi i^ estimated settle
ments. Consistent sampling procedures w i l l reduce the judgment and procedural e r rors 
or at least bring them to the attention of the soils engineer responsible fo r making the 
estimate. I t might be said that i f highway engineers were aware of this condition a 
better understanding of the problem would result and an estimate would be more accept
able and understandable to engmeers involved. 

TESTING AND REPORTING 

The laboratory generally reports the void-ratio and the average coefficient of con
solidation (cv) of the sample at increment loads. The applied test loads must exceed 
the proposed embankment load (wet weight) by at least 25 percent. The height of the 
intended embankment must be given to the laboratory, this being f o r purposes of de
termining the range of pressure to be applied to the sample. Test loads should range 
f r o m less than 800 lb per sq f t to at least 25 percent greater than the unit weight of 
the embankment. The specific gravity and natural moisture should be reported. Other 
tests are helpful such as screen and hydrometer analysis, l iquid l i m i t , plasticity index, 
Ignition loss, etc. 

EXAMPLE OF COMPUTATIONS (See Fig . 1, Appendix) 

With the data f r o m Figure 2, prepare a graph of the logarithm of the applied pres
sures against the void ratios (P-e curve) . This is prepared on semi-log paper; also 
on the same sheet, plat a graph of the coefficient of consolidation ( C y ) against the 
computed averages of the applied pressures. Figure 3 shows the P-e and Cy curves 
f r o m the laboratory data of Figure 2. 

Line 4 

Compute the unit weight of the submerged foundations soi ls . Figure 2 gives the 
specific gravity and natural moisture of the samples. With this data using Chart A , 
the wet weight of soil i s determined, by subtracting 62.4 (unit weight of water) the 
submerged weight of the soil is obtained. Note: in most problems the water level 
w i l l r ise to the ground level upon application of the f i l l load; this being the case of 
most f i l l foundations which cover much more area than bridge foundations, etc. 

Line 5 

The wet weight of the f i l l soil per cubic foot is required to compute the total load of 
the f i l l . Often this value is approximately 125 pcf, but i t can be computed f r o m the 
dry weight as: 

wet weight soil = dry weight x ( ^° " f f ' ' ^ + l ) 

or the wet f i l l soi l may be compacted in the standard mold and i ts unit weight deter
mined per cubic foot. 
Line 6 

Highway f i l l foundations are considered for problem purposes to have the dimensions 
of a rectangle one side of which is equal to the average width of the f i l l and the other 
side is equal to 4 x the depth of the compressible soils. For study purposes this large 
rectangle is analyzed as a % section, i t being the theory that the maximum load is on 
one corner of a % rectangle. The values A and B represent the dimensions of V4 of the 
larger rectangle. 
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Line 7 

This i s the average width of the f i l l o r : 

top width + bottom width 
Line 9 2 

The computation fo r Ap at this point determines the total load per sq f t of the f i l l 
at the ground surface. 

Lines 10 and 11 

Determine the influence coefficient at the mid-point of the layer, or: 

A 
m = 

n = 

Depth f r o m ground surface 

B 
Depth f r o m ground surface 

With m and n known the influence coefficient is determined f r o m Chart B . 'This value 
i s used in computing the decrease pressure in the lower regions of the soil mass due 
to the f i l l load. See line 13 for use. 

Line 12 

The average in i t i a l static ground pressure within 1st layer i s determined, or: 

P i = Unit weight foundation soil x V2 thickness of layer 

This is the theoretical pressure of the natural ground at the mid-point of the layer 
without the addition of the f i l l weight. F rom Figure 3 determine the void ratio fo r this 
pressure f r o m the P-e curve of the layer i n question and enter in appropriate column 
as ex. 

Line 13 

The effect of the f i l l pressure at the mid point of the layer i s determined. This 
computation involves the use of the m and n influence coefficient and expansion to cover 
the 4 corners of the pressure center or: 

Ap = 4 X influence coefficient x f i l l load, ( A p f r o m line 9) 

P2 = p i -t- A p This pressure is the total average pressure acting in the layer and de
termines the value of e2 as taken f r o m Figure 3 at the pressure p2 fo r the layer m 

question. A t this point i t is wel l to complete ^ ^ fo r the average pressure at the 

mid point of the layer to determine the average coefficient of consolidation (cy) f r o m 
Figure 3 fo r the layer No. 1 of compressible soi l ; enter value i n the appropriate column. 

