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FOU!IDATIOH INVESTIGATION; LOCK SITS NO. 2 

PROPOS:ID PEARL RIVE.ct IMPnOVS::.::ENT 

* * * * * • * * * * * * • • * * 

_Introductory 

1. Introduction. This memorandum constitutes a report or an in-

vestigation of the foundation or Lock No. 2 of the proposed Pearl niver 

Irr.provement Survey. 'The investigation was conducted in the Soil L[echanics 

Division of the U, .:i. l'iaterways 3Xperiment 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, 

!.~obile, Alabama, t.:i the Chief of Engineers, Jashington, D. u,, Subject: 

"S:i;:ecial Laboratory Inyestigations". 

The Problem 

3. ·";eneral •. A major problem in connection with the design of im-

rortant structures is the deter.::ination of the stability or the foundation 

medium considering various types of foundations. ·In recent years, it has 

becorr.e increasingly apparent that the successful solution of this problem 

req'Jires a knowledGe of the stress-~trength characteristics of the founda-

tion mediurr., together with an understanding of the stability requirements 

of the structure. Thus, a comprehensive investi~ation of the foundation 

was considered desirable in connection with the design of the locks for 

the proposed improvement of pearl rii ver in the !!.obile Zngineer District. 



4. General D0scrirtion of the Lock. The proposed lock under con­

sid0ration in this investigation is to consist of three principal parts: 

the upp~r and lowor gste bays, and th& lock chamber. The lock chamber 

is to be formed by anchor0d shaet pile bulkheads whic{l transmit little 

loa~ to the foundation. '.i'he gate bays, howevor, are to consist or large 

concreto nonoliths, Y.'hich will support tho gatt1S and appurttinant_ acces­

sories. 

5. Specific. Difft::rcntial S<>ttler.l·.;nts of th0 monoliths could pre­

vent the propur operation and closure of the rr~t&r gates; hence, thci 

stability of tho foundation m0dium bun0ath thun is of major irnportancd. 

Thu specific rroblum of this investigation was tho det.ermination and com­

parison ct the: stability of the f::mndation nodium for various typos of 

foundations. 

I'h::: Purpose. 

5~ Thu purros" of t}1is investigation was to solva the problem statc:d 

abovt::, and thus t,1 providv data from which a sa1\i, e;conoIIlical foundation 

design could be ma.de. 



p1.;rsonnt:ll 

?. Th0 inv.:.stic;ation dt:Jscrit..:d in this mc;r:iorandum was conduct.;;d 

in th;.i Soil i'.uch3.uics Divioion of th0 U. S. ·.iat"rways SXp£;rimcnt Station. 

·:hid of this Division is .:ipunc-Jr J. lJuchanan, Eneinc.:<:Jr, who supervised 

th:J axecution of th"' study and uditud t_~iis menorandum. Exploration was 

conductad by thti fiC::ld forcEJs of the :Mobilo .!:ngim;,;,r District, who W(;ire 

instructed in tho tvchnique of _sw::.pliIIg by ·:hlliam J. i<owland, Surv&yman, 

of this Station. Proj(;:ct ~nein;;<;!'S for the investigation wert:i: Otto H. 

:.:eyer, Assistant En_i:,inc.:.:r, who analyz;;d the struss.:.s in th ti foundation 

I!lt.:•diumj Jose::ph B. 3\lst is, Junior ::;nginour, w':.o preparod the ti:isting 

schedulu; and Victor K. '.luglWr, Jr., Assistant Sngine.;;ring Aide, who 

invt>-stigat.ud t:1t1- atahility of thu foundation modium, and proparad this 

rno:.morandum.. Thu tusts mudu in co:muction uith tho project were sup.:.:rvised 

by Frt:idt.Jrick A. Harris, Assistant Zncincrnring Aide. 



PAR:' II: ZXPLORA.TlCN, TI:STS, k.'ill T:E FOUNDATION !i:EDim.1 

Exploration 

B.. Preliminary, In ord0r to det.;rmine the genural nature of the 

subsoil and the .:ixtont of thu dotailud CXJllOration required, th.;. vicinity 

of the proposed site; W!iS first .;xplor.;d by proliminary borings, throe 

inche;s in diw:iut0r. Th~ locations of th~se oorings are shown by Figure 1, 

and thuir L'gs by Figure; 2. Tho samplus obtainud from these borings were 

i'orwardud to the U • .3. ',foturways Expurim:..rnt Stat ion whore th<:ly woro 

uxar:.ined and tost"d• A ror:ort on th.:. results of the; pre;:liminary explora­

tion incor!'orating th.:.i dat!i obtainc..:d wus prupar1Jd and transmitted to the 

District 3ngin0er in a l~ttcr fron this Station datod January 21, 1938, 

3ubjuct: ":<orort on iL::sults of the; Pruliminary Exploration of the Subsoil 

in thu Vicinity of th0 Froposod Lock No. 2 of tho .fearl rtiv.::r :project". 

