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DETE TION OF HE PILE
COMBINED MORGANZA FL.OODWAY CONTROE STRUC

Introduction

1. This report contains the results of analysis of additiomal
borings made at the site of the combined Morganza Floodway control
structure. This additional study was authorized in the lst Indorsement
to a letter from the Waterways Experiment Station tg the President,
Mississippi River Commission, subject "Driving of Piles, Conbined Morgenza
Control Structure," dated 8 February 1950, to dstermine definitely the
top of 'Ehe send stratum into which the piles ere to be driven. The
general foundation conditions and results of the over-all boring program
ere given in Waterways Experiment Station Technical Memorendum No. 3-278,
"Comﬁ:l.ned Morganze Floodway Control Structure, Téxas and Pacific Railroad
and Louisiana State Highwey No. 30, Soils Investigation," dated May i9l&9.
The results of thé pile tests performed at the site are described in
ﬁatemys Experiment Station Technical Memorandum No. 3-308, "Pile
Loading Tests, Combined Morganza Floodway Control Structwre,” dated
January 1950. This report covers only the additionel study, end refer-
enbe should be made to the two sbove-mentioned reports for complete

detailed information on the previous investigations. .
2, As a result of opinions expressed at the pre-bid meeting, it
was decided that the Government would bear the responpibility of determis-

ning the length of piles to be cast for the structure. In order to
accomplish this, 67 additional borings were made at the site of the

structure. These borings were made on about 100-ft centers along the



structure to dta:ln the longitudinal verietion in the top of the send.

At several stations additional borings were made to determine the varia-
tion trensverse to the structure. The borings east of the structure
were at about the location of the center of the tips of the pile groups
battered upétream. Because of conditions at the site the borings west
of the structure were just outside the locations of the tips of the piles
battered downstream.

3. Sixty-three of the additional borings were made with a standerd
1-1/2-1n, split-spoon sempler, using a 140-1b hammer with e 30-in. drop.
Four ﬂorings were 3-in. Shelby tube borings to obtein undisturbed samples
of the foundation sand., Six of the borings were put to significant depth
into the sand by fishtailing to check the continuity of the send. The
plan of all borings made at the site of the gated portion of the structure
and e detailed boring log profile from sta 712 to 721 are shown on plate
1. A profile for the full length of the structure is shown on plate 2
and cross sections are plotted on plate 3.

4. A general snalysis of the barings is given below followed by e
detailed discussion of each reach along the structure.

General Analysis of Boring Date

Description of foundetion sand
5. The foundation sand is & uniformly graded fine to medium sand.

The range of grain-size curves is shown on plate 4, There are thin
lenses of lignite scattered through the sands and a few thicker strate
of lignitic material were reported. With increasing depth smell g:;avel
is Pound, end considersble gravel was indicated by fishtailing below
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the last samples cbtained. The relative densities of the sand indicated
by tests. on the 3-in, Shelby tube samples are given in table 1 end are
gensrally between 70 and 90 per cent. Lower relative density values
were indicated by samples containing lignite.

Settlement considerations

6. Strate of clay were found within the general sand stratum at
several locations. In arder to eliminate differentisl settlement to the
meximum possible extent, it would be necessary to drive the piles to such
a penetration that the pile tips would be below all compressible strata.
However, cost studies indicate that the most economical design is ane
based on allowable differential settléments of L in, Differential settle-

ment of the pile groups under the piers of a monolith will cause a tilting
in the line of the structure, which in turn results in a shortening of

some gate openings and lengthening of others. The gates and super-
structure have been designed to absorb a differential settlement of 1 in,
between piers in one monolith., Therefore, penetration through compressi-
ble strate will not be required where settlement analyses indicate
‘differentisl settlements of less than 1 in.

7. From ste TL7+50 to the north abutment, the maximum computed
total settlement is 1.4 in. which should result in differentisl settle-
ments between monoliths of less then 1 in. In eddition, the clay strata
in this reach are at such a depth beneath the top of the sand that it
ddes not appear practiceble to ettempt to penetrate the clay strata
north of ste 717450 by driving.

