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FOUIDATION INVESTIGATION; LOCK SITZ NO. 2

PROPOSZID PEARL RIVER IMPROVELENT
* ok % %k k x Kk ¥ % kK W K X % K X

PART I: TilE FROBLIN AND THZ PURFOSE

Introductory

1. Introduction. This memorandum constitutes a report of an ip-
vestigation of the foundation of Lock No. 2 of the proﬁosed Fearl Rriver
Improvement Survey., The investigation was conducted in the Soil lLechanies
Division of the U, 3. Waterways Bxperiment Station for the Mobile Engineer
District,

2., Authority. Authority for this investigation is contained in a
2nd Indorsement to a letter dated April 2, 1938, from the District Engineer, |
Yotile, Alabama, to the Chief of Encineers, Jashington, D. Cs, Subject:

"Srecial Laboratory Investigations®,

The Problem

é. General,- A major problem in connectiqn with the design of im-
rortant structures is the determination of the stability of the foundation’
medgum‘considering various typeé of foundations. -In recent years, it hés
become increasingly apparent that the successful solution of this protlem
requires a knowledge of the stress-étrength characteristics of the founda-
tion mediunm, toéether with an understanding of the stability requirements
of the structure, Thus, a comprehensive investigation of the foundatiéﬁ .
w&s.considered desirablg in connection with the design of‘the locks for

the proposed improvement of Fearl River in the lobile 3Ingineer District.



4; General Description of the Lock. The-proposed.lock hnder éon-‘
siderétion in this investigation is to consist of three principal parts:
the upper and lower gate Days, and the lock chamber. The lock chamber
is to be formed by anchored shcet pile bulkheads which transmit little
loac to the fbﬁndation. The gate bays, however, are to consist of large
concreto moﬁoliths, wﬁich will support tiie gates and appurtenant acces-
sories, | | - -

5, Séecific. Differcntial ssttlements of the monoliths could pre-
Vent_tgc proper operation and closure of the miter gates; hence, thoe -
stability of the foundation medium bencath thum is of major importancef
The specifie problem of this investigation was tho determination and com-
parison of thc stability of the foundation nedium for various types of
founda@ions.

_ Th: Purpose

6, The purrosc ol thie investigation was to solve the rroblem statcd

above, and thus.to provide déta from which a safe, cconomical foundation

design could be made,
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Personnel

7.» Tha investigétibn descrit.d in this mgmorandum was conducted
in the So0il Mechanics Divisioﬁ of the U.AS. JdaturWays Bxperiment Statibn‘
Chict of this Division is 3Spencer J. buchanan, Engincer, who supsrvissd
the execution of the study and <dited this memorandum. Zxploration was
conducted by the field forces of the Mobile Zngineer District,‘who were
instructed in the technique of sarplinz by Williaem J. rowland, Survéyman,
of this Station. Project Zngincers for the investigation wers: Otto H.
Leyer, Assistant Zngincer, who analyzed the stresses in the foundetion
medium; Joseph B, Justis, Junior IZnginecr, wto prepared the testing
schedule} and Vietor K. Uuwgnor, Jr., Assistant Sngineering Aide, who
investigeted the stéhility of tho_foundation medium, and preparsd this
memoranduny. The tests made in connection with the project were supcrvised

by Frederick A. Harris, Assistant 3ngincering Alde.



PART II: ZXPLORATICN, TESTS, AWD TS FOUNDATION MEDIUM

Exploration

8. Preliminary, In order to detcrmine the general nmature of the
subsoil and the extent of the dotailed exploration required, the vicinity
of the proposed sit¢ was first ¢Xplored by preliminary borings, three
inches in diameters Tho locations of these vorings are shown by Figure 1,
and their logs by Figure 2. The samples obtainud from these borings were
forwardcd to the U, 3, Watsrways Expuriment Station‘whcre they wcré
cxamined and tosted, A rerort oz the results of the preliminary cxplora-
tion incorporéting tﬁc dats obtain-d was proparcd and transmitted to the
District Znginecer in a lotter from this Station datcd Jeauary 21, 1938,
3ubjeet: "aoport om nrasults of the Preliminary Zxploration of the Subsoil
in tho Vicinity of the Proposcd Lock Ho, 2 of the Fearl River Projoct®.
This rcport fofmcd the basis for the detailed exploration, which was
rlanned jointly by rcprosentatives of the lobile Engincer District, end
this Station, _ .