This report for:n<..ld the basis for tlrn dctailad exploration, which was 

planned jointly by rupre;si:.ntativos of tho 111obilo lru;in.;£>r District, and· 

this Station. 

9. 'DGtailod. Upon completion of the pr.Jlimina.ry work, thu dGtailed 

Jxploration was und0rtak0n, and borings wer<:> made as shov;n by Figure 1. 

Thu cunte;r of the; lock cha.::ibur was tcintativoly assumud at Station 

647,£73.03, a::id both 3-inch and 6-inch borings vli;;rj mado north and south oi' 

this roint on four ranges p~rpondicular to th~ ccnturlinc of tho proposud 

C!inal. Thu distance butv1:.cn tho rangus was approximatt.:ly 294 1'aut 1 

roughly th~ l(.;ngth of the lock ~~a.~bor; thus, providing data for investi­

gating tho foundation conditions at thru~ possiLlc positions of thu lock 
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alone tho centerline. General samples woro obtained from th~ 3-inch bor-

ings, whilo both genaral and undisturbed samples were obtained from the 

6-inch borings. Tho logs of those borings ure shown by Figuros 2-5, 

inclusiva. All samples w0ro forwardt::d to the u. S. '.foterwnys ~perimont 

Station for tasting. 

10• Tests Porform~d. Th0 procoduro followed in testing tho samples 

has bo3::i duscribGd in a manual of this Station, "L'.iboratory Procedure in 

Tt.:sting Soils and Sudimunt". A copy of this ma.nuul is on file at the 

Mobile District Office:, thuruforc, a doscription of the: details of those 

tusts is not included in this nwr:iora.nduro; An outlina of tho t.:;sts per-

forncd is r.1s follows: 

~. Visunl clossificction: Snr:xplcs from ~11 borings. 

b. ;.V11tur contE:nt: Swplus :f'rom 1111 borings • 

.!.:.• M;;;chunicri.l c.no.lysis: S:rr:iplos fron Borings Nos. 1 to 5, 
r.nd 11 to 18, inclusive, ~nd from Borings Nos. 37 ~nd 38. 

~· Consolidnt ion: S"-':ipleis from Borings Nos, 15, 16 1. ".Ild 37. 

!:..• Quick sho'l.r: Sr.mpfos from Borings Nos, 15, 16, .::ind 37. 

11. Tosts Rosul ts. The results of tho mechanical :m:ilysis, visu;ll 

clnssificntion 11nd wutor content tests of a.11 thu samples have boon in-

corporat<:;d in th .. logs of borings, Fi[!ur-:;s Nos. 2 to 5, inclusive, · Th" 

r.bch11 •• ic~11 n.nr.lysis db.gro.ms for sru:xph:s trom the 6-inch borings n.ro 

shovm by Figures Nos. 6 to 24, inclusivu. Th~ r0sults of consolid~tion 

tests of undisturbod s-i.r.ipfos frum Borings Nos. 15, 16, :-:.nd 37, oro shown 

by Figurus Nos, 25 to 34-c., inclusive.. The results of th.;, quick sho:ir 

tests of tho undisturbed s'!!!lplos ~ro given in condonsed form in T~blo I, 

on tho following pc.ga. 
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1'.ABLE I: RE~"lJLTJ OF g,urc;~ 3HAAR TE3TS 

:3oring Sample .Eleva.t ion Shear Strength 
Ho. No. of sam12le Tons Ecr sg,. Ft •. 