Lines 14 and 15 

Determine the m and n values and the corresponding influence coefficient fo r the 
bottom of the layer; same procedure as fo r lines 10 and 11 . 

Line 16 

This computation is the same as for line 13 but i s fo r the bottom of the layer, or: 

Ap = 4 X influence coefficient x f i l l load. 

The void rat io is not required at this point; only the average values of e are required 
to estimate the subsidence. 

Lines 17 and 18 

Determine values f o r m and n at the average depth of the layer below ground surface. 
Same procedure as lines 10 and 11 . 
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Lme 19 
Compute the natural ground pressure at the middle of the 2nd layer. In this instance 

i t i s necessary to compute the total weight per sq f t of the top layer and add to this the 
average pressure of the 2nd layer. Generally two unit weights of foundation soil are 
involved necessitating individual computations as: 

pi = (unit weight of top layer x thickness) + (unit weight of bottom layer 

X % thickness of layer) 

For this value of p i select the corresponding e i . 

Line 20 
Compute the effect of the f i l l load at the mid point of the 2nd layer. Same procedure 

as fo r line 13. Select 62 for the pressure p2, (p2 = pi + A p ) ; also select Cy for V2 (p i +P2) 
f r o m Figure 3, layer No. 2. 
Lines 21 and 22 

Determme the m and n values for the bottom of the layer, same procedure as lines 
10 and 11 . 

Line 23 
Determine the effect of the f i l l load at the bottom of the layer, same procedure as 

line 13. The void ratio is not required at this point. 

Line 25 
Compute the settlement of each individual layer, f r o m : 

Settlement = thickness of layer times ( ) 

Values of ei and e2 are taken fo r each layer f r o m the work sheet Figure 1, having 
been determined f r o m Figure 3 fo r the pressures pi and P2 at the middle of the layer. 
The computed settlement of each layer is entered on line 38 under the columns headed 
by "Settlement" No. 1 layer and No. 2 layer. Further computations involve entering the 
percent of settlement to complete these columns. 

Lines 26 to 29 on right side of work sheet. Figure 1 

Charts C and D indicate the effect of t ime of settlement. It w i l l be noted that the 
magnitude of the top and bottom pressures affect the T factor . In Cases IV and V the 
value of u or ratio of top pressure (Ap) to the bottom pressure (Ap) must be determined 
in order to select the proper T value. Af te r determining the proper case (and value 
of u i f required) enter the corresponding T factor f r o m Charts C or D fo r the percent 
consolidation on the work sheet f o r the individual layers. 

ESTIMATE OF TIME OF SETTLEMENT 

t = T h ' 
Cv 

This formula estimates the t ime of settlement f o r the computed percent of settlement, 
using the applicable T factor; h i s the longest ver t ical path the water must t ravel to 
escape f r o m the layer. In the case of a granular bottom under a compressible soil 
layer, the water t ravel can be both up and down or the longest ver t ical path w i l l be V2 
the thickness of the layer in question. I t w i l l be noted that foundation soils which are 
f ree to drain at the top and bottom are identified as Case I of Chart C. If Cy or coef f i 
cient of consolidation is given in days the resulting computation for t w i l l be in days. 

Complete the work f o r m by computing the t value f o r a l l percent indicated in the f o r m 
and enter the data under the proper colunm f o r the individual layers. 
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PREPARE CaiAPH OF SETTLEMENT VS TIME 

Following the computations of the amount of settlement and the corresponding time 
to attain such settlement, prepare a graph on 10 x 10 cross-section paper for each 
layer using the amount of settlement against the time to attain this settlement (see F i g . 
4 ) . 

By adding the settlement values of each layer (as graphed) at selected time intervals 
prepare a graph representing the total settlement of both layers; see Figure 4. This 
graph can be studied by the engineers who are concerned and be an aid in establishing 
required quantities to maintain the f i l l height. I t is also very helpful in considering the 
subsidence during the construction period. Also i t w i l l reveal the probability of main
taining a grade line following the construction period. 

Once this f o r m and example (F ig . 1) are understood, i t w i l l be much easier to refer 
to the tests prepared by the authorities of the subject. The above example was selected 
fo r the purpose of explaining the procedure. If a f i e ld problem involves more layers 
additional sheets may be used for the additional layers. 

