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Following is a sample of the available output from Slope/W Version 4.2. This output
includes a summary of the slip surfaces and computed factors of safety. The attached
file indicates 567 slip surfaces were evaluated. The actual number of slip surfaces
evaluated for the analyses included with this report is over 5,000 for each case. In
addition, the attached summary only shows the resuits of three methods of analyses,
Ordinary, Bishop and Janbu. Our analyses also included Spencer's Method as
indicated in the report. However, the corresponding output was too large to include with
this report. Additional digital files may be provided at your request.




Little Lake Shoreline Protection

4/4/2003
1:36:45

PM

1=METHOD 567=NO. OF SLIP SURFACES

rock2a.fac

7=NO. OF RADII

1=SIDE FUNCTION TYPE

SLIP X- Y- ITERATION FACTOR OF SAFETY
NO. COORD. COORD. RADIUS NO. LAMBDA (MOMENT) (FORCE)
1 70.000 5.000 14.000 1 0.0000 1.794 2.394
1 70.000 5.000 14.000 12 0.0000 999.000 999.000
2 70.000 5.000 15.300 1 0.0000 1.314 1.732
2 70.000 5.000 15.300 9 0.0000 999.000 999.000
3 70.000 5.000 16.600 1 0.0000 1.118 1.473
3 70.000 5.000 16.600 2 0.0000 999.000 999.000
4 70.000 5.000 17.900 1 0.0000 1.005 1.337
4 70.000 5.000 17.900 2 0.0000 999.000 999.000
5 70.000 5.000 19.200 1 0.0000 0.957 1.283
5 70.000 5.000 19.200 20 0.0000 1.339 999.000
6 70.000 5.000 20.500 1 0.0000 0.956 1.280
6 70.000 5.000 20.500 17 0.0000 999.000 999.000
7 70.000 5.000 21.800 1 0.0000 0.966 1.299
7 70.000 5.000 21.800 20 0.0000 1.384 999.000
8 72.500 5.000 14.000 1 0.0000 1.450 1.934
8 72.500 5.000 14.000 12 0.0000 999.000 999.000
9 72.500 5.000 15.300 1 0.0000 1.144 1.506
9 72.500 5.000 15.300 6 0.0000 999.000 999.000
10 72.500 5.000 16.600 1 0.0000 0.978 1.285
10 72.500 5.000 16.600 7 0.0000 999.000 999.000
11 72.500 5.000 17.900 1 0.0000 0.900 1.178
11 72.500 5.000 17.900 20 0.0000 1.304 999.000
12 72.500 5.000 19.200 1 0.0000 0.849 1.118
12 72.500 5.000 19.200 20 0.0000 1.336 999.000
13 72.500 5.000 20.500 1 0.0000 0.807 1.084
13 72.500 5.000 20.500 16 0.0000 1.278 1.148
14 72.500 5.000 21.800 1 0.0000 0.824 1.083
14 72.500 5.000 21.800 15 0.0000 1.214 1.131
15 75.000 5.000 14.000 1 0.0000 1.242 1.650
15 75.000 5.000 14.000 20 0.0000 999.000 999.000
16 75.000 5.000 15.300 1 0.0000 1.062 1.399
16 75.000 5.000 15.300 4 0.0000 999.000 999.000
17 75.000 5.000 16.600 1 0.0000 0.928 1.218
17 75.000 5.000 16.600 3 0.0000 999.000 999.000
18 75.000 5.000 17.900 1 0.0000 0.831 1.097
18 75.000 5.000 17.900 20 0.0000 1.333 999.000
19 75.000 5.000 19.200 1 0.0000 0.799 1.041
19 75.000 5.000 19.200 8 0.0000 1.283 1.168
20 75.000 5.000 20.500 1 0.0000 0.739 0.999
20 75.000 5.000 20.500 10 0.0000 1.196 1.078
21 75.000 5.000 21.800 1 0.0000 0.734 0.975
21 75.000 5.000 21.800 12 0.0000 1.118 1.036
22 77.500 5.000 14.000 1 0.0000 1.132 1.520
22 77.500 5.000 14.000 2 0.0000 999.000 999.000
23 77.500 5.000 15.300 1 0.0000 0.999 1.320
23 77.500 5.000 15.300 5 0.0000 999.000 999.000
24 77.500 5.000 16.600 1 0.0000 0.906 1.190
24 77.500 5.000 16.600 4 0.0000 999.000 999.000
25 77.500 5.000 17.900 1 0.0000 0.835 1.091
25 77.500 5.000 17.900 8 0.0000 1.364 1.216
26 77.500 5.000 19.200 1 0.0000 0.768 1.017
26 77.500 5.000 19.200 8 0.0000 1.234 1.112
27 77.500 5.000 20.500 1 0.0000 0.726 0.953
27 77.500 5.000 20.500 9 0.0000 1.120 1.041
28 77.500 5.000 21.800 1 0.0000 0.657 0.916
28 77.500 5.000 21.800 13 0.0000 1.046 0.942
29 80.000 5.000 14.000 1 0.0000 1.105 1.489
29 80.000 5.000 14.000 20 0.0000 1.927 999.000
30 80.000 5.000 15.300 1 0.0000 0.984 1.319
30 80.000 5.000 15.300 5 0.0000 999.000 999.000
31 80.000 5.000 16.600 1 0.0000 0.902 1.199
31 80.000 5.000 16.600 9 0.0000 1.441 1.266
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MOMENT _EQUILIBRIUM: FELLENIUS OR ORDINARY METHOD
77.5000=x-COOR. 5.0000=Y-COOR. 21.8000=RADIUS

MOMENT EQUILIBRIUM: BISHOP SIMPLIFIED METHOD
80.0000=x-COOR. 8.7500=Y-COOR. 25.5500=RADIUS

FORCE EQUILIBRIUM: JANBU SIMPLIFIED METHOD (NO fo FACTOR)
80.0000=Xx-COOR. 5.0000=Y-COOR. 21.8000=RADIUS

NORMAL TERMINATION OF SLOPE
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0.657=F.s.
1.002=F.s.
0.937=F.s.
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224=SLIP#
35=SLIP#
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may be determined by first analyzing meteorological data-to find deep-
water conditions. Then, by analyzing refraction (Section 2.32, General -
Refraction by Bathymetry.), the changes in wave characteristics as the f
wave moves through shallow water to the shore may be found. In other | @
areas, in_particular along the North Atlantic coast, where the bathymetry
is complex, refraction procedure results are frequently difficult to inter-
pret, and the conversion of deepwater wave data to shallow-water and near-
shore data becomes laborious and sometimes inaccurate.

Along the Gulf coast and in many inland lakes, generation of waves by
wind is appreciably affected by water depth. In addition, the nature and
extent of transitional and shallow-water regions complicate ordinary re-
fraction analysis by introducing a bottom-friction factor and associated
wave energy dissipation.

3.4 WIND INFORMATION NEEDED FOR WAVE PREDICTION

Wave prediction from first principles, as described above, requires
very detailed specification of the wind field near the water surface. This
is generally developed in two steps: (1) Estimation of the mean free air
wind speed and direction, (This step may be omitted for reservoirs and small
lakes if surface wind observations are available.), and (2) Estimation of
the mean surface wind speed and direction.

When the full wave generation process is considered, a large capacity

computer must be used for the calculations, and fairly complex procedures

i may be used for determining the wind field. i who_require wave

Jindcasts, for only a few locationms, and perhaps for only a few dates must

employ simpler techniques. A brief discussion of the processes involved

‘ in determining the surface wind and techniques suitable for use in deter-

| mining the characteristics of the wind field needed for the simplified wave

] “prediction model described in Section 3.5, Simplified Wave Prediction Models,
are given in this section. These procedures will be accurate (within 20
percent) about two-thirds of the time. The following discussion provides
guidance for recognizing cases in which the simplified procedures are not
appropriate. Errors resulting from disregarding the exceptional situations
tend to be random. Thus climatological summaries, based on hindcast data,
may be much more accurate than the individual values that go into them.

Wind reports from ships at sea are generally estimates based on the
appearance of the waves, the drifting of smoke, or the flapping of flags-
although some are anemometer measurements. Actually, even if all ships
were equipped with several aneometers, the wind field over the sea would
still not be known in sufficient detail or precision to permit full
exploitation of modern theories for wave generation.

Fortunately, estimates of the surface wind field that are usefully )
accurate most of the time can be based on the isobaric pattern of synoptiC
weather charts.




Horizontal pressure gradients arise in the atmosphere primarily
because of density differences, which in turn arevgenerated primarily by
temperature differences. Wind results from nature's efforts to eliminate
the pressure gradients, but is modified by many other factors.

The pressure gradient is nearly always in approximate equilibrium with
the acceleration produced by the rotation of the earth. The geostrophic
wind is defined by assuming that exact equilibrium exists, and is given by

1 dp
u, = o an (3-19)

where Ug is the wind speed, pg the density of the air, f the coriolis
parameter, f = 2w sin$, where = 7.292 x 107° radians/second and ¢

is the latitude, and dp/dn is the horizontal gradient of atmospheric
pressure. A graphic solution of this equation is given in Figure 3-11,
Section 3.41, Estimating the Wind Characteristics. The geostrophic wind
blows parallel to the isobars with low pressure to the left, when looking
in the direction toward which the wind is blowing, in the Northern
Hemisphere, and low pressure to the right in the Southern Hemisphere.
Geostrophic wind is usually the best simple estimate of the true wind in
the free atmosphere.

When the trajectories of air particles are curved, equilibrium wind
speed is called gradient wind. Gradient wind is stronger than geostrophic
wind for flow around a high pressure area, and weaker than geostrophic wind
for flow around low pressure. The magnitude of the difference between
geostrophic and gradient winds is determined by the curvature of the tra-
jectories. If the pressure pattern does not change with time and friction
is neglected, trajectories are parallel with the isobars. The isobar curva-
ture can be measured from a single weather map, but at least two maps must
be used to estimate trajectory curvature. There is a tendency by some
analysts to equate the isobars and trajectories at all times, and to
compute the gradient wind correction from the jsobar curvature. When the
curvature is. small, but the pressure.1is changing, this tendency may lead
to incorrect adjustments. Corrections to the geostrophic wind that can-
not be determined from a single weather map are usually neglected, even
though they may be more jmportant than the isobaric curvature effect.

The equilibrium state is further disturbed near the surface of the
earth by friction. Friction causes the wind to cross the isobars toward
low pressure at a speed lower than the wind speed in the free air. Over
water, the average surface wind speed is generally about 60 to 75 percent

of the free air value, and wind crosses the isobars at an angle of 10 to

20 degrees. In individual situations, the magnitude of the ratio between
the surface wind speed and the computed free air speed may vary from 20 to
more than 100 percent, and the crossing angle may vary from 0° to more than
90°. The magnitude of these changes is determined by the vertical tempera-
ture profile and the turbulent viscosity in the atmosphere.
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3,43 FORECASTS FOR LAKES, BAYS, AND ESTUARIES

3.431 Wind 'Data: The techniques referred to for determination of wind
speeds and directions from isobaric patterns apply genmerally to ocean
areas. The friction that causes winds to spiral when crossing isobars

and to have a velocity lower than geostrophic or gradient winds is more
variable over land areas. When a fetch is close to land, this variability
will alter anticipated wind directions and velocities. In enclosed or
semienclosed bodies of water, such as lakes and bays, wind speeds and
directions should be taken from actual weather station reports whenever
possible.

In enclosed bodies of water, or in other areas where the wind blows
off the land, differing frictional effects of land and water should be
considered, and indicated wind speeds should be adjusted for these effects.
Studies by Myers (1954) and Graham and Nunn (1959) indicate recomnended
adjustments in wind speeds. (See Table 3-2.) The adjustment factor may
vary considerably depending on the shoreline frictional characteristics.
This adjustment is used only for short fetches such as those in TEServoirs

and small lakes.

Often, over small or well-defined fetch areas, it is not convenient
or even possible to utilize surface charts to determine wind characteris-
tics. i i locations in or near a fetch area,
these may be utilized. The i

leteness of the recoxds the extent of fetch and the wave prediction
technique employed. Where wind duration records are not available, local
wind speed reports may still be utilized to forecast waves assuming un-
limited durations, that is, wave growth is limited by the available fetch.
Wave characteristics deduced in this way are only qualitative,

Table 3-2. Wind-Speed Adjustment, Nearshore

Wind Direction Location of Wind Station Ratio*
Onshore 2 to 3 miles offshore 1.0
Onshore At coast 0.9
Onshore 5 to 10 miles inland 0.7
Offshore At coast 0.7
Offshore 10 miles offshore 1.0

*Ratio of wind speed a

(Graham and Nunn, 1959)

(both at 30-ft. level).

3.432 Effective Fetch.

The effect of fetch width or

growth in a generating area may usually be neglected s
fetches have widths about as large as their lengths.

(bays, rivers,

lakes, and reservoirs),

t location to overwater wind speed

limiting ocean wave
ince nearly all ocean
In inland waters

fetches are limited by land forms

surrounding the body of water.

Fetches that are

long in comparison to

_width are frequently found, and the fetch width may become quite important,

resulting in wave genera

tion significantly lower than

that expected from

the same generating conditions over more open waters.
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Saville (1954) proposed a method to dETETMLIC tuv vasw—- -
width on wave generation. Figure 3-13, based on this method, indicates
the effective fetch for a relatively uniform fetch width. The following
problem demonstrates the use of Figure 3-13.

**'************ EXAMPLEPROBLEM**************

GIVEN: Consider a channel with a fetch length F = 20 miles, a width
W = 5 miles, an average depth d = 35 feet, and a windspeed U = 50 mph
along the long axis.

FIND: Estimate the significant wave height Hg, and the significant
wave period Tg.

SOLUTION: Compute W/F = 5/20 = 0.25

From Figure 3-13 for W/F = 0.25, Fg/F = 0.45
‘Compute Fgp = 0.45 x 20 = 9 miles or 47,500 feet.

Using the forecasting relations given in Section 3.6, Wave Forecasting
for Shallow Water, for a fetch of 47,500 feet and a wind speed of

50 mph and an average uniform depth of 35 feet, the significant wave
height may be determined from Figure 3-27 to be Hg = 5.2 feet, say

5 feet and the significant wave period will be Ty = 4.6 seconds, say
5 seconds. )

*************************************

The preceding example presents 2 simplified method of determining the
effective fetch. “Shorelines are usually jrregular, and the uniform-width
method indicated in Figure 3-13 is not applicable. A more general method
Tust be applied. This method is based on the concept that the width of a
fetch in reservoirs normally places a very definite restriction on the
length of the effective fetch; the less the width-length ratio, the shorter
the effective fetch. A procedure for determining the effective fetch
distance 1is jllustrated in Figure 3-14. It consists of constructing 15
radials from the wave station at intervals of 6° (limited by an angle of

45° on either side of the wind direction) and extending these radials
until they first intersect the shoreline. The component of length of

each radial in a direction parallel to the wind direction is measured and
multiplied by the cosine of the angle between the radial and the wind
direction. The resulting values for each radial are summed and divided
by the sum of the cosines of all the individual angles. This method is
based on the following assumptions:

(a) Wind moving over a water surface transfers energy to the
water surface in the direction of the wind and in all directions within
450 on either side of the wind direction.