15 19 -23.1 0.45 

15 21 -36.7 0.47 

15 24 -55.B 0.:1-5 

15 25 -61/~ 0.45 

16 16 -26.7 0.67 

3? 13 -20.9 0.65 

37 14 -28 .. 4 1.00 

37 16 -40.4 1.15 

The Foundation ?.!13dium 

12. DoscriEtion. As shown by Figuros Nos. 1-5, inclusive, th~ 

foundatinn m•.:dium undur the oxplorod situs of thu proposed lock con-

sists of strata of cohcsivu material varying in thickness from a.bout 

12 to 60 teot, overlain by approxiI!lD.tulY 55 r~ct of sand a.nd gravol 

and und~rlain by sand. The bed of cohesive mnturial reaches its 

miniI:ll.U:l thickness between Stations 649tl9.7 and 652fl3.03. ~perienco 

has shown that deposits of sand and gravel such·as those existing at 

the site of the proposed structure are rolatively incompressible. Tho 

consolidation of such materials takes place rapidly; hence, any settl~-

mcnt du~ to consolidation of this material will occur during the CJn-

struction period. For this reason, _only the strata or cohosive mat{!-
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rial::; racciv[id opocial atte!1tion in this investication. ~xamination of 

the samples of the cohesive materials, coupled with the results of the 

consolidation tests indicates that it has been consolidated at some tL11e 

in its history to a degree in excess of that which could have been accom­

plished under the conditions e·xisting at present, This advanced state 

of consolidation could have bee:::i caus~d eitht:ir by the weight of a large 

overburden, or by drying caused by exposure to the atmosphere; probably 

the latter. 
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FA.~T III: ~'JALY.315 Of smE~3E.3 IN FOUiiDATICN !.:i;;DIUM 

Basic Considerations 

13. Snread Foundations, 1'~1e basic proble:ri of this investigation, 

as r.,entioned in Far. 5 1 was tlie determination und comparison of the 

stability of the foundation I:k:diun; for various types of foundations. 

The r::ost economical ::iethod of supportinr; the loci<: 1 would be on a spread 

foundation, and in thu evtint tlrnt tlw stability requirements of the 

structure are con:plied.with 1 this ~etilod may be the most desirable! 

Upon completion of th~ exploration and tests, it was apparent that con­

ditions ~t thu sito are favJrablt:1 for th.:: us1;1 of this type of foundation, 

f::ir es l".'.anti·:mEJd in l?ar. 12 above,. th.:: strata of eohosive mnti.;rial in 

which th:;; ;:,ajority of the consolidation would occur have buen well c':'n­

s::ilidated in the past. In addition, r1dv:mtage can be t-iken of tho over­

lying strr1ta of sand and gravel to distribute the loud on the cohtisive 

m<tturiril bol0w. Consoqut;ntly, th<::l first porti.;n of th.;; analysis was c::in­

ductud considering ·the structure supported on n spru~d foundation. 

14. -Bcr1ring Pilus~ The 1:linimur:i ~unt uf StJttlwnent will occur if 

th~ structuro is supportod :in pil0s drivun through thu cl"tY, since tho 

lo:.!d will thun bu transmittwd diroctly t:i the und-.;rlying sands which n.rc: 

virtually inc~)mprussible. H:rn1;;vur, the hichly c::ms:ilido.ted n'.l.turc :if th.:; 

clQy may r,ak0 ponutration by the pil0s difficult, and it is c:inouivable 

th':l.t tho pilos r..::i.y bu driven to refusnl with::iut conplete penetrati :n. 

N~ mt::ans ::-th·~r tho.n a.n actual tt:st usine; n full scale pilo is k:n~wn by 

which th~ possible dvpth 0f punutrnti~n can be dut0rminod. Tberof;r0, 
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it was cons idur.,d advisabb to COI!lputo the str.:iss assUI'ling bearine piles 

driven only to the top of the clay. For this assur:ied condition, the 

str.oss on the clay will be a maximun, and the settlement computed from 

this stress will be representative of the maximum that can occur When 

bearing piles are used, 

15, Initial Date. The basic data from which the foundation stresses 

were computed were furnished by the District Engineer.. These data are 

shovm by the advance des ie;n sheets described. as follows~ 

a. The general plan, showing the layout o! the lock, canal 
and levees with the accompanying pertinent data regarding 
elevations of various feat'..ll'es of the lock, levee, and 
canal. 

t. The preliminary dasi~n sheets, showin~ the dimensions of 
th.: stru~ttires, unit wa-ig.11.ts of ?l".atel'i-als_,- and_ tl1e_ forces 
applied to the.structure under the various loading con­
ditio~s assumed in the deaig~. 

16. Loading Conditions. Five conditions of loading were assumed b7 

the U~bilo District in the analysis of stresses in thd lock stracture, 

These conditions were as follows; 

Caso I - Norr.:al Condition; Ordinary high water, gate 
seale~. 