8. At three locations, sta 677450 (south abutment) to sta 681450,
ste 693440 to ste 697450, and ste TL5+00 to sta TLT+20, strate of clay



exist vhich ﬁ@t cause differential settlement of more than 1l in,

It appears from the split-spoon driving records thaf by requiring driving
in excess of that stated in the specifications in these locations the
piles can be driver.\’ thrbugh the send overlying the cley and into the bear-
ing sand beneath the clay. In the ebove locations the piles should either
be driven through the compressible strata in the upper part of the sand ‘
stfatum or driven to refusal as defined below. It is possible that there
may bé a few places where the increased driving will not produce pene-
trations sufficient to go through the sand ebove the compressible’ strata
through which penstration is desired.

9. In a few locations where the compressible strate in the upper ‘
pm".'t of the sand foundation are not penetrated, differential settlements
gfeater than 1 in, may occur. At these locetions the gates between
adjacent monoliths mey be affected adversely, and as & result some
future maintenance and repeirs may be necessary. However, due to the
monetary saving involved it is believed that the possibility of a few
gates requiring some future maintenance is a proper caslculated engineer-
ing or economic risk. If the piles are driven according to the procedures
outlined in greater detail later in the report, it is believed that the
differential settlements between most monoliths should not be more then
1/2 in. with e meximum of 1 in.

Driving to refusal

10. The driving resistances to be considered refusal, whei"e‘the
tips of the piles are above compressible strate, are given in the follow-
ing table which 1s based upon presently available information on driving



- concrete piles:

Hammer Energy Blows Per Foot
Tt-1b Octagonal Pile Square Pile
30,000 ' 925 585
. 35,000 450 500
~ 37,500 420 465
51,000 305 345

The above driving resistences were selected as being somewhat conservative

with regerd to possible demage of the piles, but, at the same time, it is
believed that this degree of driving in excess of that required in the

present specifications will, in most cases, result in the desired pene-
trai:lon of the compressible clay strata in the upper part of the sand-
foundation. The above values should be modified in the field if the
dr;iving experience indicates such is necessary or desirable.
COrrélation of recent and
earlier split-spoon borings

11. Borings M-36, -37, and -38 were made in December 1948 with the
seme type split-spoon sampler used in the recent borings. At 'that time
the water table was 5 to 6 £t below the ground surface. When borings

M-39 to -95 were made, the Mississippi River wes high end there were

artesian heads in the underlying sand as much as 11 £t above the
natur§1 ground surface. If it is assumed that the driving resistance
in blows per foot is directly proportionsl to the effective overburden
pressure, 40 blows per foot in a recent boring made from the natural
ground surface is sbout equivalent to 50 blows per foot in berings M-36,
=37, or -38. This assumption 1is reasonable accbrding_ to information
from other sites and also according to the results obtained in the



recent borings. Some of the recent borings were made through the
preload £ills in place near each end of the structure, so the effective
overburden pressure at depth was equal to or greater than that at the

time the original three split-spoon borings wero made. Thereforo, in
sand equivalent to 50-blow sand in M-36, -37, and -38, tho driving

reosistance in these borings would be equal to or more than 50 blows por
foot, Boringe M-87 through -92 were mado in the oxcavation for the
strucfure from vhich ebout 3 £4 of soil had been removed. This would
cause the blows per foot in sand equivalont to 50 blows por foot in M-36,
-37; and -38 to be 81ightly loss than tho 40 blows per foot given a’bo‘ve,.
As en ovor-all valuo, about 40 blows por foot in tho M-39 to -95 borings
vore assumod to be oquivalent to 50 blows por foot in tho 1948 borings,
and tho same rolative proportion should hold for all othor driving
rosistancos. At the time borings M-96 to -109 woro made, tho wator
tablo was below tho ground surfaco again and tho driving resistancos in
thoso borings wore assumod to bo directly comparable to those from
borings M-36 to -38,