(b) The wind transfers a unit amount of energy to the water along
the central radial in the direction of the wind and along any other radial
an amount modified by the cosine of the angle between the radial and the
wind direction.
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Service Command (1970) provides summaries of shipboard wave observations,
Summary of Synoptic Meteorological Observations (SSMO) for the hatched
areas indicated in Figure 3-17. Cumulative distribution functions for 4
wave heights as determined by both hindcasting techniques and the ship- ‘
board observations are given in Figure 3-18. The average of the two

forecasting methods agrees reasonably well with the shipboard observations.

3.54 ESTIMATING WAVE DECAY IN DEEP‘WATER

Figures 3-19 and 3-20 are used to estimate wave characteristics after
the waves have left the fetch area but are still travelling in deep water.
With Figure 319, and given Hp, Ty, F, and D (the decay distance), it is
possible to compute the ratios

decayed wave height Hp 'I_‘I_?

decayed wave period

fetch wave height —I-i; » #C Tfetch wave period Tp

‘With Figure 3-20, it is possible to compute wave travel time between
a fetch and a coast, knowing the decayed wave period T and the decay
distance D. '

This travel time t, is determined by dividing the decay distance
by the deepwater group velocity for waves having a period equal to the
decayed period Tp. These values enable the estimation of arrival times

for waves at the end of the decay distance.

Waves, after leaving a generating area, will generally follow a great-
circle path toward a coast. However, sufficient accuracy is usually
obtained by assuming wave travel in a straight line on the synoptic chart.
Decay distance is found by measuring the straight line distance between
the front of a fetch and the point for which the forecast. is being made .

If a forecast is being made for a coastal area, the effects of shoaling,
refraction, bottom friction and percolation will have to be considered in
translating the deepwater forecast to the shore.

3.6 WAVE FORECASTING FOR SHALLOW WATER

3.61 FORECASTING CURVES

Water depth affects wave generation. For a given set of wind and
fetch conditions, wave heights will be smaller and wave periods shorter if
eneration takes place in transitional or shallow water rather than in dee
water. Several forecasting approaches have been made; the method given by
Bretschneider as modified using the results of Ijima and Tang (1966) is
presented here. Bretschneider and Reid (1953) consider bottom friction
and percolation in the permeable sea bottom.

There is no single theoretical development for determining the actual
growth of waves generated by winds blowing over relatively shallow water.
The numerical method presented here is based on successive approximations
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~in which wave energy is added due to wind stress and subtracted due to
bottom friction and percolation. This method uses deepwater forecasting
relationships originally developed by Sverdrup and Munk (1947) and revised
by Bretschneider (1951) to determine the energy added due to wind stress.
Wave energy lost due to bottom friction and percolation is determined from
the relationships developed by Bretschneider .and Reid (1953). Resultant
wave heights and periods are obtained by combining the above relationships
by numerical methods. The basic assumptions applicable to development of
deepwater wave-generation relationships (Bretschneider, 1952b) as well as
development of relationships for bottom friction loss (Putnam and Johnson,
1949) and percolation loss (Putnam, 1949) apply.

The choice of an appropriate bottom friction factor f, for use in
the forecasting technique is a matter of judgement; a vg;ye'of fer = 0.01
@as been used for the preparation of Figures 3-21 through 3-30 whgch are
forecasting curves for shallow-water areas of constant depth. These curves,
which may be used like Figures 3-15 and 3-16, are given by the equations:

( | F\o4z )
0.0125 (%)

0.75
tanh [0.530 (%i—) ]
\ J

(gF)“25 ]

0.077 { ==

T 0.375 2

8 . 1.20 tanh [0.833 (g) ] tanh ¢ v » ,(3-26)

27U U? 0.375
tanh [0.833 (%) }
v J

which in deep water reduce to Equations 3-21 and 3-22 respectively.

3 (3-25)

’

U2

H 0.75
f? = 0.283 tanh [0.530 (g—‘l) J tanh {

and

* k k k k k X k *k Kk * * & * EXAMPLEPROBLEM**************

GIVEN: Fetch, F = 80,000 feet, wind speed, U = 50 mph., water depth,
d = 35 feet (average constant depth), bottom friction factor ff = 0.01
(assumed).

FIND: Wave height H and wave period T.
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Forecasting Curves for Shallow-Water Waves
Constant Depth =
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SOLUTION: From Figure 3-27 for constant depth, d = 35 fcet,

for
F = 80,000 feet,
and
U = 50 mph.
Then
H = 5.9 feet, say 6 feet,
and
T = 5.1 seconds, say 5 seconds.

>

********************************k****

3.62 DECAY IN LAKES, BAYS, AND ESTUARIES

Section 3.33. Decay of A Wave Field applies to water arcas cont iguous
with land as well as those in the open ocean. Most fetches in inland
waters will be limited at the front and at the rear by s land mass and
decay distances will usually be relatively small or noncxistent.

3.7 HURRICANE WAVES
~Se—

When predicting wave generation by hurricanes, the determination of
fetch and duration from a wind field is more difficult than for more normal
weather conditions discussed earlier. The large changes in wind speed and
direction with both location and time cause the difficulty. Estimnation of
the free air wind field must be approached through mathematical models,
because of the scarcity of observations in severe storms. However, the
vertical temperature profile and atmospheric turbulence characteristics
associated with hurricanes differ less from cne storm to another than for
other types of storms. Thus the relation between the free air winds and
the surface winds is less variable for hurricanes than for other storms.

3.71 DESCRIPTION OF HURRICANE WAVES

In hurricanes, fetch areas in which wind speed and direction remain
reasonably constant are always small; a fully arisen sea state never
develops. In the high-wind zones of a storm, however, long-period waves
which can outrun the storm may be developed within fetches of 10 to 20
miles and over durations of 1 to 2 hours. The wave field in front, or to
either side, of the storm center will consist of a locally generated sea,
and a swell from other regions of the storm. Samples of wave spectra,
obtained during hurricane Agnes, 1972, are shown in Figure 3-31. Most
of the spectra display evidence of two or three distinct wave trains; thus,
the physical implications of a significant wave period is not clear.