9, 'Detailed, Upon completion of “the proliminary work, the detailed
¢xploration was undcrfaken, and borings were made as sﬁown by Fipure l,
The contor of the lock chanbur was tentatively assumed at Station
647473,03, and both S-incﬁ and 6-inch borings wers madc north and south of
this roint on four ranges porpendicular to thoe centurlince of the proposcd
canal, Thu agstunce betusen the rangus was approximatcly 294 feot,
roughly the lungth of tho lock chamber; thus, providing data for investi-

gating the foundation conditions at thrue possiblc positions of the lock
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along the conterline, General samples wore obtained from tho S—iﬁch bor-
ings, while both general and undisturbed samplos were obtained from the
6-inch borings, The logs of these borings are shown by Figures 2-5,
inclusive. All samples werc forwarded to the U, S. Waterways &xperimont

Station for tosting.

Tests

10 Tests Porformud. The proccdurc followed in testing the samples

has beza duseribed in a manual of this Station, "Laborastory Procedure_in‘
Testing So0ils and Scdimunt®, A copy of this manual is on file.at thé
}Mobile District Office, thcrdforg, a dcseription of the detéils of thcse
tcsts is not included in this memorandum. An outline of the tosts pcf-
formcd is as followss

2. Visual classificotion: Snamples from 2ll borings;

b. dater content: Samples from all borings.

¢. DMzchanienl anaolysis: Sanples from Borings Nos.-l to 5,
r~nd 11 to 18, inclusive, and from Borings Nos. 37 and 38,

d, Consolidation: S~mples from Borings Nos, 15, 16, ~nd 37,
cs Quick ghear: Snmples from Borings Nos, 15, 16, and 37,
11, Tests Rosu;ts. The results of tho mechanical nnalysis, visual
clnssificnation and Qator content tests of nll the samplses have becn in-
corporated in the logs of boringé, Figurss Nos. 2 to 5, inclusive, - The
nschnuienl annlysis dingroms for samples from the 6-inch borings gre
shown by Figurcs Nos. 6 to 24, inclusive, The results of consolidation
icsts of undisturbod smples from Borings HNos, 15, 16, 2nd 37, are shown
by Figurus Nosf 25 to 34-c, 1nclusivé, The results of the quick shear
tests of tho undisturbed samples are givén in condensed form in Tablo I,

on the following pcge.
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TABLE I: RESULTS OF QUICK 3ZAR TESTS

Soring Sample Elevation Shear Strecngth
0. No, of Sample Tons per Sqe Ft. -
15 19 -23,1 045
15 21 36,7 . 0.47
15 24 -55,8 0,45
15 ‘ 25 -6141 | - 0,45
16 T 26,7 0,67
37 13 -20.9 0.65
37 14 . T -2B.4 | 1,00
37 16A -40.4 1,15

The Foundation Medium

12, Deécriétion. As shown by Figurcs Nos, 1-5, inclusive, thg
foundatinn medium under the oxplorcd sites of the bropoéed iock con~-
sists of strata of cohesive material yarying in tpickness from about
12 to 60 fect, overlain by approximatoly 55 foct of sand and gravel
and undcrlain by sends The bcd of cohesive material reaches its
minimm thickness between Stations 649419.7 and 652/13.03. Experience
has shown that deposits of sand and gravel such-as those existing at
the site of the proposed structﬁro are rolatively incompreséiblé. The
consolidation of such materiels takes place rapidly; hence, any settlo-
ment due to consolidation of this material will occur during the con-

struction period, For this reason, only the strate of cohusive mate-
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rials recqund Special attention in-this.inyestigatién. zZxamination of
“the samples of the cohesive materials, coupled”with the results of the
consolidation tests indicates that it has been consclidated at some timé
in its history to a degree in excess of that which coﬁld have been accom-
plished under the conditions existing at present, This advaﬁced state

of consolidation could have been caused either‘by the weight of a large
overburdern, or by drying caused by exposure to the atmosphere; probably

the latter.
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FART TI1: ANALY3IS OF STRESSES IN FOUNWDATICN IDIUM