Correlation of split-spoon
and test-pilo driving resistancos

12, The top of tho boaring sand is definod in the specifications
as the point where tho pilo driving rosistance bocomos T5 blows per foob
with a 30,000-ft-1b hammor. Corrospondingly lossor blows havo beon ostabe
lishod for highor onorgy hammors, In ordor that tho split-spoon date
could bo used to ostimato tho top of tho boaring sand (horoaftor called
T5-blow sand) a comparison was made of split-spoon and tost-pile driving
rosistances. Tho analysis indicatos that 35 to 40 blows por foot on tho



split époon in i)oringe M-39 to «95 1s about equivalent to 75 blows per
foot on a pile with a 30,000-ft-1b hammer, Therefore, the top of the 75
blow sand in borings M-39 to -95 was taken as the elevation where the
split-spoon driving resistence beceme 35 to 40 blows per foot, Some
aliowanée was made for the amownt of material having a split-spoon driving
resistance of 20 to 35 blows per foots In borings M-36 to %38 end M-96
to 109, tho top of the sand was taken at 45 to 50 blows per foot. A
line indicating the most probsble value for the average top of the 75-
blow sand is shown in profilo on plate 2, The average top of the T5-blow
sand at tho oross sections plottod on plate 3 was taken at the nearest
foot at the centor of tho pilo group. Tho center of tho pile growp is
‘b'otwo?n the contor line and 20 £t oast of the coenter lino,.

| 13, Analysis of the driving records of tho tost piles indicates
tha.t. tho pilos penotrﬁtod on tho averago 4.3 £t into 75-blow sand. As
somo of thoso piles woro not driven as hard as is required by the spoci-
flcations for the structuro, a valuo of 5 £t was selectod as tho avorage
ponotration into the 75-blow sand, Tho specifications require a 5-ft
ponotration unloss the driving resistanco oxceeds 350 blows per foot
(with a 30,000-£t-1b hammor) bofore a 5-ft penotration is obtainod.

Variation in top
of 75-blow sand

1%, Study of the cross sections plottod on plate 3 shows the;t
thoro may bo considerable and inconsistont variation in the top of the
T5-blow sand. Variotions as much as + L4 £t from the avorago are
indicatod, Study of tho variation of the top of the 75-blow sand
indicatod in proﬂie shows that with ono oxception the variation is not



moro than * 4 £t for e distance equivalert to the spread of the pile
tips beneath one pier. From sta 71l to 715 the profile indicates a
possible variation of ‘: 6 £t. Cost studies show that it will be less
expensivo to cast all the piles at any pler as long as the greatost
ostimated length for that pior than to cast the pilos somowhat shortor
and splico o fow piles, Thereforo, oxcept noar sta 712, it is rocom-
mondod that all piles not to be awsrdriven bo cast 4 £t longer thon is
required for tho avorago olovation of the top of tho 75-blow sand indi-
catod at each plor, Noar sta 712 it is recommondod that 6 £t be addod
to tho cb.sting longth, |

15. At locations whoero the piles aro to bo ovordriwen, if
noecossary, the bottoﬁ of tho comprossible strata to be ponotrated was
to.kon' o8 tho top of tho boaring sand. Tho addition of 2 £t to tho |
longth roquirod to obtain 5-f% penotration into tho bearing sand should
bo mndo to allow for variation in driving oxcopt noar sta 696 whore no
allowanco is rocommendod.

Dotgiled Analysis of Foundation
and Dotormination of Pile Longths

Sta 677+50 to 681450,
south cbutmont pilor
Ihrough pior 3

16, Borings M-36, -40, ond -82 indicato strata of clay within tho
sand with a totael thicknoss up to 3-1/2 £t ovorlain by 5 to 8 £t of sond.
Boring M-81 indicates a stpatum of sond with o low driving rosist@co.