Other hurricane wave Spectra computed with an analog spectrum analyzer
from wave records obtained during Hurricane Donna, 1959, have been published
by Bretschneider (1963). Most of these spectra also contained two distinct
peaks.
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SETTLEMENT ANALYSIS - STRESS DISTRIBUTION BY ARD THEORY, AND RATE OF CONSOLIDATION BY TERZAGHI THEORY
13
Load Region Region Region Region Region Region Region Region Region Region Region Y - 27
Parameter 1 2 3 4 s s 7 [ s 10 Region | Region | Region | Region | Region | Region | Region | Region | Region | Region (AN -
(Bosing Area Center, Xc (f) = 2000.00 2010.00 202500 1090.00 1975.00 2000.00 2000.00 2000.00 2000.00 2000.00 1 2 3 4 5 [ 7 3 9 10
Bearing Araa Center, Yc (f) = 2000.00 2000.00 2000.00 2000.00 200000 2000.00 2000.00 2000.00 200000 2000.00 Sub 1 dx 40 “0 160 160 M0 05 05 05 05 08
Bearing Area Width in X-direction, 8 (1) = (2] 1200 15.00 1200 1800 1.00 100 100 1.0 1.0 dy 1000.0 1000.0 10000 10000 1000.0 05 05 05 08 05
[Bearing Area Langth in Y-direction, L () = 2000.00 2000.00 2000.00 2000.00 2000.00 100 100 100 190 100 Sub 2 ax 40 40 160 160 o0 05 [ 05 05 05
[Net Appiied Pressure (psf) = 050 1250 2158 1250 2150 " 00 (Y] (Y] (1} dy -1000.0 40000 | 10000 | -10000|  -10000 o5 05 25 05 05
Dopth of Application, Da () = 600 L] 200 5.0 20 (2] 0.00 (X ] 0.00 " Sub 3 dax 40 -160 340 40 160 05 25 05 05 0.5
[Depih of Foundation, D (f) = (1] (] 200 s 200 .0 .0 (1] .0 (] dv 10000 1000.0 10000 1000.0 1000.0 05 05 05 05 05
(Contact Pressure Mulipher (ND) = 100 100 100 1.0 1% 100 10 14 10 10 Sub 4 ax 40 -160 340 40 160 05 05 08 a5 05
| Tieme of Appéication (yrs) = (X 8.00 (X 000 .00 0.00 s.00 .00 [X7) 800 dy 10000 _-10000 10000 | 10000 10000 05 05 05 a5 05
[Abecissa for Anstysis, Xa () = 200000 Strain Factor = 050
(Ordinete for Analysis, Ya () = 200000 Uitimade Setement Induced Setiement
Poisson’s Ratio, u (ND) = L] Recomp Virgin Totsl Bub Recomp Virgin Tod Bub Region Region Region Region Region Region Region Region Region Region
Recompression Factor (N/D) = 015 Sett Sett Sett Sett St Sett Seft Sett 1 2 3 4 5 6 7 8 9 10
Total Setiement Multipher (N'D) = [T ) _(n) (n) ) n) n) n) ) Group L) 25.00 25.00 25.00 25.00 25.00 25.00 25.00 2500 25.00 25.00
Stress Bub Criterion (%) = m.00% TOTAL (o) 254 2191 2446 622 145 9.7 10.62 10.60 [ 5465 v 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Current Time (y16) = 3.0 ™ 0.21 18 204 202 012 078 0.89 0.88 W 18.18 1818 18.18 18.18 1818 18.18 1818 18.18 1818 18.18
Depth of Wick Drains (1) = 0.00 F%Uimate 1000 990 434 434 n 0.00 v 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00
[ Wick Deain Triangular Grid Spacing (f) = 4% REDUCD ) 216 1863 2079 2089 1.2 7% 903 901 W 10000_| 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 10000 | 100.00
Equivalent Drain Diameter, dw (in) = 2000 L] 018 155 173 172 0.10 085 rs [X:3 " 0.00 Tv 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Equivalent Mandrel Diameter, dm (in) = s %Uttimats 850 842 %9 %9 W 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 100.00
Dismeter of Smear Zone, de (in) = (Y]
Drain Capacity Ratio (safl) = 43000
1.20
Eff Vert Siress at Mid-Stratum Ukimate Setsement tnduced Settiement Influence Factors (Uimate Induced Swesses in Parentheses; Rate Parameters Percent Cansolidation for Combined Drainage (Current Induced Stresses in Parentheses
S Depth [ CR RR L ch Total Post 2er0 Uttimate Induced Recomp Virgin Toal Bub Recomp Virgin Total Bub Ragion Region Region Ragion Region Region Region Region Region Region m:oﬂ Position Region Region Region Region Region Region Region
No. LY (pc) (ND) (ND) (stvyr) ohvyr) H Masdmum Burden Change Value Change Value Sett Sett Sett Sett Sett Sett Sett Sett 1 2 3 4 5 8 7 [ 9 10 H @h) 1 2 3 14 s ? 10
(o) (st {oo)_ {peh) (psh) ) (o) (o) ) (n) ) n) n) ) _n) Iz iz 3 iz z z iz ' iz iz [0} (D) (ND) ) {ND) ND) (ND) (ND) (D) | (ND) (ND) (D)
(Y] ° (24.48) @2 1062) (10.60)
1 15 s 0.4 (X ] EX] (] 30 an -] 2 z 1 24 002 0.00 0.02 0.00 0.02 0.00 0.02 0.00 0.000 0.000 0.004 0.000 0.00¢ 0.116 0.416 0.116 0.116 0.118 300 0.027 090 0.90 0.90 050 090 0.50 090 0.90 050 0.90
38 51 63% 57% (24.44) (24.22) {10.60) osy | @ ©) [O) ©) ) © ©) ©) ©} ©) © @ ) @ (1) (@ o ©) ) ©
2 60 ne 0.307 0.046 20 150 60 s 162 a76 1038 615 m 0.83 392 475 475 083 245 3 3z 0835 0.080 0029 0.080 0029 0.009 0.008 0.009 0.009 0.009 352 0.087 070 (%] 0.70 070 070 .70 0.70 070 0.70 0.70
20 Fic] 540.8% 379.7% (19.69) (19.48) {1.33) (7.33) {747} {58) ©) {58) (6} ) ) ©} © [ @ {525) 41) ) 1) ) © 0} ) ©) © |
3 120 ns 0.307 (X3 0 15 60 S0 £ 132 116 an 785 049 697 746 746 049 321 an 370 0481 o488 0.067 0.188 0.067 0.002 0.002 0.002 0.002 0.002 3sz 0152 051 081 051 051 051 051 051 051 051 0.5
150 . 495 190.7% 96.5% 12.23) (12.01) (363) B6) | @y {136) 4 {136) {14) © {1 @ @) (0) (0} (218) | (%) (4] (9) [u] © [ @ 1 @ © |
0 185 520 (-] 0053 a“ 134 70 “ [144 (144 1254 158 [ 0.00 857 857 857 0.00 3s1 35t 351 0211 0.202 0.085 0202 0095 0001 0.001 0001 0.001 0.001 616 0.240 0.29 0.29 0.29 0.29 0.29 0.3 02 029 0.2 020
220 850 85.2% 24.9% 365) (344) 0.11) 011} {242) (147) 200 1 (147) (20) {9) ©) © ©) © [ta)} “3) € | @3 {6) © © | © _{0) © |
s 05 as [¥- ] (X7) 73 159 50 ns 964 83 1447 7 1037 0.6 131 147 147 0.06 0.00 0.08 0.06 0.189 0.184 .10 0.184 0.110 0.001 0001 0.001 0001 0.001 126 0.326 015 0.15 0.15 0.15 0.5 015 015 0.15 0.15 0.15
7] 1068 50.1% 76% 218) | (197 (0.05) ©os) | (169 633) | @e {133) 24 © © ©) © © (26) (20) @) (20) “) ©® ©) ©) (0) © |
6 225 2 0225 (Y1) 73 150 50 1408 174 el 1508 3 1212 0.16 0.74 0.90 0.90 003 0.00 003 003 0.150 0.165 01415 0.165 0.115 0.000 0.000 0.000 0.000 0.000 326 0.386 0.09 0.09 0.09 0.09 0.09 0.09 008 0.09 0.09 0.09
220 1219 %1% 3% (1.28) 1.0n 0.02) 002y | (135 (120) (25) (120) (25) ©) © © ©) © (12) (41 ) at @ ®m | o © © (]
7 us 1} 0225 03 73 15 s0 1081 1384 376 1700 19 1403 0.48 0.34 0.50 0.50 001 0.00 001 on 0125 0.148 0.117 0.148 [RE14 0.000 0.000 0.000 0.000 0.000 328 0.446 005 005 0.05 005 0.05 0.05 005 0.05 005 0.05
370 1429 7% 14% ©.78) Q.57 001) @.01) (112) (o) (25) (107 (25) © © © ©) ©) (©) &) [0 5) ) © © @) _0 ©
[ 95 1] s (17 73 130 50 3 1594 338 1532 ) 1603 0.16 008 022 022 0.00 0.00 0.00 0.00 0.108 0133 0116 0433 0.116 0.000 0.000 0.000 0.000 0.000 326 0.508 0.03 003 0.03 003 003 0.03 003 003 0.03 003
420 1689 212% 0.6% (0.56) 035) (000} | 000) 1 (95) (96) (25) (96) (25) ) © [ ©® | @ ©) @) 3) [{)] @) (1) 0 ©) O © O |
° u“s 1} 0228 (1%) 2] 138 50 2185 1804 E] 2110 4 1808 0.44 0.00 0.44 0.14 0.00 0.00 0.00 0.00 0,093 0.120 0.114 0120 0114 0.000 0.000 0,000 £.000 0.000 32 0.565 001 0.01 001 001 001 0.04 oot 0.01 00 0.01
a0 1909 17.0% 0.2% (0.42) ©0.21) (0.00) ©00) | (83 (87 24) ) {24) ©) ©) ©) _© © )] 1) ©) [¢)) ©) (U] © © 1 O © |
10 495 e 0225 (127 73 138 50 2417 2014 280 2294 2 2016 011 0.00 o1 0.1t 0.00 0.00 0.00 0.00 0.082 0.109 0110 0.108 0.110 0000 0.000 0.000 0.000 0.000 326 0.624 0.01 001 0.0t 001 0.01 001 001 001 00 001
520 2119 139% 0.1% 031) (0.10) (0.00) 000 [ 9) (24) fee) (24 ©) © ©) © © © ©) @ © ©) © © © ©) ©
2] 845 as 0228 (1) 73 139 50 2009 2224 257 2481 1 225 010 0.00 0.10 0.10 0.00 0.00 2.00 0.00 0074 0.100 0.106 0.100 0.106 0.000 0.000 0.000 0.000 0.000 326 0.684 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00
CIL] 229 e 0.0% 021) £0.00) (000) | 000) | (66) 73) (2) 1) (23) | (0 ©) © ) ©) ) (©) © 0 ) ] ©) 0) © © |
12 595 LT 0225 (1% 73 139 50 a1 2434 =) 2672 0 4% 0.08 0.00 0.08 200 0.00 0.00 0.00 0.00 0.067 0.092 0.402 0082 0.102 0,000 0.000 0.000 0.000 0.000 326 0.744 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
$2.0 2530 98% 0.0% 0.13) (0.00) (0.00} (oo) | (60) (67) (22) N @ | © © ©) ©) (U] © ©) © | @© © © | © )] o |
13 6.5 s 0225 (Y7 13 154 50 i) 2644 2 2865 [] 2604 007 0.00 0.07 0.00 0.00 0.00 0.00 000 0.061 0.085 0098 0,085 0.098 0.000 0.000 0.000 0.000 0.000 328 0.803 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[0 2149 24% 00% (0.08) (0.00) ©00) | (o0) | (55 (€2) 1) 62) @1 ©) © ©) ©) )} © ©) © © ©) o @ © © ©
" 5 20 0s (17 13 150 50 s 2854 208 3080 ° 2854 006 0.00 0.08 0.00 0.00 0.00 0.00 ©.00 0.057 0.078 0.094 0079 0.094 0.000 0.000 0.000 0.000 0.000 3% 0.863 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 000
720 2959 7.2% 0.0% (0.00) (0.00) ©00) | (000) 1 (51) {58) (20) _(50) (20) 0} ©) ©) ©) @) ) © ©) ©) © ) ) © ©) o
18 723 o (X ] 0.0%0 73 159 05 563 2970 198 3168 0 270 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.054 0077 0082 0077 0.092 0.000 0.000 0,000 0.000 0.000 0.33 0.896 0.00 2.00 0.00 0.00 0.00 [ 0.00 0.00 0.00 0.00
723 2900 8.7% 0.0% (0.00) 0.00) (©00) | ©00) | (48) (55) 0) (55) (20) ©) {0) © © () ©) © _©® | @ @) ) © © L  © © |
16 728 a0 0000 2000 73 180 05 Isee 2091 198 3188 o 2991 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.054 0.076 0.081 0076 0.091 0.000 0.000 0.000 0.000 0.000 0.33 0.902 0.00 0.00 0.00 0.00 0.00 000 000 | o000 0.00 0.00
130 3001 86% 0.0% 000) | (0.00) (0.00) (0.00) (48) | (S5) (20) (55) (20) 0} © (©) _{0) © () 0) 0 ©) ©) ©) {0 ©) _(©) 0 |
17 733 420 0.000 0000 73 159 05 wu 012 196 3208 ] 2012 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.053 0075 0.081 0075 0.091 0.000 0.000 0.000 0.000 0.000 0.33 0.908 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
133 2022 £:5% 00% {0.00) (0.00) (0.00) {0.00) 48) (55) (20} (85) (20) (] © (0) (0) © © (0) © 10} {0) {0) © 1| 0 ©
1 738 @0 2.000 (X 13 130 05 239 033 196 3228 [ 3033 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.053 0,075 0.001 0075 0091 0.000 0.000 0.000 0.000 0.000 0.33 0.914 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
740 043 64% 0.0% (0.00) 0.00) (0.00) (0.00) () (54) 19) (54) (19) © _© ©) ©) © © © © © © ©) © © (© ©
] 5 420 0.0%0 0.000 13 150 10 Ered 2064 193 azs7 ° 2064 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.052 0.074 0090 0.074 0.090 0.000 0.000 0.000 0.000 0.000 085 0.922 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 000
758 085 €3% 20% {0.00) (0.00) (000) | (000} @n (54) (19) (54) (19) {0) © ©) ) (0 (0) (0) ©) V] © __© (0) 0) © | © |
2 755 420 2.000 0.000 13 150 10 Eirid 3106 194 3297 [ 3106 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0052 0073 0.088 0073 0.089 0000 0.000 0.000 0.000 0.000 065 0.934 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
168 27 6.1% 0.0% (0.00) 0.00) 0.00) ©00) ] @6 (53) (19) &3) (19) ) © © ©) ©) ©) © © © © 0 © ©) ©) ©)
21 765 a0 0.000 0.00 73 150 10 s 3148 188 3336 ° 3148 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.051 0072 0.088 0072 0.088 0.000 0.000 0.000 0.000 0.000 085 0.946 0.00 0.00 0.00 0.00 0.00 a00 0.00 0.00 0.00 0.00
178 2169 £.0% 0.0% _{0.00) 000 (0.00) (0.00) (46) (52) (19) (52) (18) (0) ) © ] (0} © ) © ©) ) ) ® L @ (U] ©
2 75 @0 0.000 .00 73 180 10 3828 3190 186 3376 [ 3190 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.050 0071 0.088 0071 0088 0.000 0.000 0.000 0.000 0.000 065 0.958 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 000
180 a2 58% 00% (0.00) (0.00) (0.00) ©00) | s 52) a9 | (52) (19) © ©) () ©) © ©) ©) ©) ©) ©) 0 © o © ©)
z 785 424 0.900 0.00 13 154 10 w7y a2 184 16 ° 3232 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.050 0.071 0087 (Y] 0.087 0.000 0.000 0.000 0.000 0.000 065 0.970 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00
196 3253 57% 0.0% {0.00) (0.00) 0.00) 0.00) (44) (51) 19) (81) (19) (0) ) ©) © () © (0) {0) _© (0) ©) ® | © {0) © |
2% 75 20 0.000 0.000 73 180 10 929 3274 182 56 [ 3274 9.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.049 0.070 0.086 0.070 0.086 0.000 0.000 0.000 0.000 0.000 065 0.982 0.00 ©.00 0.00 0.00 0.00 000 0.00 0.00 0.00 000
L2 ) 3295 56% 00% (0.00) 0.00) (0.00) (0.00) () (50) (18) | (50) (19} (U] ©) {0) ©) ©) ©) ©) ©) (0) U] ) © © | © o
F: 805 e 0.0 0.000 13 154 10 %79 3316 180 96 0 3316 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.048 0.069 0.085 0.088 0.085 0.000 0.000 0.000 0.000 0.000 0.65 0994 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 2.00
2e 27 s4% oo ©00) | w00 oo | mo | uy o | oy | o | om © © © | © © © © o © © C) © © © |
TOTAL ) 254 219 48 nn 145 9.17 1062 10.60
) 0.21 183 204 202 0.42 076 0.9 088
Hlitimate 100.0 90.0 434 434
REDUCD ) 216 1863 2079 208 123 7% 9.03 201
L) 0.18 155 173 172 0.10 065 075 075
% Uttimate 85.0 842 %9 %9