Basic Considerations

13. Spread Foundations. The basic problem of this investigation,

as mentioned in Far, 5, was tle determination and comparison of the
stability‘of the foundation m@dium for various types of foundations,

The most eccnomical method of gupporting the lock, would be on e spreed
foundation, and in the event that the stability requirements of the
structurs areAcomplied'with, this method may be the most desirable,

Uron completion_of the exploration and tests, it was apparsnt that con-
ditions at the site are favorable for the use of this typs of foundatiop,
'for es mentioned in Par, 12 above, the strata of eohesive material in
which iha majority of the consolidation would occur have been well eon=
solidated in the paste In pddition, ndvantage can be taken of the over-
lying strnte of sand and gravel to distribute the lond on the cohesivé
materinl bclow._ Consequently, the first portion of the analysis was con-
ductud considering the structure supported on a spread foundaticn,

14, Benring Piles, The ninimem amount of Settlement will occur if
ths structure is supportzd on piles driven through tho clay, since the
vioud will thon be transmitted dirsctly to the undorlying sands which arc
virtually incompressible. However, the highly consolidated nature of the
clay mey rmake peputration by the piles difficult, and it is concecivable
that the piles may be driven to refusal without complete penctrati:n.

No means cSther than zn actual test usiné n full scale pile is known by

which the possible depth »f punetraticn can bs determined,  There«fore,



it was considered sdvisable to coﬁpute the stress aésuming béaring piles
driven only to the topvof the clay., For this assumed condition, the
stross on the clay will bs a maximum, and the settlement computed from
this stress will be representative of the meximum that can occur when
bearing piles are used,.

15, Initial Date, Th; basic data fro@ wbich the foundation stresses
were cbmputed‘weré furnished by the District Engineer. These data are
shown by the sdvance design sheets described . as tqllowsg' ‘

a. The general plan, showing the layout of the lock, canal
end levees with the amccompanying pertinent data regarding

elevations of vwvarious features of tne lock, levee, and
canal.

The preliminary design sheets showing the dimensions of
the structures, unit weights of materisls, and the forces
applied to the structure under the various loading con-
ditions assumed in the deaign. .

T
.

16, Loading Conditions, Five conditions of loading were assumed by

the MNobile District in the analysis of stresses in the lock stracture.
These conditions were as follows:

Caso 1 -~ Normal Condition; Ordinary high water, gate
sealed. !

Cese II - Norual Condition; Low water, gats sweled.
Case III - Unwatered Condition: Ordinary high water,

Case IV = Construction Condition; Saturation at Elev,
40,0 (ground water), ‘ '

Case V - Extreme high water condition,
Of ‘tho sbove, Case V was considered for the upper gato bay only; the
other conditions were considered for both bays, The analysis of the

foundation stresses was made for all conditions,
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- Analysis of 3tresscs Considering Spread Foundations

17, liethod of Analysis., The stress at any point in an elestie

foundation, resulting from any system of superimpossd loads may boc com-
rutud Ly the thoory of elasticity using the cquation of EBoussinosg,

The deVulogpent of the general equation is too detailcd and complex to

bte included in phis memorsndum, However, various investigators have
developed rolatively simple solutions for certain spacial éuses. Ona

ol fh;so, which was usod in this investigutién, was doveloped by dethan
}e ilowmark.* Nowmark computud the stress 2t 2 unit depth bolow the

corner of a ructanzle subjoctid to 2 unit uniform lpad, for yurious-
dimunsions of thne rectangle, nnd tubulatcd these valucs im the publien~
tion montioned in the footnots, For coanniana, and ense ol inturpola-
tion, th¢ d-t~ obtnincd by Nuwmark ~ru presented grarhically by Figure

35, Obviously, for any depth othur than unity, tho-sczlv may be modificd
to give 1 unit dopth by dividing ench side of the reetungle by the original
valus of tho dupthes The totel stress ot = point is tho sum of the str#éses
resulting from 21l of the nuighboring elemunts of 1o§d on ths foundztion.‘

18, Foundation londing, The lond on the found-tion modium was comi-

puted from the unit weights of the mrtorial, the dimonsions of the mono-
liths, the quantitics of cxcavaticn jnd £i11, ~nd the various dcsign
londings conditions. In ordzr to mnKs possible the computation of stresses
by Howmnrk's mcthod, it wns nocessnry to roducc all lo:dings to cquivalent

uniforn londinms on reetansul-ar arcas, For this purpose, "the actual npplicd

*"Simplificd Computation of Vortical Pressures in 3lastic Foundntions",
Circulnr No, 24, Enzincuring Exverimeat station, University of Illinois,

«10=-



loads were replaced by equivalent uniform loads acting on rectanzular
areas so that the total stress on the foundation medium would be the

same fbr both cases.