A moximum sottlomont of 2,6 in. is indicated at boring M-36 if the pilo
tips should be at olov -41 asbovo tho clay. It is boliovéd thot tho p:llos.
con probobly be drivon through tho clay by driving aclone to at loast tho



elevation indicated by fhe line "Top of Bearing Sand," plate 2, The
piles should not be stopped with the pile tips above this elevation
unleas the‘ piles are driven to refusal as given in paragraph 10, A 2-ft
addition to the casting length should be mgde to allow for driving vari-

ations,

South wing walls

17, As the conditions indicated in the cross section for sta 680+75
on plate 3 for the upstream wing wall are similar to those given in the
procoding paragraph, all piles for this area should be overdriven, if
nocossary, to got tho tips below tho "Top of Boaring Sand" line shown on
plate 3, unless the piles aro driven to refusal above the line. Undor
the downstroam wing wall, all pilos within 53 fﬁ of the contor line
should be overdriven, if nocessary, to penetrate tho underlying com-
prossii:lo or iow driving rosistanco strata in tho sand foundation, A
2«ft addition in length should bo made for all piles in this reach on
vhich possiblo overdriving is contomplatod. All pilos undor tho down-
stroam wing wall boyond 53 £t from tho center line nood not bo ovordriven,
but a 4-£t addition to tho casting 1ongth as allowanco for variation in
driving should be made for thoso plles. The top of tho 75-blow sand and
thoe top of tho boaring sand is shown in tho cross soction for sta 680+75
on plato 3.

8ta 681450 to 693440,
piors 4 through 41

18, In this roach no comprossiblo strata within tho sand wore
lieoloéod by tho borings. Thoroforo, tho pilos will not mood overdriving,
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The top of the 75-blow sand is plotted on plato 2., An allowance of 4 £t
for variation in driving is rocommonded for all piles in this roach.

Sta 693440 to 697+50,
piors 42 through 54

19. Borings M-53 through M-56 indicate a compressible stratum of
clay and lignite within tho sand. A seottloment of 1.5 in. has been
computed at M-54 if the pilo tips aro at olov =54, Overdriving proi)ably
will not be nocessary to ponotrate through tho sand overlying the clay
and lignito at borings M-54 and -56, as the split-spoon rosistances were
low, Howovor, the modium rosistonces obtained in M-53 and the high
rosistances in M-55 ond -88 indicato that tho sand at ﬁiose locations
might not bo penotrated without driving in oxcess of that given in the
spociﬁc;tione. It 1s recommended that all piles in this location be
driven into tho "Boaring Send" indicatod on plato 2 or, if this 18 not
possible, to refusal, No allowance for variation is recommended for
piors 49, 50, and 51 but an addition of 2 £t to the casting longth should
bo mndo for all othor piors in this reach.

Sta 697450 to 712450,
plers 55 through 102

20, Tho borings do not indicate any compressible or low driving

resistonce strata within tho sand in this portion, Thereforb, no pilea
nood bo overdriven. An additional longth of 4 ft for variation in \
driving is recommondod for plers 55 through 97, Tho profile of tho top
of tho 75-blow sand on plate 2 indicates a possible vo;rio.tion of j 6 £t
botwoon sta 71l and 712; therofore, an additional 6 £t is recommendod
for plers 98 through 102, .



Bta 712450 to T15+00,
piors 103 through 110

21, Within this roach, many of tho borings had "no recovcry;'
‘roported botwoen elov -70 and -80, Howevor, the majority of tho sarples
lost hnd arple driving resistances. The samples in boring M-100 which
had low driving rosistoncos wore inspected and found to be very fine to
fino sond, It is bolieved that thero are no compressible strata within
tho sand in this reach and that overdriving will not bo nocessary. As
thoro is a widor variation in the profilo of tho top of the 75-blow sand
horo thon botween sta 698 ond 711, and os the pilos moy penotrato forther
into the vory fine sand, an addition of 6 £t 1s rocommendod to allow for
variation in driving,