Some engineers believe that the estimated time of settlement i s quicker than the 
computed value, part icularly when there is evidence of varvmg or layering in the 
foundation soils. Under such conditions the e r ro r , i f any, could be attributed to sampl
ing, d r i l l logging the data, etc. If the d r i l l data indicates layers or formations through 
which the excess water and air can migrate horizontally, a value of V2 the thickness of 
the layer (longest ver t ical path fo r the water to escape) can be used. Using the sample 
f o r m many layers can be computed by adding more sheets. Of course, intensive sampl
ing might be considered impractical; with this in mind some engineers are dividing the 
thickness of the compressible layer by 1.5 fo r anticipated drainage at one surface and 
by 3.0 i f two faces are possible. 
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Appendix 
NOMENCLATURE AND NOTES FOR FIGURES 1-4, 

CHARTS A AND B AND EXAMPLES I - V 

p i = Natural ground pressure at mid point of layer. 
Ap = Consolidating pressure of f i l l load. 
P2 = Pi + Ap. 

Pi + P2 2 = Average pressure for determining average value of Cy. 
e = Void rat io = ratio of the volume of soil solids to the volume of voids. 

Cy = Coefficient of consolidation, 
m = A -f- depth considered, 
n = B -5- depth considered. 

I n f l . Coeff. = Factor fo r computing effect of f i l l load at various depths. 
u = Ratio used in Cases IV and V fo r determining T factor = Ap top-s-Ap bottom. 

T Factor = Time factor for determining settlement rate ( f r o m Chart C or D ) . 
t = Time of settlement. 

Plat P-e curve on semi log paper, using applied pressures and corresponding void rat ios, 
also plat Cy curve using average applied pressures and average coefficient of consoli
dations. 

LINE 4, 
LINE 5, 
LINE 6, 
LINE 7, 
LINE 9, 
LINE 10, 
LINE 11, 

LINE 12, 
LINE 13, 
LINES 14 
LINES 17 

LINES 21 
LINE 25, 

LINES 26 

LINES 29 

Using Chart A , determine submerged unit weight of foundation soils. 
This is the wet weight of the f i l l material per cubic foot. 
A and B represent the dimensions of % of a theoretical pressure area. 
This i s the average width of the f i l l section. 
Compute f i l l pressure at ground surface or; Ap = unit wght. of f i l l x f i l l height 
m = A-5- depth to mid point of layer ( f r o m ground surface). 
n = B - r depth f r o m ground surface to mid point of layer. With m and n known, 

select the influence coefficient f r o m Chart B . 
pi = unit weight of foundation soil x depth to mid point of layer. 
Ap = pressure of f i l l at mid point of layer = 4 x f i l l load x i n f l . coeff. 

, 15, 16, same as Lines 10, 11, 13, except compute fo r bottom of layer. 
, 18, 19, 20, same as Lines 10, 11, 12, 13, except fo r midpoint ( total dist . 

f r o m ground surface) of 2nd layer. Note, two unit weights of submerged 
foundation soil are generally involved. 

, 22, 23, same as Lines 10, 11, 13, except fo r bottom of layer. 
Settlement = thickness of layer x ei - e2 4- 1 + e i , e i and e2 are taken f r o m 
the P-e curve for pressures p i and p2 respectively. 

and 28, i f Case IV or V is involved, compute u = Ap at top-J- Ap at bottom of 
layer. Enter appropriate T factor f r o m Charts C or D in column as i n 
dicated. Determine, t = T x h" + Cy, in which h = the longest ver t ical dra in
age path. If the bottom layer i s granular, h = % thickness of layer because 
water is f ree to t ravel in both vert ical directions, cy is selected f r o m the 
coefficient of consolidation curve at the computed pressure for each layer 
or p i + p2 -5- 2. 

, 38, compute percent settlement of each layer, 100 percent is the values f r o m 
Line 25. Compute time to settle and enter in appropriate column. If Cy is 
given in sq f t /day t w i l l be in days, i f cy is given in sq f t /year t w i l l be 
in years. Prepare a graph of percent settlements against corresponding t 
fo r each layer, f r o m this graph accumulate the settlement of both layers at 
selected periods of t fo r a graph of total subsidence. 

NOTE: 
For estimating purposes, i t can be considered that foundation materials w i l l be 

entirely submerged. Generally the effect to the f i l l pressures w i l l cause water to rise 
to the original ground line or top of the compressible so i l . 
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1 Section Hlghvay County _ _ _ _ _ 
2 Stat ion •jfJ^OO . f * . I t . f t . r t . ^ t . Sampled ^e^/t»>sx>/3 
3 l a b . no. , depth 7 to > f t . U b . -ho. , depth /O to / / f t . 
k ttiit wght of submerged so i l s ; layer # l=j2£ p c f j layer §7f 4.^ pef. 