19, Bffect of Sheet Piling, The presence of the sheet pile cut-off
walls at ocach of the monoliths will affect to some extent, the transmission
of stress throush the foundation medium, The proportion of incident stress
transmitted to the medium on the far side of the sheet pile wall is a
function of the‘stiffness of the plles, the slack in the interlocks, the
modulus of elasticity of the soil, and probably other factors. No methods
are known by which the amount of stress transmitted may be determined,
However, it is believed that the presence of the sheet plling causes some
concentration of the stress under the. structure, and if the monoliths were
completely surrounded by a perfectly rigid sheet pile wall thending down
to the top of the clay, the entire weizht of the monoliths would be con-
centrated on this stratum, This is the most adverse condition conceivable
for'tge case of the spread foundation. The actual stress devsloped in the
foundation mudiumAwill lie between that existing when the confining effesct
of the shecet piles is not considered and that existing when the welght of
the structurec is considered as fully concentratcd on the cormpressible
stratum,.. |

2C, Computation of Stresses. The change in stressss in the foundation

mediun for all loading conditions were computed at a numboer of points at
two elevations (-15 and -40), approximately thoe top and bottom of the com-
pressible stratums Tho locations of the points are given by their‘#ec-

tangular cocordinates using as the origin the intersection of tho center-

=]l]le



line of - the upstream rintles with the centerline of the. lock chamber,
The change in stress under the structure is given by Table II for the
case in which the affect of tﬁe.sheet riling wes not considered., The
change in stress on horizontai sections.bennath the structx_u‘e at Eleva-
tions -15 and -40, Case II loading, with the effect of the sheet riling

negiected is shown by Figures 36 and 37,

. TABLE II : !
CHANGE IN STRESS IN FOULDATION MEDIUM FOR SPREAD FOUIIDATION NEGLZECTING
ZFFECT CF SHEET FILING

DESIGN ASSUMFTION -~ CASE

T :
COORDINATES 1 I ! 111 R & oy
OF FOINT —
HET STRESS.CHANSZ IN LBS, F3R SG. FT, AT ELEVATION
=15 | ~4C | -15 | <40 | <15 | -40 | -15 | ~40! -15] -40
FP3R GAT3 !
BLY | i
. . 1
-53, 32,5 | -64 | ~94 | 15 | -41 | 138 13 ? 110 5| -60] -95
-53,-33,5 , =97 | -305{ -20 | -252{ 103 |-198 | 75 |-206! -95| -306
-19, 33.5 | 346 | 236|580 | 330! 846 | 403 | 824 | 415} 326 23
-19,-32.5 | 278 184f 512 | 278| 778 | 351 | 756 | 3631 258] 179
-19, 63,5 | 1075 707 {1165 | 768{1179 | 775 |1241 | 802 1098] 716
-19,-63,5 § 917 | 54211007 231021 | 610 11083 | 6371 940| ' 551
24, 32.5 | 203 .. 264 250 | 99| 172 | 289 | 170 | 289 178} 256
24,-32,5 | -43 | 21, 4 56| -74 | 46 | -76 | 46: -68] 13
24, 63,5 | 1457 | 1011{1449 | 1027|1262 | 966 {1266 | 981! 1501| 1016
24,-63,5 | 979 597 971 | 613) 784 | 552 | 7ss | 567! 1023 602
LOJER GAT3
BAY
317.5, 32.§ -370 | -283; -178| -147| ~35| -133| 139| -8
317.5,-32,9 -555 | -472{ -363! ~338| -220| -322| -46{-197
317,5, 6.8 1120 | 6171 1107{ 670 1011; 652| 1152 739
317,5,-66.9 834 | =210| 821! 263| 725! 245| 866] 332