SETTLEMENT ANALYSIS - STRESS ON BY ARD THEORY, AND RATE OF CONSOLIDATION BY TERZAGHI THEORY w W ,
Y- v 4
1 LA
Load Region Region Region Region Region Region Region Region Region Region Region
Parameter 1 2 3 4 5 [ 7 ] 9 10 Region Region Region Region Region Region Region Region Region | Region
(Boaring Area Comter, Xc () = 2000.00 201400 2034.00 1906.00 1966.00 200000 2000.00 2000.00 2000.00 2000.00 1 2 3 4 5 ] 7 [ [ 10
Boaring Area Canter, Y (ft) = 2900.00 2000.00 200000 2000.00 20000 2000.00 2000.00 200000 200000 2000.00 Subl dX 40 40 240 uo 40 05 05 05 05 05
[Baaring Ares Width in X-direction, B (7) = e 2000 2000 000 20 100 100 19 100 100 dy 1000.0 1000.0 1000.0 1000.0 1000.0 05 a5 05 05 05
Besring Area Length in Y-direction, L (f) = 2000.00 2000.00 2000.00 200000 200000 100 100 1 100 10 Sub 2 ax 40 40 240 20 440 05 05 08 05 05
Net Applied Pressure (pef) = 11ue 700 1400 ™88 1“0, (1] [ (1] " (X} dy -1000.0 10000 | -10000)  -10000{ -10000 05 25 25 05 5
Depth of Application, Da (f) = (U] 500 200 (1] 200 (1] (] 200 200 200 Sub 3 ax 40 240 440 40 240 o5 o8 05 Q5 05
Depth of Foundation, D (f) = 000 (1] 200 [ 200 (X ] 00 (X " .00 dy 1000.0 1000.0 1000.0 10000 1000.0 05 05 0s 05 05
Contact Pressure Muipiier (N/D) = 100 100 1.00 190 100 1.00 190 190 100 10 Sub 4 ax 40 240 440 40 40 05 a5 05 o5 05
| Time of Apphcation (yrs) = .90 0.00 .00 0.0 (X .00 0.00 0.08 .00 .00 dy -1000.0 410000 | 10000 10000 |  -10000 05 05 05 05 05
Abecissa for Anwlysis, Xa () = 2000.00 Swain Factor = 0.50
Ordinte for Analysis, Ya () = 2000.08 Uttimate Settement induoced Setlement
Poisson's Retio, u (ND) = (1) Recomp Virgin Tota Bub Recomp Viegin Total Bulb. Region Region Region Region Region Region Region Region Region Region
Recompression Factor (ND) = 015 Sett Sett Sett Sett Sett Sett Sett Sett 1 2 3 a 5 [ 7 8 9 10
Total Satiement Multpler (D) = s on) n) () gn) 0} gin) n) () Groyj Lt 25.00 25.00 25.00 25.00 25.00 25.00 2500 25.00 25.00 25.00
|Stress Bulb Criterion (%) = 19.00% TOTAL i) 203 263 2566 2566 083 1015 1099 1099 ! 53.96 ™ 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 003
Current Time (yrs) = 2500 m 047 197 M 214 007 085 092 092 W 18.41 18.41 18.41 18.41 18.41 18.41 1841 18.41 1841 18.41
Depth of Wick Drains () = 0.00 %Utimao 100.0 100.0 428 428 n 0.00 v 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Wick Drain Trienguier Grid Spacing (R) = a0 REDUCD n) 172 2008 218t 218t [X4] 863 934 9.34 W 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 100.00
Equivalent Drain Diameter, dw (in) = 2060 ™ 0.14 1.67 1.82 182 0.06 072 078 078 n 0.00 v 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Equivalent Mandrel Diameter, dm (in) = 2570 %Utimate 850 850 64 364 W 10000 | 10000 | 10000 | 10000 | 100.00 | 10000 | 10000 | 10000 100.00 | 100.00
Dismeder of Smear Zone, de (in) = 2%
Deain Capacity Rato (sqft) = 43000 |
1.20
Eff Vert Strees st Mid-Swaum Uimute Settement Induced Setéement Influence Factors (Uimate Induced Stresses in Paronthesss) Rate Parameters in Parentheses)
sw Depth ¢ CR RR o ch Total Past Zaco Uimate Induced Recomp Virgin Tots Bub Recomp Virgin Total Bub Region Reglon Region Region Region Region Reglon Region Region Region | Effective | Position | Region Region Region Reglon
No. m =) D) ND) (styr) (syr) H Madimum Burden Change Vo Change Vaiue Sett Sett Sett Sett Sett Sett Sett Sett 1 2 3 4 s 6 7 ] 9 10 H @) 1 ] ® 10
) {ps) {pe) {ps0) {psf) ()] ipst) n) fn) n) (C] ) ) n) fn) 2 iz 4 -3 iz Iz Iz -1 z Iz U] (ND) (ND) {ND) ) ()
" 0 (25.66) (25.66) (10.96) (10.89)
1 05 e (X" ] (X ] a [ 10 e ° [] ° o [ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0485 0.485 0.465 0465 0485 100 0.009 097 0.7 097 057 097 057 097 057 097 097
10 k14 0.0% 00% (2566) | (2566) (10.96) (1096) | (0 © @ | © | © © ©) ©) ©) {0) _© © 1 © ©) ©) © © ©) ©) 0]
2 40 e 0.307 0046 (Y] 119 60 ] 128 » 167 2 180 0.08 0.00 008 008 0.07 0.00 007 0.07 0.000 0023 001t 0023 0011 0019 0019 0018 0019 0019 3s2 0.051 082 0.82 0.82 082 082 082 0.82 082 082 082
70 29 04% 26.1% (25.67) (25.57) (1092) (os2y | @ (18 1) 18] [0 ©) ©) © © | © © | a9 1) (18) [0)] 0 ©) © ©) o |
3 100 wa 07 (X7 ] (Y] 159 60 e 30 1068 1419 656 1006 055 a10 864 864 055 522 576 576 0735 0.15% 0033 0.5 0033 0.003 0.003 0.003 0.003 0.003 182 0.116 o861 061 [ X] 081 061 061 081 061 061 061
130 481 055% 187.5% (1693) (16.93) {5.15) 515 | (818) 122) 5) {122) (5) (0) )] {0) ©0) _© (501) as) 3) s () S )] © | (0 © © |
4 185 2¢ 2 (X aa 139 70 [ 643 811 1454 01 ] 0.00 1048 1048 1048 0.00 494 494 a4 0374 0.247 0056 0.247 0056 0.00 0.001 0.001 0001 0.001 6.16 0.206 037 0.37 0.37 037 0.7 037 037 037 037 037
204 825 126.2% 46.9% (6:45) (6.45) 0.22) 022) (415) (190) ®) (180) | & ©) © | o | © © (154) [ta)] @) an 3) © 0) 0} ©) © |
H 25 @0 0225 (YN} 73 189 50 116 930 606 1500 136 1086 0.16 211 227 221 0.12 0.00 0.12 0.2 0237 0.251 0.072 0251 0072 0.001 0.001 0.001 0.001 0.001 326 0.203 0.2 0.20 0.20 (-] 020 [ 020 020 020 020
258 1035 71.9% 14.6% “.18) (4.18) (0.10) ©10) | @) (193) (10) (193) (19) ©) ) © ©) ©) (63) (39) @ (39) @ © © ©) © ©
[ 275 420 0228 () 12 139 50 1268 1140 589 1729 I 1214 0.18 137 153 153 0.08 0.00 0.06 0.08 0.1%0 0.238 0.08t 0.238 0081 0.000 0.000 0.000 0.000 0.000 326 0354 0.13 013 0.3 0.13 013 013 013 0.13 0.13 0.13
F Y] 1245 1% 65% (2.65) (265) 0.04) 0.04) (199) (184) 1) (184) a1 ©) ©o | _© © (25) (23) (1) 3 [0} [0)] © | © ©) © |
7 325 e 2228 (Y78 73 158 5o 128 1350 s27 1877 '] 1388 .18 0.6 1.02 1.02 0.02 0.00 002 002 0.144 0.222 0.088 0222 0.088 0.000 0.000 0.000 0.000 0.000 326 0414 o071 007 0.07 007 007 007 007 007 007 0.07
358 1455 39.0% 28% {1.63) {1.63) 0.02) ©02) | (160) ary (12 an (12) ) ©) ©) ) ) {42) (12) ) (12) 1) - () ©) _0) © 0 |
8 s as 0225 un 13 150 50 uwn 1560 476 2036 19 1579 0.16 049 0.65 0.65 0.0t 0.00 0.01 001 0421 0.205 0.082 0.205 0092 0.000 0.000 0.000 0.000 0.000 32 0.475 0.04 004 0.04 0.04 0.04 004 0.04 0.04 .04 0.04
%o 1665 5% 12% 097) 097} ©o1) | o (134) (158) (13) (158) (13) ©) (0) © ©) @ ) 6 1) (© (1) [0} © © © ©
] 425 ae 0223 (YN} 13 5 50 nu 1770 433 2203 9 7% 0.16 (3] 037 037 0.00 0.00 0.00 0.00 0.103 0.189 0.004 0.189 0,094 0.000 0,000 0.000 0.000 0.000 326 0.535 002 0.02 0.02 0.02 002 002 002 002 002 002
438 1875 245% 05% 00 | (060) (0.00) (0.00) (115) (146) (13) [ (13) () © © ©) ) ) @) ©) o)) © V] © ©) © © |
10 415 2a 0228 (Y1) 73 139 50 nre 1960 W7 277 4 1984 0.16 0.00 0.18 0.16 0.00 0.00 0.00 0.00 0.091 0.475 0,005 0.476 0095 0.000 0.000 0.000 0.000 9.000 326 0.595 0.01 0.01 001 001 001 001 (1] 001 001 001
S0 2085 200% 0.2% 0.44) {044) {0.00) (©o0) | (100) 135) 13 (135) (13) © {0) 0 ©) (U] (U] (U] © [0} ] 0) ©) (U] 0 © |
1t 525 e 0225 004 73 150 50 228 2190 385 2555 2 2192 0.14 0.00 0.14 0.14 0.00 0.00 0.00 0.00 0.080 0.162 0.085 0.162 0.095 0.000 0.000 0.000 0.000 0.000 3% 0.656 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
558 2296 16.7% 01% 0.30) 0.30) (0.00) ©00) | (89) (125) (13) (128) (13) ©) ©) @ (0 ) () (U] © (1) 0 | O {0) © ©) © |
12 575 e 028 (T°7) 13 158 so 20 2400 338 2738 1 201 012 0.00 0.2 012 0.00 0.00 0.00 0.00 0.072 0.451 0.093 0.151 0.003 0.000 0.000 0000 0.000 0.000 326 0716 0.00 2.00 0.00 0.00 0.00 000 0.00 0.00 ©.00 0.00
[ 1) 2505 141% 00% ©19 | pi9 0.00) ©00) | (30) (116) (13) (118) (13) ©) [0)) © © _© © © © © ©) [0)] © _{0) U] ©)
12 625 as (3] (Y- 73 150 50 sz 2610 315 2925 [ 2610 .10 0.00 0.10 0.10 0.00 0.00 0.00 0.00 0.008 0.140 0.002 0.140 0002 0,000 0.000 0.000 0.000 0.000 E¥ ] 0.777 0.00 0.00 0.00 0.00 0.00 900 0.00 0.00 0.00 0.00
LL] 215 121% 0.0% 0.09) (0.09) (0.00) (0.00) @3) (108) (13) (108) 03 + @ ) —© (9) © (0} ) ) © © ) 0 © ) o |
“ 675 a0 0225 (X7 73 138 50 nu 2620 N 3114 0 2820 0.08 0.00 009 [ 000 0.00 0.00 0.00 0.080 0.431 0.000 0.131 0.090 0.000 0.000 0.000 0.000 0.000 326 0.837 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
0.0 2925 £ 104% 00% _(0.00) 0.00) 0.00) ©oo) | ©n (101) 43) (101) (13) © ©) © () © @ © © ©) © ©) _©® ©) © ©)
15 75 a2 4.000 .00 73 130 10 3835 2046 % 3229 [ 2946 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.057 0.126 o088 0.126 0088 0.000 0.000 0.000 0.000 0.000 085 0873 0.00 0.00 0.00 0.00 0.00 000 0.00 ©.00 0.00 0.00
na 2067 96% 0.0% 0.00) 0.00) (0.00) (0.00) (64) 7 (12) ®n (2§ © ©) ©) O © © ©) © © © ©) © © © ©
16 ns e 0000 0.000 73 158 10 2306 2988 2 azs? [ 2988 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.057 0425 0.088 0425 0.088 0.000 0.000 0.000 0.000 0.000 065 0.885 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
120 009 9.3% 00% {0.00) (0.00) (0.00) 0o | &3 (96) (12) (96) (12) © © ©) ©) ©) ) ©) ©) )] © ® ©) © © 0 |
17 725 1] 02000 .0 13 150 10 23 030 218 3306 ° 2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.056 0123 0.087 0123 0.087 0.000 0.000 0.000 0.000 0.000 065 0.897 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
730 2051 9% 00% 0.00) (0.00) 0.00) ooy | (62 (95) 2 | (85 (2) © ©) ©) ©) _©) © | o o | O () (0 © ) © © |
8 735 a0 (X .00 73 158 10 3086 2072 72 34 ] w72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.056 0422 0.087 0.122 0.087 0.000 0.000 0.000 0.000 0,000 065 0.909 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
740 2083 8% 00% ©.00) 9.00) 0.00) ©00) | (81) (90 02) (84) (12) © © ©) © o ) © © © © )] © © ©) o |
19 745 ) 0.000 (X ] 13 150 10 114 kN 268 3383 ° EIT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.054 0120 0.006 0.120 0.006 0.000 0.000 0.000 0.000 0.000 065 0.921 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
750 3135 s6% 0.0% (0.00) (0.00) {0.00) ©ony | (60) ©2) (12) (82) (2 ©) © ) © ©) © ©) ©) © © ) © © © ©
2 75 a0 s.0n 0.000 73 159 10 k144 3156 268 uz2 [ 3156 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0053 0.419 0.086 0.118 0.086 0.000 0.000 0.000 0.000 0.000 065 0.934 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
768 kiLcd B4% 00% {0.00) (0.00) ©.00) ©on) | (9 @) | (2 1) (12) @ © © ©) © © © © ©._] © © o © o | © |
2 765 1] 0.000 0.000 73 130 10 838 3198 262 3460 [ 3198 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.052 0117 0085 017 0085 0.000 0.000 0.000 0.000 0.000 065 0.946 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 000
e 3219 82% 0.0% (0.00) (0.00} 000 ©00) | (58 (90) (12) (90} (12) ©) ©) ©) ) ©) ©) (©) ©) ©) () ) © © © ©)
2 75 aze (] 0.000 73 15 10 ET ) 3240 259 £ ° 240 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.052 0.116 0.085 0.116 0.085 0.000 0.000 0.000 0.000 0.000 065 0.958 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
780 3261 2.0% 0.0% 0.00) (0.00) {0.00) ©on)y | 1 (89) 12) (89) (12) ©) ©) ©) © ©) © ©) ©) ©) © © O] © © ©)
2 785 <o a.000 0.900 13 150 10 »n s 25 3538 ° 3282 a.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.051 0.114 0.084 0.114 o084 0.000 0.000 0.000 0.000 0.000 0.65 0.970 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
790 3303 78% 0.0% {0.00) (0.00) (0.00) ©o0) | (28) (12) (88) (12) © )] ©) © © © ©) ©) ©) © ©) © _{0) ©) ©)
2 795 a0 0.000 0.000 73 159 10 ) 3324 263 77 [ 3324 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.050 0113 0.084 0.113 0.084 0.000 0.000 0.000 0.000 0.000 0.65 0.982 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00
L] 3345 76% 0.0% {0.00) (0.00) {0.00) 000) 1 (56) {87) (12) L) (12) ©) © | © () 0) © 1 © ©) (] ©) 0 - ©) @ | ©
2 205 1) .00 0.000 73 158 10 039 3366 250 3616 ° 3366 a.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.050 0.112 0.083 0.112 0083 0.000 0.000 0.000 0.000 0.000 065 0.994 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00
310 387 Ta% Q0% (0.00) (6.00) {0.00) 0.00) ] erm (%6) {12) (56) {12) (U] © 9 0] (O] -] (UX ) 9 (U] —{Q o Q) © | O |
TOTAL () 203 263 2566 2566 083 10.15 1089 1089
) 047 197 214 214 007 085 092 092
%Utimate 100.0 1000 428 422
REDUCD n) 172 2008 2181 2181 07 863 934 9.4
m 044 167 182 182 0.06 072 0.78 0.78
%ittimate 85.0 850 364 364
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SETTLEMENT ANALYSIS - STRESS TION BY ARD THEORY, AND RATE OF CONSOLIDATION BY TERZAGHI THEORY
Lgpiwt el el
Paramets 1 2 4 5 s 7 8 s 10 Regon | Region | Regon | Region | Region | Region | Regon | Regon | Region | Region - -
(Besring Area Center, Xc () = 190650 200000 2013.50 199400 2000.00 2006.00 1995.50 208450 2000.00 2000.00 1 2 3 4 [ [ 7 8 [ 10 [ -
Baaring Area Center, Yc () = 200.00 2000.00 2000.08 0.0 2900.00 2000.00 2000.00 200000 2000.00 2000.00 Sub 1 ax 0 90 90 105 15 45 15 5 05 0§
Bearing Area Width in X-direction, B () = .00 1°e0 200 .00 00 2.00 " [T 100 19 ay 1000.0 10000 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 05 05
[Besring Area Length in Y-direction, L (ft) = 2000.00 2000.00 2000.00 2000.00 2000.00 2000.00 2000.08 200000 108 100 Sub 2 ax 180 20 20 105 15 EE) 75 15 [H 05
Net Appiied Preasure (pef) = Y] s a8 25 nzs 223 1350 so " “w av 10000| -0000| -10000! -10000! -10000| -10000) -10000) -10000 05 a8
Depth of Application, Da (1) = (1] [ (X (] 000 0.0 "“we 0.00 200 (1] Sub 3 ax 90 80 180 15 15 105 15 75 5 o5
Depth of Foundasion, DX (f) = (X 0 (1] "0 (1] 0.00 0.0 (] [ (X ay 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 05 05
Contact Pressure Multiplier (ND) = 10 100 1% 100 100 100 1 100 10 100 Sub4 dx 90 90 -18.0 15 A5 105 15 5 05 05
| Tieme of Application (yrs) = 800 . .0 (] .00 .00 200 .0 (X a0 dy 10000 | 10000 | -10000| -10000| -10000| -10000] -10000{ 10000 05 05
Abecissa for Analysis, Xa {f) = 2000.00 Strain Factor = 0.50
Orcinese for Anaysis, Ya (= 2000.00 Utimade Setement Induced Setement
800 Recomp Virgin Totsd Bub Recomp Virgin Total Bub Region Region Region Region Region Region Region Region Region Region
018 Sett Sett Sett Sett Sett Sett Sett Sett 1 2 3 4 5 6 7 8 9 10
s ) _in) fn) fn) (n) n) ) n) Group L () 25.00 25.00 2500 | 2500 25.00 25.00 25.00 25.00 25.00 25.00
% TOTAL i) 584 644 1228 1.8 4n 193 664 663 ! 5465 Tv 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 003
=0 18.18 ™ 049 0.54 102 090 0.3 a.16 055 085 W 1818 18.18 1818 18.18 18.18 18.18 18.18 18.18 18.18 18.18
(X ] AUNmase 1000 969 544 540 [l 000 ™ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00
am REDUCD () 496 548 1044 0.4 40t 164 565 564 W 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 100.00
2060 [} 041 046 087 0.84 033 0.14 047 047 n 0.00 v 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
asm %Ukimate 850 823 460 459 W 10000 | 10000 | 10000 | 100.00 | 10000 j 10000 | 10000 | 10000 ] 100.00 | 10000
.5
43000
120
Eff Vort Swess ot Mid-Stratum Unimate Setiement Induced Setement influence Factors (Utimete Induced Stresses in Parentheses) Rate Parameters
sv Depth g CR RR o ) Totsl Past Zero Uimate induced Recomp Virgin Tots Bub Recomp Virgin Toial Bub Region Region Region Region Region Region Region Region Region Region | Eftective | Position Region
No. ™ (peh (ND) (ND) (styr) (syr) H Madimum Burden Change Veive Change Vaive Sett Sett Set Sett Sett Sett Sott Sett 1 2 3 4 5 [ 7 [ 9 10 H @ 10
(L] o) L (pel) fpe) pst) fpsh) {ps0) ) (LB U 3 fo) i) {0) ) o) Iz 4 3 Iz iz 2 Iz Iz 3 Iz L] ND) |
Y] 0 (12.28) (11.09) (6:60) (6.63)
1 15 74 0.420 we a1 “” 30 ' - E ] a8 3%5 £ 291 000 231 29 281 0.00 28 28 0019 0525 0019 0.164 0.608 0.164 0.451 0.181 0.116 0.116 300 0.027 0.50
a8 51 1540.1% 13624% @) | (s%9) (3.83) 68 | ® (50) 5) @) 2m 33) (20) (20) © © @
2 60 e 0.007 (Y7 ”» 159 60 a0 162 k] 485 27 £ 17 011 1.4 1.4 1.3 0.00 1% 13 0.067 0.720 0.067 0270 0218 0270 0228 0228 0.009 0.009 382 0.087 o0
Y] 273 199.4% 140.0% sy | @18 (244) 243 | (7 69 7 (s5) 81 (85) 1) 1 © © ©
3 120 s 007 (X7 ” 150 (1] S0 384 20 643 3 §15 0.54 184 238 238 0.46 0.00 046 046 €.100 0519 0.100 0228 0111 0228 0475 0.475 0.002 0002 382 0.152 051 05t 051 051 051 051 051 051 051 051
158 495 674% 1% (5.15) [{%4s) (1.98) (.91 (25) 8) (25) (48) (41) (48) 4) | @9 © 0 (3) (14) (13) (23 1) ) [u}4] (12) ©) o
4 185 520 0282 (Y0 a0 138 70 “ o717 28 806 61 738 0.00 448 449 449 0.00 193 193 19 0.108 0384 0.108 0478 0073 0178 0129 0128 0.001 0.001 616 0.240 0.28 0.2 0.29 029 029 02 029 028 0.8 020
2 850 20.9% 90% o.26) 0.28) (0.05) o) | en | en | en 36) @n os | an (7 © © ® 18) @® 1) (O] () 6 | & (© ©
s 45 s (3] (Y2 73 130 50 1s7 964 175 1139 o %1 018 0.00 0.16 0.18 03 0.00 0.03 003 0.104 0.305 0.104 0446 0085 0.146 0.103 0.403 0.001 0.001 326 0.326 0.15 0.15 015 0.15 015 0.15 0.15 0.15 0.15 015
s 1068 18.2% 28% {0.50) 0.12) 0.02) (0.01) (28) {18) (26) 0 | () £0) {14) (14) ) N ) 4 @ | @ “4) B3) ] @ @2 | @ ©
[ 295 1] w22 (Y1) 13 30 50 109 174 154 1228 “ 1188 042 0.00 0.12 0.12 0.01 0.00 0.0 001 0097 0250 0.007 0.126 0.046 0.128 0.087 0087 0.000 0.000 326 0.386 0.00 009 0.00 009 0.09 0.9 (1] 0.09 009 0.09
328 1219 21% 12% ©38) | ©o) ©01) ©00) | (24 (14) (24) (25) n (25) (12) (12) © ©) @ (1) @) [0 @ @ [0 m | o © |
7 us 420 0228 (Y1) 73 199 50 1081 1284 126 1520 7 1391 0.00 0.00 008 0.00 0.00 0.00 0.00 0.00 00%0 0.225 0.0%0 0410 0030 0.410 0.075 0075 0.000 0.000 328 0.445 006 005 005 005 0.05 005 005 0.05 0.05 005
37.0 1489 98% 0.5% (0.0) {0.00) {0.00) ©00) | (22 (12) (22) @) (18) (22) (10 | (10} © ) 0] ) 0] 1) () [0)] [0)] [u)] © © |
s 35 13 0225 (Y7} 73 150 5o wo 1504 122 1716 3 1507 0.07 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.083 0.198 0.083 0.007 0.034 0007 0.086 0066 0.000 0.000 32 0.505 0.03 003 003 0.03 0.03 043 083 0.03 003 003
Q28 1099 7% 0.2% 0.23) {0.00) (0.00) (0.00) {21} 1) ey | (13) (20) 9) ®) ) ©) (V)] __© (0] (4] ©) [0)] © {0) ©) _© |
° “s 1] 0228 0. 73 1a 50 2188 1804 10 1914 1 1805 0.06 0.00 0.06 0.00 2.00 0.00 0.00 0.00 0077 0477 0077 0087 00% 0.087 0.050 0.0%8 0.000 0.000 328 0.565 001 0.01 0.01 001 00 001 oot 001 001 00t
ae 1909 6.1% 0.1% ©0.17) ©.00) ©00) | (000 (19) ) | (9 (8 {5} () ®) ® © © © © ©) © © ©) _(© © _© ©
10 495 420 0228 [y" 13 159 50 217 2014 101 218 1 2018 0.05 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0071 0.160 0071 oom 0.027 001 0.054 0.054 0.000 0.000 326 0624 001 001 0.01 0.01 0.01 om 001 00 001 001
520 2119 50% 00% 0.12) (0.00) 0.00) ©00) | (18 ®) (18) (18)_ (o) | (18 @ ) © © © ©) © ©) ©) [} @ © © ©
" 545 1] 0225 (X7 73 50 50 208 2224 2 216 ] 224 004 0.00 0.04 a.00 0.00 0.00 0.00 0.00 0.066 0.148 0.065 0072 0025 0.072 0049 0049 0.000 0.000 36 0.684 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 a.00
LIL] 232 42% 0.0% 0.08) {0.00) (0.00) {0.00) (t6) {8 (16) {15) ®) (15) (Ul @ ©) ] ©) © ) ©) © ) ©) © ©) _© |
12 0.5 1] 022 (Y 1] 13 11s 50 2 2434 . 2519 ° 244 0.03 0.00 003 0.00 0.00 0.00 0.00 0.00 0.062 0434 0062 0066 0.023 0.086 0.045 0.045 0.000 0.000 3.8 0.744 0.00 0.00 0.00 0.00 0.00 0.00 a00 0.00 0.00 0.00
20 2539 I5% 0.0% 005) | (000 000} (0.00) (15) 1) {15) (3 | ® (13) 6) ) © 0 0) © © | ® —© 0 0) © | O © |
13 (7Y as (X-) [y " 13 150 50 wns 2644 ™ 25 [] 2644 003 0.00 003 0.00 0.00 0.00 0.00 0.00 0.058 0124 0.058 0.061 0.021 0.061 0.041 0.041 0.000 0.000 328 0.803 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
(11 2749 30% 00% (0.02) (0.00) (0.00) (0.00) (14) m (14) (12) ) 12) © _t6) © 0) & ©) U] ©) ©) {0) © | @ © ©
“ s as 0225 (7] 73 e 50 325 2854 7 2028 ° 2854 002 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.054 0115 0.054 0057 0019 0.057 0038 0.038 0.000 0.000 3z 0.863 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
128 295% 26% 0.0% ©o0) | (0.00) (0.00) 0.00) (13) ®) 13 (12) U] (12) ) &) © ©) © © ©) © ©) © © © © ©
15 723 420 0000 2.000 73 139 as 2363 2970 n 3041 ] »70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.082 0.411 0052 0.055 0018 0085 0.037 0037 0.000 0.000 0.33 0.896 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 a0
123 2080 24% 00% (0.00) (0.00) ©o0) | (000 03 © (13) 1) m 1) 5 5 © © © © ©) © © [} © ©) @ ©
18 28 a2 .0 (¥ 73 150 05 589 2091 n 061 ° 2901 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0082 0.110 0.052 0.055 0018 0.055 0037 0.037 0.000 0.000 033 0.902 0.00 9.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
730 3001 24% 00% 0.00) 0.00) {0.00) 0.00) (13) ) (13) a1 m 1) &) ®) © © © © © © © © ©) © © ©
17 733 20 0000 o000 73 138 05 wu 012 70 3082 o 012 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.052 0.100 0.052 0.054 0018 0.054 0.037 0.037 0.000 0.000 0.33 0.908 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
s 022 23% 0.0% (0.00) (0.00) (0.00) (0.00) (13) ® | (3 (1) m an | ® ©) © ©) © @ © @ © ) © © © ©
8 738 s 0000 . 13 150 05 E=) 033 7 3102 ° 2033 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0051 0.108 0.051 0.054 0018 0.054 0.0% 0.0% 0.000 0.000 033 0914 0.00 0.00 0.00 0.00 0.00 200 0.00 0.00 0.00 0.00
148 3043 23% 00% ©.00) ©.00) 0.00) 0.00) (13) ) 13) an o) J(0)) 6 o] ) ) ® | o ©) © () ©) ©) @ ) o |
19 Hus [-1] 2000 0.00 13 150 1.0 w17 3064 ® 3133 o 3084 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.051 0.108 0.051 0053 0018 0083 0.0 0.0 0.000 0.000 065 0922 0.00 0.00 0.00 0.00 9.00 000 0.00 0.00 0.00 0.00
738 3085 23% 00% ©00) | (000 (0.00) (0.00) (13) (6 (13 an ] (1) &) _5 ©) © ©) © ©) © (] ©) o) ©) © ©)
F: 755 420 (X ] 0000 13 158 10 1714 3108 [ nn ° 3106 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.050 0.108 0050 0.053 0018 0.083 0.036 0035 0,000 0.000 085 0.934 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
760 3127 22% 00% (000) | {0.00) (0.00) (0.00) (13) ® (13) 1) Ul (1) 5) {5) © ©) © () 0 ) © © 1 o @ 1 @ | © |
2t 765 a2 s.00 [ 13 350 10 s Ei (14 3215 0 3148 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0050 0.105 0.050 0.052 0018 0.052 0.035 0.035 0.000 0.000 0.65 0946 0.00 @.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
e 3169 21% 0.0% ©00) | (000) 0.00) ©00) } (1) ©) (12) a1 m (1) 5 O] ©) ©) © © ©) © ©) © _© © _ 0
2 ns 420 o000 0.000 73 13 10 un 3190 L4 azs7 ° 3190 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.049 0.103 0.049 0.051 0017 0.051 0.035 0035 0.000 0.000 065 0.958 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 a.00 0.00
188 321 21% 0.0% (0.00) 0.00) (0.00} {0.00) {12} _(8) (12) (19) (6 (10) & 1 (5 ©) ) _©® ©) 0 ©) © L)) (0) () @ | © |
<) 85 s (X ] .00 13 15 10 urs azm2 -] 008 ° 322 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.049 0.102 0.049 0.051 0.017 0.051 0.034 0.034 0.000 0.000 065 0.970 0.00 0.00 0.00 0.00 0.00 2.0 0.00 0.00 0.00 0.00
799 3253 20% 00% ©.00) (0.00) 0.00) ©00) } (12 5) (12) 00 | ® (10) &) ) ©) ©) © © © © © © © © © ©
2% 58 as (X ] 0000 13 130 10 %29 3274 [ 3% ° 3274 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.048 0.101 0.048 0050 0.017 0050 0.034 0.034 0.000 0.000 065 0.982 0.00 0.00 0.00 0.00 0.00 0.00 a.00 0.00 0.00 0.00
L L] 3295 20% 00% {0.00) (0.00) (0.00) {0.00) (12) (5) (12) (10) 6) (19) (5) (5) ©) @ _© ©) © | © )] ©) © U] © © |
% 205 420 0.000 000 13 1358 10 w78 3316 ) 1% ° 116 0.00 a.00 0.00 0.00 0.00 0.00 0.00 0.00 0.047 0.100 0.047 0.050 0017 0.050 0033 0033 0.000 0.000 0.65 0.994 0.00 0.00 0.00 0.00 0.00 .00 000 0.00 0.00 a.00
1 3337 1.9% 0.0% {0.00) 0.00) 0.00) (0.00) (12) [©) (12) (10) 6 (10) “ @ | @ © o @ © © © © © ) © ©
ToTAL (o) 584 644 1228 1.9 an 19 664 683
m 0.49 0.54 102 089 0.39 0.16 0ss 055
%Uitimate 100.0 969 54.4 540
REDUCD () 496 548 1044 1041 401 164 565 564
m 0.4 048 0.87 o84 0.33 044 047 047
KUlimate 85.0 823 480 459