Case II - Non,;al Condition; Low water, gati; St:ialed~ 

Case III - Unwatered Condition: Ordinary high wat.:;r, 

Case rJ' - Construction Condition; Saturation at ~lev, 
40,0 (ground water). . . 

Case V - Extreme high water condition.. . . 

Of ·tho above, Caso V was considi;;rod for the upper gato bay Onlyi the 

other conditions Wbre consider~d for both bays~ The an~lysis of the 

foundation stresses was ILa.de for. all oondit1o~st 



f\.!l3lysis of 3tr0ssvs Considbrin~ s~ruad Foundations 

17. EtJthod of Analysis. T.'10 stross at any point in an olastic 

found~tion, resultin~ from any system of suporimpos~d loads may bo com-

:i::utud bJ tho th0ory of elasticity using th·::i e;quation of Boussinosq. 

Tho davulopmont of thu gonoral equation is too datailud ~nd complex to . 
bo included in this momor~ndum, Howev"'r, various invustigutors hnvo 

d.:v~lopod rulntiv_oly sirr.plo solutions for curt11in sp .. ,cifil cuscs. On.:i 

of th.:s0, which w:is usod in this inv;;.Gtig:.ition, w:is duvulop ... d by Je.th'9.n 

1·:. ifo;;r:;r;.rk. • !favsr.nrk cornputud tliu stress '.1t '1 unit depth bc..low tht> 

cor:. ... r of Ji. ruct~\n:;lG subjuct..;d to ~ unit uniform lo'ld, for V'lrious 

dimunsiona of ti<u rsct"ri.glc., ,,.ad t:lbul:.:.t0d th.;;so V".lu.:;s in th~ public".-. 

t ion oant ionod in th& f'ootnot.J. For convuni"'nca, ~no.- e-<i<:ru- af- int.:;rpola~ 

tion, th0 d".t'! obt,1ln:::d by Nuwm'lrk -:r·.i pr0s1mt:.;d gr'\phlcnlly by Figuru 

35 0 Obviously, for 3UY dupth oth.;r th3n unity, th0·scnlu mqy be ~odifi~d 

to give '1 unit depth by divitlinr aoch sido of the rwct,!llglu by t~10 origin·1l 

v·1lu::i of thu dupth. The total struss ".t ~ point is tho sur:-: of tho str0sses 

r0sultine from 'lll of thu nuig.~uorine olom...;nts of lo'ld on th~ foun.d~tlon. 

18. Founda.tion Lo ..... ding. The lo'l.d on th0 found··.tion modium W'lS com-

putod froo tht,; unit wuights of th..: m"..t..;ri-,1, tlL dim::..nsions of th.:: mono-

liths, tho quc.ntitius of .:;;xcw·~th•n ".!ld fill, -:nd thu V'1rious d·Jsign 

lor1di::lC conditions. lri ord:ir to o::.k(J possibb t·::w cornputr.tion of strossos 

by lfowr.i.-:rk' s muthod, it w;s nocoss,...ry to r-:.ducu 'lll lo·!dine;s to oquiv'l.lunt 

uniforn lundin~s on r-.;ctani:;ul"'.r ':r0.1s. For this purnoso, ·th•J 1'.ctu'll r.1npliod 

*"Simplified Comput'J.tion of V0rtico.l Prussurus iu Sl:1stla Found'ltions", 
Circubr no. 24, En:~in0uring Exnurimunt ..it'ltion, University of Illinois. 
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loads were replaced by equi vnlent uniform loads act i::ig on rectansular 

areas so that the total stress on the foundation ~ed!uro would be the 

same for both cases. 

19, Zffect of Sheet Pilinc;. The presence of the sheet pile cut-off 

walls at oach of the monoliths will affect to some extent. the transmission 

of stress throueh the foundation medium, The proportion of incident stress 

transmitt~d to the medium on the tar side of the sheet pile wall is a 

function of the stiffness of the piles, the slack in the interlocks, the 

modulus of elasticity of the soil 1 and rrobably other factors, No methods 

are known by which the amount of stress transmitted may be deterr.iined. 

However, it is believed that the presence of the sheet piling causes same 

concentration of the- &tress- under the structu.!'or end- if_ tha monoliths_ were_ 

cor::.pletely surr~~nded by a perfectly rigid sheet pile wall extending down 

to the top of the clay, the entire weight of the monoliths would be con­

centrated on this stratum. This is the r.iost adverse condition conceivable 

for· tile case of the spread foundation. The actual stress developed in the 

foundation roudium will lie between that exi3ting when the confining effect 

of the sh(jet piles is not considered and that existing v1h.m tho:J weight of 

thu structure is consid~red as fully concentrat0d on the cor:ipressible 

stratum. 