• embankment s o i l (wet wcht.^ = / Z S pcf . 

6 Asj- ave.. width of emb.=̂ a&*« BsJ- (Axdepth of coippress: 

8 

9 i 

Ave. widths .53 

0.0 

Pi 

ble s o i l B ) = ' ' i ^ £ . f t . 

4^ 
P2 

10 m at f t . = 2 y 

11 n at ;£S_S\.- ^^j- t.6.7 

at 
at 

U • a t _2 ^ f t . - > ^ . P><' 

15 n at _ 2 _ f t . = = / ^ , 5 3 

2<£ 
2l£ 

0 ^ 

16 AP at J ! ^ f t . B i^/TSQ X O.Z47 

/9e/ e2=/J 
Yoao\ 

s 17 m at 3 > ^ f t . = 

18 n at J£Sft.= = A 
19 PI at J f ( S f t . = ( J s i 9 U(.2Xj;jc<»T| 
20 ^p at J » < r f t . = ix//SOx O./.' 

0 ^ 

\JZ£0 

21 m at tfQg f t . -

22 n at gg.O f t . -
23 2iP at ^ ( i i 2 _ f t . 

/ 2 . 0 

Pl-/£? 
e 2 = ^ 

0./.Z 

T^e of s o i l ; describe,. 

25 SETTLEMENT; layer #l=.£e. x itVA*̂ = O ^ f t ; layer #2 s ^ i ^'\^~fff.. 
26 
27 )f 
28 

Settlement T "lactor t Da lys 26 
27 )f 
28 

#1 #2 #1 #2 #1 #2 

29 10 0.07 0.0/ 0.0/ / 7,7, 
30 20 ft/'/ 0-2 K 0.03 0.02. 3 ¥S 
31 ?0 0-3 7 0.07 0.0^ 6 90 
32 40 p-f ? 

a. 13 0.09 / / 
33 50 C3.34- a?/ a / 7 0.1 S /£ 
34 60 a.4-/ a.19 <5.2J ZS s/c, 35 70 3 9 
36 80 0-Vt O.S7 O.S/ ¥9 IIV3 
37 90 i>t<? 0' si 0.79 72. 
38 100 3.0 Jf 3.0^ 6 7 ? ^ 

Layer # 1 ; u« ^^-"^ = / 0 / Use Case 
/ 7 i ? 

Layer #2; u = / 7 ^ f =^,o^^Be Case 

layer # 1 ; 

layer #2; t 

t = 
T X 9 2 T 

MBnqmted by, ddte. 

• 7 ^ 
x224Z 

Check b y , / ^ t e 

Figure 1. 
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lABGRATOHY DATA 

LATER #1 
Depth of swnple 7 f t . to 8 f t . 
Specific gravity 2.58 
natural moisture 69.1 
Ignition loss at lOOO" C = 7.9S6 
L L = 31, % S i l t = 22 

LAYER #2 
Depth of sample 10 f t . to 11 f t . 
Specific gravity 2.62 
Natural moisture A8.5 
Ignition loss at 1000» C » 10.6? 
•LLs AO, % S i l t = 30 
P I Pass 200 screen = ̂ 5% Applied Voids Coeff. of Consol. Applied Voids Coeff. of Consol. 

Pressure Ratio Sq. Ft. / Day Pressure Ratio Sq. Ft. / Day 

0 1.785 0 1.235 
0.865 1.853 

500 1.584 750 1.284 
0,797 1.284 

1000 1.511 1500 1.079 
1.034 1.116 

2000 i . a 5 3000 1.027 
0.872 1.102 

4.000 1.308 6000 0.968 

500 1.340 750 0.985 

0 1.390 0 1.013 

LOG OF DRILL HOLE 
0.0 Original ground ' 

7 ^ 

Sample 7' - 8' 

Sample 10' - 11' 

Tide f l a t ; organic s i l t y - sand 
"1. '•'TtS. / / / £ l/'S. / / / ^ / / / J - / / ^ S / / / ^I'f/'S /^/JT/'/''^ 

Tide f l a t ; organic s i l t y - sand 

60'. 

Foundation s o l l j clay - sand-

Figure 2. 
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u a >i n « -

LIEU 

Figure 3. 

m 

Figure l i . 
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OREGON STATE HIGHWAY DEPARTMENT 
CONSTRUCTION DIVISION 

Gs = Specific Gravity From 
Laboratory Test Report WEIGHT OF FOUNDATION SOILS 

Z E R O AIR VOIDS.WET H20= Natural Moisture % 
From In-Place Sample 

found 
14 y.Moist G. 