SETTLEMENT ANALYSIS - STRESS 8y ARD THEORY, AND RATE OF CONSOLIDATION BY TERZAGHI THEORY
1 / ir s
Parameter 1 2 3 4 5 s 7 ] 9 0 Region | Region | Region | Region | Region | Region | Region | Regon | Region | Region : [P
[Baaring Area Conter, Xz () = 200008 2008.00 2000.00 2000.00 2000.00 2000.00 2000.00 2000.00 2000.00 2000.00 1 2 3 4 5 & 7 8 9 10 ! e ‘
Bearing Area Conter, Yc (1) = 200090 20000 200.00 200000 2000.00 2000.00 2000.00 2000.00 2000.00 2000.00 Sub 1 ax 10160 1000.0 1008.5 10085 1008.5 1008.5 1008.5 10085 1008.5 1008.5
[Bearing Area Width in X-direction, B () = 1600 2000.00 1.0 100 100 100 100 190 100 100 dy 20000 2000.0 0§ 05 05 0§ 0§ 05 05 0§
Bearing Area Length in Y-directon, L (f) = 4000.00 400,00 1. 10 . 10 100 1.9 .. 100 Sub2 3 10160 1000.0 1008.5 10085 1008.5 1008.5 10085 1008.5 10085 10085
[Nat Applied Pressure (pef) = 1] 2400 (X (X " "0 (Y} "“” (7} " dy 20000 | _ -20000 05 05 05 05 05 05 05 05
[Depth of Appication, Da () = (1] a0 [ (] [ [ " (X (Y] " Sub3 ax 10000 |  -1000.0 1007.5 10075 10076 1007.5 1007.5 1007.5 10075 10075
Depth of Foundation, DI (f) = .00 (1] .00 " 0.0 020 [ 0.00 080 ] dv 20000 2000.0 05 05 05 05 05 05 05 [
Contact Fressurs Muliper (ND) = 18 1. 190 108 10 190 100 100 19 100 Sub4 ax 10000 |  -1000.0 1007.5 10075 1007.5 1007.5 10075 10075 10075 10075
[ Time of Application (yrs) = (X [ (] .90 o0 (] .0 (X . 0.00 dy 20000 | -2000.0 05 05 05 05 05 o5 05 05
(Abecisea for Analysie, Xa () = 0000 Strsin Factor = 050
(Ordinate for Analysis, Ya () = 200000 Uiimate Setiement induced Setlement
Poisson’s Rao, u (ND) = 08 Recomp Virgin Totsl Bulb Recomp Virgin Total Bub Region Region Region Region Region Region Region Region Region Region
[Recompression Factor (ND) = 0.15 Sett Sett Sett Sett Sett Sett Sett Sett 1 2 3 a 5 6 7 8 9 10
Total Setiement Multipher (ND) = s n) (n) n) gn) (n) gn) n) n) Group LY 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
Swess Bub Critarion (%) = 0.00% ToTAL (n) 495 349 844 a2 a1 2m 699 6.8 [ 4.00 ™ 484 484 484 484 a8a 484 488 4.84 484 484
Current Time (yrs) = 280 100.00 L) 041 0.29 [ 068 035 023 058 0ss W 10000 | 10000 | 10000 | 100.00 | 10000 | 10000 | 10000 | 10000 | 10000 | 100.00
| Depth of Wick Draine (f) = L1 2294 KUttimate 100.0 973 828 827 i 4331 v 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
[ Wick Drain Trisnguiss Grid Spacing (R) = a0 REDUGD o) 421 296 718 698 356 238 594 594 W 2294 22.94 2294 2294 2294 2294 2294 2294 2294 2294
Equivalent Drain Diameter, dw (in) = 200 [ 035 025 080 058 030 020 049 049 n 0.00 Tv 1.00 100 1.00 hoo 1.00 1.00 1.00 1.00 1.00 1.00
Equivalent Mandrel Dismeter, dm (in) = as7e %Uimat 80 87 704 70.3 W 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000
Dismeter of Smear Zone, ds (in) = 2450
Drain C. Rakio (sqft) = 900.0
120
Eff Vert Stress at Mid-Strastum Ulimate Setfiement Induced Settiement Infuence Factors Induced Swrasses in Parentheses) Rate Parameters Percent Consolidation for Combi
se Depth g cR RR o ch Tol Past Zer0 Ulimats Induced Recomp Viegin Tots Bub Recomp Virgin Totsl Bub Region Region Region Region Region Region Ragion Region Region Region | Ettective | Position | Region Region Region Region
No. m () ~ND) (D) (svyr) (styr) H Madimum Burden Change Value Change Veive Sott Sott Sett Sett Sett Sett Sett Sett 1 2 3 4 5 ] 7 s 9 10 H (1) 1 2 3 4 5 [ 7 [ ] 10
(W] {ps0 {pst) {pe) {psf) (pe) ips) o) o) ) fn) o) ) fn) (o) L3 3 -3 iz z -3 Z 4 lz Iz ® (ND) | ND) | (ND) (ND) (ND) | (ND) (ND) (D) | (ND) {ND) ND)
Y] [ (8.44) @21 (6399) (6.98)
1 40 17 un > n (V) &0 an L] 240 208 240 08 306 0.00 396 396 3s6 0.00 3e8 396 0.000 0508 0.000 0.000 0.000 0000 0.000 0.000 0.000 0000 8.00 1.000 1.00 1.00 1.00 190 1.00 1.00 1.00 1.00 1.00 1.00
[V} 138 3522% 3522% 4.48) (4.25) (3.02) (3.02) ©) (240) () ) © ) ©) ) {0) {0) © (240) © ©) ©) 9) @ | © ©) ©__
2 128 20 .00 " 00000 esen 90 12 an F< ] 2% &9 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0904 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00 0.000 100 1.00 100 1.00 100 100 100 100 100 1.00
78 604 £4.5% 64.5% (448) (4.25) 3.02) £02) 1 () (238) © ) (0) {©) ©) (0 (0) (1)} © (238) ) _{0) 0 ) © | O ] o
3 205 524 [3tH] (1) a0 10 70 1] 786 28 1024 191 ar7 0.00 EE 3% 3% 0.00 2m 2m 2m 0.000 0960 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 (X0 0.071 0.80 0.80 0.00 0.00 080 0.0 0.80 0.0 0.80 0.80
28 968 30.2% 243% 1.09) 0.86) 023 0.22) © (238) © ©) ©) ©) ©) © ©) (] © | o9 (U] © ) () © | © © © ]
4 210 2o 025 " 73 150 €0 1313 1094 7 1331 12 1218 0.19 0.10 0 020 o1 0.00 on [.X1] 0.000 0908 0.000 0.000 0.000 0000 0.000 0.000 0.000 0000 3 0.187 051 051 051 051 051 051 051 051 051 05t
200 1220 21.6% 1M4% 0.80) ©5n 0.12) ©.11) {0) (237 0) © [ ©) © ©) © _© ©) {122 ©) 0) ©) 0 © © ) o |
H s ae 0225 [N 73 154 50 1500 1325 2% 1561 &2 1407 014 0.00 0.14 0.14 0.05 0.00 0.08 0.05 0.000 0584 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 326 0.270 035 035 0.35 035 035 [ 035 0.35 035 035
;] U 17.8% 62% (0:65) 043) 0.06) (006 } (0 (236) @ 0 © © © ©) 0} ) {0} (22) © ©) © | © © @) © © |
[ s 2 0228 (1) 73 e 50 wae 1535 2% 1774 5 1580 013 0.00 0.13 013 003 0.00 003 003 0.000 0981 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 3.8 0.345 023 [¥>] (3] 0.23 023 oz 03 [3] 0z 0.3
“e 1640 15.3% 3.5% {0.53) (0:30) 0.03) 0.03) ©) (235) © ©) © ©) ©) @ | @ ) ©) (54) ©) ©) ©) (] ©) 0) ©) © |
7 25 a2 0228 0 73 150 50 2004 1745 25 1360 E%) e 011 0.00 0.11 o1 0.02 0.00 0.02 0.02 0.000 018 0000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 326 0.421 0.14 0.14 044 0.14 014 0.14 014 0.44 0.14 0.14
439 1850 135% 19% 042) {019) 0.02) 001 9) (235) © {0) ©) ) U] (0 0©) ] ©) (34) ©) 0) ©) © ©) 0 © ©
[ 475 as 225 (Y] 73 18 50 46 1955 2 218 2 1975 0.10 0.00 0.10 0.10 001 0.00 0.01 001 0.000 0978 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 328 0.496 008 0.08 008 0.08 008 008 0.08 0.08 008 008
L L] 2060 120% 10% (0.32) {0.09) (001) (0.00) 0 (234) _(0) © © © ©) ©) ©) ©) ) (20) © ©) ©) ()] (Wl ©) — O ©
9 525 a0 0228 (1) 73 13 50 2508 2185 234 2% " are 009 0.00 008 0.09 0.00 0.00 0.00 0.00 0.000 0974 0.000 0.000 0.000 0000 0.000 0000 0.000 0.000 326 0.571 0.05 008 005 0.05 0.05 0.05 008 0.05 0.05 0.05
80 2210 108% 05% 02) (0.00) (0.00) oo0} | (@ (@) © ©) ) {0) ©) ©) ©) © ©) (1) ©) © ©) o ©) (V] © ® |
10 (121 a2 0228 (Y1 73 154 50 8% 2375 23 2008 € 2281 0.08 0.00 o.08 0.00 0.00 0.00 0.00 0.00 0.000 0971 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 328 0.646 0.02 0.02 0.02 002 0.02 002 0.02 0.02 002 0.02
L 2% 95% 02% (0:15) {0.00) (0.00} ©00) | © (233) ©) © © © © © © 0 © 6) @ ©) {0) ©) © _© ©) ©®
" «@s as 225 (Y] 73 1 50 w2 2585 3 218 3 2588 0.08 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.000 09 0.000 0.000 0.000 0.000 0.000 0000 0.000 0.000 ¥ 0.722 00t 00 001 0.0 001 001 0.01 001 001 001
0 2690 90% o1% 0.07) {0.00) (0.00) (0.00) © (232) © ) ©) © © ©) ©) (] ©) ()] © © © | ®© o © (] © ]
12 65 as 0228 (1) 73 5 30 £ 2153 22 2085 2 2755 0.04 0.00 0.04 0.00 0.00 000 0.00 0.00 0.000 0.967 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 196 0.782 0.01 001 001 001 001 001 0.01 00 00t 001
“e 2818 84% 0.1% 003) (0.00) 0.00) ©00) | (o) (232) © ©) © ©) ©) ©) {0} o) © 2) ) 0) ©) © 0 ©) ©) © |
13 e85 a0 0228 (TN 13 15 10 E2 ) 2837 22 0638 1 38 a.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.000 0.968 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 065 0.812 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
“s 2858 82% 0.0% 0.01) (0.00) 0.00) 0.00) ©) @2 | © © ©) © ©) ©) ©0) ©) ) m ) {0) ] © ©0) © | @© ©_ |
" @5 azs 0225 (Y7} 73 1359 10 83 2879 232 31 1 28%0 001 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.000 0965 0.000 0.000 0.000 0.000 0.000 0000 0.000 0.000 065 0.827 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00
7ne 2900 0% 00% 0.00) (0.00) 0.00) ©00)_ | ) (232) ©) © ©) © ©) © © 1Y o (W} ©) () ©) ©) ) ()] ©) © |
18 705 an e 0.0 13 150 10 £ 2921 22 3183 1 222 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.965 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 065 0.842 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00
18 2042 19% 0.0% {0.00) (0.00} {0.00) (0o0) | ®© (231) © © © ©) ©) (0) ©) {0) © (1) © © 0) (0] ©) © 1 © o
16 ns a8 “we .00 73 15 10 235 2063 23 3194 t 2954 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.984 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 065 0.857 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
720 2964 78% 0.0% (0.00) 0.00) (0.00) {0.00) © (231 © © © © @) ©) © © © {1} ©) ©) ©) 0} 0} {0 0 ©
17 725 1) .00 “n 73 150 10 006 3005 21 3296 1 3006 0.00 0.00 0.00 000 0.00 000 0.00 0.00 0.000 0.964 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 065 0.872 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
138 2026 iT% 0.0% (0.00) (0.00) 0.00) (00, | (0 24 @) © ©) © ©) ©) ©) ] {0) (U] ©) © ) © ©) ©) ) ©
1" 735 as .00 .00 73 150 10 2656 3047 21 s 0 3047 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0963 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 065 0.887 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
748 3069 16% 00% {0.00) £0.00) {0.00) {0.00) 0 (231) 0} ©) {0} ©) © ©) () ©) (0 ©) ) ©) ©) (V] ©) ©) ©) 0 ]
19 745 s s.000 .00 73 139 10 aor 2080 21 E=-4 [] 2080 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.000 0963 0000 0.000 0.000 0.000 0.000 0.000 0000 0.000 065 0.902 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
754 3110 75% 00% (0.00) {0.00) (0.00) (0.00) ©) (231) © () © ) ©) ©) ©) © ) ©) 10) © ©) O] 0) ©) ©) o
20 755 a0 0000 () 13 5 10 st 33 -1} 382 o EIE]] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.962 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 065 0.917 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00
104 3152 74% 0.0% {0.00) (0.00) (0.00) (0.00) () {231) {0) ©) ©) ©) ©) {0) ©) ©) ©) ©) (0 19 ©) (0] ©) {0 ©) o
21 765 a0 0000 e 73 50 10 008 an 21 3404 [ un 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0962 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 068 0932 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
na 194 73% 00% {0.00) (0.00) {0.00) ©00) § (9 (231) ©) © ©) o © ©) © 10) ©) @ © (0} 0 ©) 0} @ _© ©
22 s a0 .00 .00 73 139 1.0 N 3215 231 46 [ 3218 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.000 0.961 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 085 0.947 0.00 0.00 0.00 000 0.00 000 0.00 0.00 0.00 000
188 32% 12% 0.0% (0.00) {0.00) (0.00) (0.00) © (1) {0) © ©) (0 ©) @ | © © ] © ©) © @) ©) _{0) ©) © © ]
2 s s .00 .00 73 150 1.0 2008 2287 =1} 3488 0 2267 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.000 098t 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0000 065 0.962 000 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Product Specification - Structural Geogrid BX1500