20, Computation of stresses. The cha1-i;;e in straSS6S in th~ foundation 

~cdiur:: for all loading conditions were computud at a numbor of points at 

two elevations (-15 and -40) • approxiI:latt:ly tho top and bottom of th13 com­

pro3siblc stratum. Tho locations of thu points are given by thoir rec­

tangular coordinat0s usinc as thu origin thu intursection of tho center-



lin~ of the u:r;st:-eam rintles with the centerline of the lock charr.ber. 

ThP. chant;e in stress :mdf'lr the structure is f: i ven PY Table II for the 

case in which th"' .'.)ffect of the. sheet pilini; was not considered. The 

change in stress on horizontal sections benPath the structure at Eleva-

tions -15 a~d -40, Case II loading, with the effect of the sheet :r;iling 

neglected is sho~n by Fi~ures 36 and 37. 

. : 
. TABLE II . I 

CHN;G3 IN S':?.ESS I~~ FOUllD.ATIO~~ hSDil1t. FOh SPi<EAD FOU:IDATION &GI.ECTnm1 
§FEJT CF SHEET 1- ILING i 

1----~-----------~ 

l DESIGH ASSIB.1f1'ION - CASE 

II Ill 
! 

IV ! v ::ooRDIHATES I r I 
OF FOTI!'I' ,...---------------------.--------

!·ET 3TrtESS. CHA!~:;3 rn LBS. F.3.':t S'.,, FT·, AT ELEVA~ION 

l -15 I -4o i -15 I -4o i -15 
1 

-4o i -15 -40 l -151 
U?PSR GATl l l l I l BAY i I i 

-53, 32.5 
-53,-32.5 
-19, 33.5 
-19,-32.5 
-19, 63,5 
-19,-63,5 

24, 32.5 
24,-32.5 
24, 63,5 
24,-63.5 

317.59 32.!: 
31'1.5' -32. t 
31?.5, G6.~ 

317.5.-66.~ 
362, 32.5 
3G2,-32.5 
391.5, 32.f 
391.5,-32.:s 
391.5, 66.~ 
391. 5,-66. f 

I -64 

i ~i 11 

I 10?5 
: 91? I 
I 203 , . 

-43 ' I 
1457 I 

l' 97'3 

I 

-94 15 I 
-305 -20 

236 580 I 
184 512 
70? 1165 
542 100? 
2641 250 

211 4 
101111449 

59? 971 

I 

-41 1138 
-252 103 

3301 846 
278l 778 
?68 ll?9 
. J3 jl021 

..;991 1?2 
561 -74 

1027 1262 
6131 784 

j 

I 
I 

13 
-198 

403 
351 
775 
610 
289 

46 
966 
552 

I llO 
75 

824 
756 

1241 
1083 
I 170 
1 -76 
11266 

788 

I 

5 i -60 
-206 1 -95 

4151 326 
363 258 
ao2 I 1098 
637 I 940 
2s9 I 178 

46 I -68 
981 I 1501 
567 ' 1023 

-370 -2831 -1781 -147 I -35 -1331 139 -s 
-555 -472' -363. -338i -220 1 -322 -46 -197 I 
1120 617 I 1107 I 670 1011, 652 1152 739 
834 2101 821 263 725 245 866 332 

-896 -565 -1101 -310 -444 1 -405 118 -166 
-931 -619· -1451 -364 -4791 -459 83 -220 
-1303 -100? l-1110 I -969

1
·-1349 -1051 -1015 -091 

-1321 -11141-1128 -1026.-1367,-1108 -1033 ·948 
-632 -594 1-956 ; -65lil -8991 -650 -875 -574 
-766 -761 -1090 I -817j-1033i -817 -1009 -741 

I • • 
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-95 I 

-306 I 
231 I 179 

. 716 I 
551 I 
256 

13 
1016 

602 I 



ADalysis of Stresses Considering ~earill!' Piles 

21; Foundation Stresses. It is not possible to a::-rive at an "IXact 

·estimate of the stresses e:xistin::; in the foundation medium when the 

structure is supported on bearine; piles driven to the top of the clay 

because of the virtual impossibility of 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 tJ their points, and there applied to the foundation medium. 