100 
Where foundation soils lie below 
water level, unit weight is found 
by subtracting 62.4 f romwwigtit 
in pounds per cubic foot 

O<20 

3 1 0 0 

40 60 so 100 120 140 160 
PERCENT OF MOISTURE IN TERMS OF DRY WEIGHT 

Chart A. 



NEWMARK CHART FOR VERTICAL S T R E S S E S DUE TO EMBANKMENT LOADS 

mz 

/7) or n 
40 SO 60 7 8 9 to 

Z 

5 € 7 8 3/0 
1.0 

15 20 

03 04 0.5 £ .7.8.9/.0 /5 
m or n 

4 S G 7 8 910 

Chart B. 
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OBEGON STATE HIGHWAY DEPARTMENT 
CONSTRUCTIOH DIVISION 

SOILS SECTION 
FOUNDATION CONSOLIDATION INVESTIGATION 

CASE I 

Pressure distribution equal with drainage In both 
directions. 

1> Cons. = 10 20 30 50 60 70 80 90 100 
T factor = .008 .032 .069 .126 .198 .288 .^05 .566 .846 3 1 

CASE n 

Pressure distribution diagram with flow from 
maxlmuin to zero pressure. 

% Cons. 10 20 30 40 50 60 70 80 90 100 
T factor .04.9 .101 .158 .223 .296 .385 .502 .656 .951 3 1 

CASE I I I 

Pressure distribution diagram with flow from 
zero to maximum pressure. 

% Cons. 10 20 30 40 50 60 70 80 90 100 
T factor .002 .008 .024 .049 .097 .194 .279 .437 .717 3 * 

Chart C. Internal pressure and drainage relationships for Terzaghi time Factor "T". 
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CASE 17 

Pressure distribution trapezoid with lesser pressure 
I n direction of flow. 

RATIO OF TOP BOTTCM FRESSUBES 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

10 0.05 0.04 0.04 0.03 0.03 0.02 0.02 0.02 0.01 0.01 0.01 

1 20 0.10 0.09 0.08 0.07 0.06 0.06 0.05 0.04 0.04 0.04 0.03 
30 0.16 0.15 0.13 0.12 0.11 0.10 0.09 0.09 0.08 0.07 0.07 

H AO 0.22 0.21 0.19 0.18 0.17 0.16 0.15 0.15 0.14 0.13 0.13 
o 
9 50 0.30 0.28 0.27 0.26 0.24 0.23 0.23 0.22 0.21 0.20 0.20 
g u 60 0.38 0.S7 0.36 0.34 0.33 0.32 0.32 0.31 0.30 0.29 0.29 
•a 70 0.50 0.il8 0.47 0.46 0.45 0.44 0.43 0.43 0.42 0.41 0.40 
S 
o 

80 0.66 0.6A 0.64 0.62 0.62 0.60 0.60 0.59 0.58 0.57 0.57 
\s 90 0.96 0.9A 0.92 0.91 0.89 0.88 0.87 0.87 0.86 0.85 0.85 
&4 100 3.1 3 .1 3 .1 3.1 3 .1 3.1 3 .1 3 .1 3.1 3 .1 3 .1 

CASE V 

Pressure distribution trapezoid with greater pressure 
i n direction of flow. 

RATIO OF TOP BOTTCH PRESSURES 
u • 1 1.5 2 3 4 5 7 10.0 20.0 100 
10 0.008 0.008 .008 .008 .008 .008 .004 .004 .004 .004 

§ 20 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 .008 
•tj 30 0.07 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.02 

1 40 0.13 0.10 0.09 0.09 0.08 0.08 0.07 0.06 0.06 0.05 
50 0.19 0.17 0.15 0.15 0.14 0.14 0.13 0.12 0.11 0.10 

i 60 0.29 0.25 0.23 0.22 0.21 0.21 0.21 0.20 0.19 0.17 
70 0.40 0.37 0.39 0.34 0.33 0.33 0.32 0.31 0.30 0.28 

1 80 0.57 0.53 0.51 0.49 0.49 0.49 0.48 0.47 0.45 0.44 

g 90 0.85 0.81 0.79 0.78 0.77 0.77 0.76 0.74 0.73 0.72 
100 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 

Chart D. Pressure distribution correction for T (time factor). 
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