Tensar Earth Technologies,.lnc. reserves the right to change its product specifications at any time. It is the responsibility of the specifier and purchaser
to ensure that product specifications used for design and procurement purposes are current and consistent with the products used in each instance.
Please contact Tensar Earth Technologies, Inc. at 800-836-7271 for assistance

The structural geogrid shall be an integrally formed grid structure manufactured of a stress resistant polypropylene material with molecular
weight and molecular characteristics which impart: (a) high resistance to loss of load capacity or structural integrity when the geogrid is
subjected to mechanical stress in installation; (b) high resistance to deformation when the geogrid is subjected to applied force in use; and (c)
high resistance to loss of load capacity or structural integrity when the geogrid is subjected to long-term environmental stress.

The structural geogrid shall accept applied force in use by positive mechanical interlock (i.e. by direct mechanical keying) with: (a) compacted
soil or construction fill materials; (b) contiguous sections of itself when overlapped and embedded in compacted soil or construction fill
materials; and (c) rigid mechanical connectors such as bodkins, pins or hooks. The structural geogrid shall possess sufficient cross sectional
profile to present a substantial abutment interface to compacted soil or particulate construction fill materials and to resist movement relative to
such materials when subject to applied force. The structural geogrid shall possess sufficient true initial modulus to cause applied force to be
transferred to the geogrid at low strain levels without material deformation of the reinforced structure. The structural geogrid shall possess
complete continuity of all properties throughout its structure and shall be suitable for reinforcement of compacted soil or particulate construction
fill materials to improve their long term stability in structural load bearing applications such as earth retention systems. The structural geogrid
shall otherwise have the following characteristics:

Product Type: Integraily Formed Structural Geogrid
Load Transfer Mechanism: Positive Mechanical Interlock '
Product Properties
Index Properties Units MD Values'  XMD Values'
= Aperture Dimensions® mm (in) 25(1.0) 30.5(1.2)
* Minimum Rib Thickness? mm (in) 1.78 (0.07) 1.78 (0.07)
Load Capacity
* True Initial Modulus in Use® kN/m(lb/ft) 500 (34,270) 625 (42,840)
» True Tensile Strength @2% Strain® KN/my(Ib/ft) 8.5 (580) 10.0 (690)
* True Tensile Strength @5% Strain® ' KN/m(Ib/ft) 175(1,200)  20.0(1,370)
Structural Integrity
» Junction Efficiency” % 93
* Flexural Stiffness® _ mg-cm 2,000,000
= Aperture Stability®: kg-cm/deg 75
Durability
* Resistance to Installation Damage’ %SC / %SW/ %GP 91/91/85
= Resistance to Long Term Degradation° % 100
» Carbon Black Content % 20

Dimensions and Delivery
The structural geogrid shall be delivered to the jobsite in roll form with each roll individually identified and nominally measuring 4.0 meters
(13.1 feet) in width and 50.0 meters (164 feet) in length. A typical truckioad quantity is 150 rolls. On special request, the structural
geogrid may also be custom cut to specific lengths or widths to suit site specific engineering designs.

Notes

1. Unless indicated otherwise, values shown are minimum average roll values determined in accordance with ASTM D-4759. Brief descriptions of test

procedures are given in the following notes. Complete descriptions of test procedures are available on request from Tensar Earth Technologies, Inc;

Nominal Dimensions.

True resistance to elongation when initially subjected to a load measured via ASTM D6637 without deforming test materiats under load before

measuring such fesistance or employing "secant” or "offset” tangent methods of measurement so as to overstate tensile propetrties.

Load transfer capability measured via GRI-GG2-87. Expressed as a percentage of ultimate tensile strength.