362, 32.5 | -B896 | -565| -110| -31C| -444| -405| 118|-166
362,-32.5 | -931 | -619] -145, -364| -479| -459| 83|-220
391,5, 32.§ -1303 -1057 {1110 | -969 |-1349 |~1051|-1015|-891
391,5,~32.8 -1321] ~1114 {~1128 [~1026 (1367 |-1108 {1033 |~948
391,5, 66,5 =632 |=-594 (=956 | ~65(i -B99! -650| ~B75|~574
391,5,-66,9 =766 | ~761 |-1090| -817|-1033' -817|-1009-741

Lo e
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Annlysis of Stresses Considering Zearing Piles

21, Foundation Stresses. It is not possible to arrive at an exact

"estimate of the Stresses existinz in the foundation medium when the.
structure is supported on bearing piles driven to the top of the cia&r
bécause of the virtual impossibility Qf ascertaining'the proportion of the
total load transmitted to the soil by skin friction along the ‘piles.

For this reason,.it was assumed that the total load on the piles is

transmitted to their points, and there applied to the foundation medium.
This condition is analogous to the most adverse condition considered in
Par, 19 above for a spread foundation, for in both cases the total load

is assumed transmitted directly to the compressible stratum.

«]l3-



PART IV: STRSNGTH OF THE FOUNDATION MEDIUM

Proliminary

22, Critical conditions, In determininz the stability of & founda-

tion medium, the possibility of two types of failufes must be considered;
first, failurelcaused by excessive settlement resulting from consolida-
tion of the compreésible strata 1n‘the foundation medium; end second,
failure in shear, with the material flowing laterally from beneath the
structure. Concerning the former type of failure, if may be menti@ned

that consolidation can take place only by the expulsion of water from

the voids of the compressible strata, and hence, iS a slow process requir-
ing continuous gpplicetion of losd. Thersfore, ths critical condition for
settlement is Case II, normal condition; low water-gate sealed, Although
the high water periods'of fhe Pearl River are of long duration, they will
be excluded from the canal by the levees, and hencs, will not be effectivs
at the lock, Only floods in the tributaries scting as feeders to the canal
above the lock will be effective, and they are of sﬁch short duration as to
warrant no consideration, For the lattcr-mentioned type of failure, the
loading condition producing'the grcetest lateral stress gradisnt will be
critical. This was found to be Case I, the normal condition; ordinery

high water, gate sealed,
‘Settlement

28, Theorotical Considerations, As indicated by Figures 36 and 37,

upon completion of the lock, thd net change in stress in some portions of

the foundation medium is negative, This is due to the faot that the not

'fﬂ“*fl4"



stress change is tho nlgebraic sun 6f the positive stress exertcd by

tho woight of the gate bays and £ill, and tho nogntive Streés resulting
from tho uxcnvation'for the lock, In the cénstruction of the lock, how-
ever, th# uxcavuiion of thu portion of tho lock chamber and canal adj~cant
to tha monoliths probablj would be completsd bofore the plncomont of coﬁ-
erete, nnd upon tho complcfion of this exéavation, the chﬁﬁgo in stross
over tho ontire foundation medium would b nogAtivJ. If thc oxcavation
were lcft open long omough, the undcrlying.mﬁtcrial would cxpand undcr the
influence of this negntive stress to a degroc of consolidation corrospond-
ing to tho reducced overburden. Upon applicaticn of the loads frém tho
structuro, thé mntorinl would roconsolidato, ns indieated by the void-ratio
prassﬁru diqgrqm} te,a,dag:ae,corrusponding,tafﬁhe,iinglfsﬁngss¢f Tha
vxnet relation betweon the tims of rcbound otsorvud in tho test and tﬁa
timc of rebound in nnturc is as ycot imparfoctly undorstood, ~nd thcrofors;
ths propoftion of the¢ thoorctical rebound which will tnko place duriug con-
struction is not known, It was bolioevud ndvisable; howovor, to adopt the
conscrvative assumption thrt 211 rcebound is completed befere the npplicn-
tion of loads produccd by the structurcs This is the mors unfavorable
siturtion, nnd tho c¢ffcet of intorruption of comnstruction operntions by
hizh watcr is provided for, The magnituds of thlic sottlomont Sf n struc=~
turz resulting frm cansoiidation of tho comproséibla mntorial in tho

foundation medium is oomputed by tho frrmulag

Scttlcmont = %1 = 92 ¢
o1

in which ¢; 1is ths void-ratio prior to congolidntion, 65, the void-ratio

=15=



after consolidation, and t, is the thickness of the stratuim in question.
The total settlement is the sum of the increnents resulting from the con-
solidation of the compressible strata.