Bta 7154-60 td T17+20,

piors 111 through 117

| 22, Borings M-T4, -75, -105, and -106 indicato strata of clay
within tho sand. A sottloment of os much os 4.3 in. is ostimoted ot
boring M~105 if the plles aro not driven through tho clay. It is bolioved
by roquiring, if nocessary, driving in oxcoss of the specified driving
resistanco that the pillos probably can be drivexi through tho clay. The
botton of thoso clay strata is at about elov -66, so that elevation has
boon token as the top of tho boaring sond for the piles to bo overdriven
in this roach. Tho pilos should not bo stopped above this olevation
unloss thoy aro drivon to refusal, Borings M-T4 and -104 did indicato o
2-£% stroatun of lignite and sand at cbout ‘elev =73 vhich has a low
driving resistance, About 25 per cent of this matericl by volumw is lig-
‘nitic , but it 1s believed. that this stratun is not sufficiontly corpressible
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to cause deterimeﬁta.l pettlement of the structure. An additional 2 £t
In length is recommended for varia‘bioh in driving in this roeach.

Sta 717+20 to T721+10,
plors 118 through north sbutmont

| 23, Tho borings in this strotch indicate strata of soft clay with
& total thickness up to 4-1/2 £t at ebout elov -70. The sand ovorlying
the clay is 12 to 20 £t thick, It 1s boliovod that it would not bo
practicable to attompt to drive tho piles so that thoy will ponetrate
through tho olay, Theroforo, tho longth of piling should bo basod on
the top of i;he 75-blow sand shown on platos 1 and 2, with a Lot allow-
anco for variation in driving., Following this procodure it is ostimmtod
that the structure may sottlo as much as 1.4 in, at boring M-9% if tho
pile tips 'atop at olov -64; howover, the reosulting difforential settle-
ment betwoon monoliths will probably bo less than 1 in,

North wing wall

2k, Somo clay 1s indicated in borings M-77A and M-83 but it is
boelleved to be too doop within the sand to bo drivon through. Therofore,
tho top of tho sand should bo token as indicated on plato 3 in tho cross
Boction at sta 720+10. An addition of 4 £t to the casting length is

rocommonded for allowance for variation.

Computation of casting longth

25« To dotormine tho longth of pilo to bo cast for any pior, tho
following procodure should bo followed: |

8¢ From plato 1 or 2 tako off the olovation of tho top of
"T5-blow sand" or "Top of Booring Sand," whichever is lowers
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be Detérmine tho estimnted lowest tip olevation by subtracting
from the olevation of the top of the sand 5 £t and tho
+ allowance for variation.

Ce Using tho cutoff elovation, compute tho vertical distance
* betwoon tho cutoff and lowest tip olovation.

| de To "c" apply o length factor dopondont upon tho battor to
obtoin thoe slant longth of the pile botwoon cutoff and
lowost tip elevations,.

oe¢ To "d" add the longth roquired for reinforcoment oxtonsion
as gilvon in tho contract drawings. This sum rounded off
to tho noarest foot is the longth of pilo to bo cost for
that pler.

Effect of Mississippi Rivor stoge

26, It 1s possiblo that tho driving resistance of tho piles will bo
affoctod by varictions in tho stogo of the Mississippi_Rivor and hydro-
static prossure in tho sand foundation in tho some monner as indicated
by the split-spoon driving resistance. Tho roquirod driving rosistonces
wore based on the driving records of the tost pilos which wore driven
between 5 Moy and 28 Juno 1950, During that period tho gago rooding at
Baton :Réugo wos botween 16.2 and 24,4 which is normal for tho carly part
of tho summer. Thus, when tho Mississippl Rivor 1s at a stagoe higher
thon that ot 'which the test piles were driven, 1t may bo easior to drive
the piles into the sond thun wos indicated by tho test piles., Thorofore,
at rivor stagos higher than those givon abovo o lower driving rosistanco
night concoivably be allowod for definition of tho top of tho sand, the
ninimum resistance, and the moximun resistonce, and vice versc, with .the