Resistance to bending force measured via ASTM D-5732-95, using specimens of width two ribs wide, with transverse ribs cut fiush with exterior edges

of longitudinal ribs (as a “ladder”), and of length sufficiently long to enable measurement of the overhang dimension. The overall Flexural Stiffness is

calculated as the square root of the product of machine-and cross-machine-direction Flexural Stiffness values.

Resistance to in-plane rotational movement measured by applying a 20 kg-cm moment to the central junction of a 9 inch x 9 inch specimen restrained

at its perimeter (U.S. Army Corps of Engineers Methodology for measurement of Torsional Rigidity).

7. Resistance to loss of load capacity or structural integrity when subjected to mechanical installation stress in clayey sand (SC), well graded sand (SW),
and crushed stone classified as poorly graded gravel (GP). The geogrid shall be sampled in accordance with ASTM D5818 and load capacity shall be
measured in accordance with ASTM D6637,

8. Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments measured via EPA 9090 immersion
testing. ’

Tensar Earth Technologies, Inc. |
5883 Glenridge Drive, Suite 200 ‘
Atlanta, Georgia 30328-5363

(800) 836-7271

March 15, 2002
This product specification supersedes all prior specifications for the product described above and is not applicable to any products shipped to jobsite prior
to March 15, 2002.
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Product Specification - Structural Geogrid UX1700HS

Tensar Earth Technologies, Inc. reserves the right to change its product specifications at any time. It is the responsibility of the specifier and purchaser to ensure that
product specifications used for design and procurement purposes are current and consistent with the products used in each instance. Please contact Tensar Earth
Technologies, Inc. at 800-836-7271 for assistance

The structural geogrid shall be an integrally formed grid structure manufactured of a stress resistant high density polyethylene material with
molecular weight and molecular characteristics which impart: (a) high resistance to loss of load capacity or structural integrity when the geogrid
is subjected to mechanical stress in installation; (b) high resistance to deformation when the geogrid is subjected to applied force in use; and
(c) high resistance to loss of load capacity or structural integrity when the geogrid is subjected to long-term environmental stress.

The structural geogrid shall accept applied force in use by positive mechanical interlock (i.e. by direct mechanical keying) with: (a) compacted
soil or construction fill materials; (b) contiguous sections of itself when overlapped and embedded in compacted soil or construction fill
materials; and (c) rigid mechanical connectors such as bodkins, pins or hooks. The structural geogrid shall possess sufficient cross sectional
profile to present a substantial abutment interface to compacted soil or particulate construction fill materials and to resist movement relative to
such materials when subject to applied force. The structural geogrid shall possess sufficient true initial modulus to cause applied force to be
transferred to the geogrid at low strain levels without material deformation of the reinforced structure. The structural geogrid shall possess
complete continuity of all properties throughout its structure and shall be suitable for reinforcement of compacted soit or particulate construction
fill materials to improve their long term stability in structural load bearing applications such as earth retention systems. The structural geogrid
shall otherwise have the following characteristics:

Product Type: Integrally Formed Structural Geogrid

Load Transfer Mechanism: Positive Mechanical Interlock

Product Properties

Load Capacity Units MD Values'
= True Initial Modulus in Use? kN/m(Ib/ft) 2,350 (161,070)
* Tensile Strength @5% Strain? kN/m(Ib/ft) 75 (5,140)
= Ultimate Tensile Strength’ kN/m(Ib/ft) 175 (11,990)
= Long-Term Allowable Load in Sands, Silts & Clay® kN/m(lIb/ft) 75.1 (5,140)
= | ong-Term Allowable Load in Well Graded sand® kN/m(lb/ft) 73.0 (5,000)
= Long-Term Allowable Load in Aggregate3 kN/m(Ib/ft) 71.7 (4,910)

Integrity of Product Structure
= Junction Strength* kN/m(Ib/ft) 160 (10,970)
» Flexural Stiffness’ X1000 mg-cm 9,075

Durability
= Resistance to Installation Damage6 %SC / %SW/ %GP 95/92/90
= Resistance to Long Term Degradation7 % 100

Dimensions and Delivery
The structural geogrid shall be delivered to the jobsite in roll form with each roll individually identified and nominally measuring 1.33 meters
(4.36 feet) in width and 61.0 meters (200.0 feet) in length. A typical truckload quantity is 144 rolls. On special request, the structural
geogrid may also be custom cut to specific lengths or widths to suit site specific engineering designs.

Notes

1. Unless indicated otherwise, values shown are minimum average roll values determined in accordance with ASTM D-4759. Brief descriptions of test
procedures are given in the following notes. Complete descriptions of test procedures are available on request from Tensar Earth Technologies, Inc.

. True resistance to elongation when initially subjected to a load measured via ASTM D6637 without deforming test materials under load before measuring
such resistance or employing "secant” or “offset’ tangent methods of measurement so as to overstate tensile properties.

. True strength available for resisting force in long-term load bearing applications is determined by reducing ultimate tensile strength by state-of-practice
factors for installation damage, degradation in use, product integrity limitations and long-term product deformation per GRI-GG4.

. Load transfer capability measured via GRI-GG2-87.

. Resistance to bending force measured via ASTM D-5732-95, using specimen dimensions of 864 millimeters in length by 1 aperture in width.

. Resistance to loss of load capacity or structural integrity when subjected to mechanical installation stress in clayey sand (SC), well graded sand (SW),
and crushed stone classified as poorly graded gravel (GP). The material shall be sampled in accordance with ASTM D5818 and load capacity measured
in accordance with ASTM D6637.

7. Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments measured via EPA 9090 immersion

testing.

DO w N

Tensar Earth Technologies, Inc.
5883 Glenridge Drive, Suite 200
Atlanta, Georgia 30328-5363
(800) 836-7271

September 1, 2002
This product specification supersedes all prior specifications for the product described above and is not applicable to any products shipped to jobsite prior
to September 1, 2002.
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EUSTIS ENGINEERING COMPANY, INC.

Geotechnical Engineers
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Marina Del Rey, Venice, Californio ( before 1966)

HARBOR SIDE OCEAN SIDE

“A" 2“
Stone

"B" Stone

“A"  Stone — |6 tons or greater.
"A-1" Stone — |3 tons or greater.
"A-2" Stone — 8 tons or greater.

"A-3" Stone — 6 tons or greater.
“A-4" Stone — 500 Ibs. to 8 tons.

“8" Stone — Core stohe varies from quarry - run stone
to pieces of | ton to 4 tons.

“C" Stone — Core stone varies from quorry - waste to
pieces of 1,500 Ibs. to 4 tons.

Figure 6-72. Rubble-Mound Breakwater
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exposed to wave action should be desigged to withstand the highest wave
expected at the structure, if such a design is economically justified.

CHAPTER 7

STRUCTURAL DESIGN - PHYSICAL FACTORS

7.1 WAVE CHARACTERISTICS
e

Wind-generated waves produce the most critical forces to which coastal
j (except for seismic sea waves). A _structure

Economic evaluations depend on_frequency of occurrence of extreme events
1 of high

guch as, height and duration of extreme waves, damage potentia g

waves. and permissible risk. Wave characteristics are normally determined
for deep water, and then propagated shoreward to the structure. Deepwater
significant wave height Ho and significant wave period Tg may be deter-
mined if wind speed, wind duration, and fetch length are known. (See
Sections 3.5 and 3.6) This information, with water-level data, is used
with refraction analyses to determine wave conditions at the site.

—

Wave conditions at -a structure site at any time depend critically on
the water level. Consequently, a design stillwater level (SWL) or range
of water levels must be established in determining wave forces on a struc-
ture. Structures may be subjected to radically different types of wave
action as the water level at the site varies. A given structure might be
subjected to nonbreaking, breaking, and broken waves during different
stages of a tidal cycle. The wave action a structure is subjected to may
also vary along its length at a given time. This is true for structures
oriented perpendicular to the shoreline such as groins and jetties. The
critical section of these structures may be shoreward of the seaward end
of the structure depending on structure crest elevation, tidal range, and‘J
bottom profile.

Detailed discussion of the effects of astronomical tides and wind-
generated surges in establishing water levels is presented in Chapter 3,
WAVE AND WATER LEVEL PREDICTIONS. In Chapter 7, it is assumed that the
methods of Chapter 3 have been applied to determine design water levels.

The wave height usually obtained from statistical analysis of
synoptic weather charts is the significant height, Hs. Assuming a
Rayleigh wave-height distribution, Hg may be further defined in approxi-
mate relation to other height parameters of the statistical wave-height

distribution:

average of highest 1/3 of all waves,

[t}

4. ~ 1.27 Hg = average of highest 10 percent of all waves (7-1)

10

H, = 1.67 Hg

N average of highest 1 percent of all waves (7-2)

7-1




7.11 DETERMINATION OF WAVE CONDITIONS

\

All wave data applicable to the project site should be evaluated
for possible use as design criteria. -Visual observation of storm waves,
while difficult to confirm, may provide an indication of wave height,
period, direction, storm duration, and frequency. of occurrence. Instru-
mentation has been developed for recording wave height and period at a
point. Instrumentation for recording wave direction is presently in the
development stage, thus direction data must be obtained from visual obser-
vations. Wave direction is usually necessary. for design analysis. If
reliable visual shore or ship observations of wave direction are not
available, hindcast procedures (Sec. 3.5, SIMPLIFIED WAVE PREDICTION
MODELS) must be used. Where reliable, statistical deepwater wave data
are available, these can provide the necessary shallow-water wave data.
If wave data are not directly available at the site, the best available
procedure mist be employed, with sound engineering judgment, to transform
available deepwater and extreme offshore wave data to the structure site.
(See Section 2.238, Wave Energy and Power, and Sections 2.3, WAVE REFRAC-
TION, and 2.4, WAVE DIFFRACTION.)

7.12 SELECTION OF DESIGN WAVE

The choice of a design wave height depends on whether the structure
is subjected to the attack of nonbreaking, breaking, or broken waves and
on the geometrical and porosity characteristics of the structure.
(Jackson, 1968a.) Once wave characteristics are known, the next step
is to determine if wave height at the site is controlled by water depth.
(See Section 2.6, BREAKING WAVES.) The type of wave action experienced
by a structure may vary with position along the structure, and with water
level and time at a given structure section. For this reason, wave con-
ditions should be determined at various points along a structure and for
various water levels. Critical wave conditions that result in maximum
forces on structures like groins and jetties may be found at a location
other than the seaward end of the structure. The possibility of such
conditions should be considered in establishing design waves and water
levels,

If breaking in shallow water does not limit wave height, a non-
breaking wave condition exists. For nonbreaking waves, the design height
is selected from a statistical height distribution. The selected design
height depends on whether the structure is defined as rigid, semirigid,
or flexible. As a rule of thumb, the design wave is selected as follows.
For rigid structures, such as cantilever steel sheet-pile walls, where
a high wave within the wave train might cause faulure of the entire
structure, the design wave is normally based on H;, the average height
of the highest 1 percent of all waves. For semirigid structures, the
design wave is selected from a range of H to H.,. Steel sheet-pile
cell structures are semirigid, and can absorb wave pounding; therefore,

a design wave height of H,, may be used. For flexible structures, such

as rubble-mound or riprap Structures, the design height is usually the
significant height H,. Waves higher than Hg impinging on flexible
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structures seldom create serious damage for short durations of extreme
wave action. When an individual stone or armor unit is displaced by a
high wave, smaller waves of the train may move it to a more stable
position on the slope.

Damage to rubble-mound structures is usually progressive, and an
extended period of destructive wave action is required before a structure
ceases to provide protection. It is therefore necessary in selecting a
design wave to consider both frequency of occurrence of damaging waves
and economics of construction, protection, and maintenance. On the
Atlantic and Gulf coasts of the United States, hurricanes may provide the
design criteria. The frequency of occurrence of the design hurricane at
any site may range from once in 20 to once in 100 years. It may be un-
economical to build a structure that would withstand the hurricane condi-
tions without damage, hence H_. may be a more reasonable design wave
height. On the North Pacific coast of the United States, the weather
pattern is more uniform; severe storms are likely each year. The use of
H_ as a design height under these conditions could result in extensive
annual damage and frequent maintenance because of the higher frequency
and duration of waves greater than Hg in the spectrum. Here, a higher
design wave of about H,, may be advisable. Selection of the design height

between Hg and H;, is based on the following factors:

(a) degree of structure damage allowable and associated
maintenance costs,

(b) availability of armor materials, and

(c) comparative alternate size or type of armor unit and
their costs,

7.121 Breaking Waves. Selection of a design wave height also depends on
whether a structure is subject to attack by breaking waves. It has been
commonly assumed that a structure sited at a water depth dg (measured

at design water stage), will be subjected to breaking waves if dg < 1.3 H
where H = design wave height. Study of the breaking process indicates
that this assumption is not always valid. The breaking point is defined
as the point where foam first appears on the wave crest, where the front
face of the wave first becomes vertical, or where the wave crest first
begins to curl over the face of the wave. (See Section 2.6, BREAKING
WAVES.) The breaking point is an intermediate point in the breaking
process between the first stages of instability and the area of complete
breaking. Therefore, the depth that initiates breaking directly against

a structure is actually some distance seaward of the structure and not
necessarily the depth at the structure toe. The presence of a structure
on a beach also modifies the breaker location and height. Jackson (1968a),
has evaluated the effect of rubble structures on the breaking process.
Additional research is required to fully evaluate the influence of
structures.




DETERMINE DESIGN
DEPTH AT STRUCTURE

Considerations:

1) Tidel ranges
meon
spring

2) Storm surge

3) Vorictions of obove
foctors slong structure

NOTE : Greotest depth ot
structure witl not
nscessarily produce
the most severs
design condition!

OETERMINE BATHYMETRY
AT SITE

Existing hydrographic
charts or survey dote

BATHYMETRY

DESIGN DEPTHS

DETERMINE DESIGN
WAVE

Yes

1S WAVE
DATA AVAILABLE ?

Site

AT Offshore
WHAT LOCATION ?

Deep

DEPTH IN
GENERATING AREA

Shollow 4

Goge data or visuai
observotions

Visual observations or
avoilable hindcost dote

}_J

|_r__J

SUPPLEMENT DATA

Considerations :

BY HINDCASTING

HINDCASTING TO DETERMINE
WAVE CLIMATE
Considerotions:

t) Synoptic weather
chorts

2) Wind doto
3) Fetch doto

HINDCASTING TO DETERMINE
WAVE CLIMATE
Considuo"on:/
1) Wind dote
2) Fetch doto
3) Hydrogrophy

1) Synoptic weother
chorls

2) Wind doto
3} Fetch dote

L

1

SIGNIFICANT WAVE HEIGHT,
RANGE OF PERIODS

( Mg Mo, M,  and Spectrum)

OETERMINE DESIGN WAVE
AT STRUCTURE SITE

I

Refraction dola avaifable 2
{aerial photographs)

]

Refroction anolysis

]

l Dittroction onolysis

DESIGN WAVE HEIGHT,
DIRECTION AND CONDITION

{

AT STRUCTURE SITE

{Brecking, non-breaking or broken )

4

FREQUENCY ANALYSIS
{ Determine frequency of
occurrence of design

conditions )

Figure 7-6. Logic Diagram for Evaluation of Marine Environment




vy

Applying the reduction of Equation 7-103 for the angle of wave approach,
with

R, =R,

R' = R_ sin? a = 16,900 (sin 80°)% ,

m

R’ = 16,900 (0.985)? = 16,400 lbs./ft.