24, Anulysis of Settlement. The settlemcent of the structure was

estimated coinsidering bqﬁh thie spread and pile foundations, with the
lock in two of the three rositions mentioned in Fare 9. The firét loca~
tion considered was with the center of the lock chamber. at Station
647473,03. 1In this position, the foundafion medié under the upper and
lower pate bays is represented in cross ssctions by the logs of Borinzs

. llos, 16 and 15, respectively, Since tne thickness of the cohesive material
at 3oring No. 15 is sbout 42 feet greater.tnan at Boring No, 16, a second
position of tue lock was considered with the center of tie chamber at
 Stution 650466.4, At thais location, the foundation nmedia under the upper
and lowsr gatce bays is represented in cross sections by the 1053 of
Borings Hos., 16 and 37, respectively, A third position of the lock was

. considered witli the centor of the chamber at Station 644479,.69, but &3 may
bz noted by refercnce t§ Fizurss 2 to 5, inclusivo, the thickness of the
comprossible strata at this posit;on is groater than at the two previously
mentioned. Thoreforu, the settlument obviously:would be greater so that
further analysis was not xa'é, The results ¢f the settlement analysis are
#iven by Table III on the following paze, in wiich tho coordinates showm
rufer to the x and y distances from an orizin taken at thc intersecetion of

the ccdturlina of thu upstream pintlcs with the centerling of tho lock

chamber.

-16=



TABIE III
RISULTS OF SITTLEMENT ANALYSIS
ALL SSITLIENEBNTS IN FEET

Center of Lock Chamber of Station 647473.03

Coordinates | Ultimate Settlement | Ultimate Settlement for Bearing
of for Spread Founda- | Piles Driven to Top of (Clay,
Point tion, Effect of and for Spread Foundation
Sheet Filing Neg- Assuming Full Confinement of
lected, Stress by 3hoot pPiling
Upper Bay
-53, 32,5 0,01 0,07
"53'-32.5 0.01 . 0‘07
=19, 32,5 : 0,02 . 0405
-19,=32,5 0,02 0.05
=19, 63.5 0,05 0,08
=19,-63.5 0,04 3 0,07
24, 32'5 0,02 ! 0.12
24,-32,5 0,02 ! 0.12
24, 63,5 0.06 o 0.16
24,=63.5 0.04 0.14
Lower Bay
317,5, 32,5 0,02° % 0,13
317,5,~32.5 0,02 - , 0,13
317.5, 6645 0,04 0,19
317,5,=6645 0,03 - 0,19
362, 32,5 - 0402 0.43
362,=32,5. 0,03 ! 0443
391.5, 3245 0,01 ! 0,13
391.5,=32,5 0.01 i 0.13
391.5, 6645 0,01 ! 0,01
391,5,=6645 - 0,01 ! 0,01 i
{cont'd,)
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TABLE II1
(Cont*'d,)

RESULTS OF SETTLEMENT ANALYSIS
ALL SETTLEMENT IN F2ET

Center of lock Chamber at Station 650£66.40

Coordinates | Ultimate Scttlement | Ultimate Settlument for Bearing
of for Sprcad Founda~ ‘ Piles Driven to Top of Clay,
Foint tions 3ffect of and for Spread Foundation
Sheet Piling Nege Assunming Full Confinement of
lceteds Stress by Stest Plling:
Upper Bay

83, 32,5 0.0l ‘ 0,07

-53,=32,5 0.01 0,07

~19, 32,5 ) 0,02 0,05

-19,-32,5 0,02 0,05

'lg, 63.5 0‘.05 : 0.08

-19,-63,5 0.03 0.08

24, 32,5 0402 ’ Ce1l

24,-32,5 ' 0,02 0.11

24, 6345 0.05 0.16

24,-6345 0.04 0.14

lower Bay

317.5, 32.5 0,02 0.07

317,5,-%245 - 0,02 , 0.07

317,5, 6645 . 0403 0.10

317 .5,"66.5 0.01 ' 0.09
362, 32.5 0,03 0.16

362,=32.5 0,03 : 0.16
391,5, 32.5 0,01 0.07

391.5,"32-5 0‘01 0007
391.,5, 6645 0,01 0,01

391,5,-6645 0,01 - 0,01

-18-.