Baro pile copacity obtained. It 1s also possible, howovor, that natural
soil variations, corpaction of the sand due to driving, etc, will mask

any offoct of the stago of tho river on the pilo driving rosistonco.
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No atterpt hos boen made to include tho possible effoct of variations in
tho Mississippi River stage on tho spocified driving rosistances becauso
not enough‘ is known obout this factor to ostoblish a quantitative ro-
lationship., Howover, it 1s suggosted that tho Contracting Officer's
roprosontative at tho sito beor in nind the possiblo offect of tho river
stoge on pilo driving rosistancos. It is also barely possidblo that the
influonce of stage variations in the Mississippi River would have enough
offoct so thot the piles which aro to be overdriven could achiove tho
dosired ponetro.'_tion at high stoges but not at low rivor stogos, It is
suggestod that this possibility bo roviewoed fronm tirmo to timo, for it is
conceivoble that tho pile driving schedulo night bo rovised without any-
undue dolay if it would pormit the pilos to penotrate to tho desired
depth. |

Sunmory

27. Tho driving resistanco requiremonts as stated in tho spocifi-
cations are surmorized as follows: All piles shall bo driven 5 £t into
sand (as dofined in paragroph 12) having a driving rosistance as listod
in the following toblo, unless tho driving rosistonce bocomos the maxirnm
8lven in the table before a 5-ft penetration is roached. All piles sholl
be driven to tho minimum driving resistance given below, oven though

Penetration into sand greathor than 5 ft 1s nocossary,

Driving Resistance

Hormor Energy por Blow Top of Sand Minimum Maximun
£t-1b “blows/ft blows/ft blows/ft
30,000 75 200 350
37,500 50 140 250

51,000 30 80 180
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The‘reaistance for hammers with striking energies between those given may
be obtained by interpolation. After the piles have reached the specified
-8and they shall be driven continuousl&, insofar as is practicable, until
the required driving resistence is obtained. No splicing shall be done
after the sand is reached until the required driving resistance is
obtained.

28. Driving of piles in excess of the driving resistances stated
in the specifications should be required, if nécessary to obtain penetra-
tion through compressible strata in the upper pert of the sand stratum.
Overdriving based on the best information available should be required
for the piles beneath the upstream south wing wall, a portion of the
downstream south wing wall, south abutment pier through pier 3, piler 42
through pier 54, and pier 111 through pler 117. Driving of the piles
should not be stopped if the pile tip is above the line "Top of .Bearing
Sand"'shéwn on plates 1, 2 and 3, unless the pilles are drivén to refusal.
Refusal in overdriving should be teken to mean a driving resistance with
a 35,000-£t-1b hemmer of 450 blows per ft on en octegonel pile and 500
blows per £t on & square pile, modifiéd, if necessary, in accordance with
Job experience. At tip elevations below the top of bearing sand line, the
original specifications should govera. |

29. The average elevation of top of the 75-blow sand with a 30,000-
f£t-1b hammer was determined at each pier from the split-spoon driving
resistances and was based on & correlation of the split-spoon and test-
Pile driving resistances. ’The avérags elevation of the pile tips at any
Pler was teken as 5 £t below the top of the 75-blow send. ’

30. Cost studies indicate that economies will be effected by casting
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all the piles at any one pier as long as the longest pile required for
that pler. Therefore, the lowest estimated tip elevation at any pier

was taken as the elevation of the top of the 75-blow sand mims 5 £t for
the average penetration into the sand minus an allowance for variation in
driving resistance. The recommended allowances for variations for each
.reach are given earlier in this report.

31. The length of pile to be cﬁst should be computed from the cut-
off elevation, estimated lowest tip elevation, batter, end length reguired
for reinforcement extension.