Similarly,
M = M, sin? @ = 126,800 (sin 80°)*,
, 1b.ft.
M = 126,800 (0.985)> = 123,000 s

Applying the reduction for a nonvertical wall, the angle the face of
the wall makes with the vertcal is,

0 = arctan (10) ~ 84°.
Applying Equation 7-104,
R” = R’ sin? § = 16,400 (sin 84°)? ,
R” = 16,400 (0.995)* = 16,200 Ibs./ft.
Similarly for the moment,
M'=M'¢ﬁe=1%pm(mmrf,
M" = 123,000 (0.995)* = 121,800 l—b—ftf—t

The total force and overturning moment are given by the sums of the
reduced dynamic components and the unreduced hydrostatic components.
Therefore,

R, = 16,200 + 4,400 = 20,600 Ib./ft.,

Ib.ft.
Mt = 121,800 + 17,100 = 138,900 —f;_ .

*************************************

7.37  STABILITY OF RUBBLE STRUCTURES

7.371 General. A rubble structure is composed of several layers of
random-shaped and random-placed stones, protected with a cover layer of
selected armor units of either quarry stones or specially shaped concrete
units. Armor units in the cover layer may be placed in an orderly manner
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to obtain good wedging or interlocking action between individual units,
or they may be placed at random. Present technology does not provide
guidance to determine the forces required to displace individual armor
units from the cover layer. Armor units may be displaced either over a
large area of the cover layer sliding down the slope en masse, or indivi-
dual armor units may be lifted and rolled either up or down the slope.
Empirical methods have been developed that, if used with care, will give
a satisfactory determination of the stability characteristics of these
structures, when under attack by storm waves.

A series of basic decisions must be made in designing a rubble struc-
ture. Those decisions are discussed in succeeding sections.

7.372 Design Factors. A primary factor influencing wave conditions at
a structure site is the bathymetry in the general vicinity of the struc-
ture. Depths will partly determine whether a structure is subjected to
breaking, nonbreaking, or broken waves for a particular design wave con-
dition. (See Section 7.1, WAVE CHARACTERISTICS.)

Variation in water depth along the structure axis must also be con-
sidered as it affects wave conditions, being more critical where breaking
waves occur than where the depth may allow only nonbreaking waves or waves
that overtop the structure.

When waves impinge on rubble structures, they may:

(a) break completely, projecting a jet of water roughly perpen-
dicular to the slope,

(b) partially break with a poorly defined jet, or

(c) establish an oscillatory motion of the water particles up
or down the structure slope, similar to the motion of a clapotis at a
vertical wall.

The design wave for a rubble structure is usually the significant
wave. Damage from waves higher than the significant wave is progressive,
buL_the displacement of several individual armor units will not necesc
sarily result in the complete loss of protection. A logic diagram for
The evaluation of the marine envrionment is presented in Figure 7-6, and
summarizes factors involved in selecting the design water depth Efd wave

conditions to be used in the analysis of a rubble structure. pg.ZJb

7.373 Hydraulics of Cover Layer Design. Until about 1930, design of
rubble structures was based only on experience and general knowledge of
site conditions. Empirical formulas subsequently developed are generally
expressed in terms of the stone weight required to withstand design wave
conditions. These formulas have been partially substantiated in model
studies. They are guides, and must be used with experience and engineer-
ing judgment.
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Following work by Iribarren (1938, 1950), comprehensive investiga-
tions were made by Hudson (1953, 1959, 1961 a, and 1961 b) at the U.S. Army
Engineer Waterways Experiment Station (WES), and a formula was developed
to determine the stability of armor units on rubble structures. The
stability formula, based on the results of extensive small-scale model
testing and some preliminary verification by large-scale model testing
is

3
w, H

T Kp (S, — 1) cotf

w (7-105)

where

W = weight in pounds of an individual armor unit in the primary
cover layer. (When the cover layer is two quarry stones in
thickness, the stones comprising the primary cover layer can
range from about 0.75 W to 1.25 W with about 75 percent of
the individual stones weighing more than W. The maximum
weight of individual stones depends on the size or shape of
the unit. The unit should not be of such a size as to extend
an appreciable distance above the average level of the slope.)

= unit weight (saturated surface dry) of armor unit, 1bs./ft3, * 140 ch

H = design wave height at the structure site in feet. 28
(See Section 7.372.),

Sp = specific gravity of armor unit, relative to the water at the
structure, (Sp = Wp/Wy). srﬁ 140/6‘2-4 A 224

w, = unit weight of water, fresh water = 62.4 1bs./ft3,
sea water = 64.0 1bs./ft3,

p = angle of structure slope measured from horizontal in degrees,

(w5 shp T~ O- @)UY

and

K. = stability coefficient that varies primarily with the shape
of the armor units, roughness of the armor unit surface,
sharpness of edges and degree of interlocking obtained

in placement. (See Table 7-6.) ‘

Equation 7-105 is intended for conditions when the crest of the structure
is high enough to prevent major overtopping. Also the slope of the cover
layer will be partly determined on the basis of stone sizes economically
available. Cover layer slopes steeper than 1 on 1.5 are not recommended

by the Corps of Engineers. Figures 7-83 through 7-86 provide a graphical
solution of Equation 7-105. L’ Hese st ‘F( rlqv-: ? [on IS, 10a2 4 |3
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Table 7-6. Suggested K, Values for Use in Determining Armor Unit Weight

No-Damage Criteria and Minor Overtopping

—
Armor Units n * {| Placement [r Structure Trunk r Structure Head
Kp 8 . Kp Slope
. Breaking | Nonbreaking || Breaking | Nonbreaking | cot 6
wave wave wave wave_
Quarrystone
Smooth rounded 2 random 2.1 2.4 1.7 1.9 1.5 to 3.0
Smooth rounded || >3 random 2.8 3.2 2.1 2.3 1l
Rough angular 1 random T + 2.9 + 2.3 I
2.9 3.2 1.5
Rough angular 2 random 3.5 4.0 2.5 2.8 2.0
2.0 2.3 3.0
Rough angular  {| >3 random 3.9 4.5 3.7 4.2 [
Rough angular 2 special I 4.8 5.5 3.5 4.5 I
Tetrapod 5.9 6.6 1.5
and 2 || random l 7.2 8.3 5.5 6.1 2.0
Quadripod r 4.0 4.4 3.0
8.3 9.0 1.5
Tribar 2 random 9.0 10.4 7.8 8.5 2.0
7.0 7.7 3.0
Dolos 2 random 220§ 25.09 15.0 16.5 20 €
13.5 15.0 3.0
Modified Cube 2 6.8 7.8 — 5.0 B
Hexapod 2 8.2 9.5 5.0 7.0 Il
Tribar 1 12.0 15.0 7.5 9.5 I
Quarrystone ( KRR)
Graded angular l - 2.2 2.5 u

* nis the number of units comprising the thickness of the armor layer.

+ The use of single layer of quarrystone armor units subject to breaking waves is not recommended,
and only under special conditions for nonbreaking waves. When it is used, the stone should be
carefully placed.

% Special placement with long axis of stone placed perpendicular to structure face.
§ Applicable to slopes ranging from 1 on 1.5 to 1 on 5.

|| Until more information is available on the variation of Ky value with slope, the use of K should
be limited to slopes ranging from 1 on 1.5 to 1 on 3. Some armor units tested on a structure head
indicate a Kpy-slope dependence.

{ Data only available for 1 on 2 slope.
£ Slopes steeper than 1 on 2 not recommended at the present time.
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pe placed and the size of quarrystone used, but should not be less than
12 inches to ensure that bottom irregularities are completely covered.
It is common practice to extend the bedding layer at least 5 feet beyond
the toe of the cover stone. Details of typical rubble structures are

<hown in Chapter 6, STRUCTURAL FEATURES.

7,38'STABILITY'OF RUBBLE FOUNDATIONS AND TOE PROTECTION

Forces of waves’on rubble structures have been studied by several
investigators. (See Section 7.37.) Brebner and Donnelly (1962) studied
stability criteria for random-placed rubble of uniform shape and size
used as foundation and toe protection at vertical-faced, composite struc-
tures. In their experiments, the shape and size of the rubble units were
uniform, that is, subrounded to subangular beach gravel of 2.65 specific
gravity. In practice, the rubble foundation and toe protection would be
constructed with a core of dumped quarry-Tun material. The superstruc-
ture might consist of concrete or timber cribs founded on the core
material. Finally, the apron and side slope of the core would be pro-
tected from erosion by a cover layer of armor units. The cover layex
should have a minimum thickness of two armor units. An alternative

method of constructing the superstructure would be to drive a pair of
parallel—tied walls of steel sheet piling into the rubble core.

7.381 Design Wave Heights. For a composite breakwater with the super-
structure resting directly on a rubble-mound foundation, structural

integrity may depend on the ability of the foundation to resist the
erosive scour by the highest waves. Therefore, for design of such
structures, it 1is suggested that the selected design wave height H
should be based on the following:

(1) For critical structures at open exposed sites where failure
would be disastrous, and in the absence of reliable wave records, the
design wave height H should be the average height of the highest

1 percent of all waves Hy expected, based on the significant deepwater

wave height Ho corrected for refraction and shoaling. (Early breaking
might prevent the 1-percent wave from reaching the structure; if so, the
maximum wave that could reach the structure should be taken for the
design value of H.)

(2) For less critical structures, where some risk of exceeding
design assumptions is allowable, wave heights between Hig and Hy are
acceptable.

The design wave for rubble toe protection is also between Hio and Hjp.

7.382 Stability Number. The stability number is primarily affected by
the depth of the Tubble foundation and toe protection below the still-
water level dj, and by the water depth at the structure site, ds.
The relation between the depth ratio, d;/ds»> and N3 is indicated in
Figure 7-99. The cube value of the stability number has been used in
the figure to facilitate its substitution in Equation 7-110.
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i383 Armor Stone. The equation used to determine the armor stone
ieight is @ Torm of Equation 7-105,

: 3
er{

= —— 7-110
NS~ N

w

where,

W = mean weight of individual armor unit, 1bs.

Wy = unit weight of rock (saturated surface dry), 1bs./ft3 .-
H = design wave height (the incident wave height causing
no damage to the structure). 7’

S, = specific gravity of rubble or armor stone relative to
the water on which the structure is situated (Sp = Wp/Wy). 7

wnit weight of water, fr%sh water = 62.4 lbs,/ft?
sea water = 64.0 1bs./ft:

design stability number for rubble foundations and toe
protection. (See Figure 7-99.)

7.4 VELOCITY FORCES--STABILITY OF CHANNEL REVETMENTS

&
1}

Ng

In the design of channel revetments, the armor stone along the
channel slope should be able to withstand anticipated current velocities
without being displaced. (Cox, 1958, and Cambell, 1966.) The maximum
velocity of tidal currents in midchannel through a navigation opening as
given by Sverdrup, Johnson. and Fleming (1942), can be approximated by
the following formula:

3TS
where V is the maximum velocity of tidal current at the center of the
opening, T is the period of tide, A is the surface area of harbor
basin, S is the cross-section area of openings, and h is the range
of tide in the basin. The current in midchannel is about one-third
swifter than at each side of the channel.

If the stable stone weight

m
= - 3 -
w 6 dg w,, (7-112)
where dg is the diameter of a stone sphere of equivalent weight, and
N ¥
14 r~ Y
= ! —ain 0Y2 4 ¥ -
V=y (Zg) ( ) ) (cos 8 —sin 8) dg , (7-113)
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GENERAL REQUIREMENTS: MAXIMUM AVERAGE MAXIMUM LAYER

N

) ‘l. FOR EMBANKMENT SLOPES WAVE HEIGHT ROCK SIZE ROCK SIZE THICKNESS
BETWEEN 1:2 AND'1:4 FT Dsg IN. POUNDS IN.
DUMPED RIPRAP SHALL 0TO 1 8 100 12
MEET THE FOLLOWING 1TO 2 10. 200 15
CRITERIA: 2 TO 4 12 500 18>
— 4 TO6 15 1500 24
- 6 TO 8 18 2500 30
8 TO 10 24 4000 36

2. RIPRAP SHALL BE WELL GRADED FROM A MAXIMUM'SIZE AT LEAST 1.5 TIMES
" AVERAGE ROCK SIZE,TO 1 IN. SPALLS SUITABLE TO FILL VOIDS BETWEEN ROCKS.
3. RIPRAP BLANKET SHALL EXTEND TO AT LEAST 8 FT BELOW LOWEST LOW WATER.
4. UNDER THE MOST EXTREME ICING AND TEMPERATURE CHANGES, ROCK SHOULD
MEET SOUNDNESS AND DENSITY REQUIREMENTS FOR CONCRETE AGGREGATE.
OTHERWISE, ANY UNWEATHERED ROCK WITH G> 2.60, OTHER THAN
ARGILLACEOUS TYPES, ARE SUITABLE.

: 5. FILTER SHALL BE PROVIDED BETWEEN MAXIMUM WAVE FILTER Dgs
e RIPRAP AND EMBANKMENT SOILS TO HEIGHT, FT SIZE AT LEAST:
~ MEET THE FOLLOWING CRITERIA: 0 TO 4 1 TO 11 IN.
4 TO 10 11 TO 2 IN.

NO FILTER IS NEEDED IF EMBANKMENT MEETS
THE ABOVE REQUIREMENTS FOR Dgs SIZE.

FILTER MAY NOT BE REQUIRED IF EMBA!? ENT CONSISTS OF CH OR CL, WITH..
““LL)> 30, RESISTANT TO SURFACE EROS IF A FILTER IS USED IN THIS CASE

IT ORDINARILY MEETS FILTER CRITERIA AGAINST RIPRAP ONLY.,

IF EMBANKMENT CONSISTS OF NONPLASTIC SOILS WHERE SEEPAGE WILL MOVE
FROM EMBANKMENT AT LOW WATER, 2 FILTER LAYERS MAY BE REQUIRED

. WHICH SHALL MEET FILTER CRITERIA AGAINST BOTH EMBANKMENT AND
RIPRAP. (EXAMPLE IS SHOWN ABOVE).
6. MINIMUM THICKNESS OF SINGLE LAYER MAXIMUM WAVE FILTER
FILTERS ARE AS FOLLOWS: HEIGHT, FT THICKNESS, IN.
0TO 4 6
4 DOUBLE FILTER LAYERS SHOULD BE AT 4TOS8 9
4 LEAST 6 IN. THICK. 8 TO 12 12
FIGURE 9-1

Design Criteria for Riprap on Earth Embankments
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