Ia iﬁterprotiﬁg tle values of settleusnt given in Table I1I, it should

be borne in mind that the values given for the cas: in which bearing

piles are used may be exceeded, due to the disturbance of the compressible
material by the driving operatﬁpn. This fact hias been given consideration
- by several investigators,* but an estimate of the amount of.this distur-
bance, and its effect toward increasing the sottlement was not considered
practicable.

25, Tirme of Settloment. The time roguired for the consolidation of

a stratuin of matsrial in nature may be ascertainscd from the results of a
‘consolidation tust of a specimoen éf tus material, Thv ratio of thou time
sculy in nature to the timo scals in the test i3 squal to thy ratio be-
twoon the square of the thickness of tho stratum in question to thu square
of the thicknuss of thu test spucimein, Thu timue-settlersnt curfas for the
uppor and lower bays at each podition of tho lock arc shown by Figurué 38
to 40, inelusives It should bo noted that Figure 39 repreosents ths timo-
sottlement relationship for the uppor bay when thoe center of the lock
siamber is at Sfution 647473,0%, und f£or thce lower bay when the contur of

ths lock is at Stetion 650£66.40,

Lotcral Flow

26, Sucurityragainst failurc in sheur, Shoar failures of foundation

msdig aru characterizced by latoral flow of tav matcerial from bencath the
structure, This flow rusults from oXeossive sheurine strussus causcd by

superimposcd loads, The tendeucy toward latoral flow cxisting in any

*3¢u for instanco, "The Structurs of Clay and its Importuncce in Foundation
Bncincerine®, by Arthur Casagrands, Journal of the Boston Socioty of Civil
Brpinscrs, Vole XIX, No. 4, April, 1932,

]9’



"stratun of matcrial may bo exprussed in torms of "ective latoral prossurs®,
jhigh is the maznituds of the rosultant force obtainsd by subtracting thé
shearing resistancos of the matorial from: tho shenring force created by
tho loads. Huturally, when the shearing stross ercatcd by the loads be-
comos less than the shearing rosistzace of tho matcrinl, no activo pressuru
is produced, nnd instu~d the materind offurs 2 "pnssive rosistanco" to.fhé
active pressure transmitted to it Ly adjoining‘mqtorial. Bcfofu latoral
flow ean take placy, the total aetive lateral brassuro dus to tho cpplied
lond and the ovurburdon mst bo groater than tho pnssive rosistance of the
ovarburd;n, coupled with the pnssive rusistnnes onuscd Ly the shearing
strongth of thu soil in which no nctive prussﬁro is ercateds Tho totnl
passdive rosistancs of thu ovorburden dofunds on its shoar strahgth and
vwicight, since during flow tho entirs mass éf 501l abovs the eritical
-stratun st bo l1iftede Jhile lntural fiow of cohousionless mafurial is
possiblu,'loads much highor than thosoe existing undor thou lock ars ro-

" ‘quired to producc this coﬁdition and hunes, the stability of the cohusive
nntoriazl ¢ 1y was dotormined in this investipation, Proliminary cowmputa-
tions on basis of tias considerations outlincd nbove indicated that

“tho muximun nctivcvforco'cxertad by the cohosivs material is‘approxi—
matoly 60 pounds pur squarc foot, while thc passiva resistance éf the
overburdon is ébout 3500 pounds por square foot, It con bu gcen that
no poscibility of foundstion failure oty litoeral flow cxists.' The above-
mentioned computations nuglaected thoe offeet of the shuut pile cut=-off
wrlls which would’cqnfine z large portion of thu materinl even if a tun~-

_doney toward latural flow did oxiste

e



FART Vi CONCLUSIONS AND DISCUSSION OF RESULTS

27, Strength of foundation mediur. The strength of the foundation

medium has been aescertained for the two locations of the lock, considering

the two critical conditions; nemely, failure by excessive Settloment Te~

sulting from extensive consolidation of the compressible strata, or

failure in shear resulting in lateral flow of this naterial from beneath

the structure, The limits within wnich this strength has been ascer~

teined are given in the body of the report. Conclusions regarding the

two critical conditions ars surmarized in the following subparagraphs.