32, The settlement of the structure for ebout T5 per cent of its
length, where no compressible strata in the sand were found, should be
inapprecisble. The settlement where the piles are driven through cley
Btrata within the send should also be very small. At the locations where
the piles are not driven through the compressible strata in the sand
foundation, the differential settlements between most of the momoliths
are expected to be not more than 1/2 in. with a meximum of 1 in; however,
i1-'15 is possible that differentisl settlemehts of more thani in. may occur
between 2 or 3 monaliths.

33. The river stage may have some effect on the driving resistance
of the piles. The inspecting forces should be cognizant of this factor
to insure that all piles are properly driven, even if s modification of
the specified driving resistances is necessary.

3&. It is not enticipmted thet splices will be eliminated es a
result of the additional barings and study. However, it is believed that
the number of splices required will be & minim. The date contained in |

this report regarding pile lengtbs are definite and are considered
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reasonably satisfactory. However, experiences during construction may
nodify some of the results given herein and every effort should be mede
as the work progresses to revise the estimated pile lengths as indicated
by the specific results being obtained in the field. |



TABLE 1

Relative Density of Sand
Combined Morganza Floodway Control Structure

Densi
Boring Sample Speci- m.m(eg Classificatt Natural Relative
oring e _men assification Lb/Cu Ft
M. O 5 5 -5103 Sand, fine, unifﬁrm 10200 3.7
(f -52.1 Sand, fine, stratified 10L..9 83.0
6 3  -55.2 Sand, fine, stratified 10L.4 84.3
7. 7  -60.8 Sand, fine, stratified 96.8 78.4
8 1 -64.3 Sand, fine, stratified 97.7 75.2
M-42 1 2 ~43.9 Send, fine, uniform 100.9 83.3-
6  -15.9 Send, fine, stratified 102.1 86.7
3 2 -49,0 Sand, fine, unifarm 99.2 81.3
6  -50.0 Sand, fine, uniform 103.4  88.7
5 5  -54,5 Send, fine to medium, 103.2 88.3
uniform
7 3  -59,0 Sand, fine, uniform 105.1 9L.9
6 -59.8 Send, fins, uniform 99.6 85.3
M-58 2 3 -46.1 silty sand, uniform 90.7 78.5
3 -3 -52,2 Sand, medium, stratified 103.3 T72.0
7 -53.4 Send, medium to fine, 101.7 82.3
stratified
b 7 -58.1 Sand, fine, unifarm 96.7 T2.7
5 5  -62.8 Send, fine, stratified 101.6 83.0
M-75 1 L -54.,0 Sand, fine, uniform 102.1 91.0
5. 1  -62.2 Sand, fine, stratified 99.2 77.8
5 -63.2 Sand, medium, uniform 104.3 81.9
T 2 -68.5 Send, fine, uniform 0.3 - 73.5
6 -69.5 Sand, fine, stratifieq, 100.6 76.0
with trace of lignite
9 1l -73.2 Sand, fine, stratified, 96.6 70.9
: with trace of lignite
| 6 -74.5 Send, fine, stratified 98.7 76.3
11 2  -78.5 Sand, fine, stratified, 9k.9 60.
with trace of lignite
5  -79.2 Sand, fine, stratified, 97.5 76.6

with trace of llignite
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Percent Finer by Weight

Percent Finer by Weight

Tyler Sieve Openings in inches Tyler Standard Sieve Numbers Hydrometer
3 2 15 105 074 053 037 3 4 6 10 14 20 28 35 48 65 100 150 200 100
100 T T T T 7 T T f ’ .
\
N
ol N \ »
o \ \ o
1
R g /}
“ T | 6
\ | \
40 \ 40
30 \\ \ 30
20 \ \\ 20
10 — 10
\ '\-..-
o L o
100 50 10 5 1 0.5 0.1 0.05 0.01 0.005 0.001
Grain Size in Millimeters
Large Gravel Medium Gr.+ 2| Gig:;, Cso:rzze Msegri:gjn Fine Sand Vega;’éne Sift Clay

U. S. Bureau of Sojls Classification
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