Be

Settlement to be experienced considering spread foundation,
Tne settlemsnt to be expsrienced by the lock has been es=
timated for aach of the two locations given in Par. 24 and
the results are shown in Table III, The rssults, as ox~
plained inPers, 19 and 21, are based on the following
agsumptionss

(1) No confinemsnt of the siress in the portion of the
foundation medium, which overlies the compressible
materials, will be offuet:d by the sheet piles under
the monoliths, ({Results in Column £ of Table III.)

(2) Full confinemecnt of the stress by tho shect piles
under the monoliths, which provides for no distribution
of this stress by the matcrial overlying ths compress-
ible portion of the foundation medium, This condition
is analogous to that for becaring piles driven only to
the top of the compressible strata described above,
(Results in Column 3 of Tabdbls III.)

No msthod of analysis is known to be available by which it is
possible to narrow tho limits established by the assumptions
given ebove, Howasver, considcration of several features of
shest pilus which, 1t is belicved, affoct their restraining
gbility arc worthy of mention hure, The sheet piles will bo
approximatoly 40 ft. lons (busc of monoliths, El, #13 or ¢#15;
top of inpervious strate in which seal will be mede, El, =15,
and assuming a 10-ft, punctration); hence, they cannot be
oxpoctod to be perfectly rigid as assumed in (2) abovue The

-21- ‘ .



slack in the joints of the shoet piles, estimatod to be

1/8 to 1/4 inch, is believed to be sufficicnt to allow
sufficiuvnt strain to develop for the transrission of strusse
Furtier, tho wpaturials lying betwesn the base of the mono-
liths and the coumprossible strata ure sand and gravel, both
of which aru rvlatively incompressible, and thus only a
slight latoral deformation of thu sheot pilliung would be
ruvquired in ord:r for ths struss to b: distributed through
this medium in a normal manner, Consideration of the fsaturcs
outlincd abova indicates that it may be concluded that the
proposed lock structurs will oxperionco settlomonts closely
approximating thosu given in Colurm 1 of Teble III in the
ovent sproad foundations are used, :

b. Settlemsnt to be expericnced considering uss of bearing

piles. The e3timate of the scttloment to be experienced
by the proposaed lock at eithusr of the two locautions given
in Par, 24 considering a bearing pile foundation is given
for two conditions; nanvly, pilcs driven only to the top of
the compressible strata; and piles driven complately through
those materials into tho decp, urdorlying sand. For the
first of tihe above situations (piles to top of clay), the-

. maximum settlumunt, which it is boulloevoed will occur, is that

- shown in Column 3 of Tebls III, For the S.cond situation,
{pilus through ths clay), it is believ:d there will be ro
sottlomunt,.

ce Stability of founduticn modium insofar as shcar strength is
concurnud, It may boe concluded from the information shown
in Pare. 27 that the foundation medium, considering the
conter of the lock at cith.r Station 647473,03 or Station
650466,40, is uxcsedinzly stable, and that no danger of
failurc by lataeral flow oxists,

28. Llocation of thu loek, It is bulicved that the proposed lock may

bost bu located with the conter of thu chamﬁcr at Station 650}65.40. In
this position, the thicknuss of thu strata of clay undor the upper and
lower gat. bays would be less than at ahy of the other sitos explorud, and
consoqusn£1§.fhe rrobable suttlement would bo less, In this position,
there is ample cohusive material to form an impcrvious scal for tho bottom
of the shoet pile out-off wella,

XD OF MEiORADUM PROPER
(Figures follow)

-22-



FOUNCATION INVESTIGATION A
LOCK 2. PEARL RIVER IMPROVEMENT
' LOCATION OF BORINGS

U.S. WATERWAYS EXPERIMENT STATION
VICKSBURG, MISSISSIPP

Scale: 1: 2400

LEGEND
@ Denotes detailed 6 boring

o general 3" »

Note: Borings 1-5 inclusive
prelimirary . borings only,

FIGURE '
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