Tilis condition is analosous to t~e !!lOst adverse condition considered in 

Par. 19 above for a spread foundation, for in both cases the total load 

is assuned transrili tted directly to t!1e co~press ible stratum. 



PART IV: STREJm'IH OF '.lli3 FOUNDATION MEDIUM 

Preliminary 

22. Critical conditions, In determining the stability of a founda­

tion ~edium, the possibility of two types of failures must be considered; 

first, failure caused by excessive settlement resulting from consolida­

tion of the compressible strata in the foundation medium; and second, 

failure in shear, with the material flcrning laterally from beneath the 

structure. Concerning the former type of failure. it may be mentioned 

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

the voids of th.e compressible strata, and h0nco, is a slow process requir­

ing continuous application-~ lnruL Ther~for<i, the critical condition tor 

settleIDGnt is Caso II, normal condition; low water-gate sealed. Although 

the high water poriods of the Pearl River are of long duration, they will 

be excluded from the canal by the levees, and hence, will not be effective 

at the lock. Only floods in the tributaries acting as feeders to the canal 

abovti the lock will be effective, and they are of such short duration as to 

warrant no consideration. For the latter-mentioned tYPe of failure, tho 

loading condition producing the greatest latural stress gradient will be 

critical. This was found to be Case I, th~ normal condition;. ordinary 

high water, gate sealed. 

Settlement 

25, Theoretical Considerations. As indicated by Figures 36 and 37, 

upon completion or tho lock, tho net chango in stress in some portions o~ 

the foundation modium is negative,· This is due to the fact that the not 



strc.:ss chrrneo is thu r>.lgobr!lic sun of thc.. positivo strc:ss oxertod by 

thu w..:.ight of th::i g'lto_b"\yS 'lnd fill, :rnd th0 n:;gri.tive stress resulting 

from tho uxcnvntion for the lock, In tho construction of tho lock, how-

over, th;; uxcriv·1tion of thu portion of t:-io lock ch·:mbur r-.nd C'ln<'il ndYc.:mt 

to th:i monoliths rrob<>.bly would bo col:lplct..;d bc.ifore the pl11c..i!:1Gnt of con-

cr0to• n.nd upon th ... complotion of this oxc'l.V"ltion, tho chc-,ngc. in stross 

ovur tho ontiro found-ition m~diw:i "m>uld bo nog~tiv~. If thu ..ixcnv~tion 

woro l~ft open lon~ enough, tho undurlyir.ig. n'1tori~l would expand undor tho 

influunc~ of this nog~tiv0 stress to ~ degro..i of consolidation oorrospond-

ing to tho r~duc0d ovurburden. Upon 1pplicntion of the lends from tho 

otructuro, thu r.:·~tori.-:.1 .rnuld roconsolidnto, .-:.s indica.tod by the void-r~tio 

wX'1ct, rolntion bot11eon tho time of rebound otsurv;;d in tho tost 11nd th.j 

timu of rebound in n"\turo is as y~t ir.zr~rractly undJrstood, ~~d thcroforo; 

th0 proporti'.:>n of thu thoorotic<>.1 rebound which will trike plr.ce duri:.1g con• 

struction is not kno·.vn, It W<?.s belioV•..;d "\dvis'lbL.i; howev0r, to -idopt tho 

consor\rri.tivo nssurr.ption thr.t ".11 rubound is complotod boforu tho r.pplic'l-

tion of lo'ldS pr:>duc.::d by t~1c structure; Tb.is is th0 noro unf·'!Vorablo 

::iitur.tion, rmd th;; effect Clf interruption of construction oper::t1ons by 

hi3h W'ltcr is prr:>·1idod for, '!'he m1gnitudr; of t!"w sottlom-;;nt of ri. struc-

turo resultine fr·l!TI cJnsolid~tion of tho cC1npr0ssiblo m'\turi'll in th~ 

found1tiu~ medium is o~mputed by tho firmuln: 

Scttle:mont • t 

i!l which 0 1 is thJ void-r'?.tio prior to consoli"d'1ti in.J o3 , tha void-r:ltiO 



after con3olidat ion, a:id t, is the thiclmess of the stratUr.i in question. 

The total settlement is the surr. of the increr:.ients re:mltinc from tho con-

solidation of the compressible strata. 

24, An~lysi~ettle1:ient. The settle1J.Jnt of t:1e structure was 

estimated cOi1Siderins b<:th tlle spread and pile foundations, with the 

lock in two of the tnree positions mentioned in rar. 9. The first loca-

t ion con.3i 1ered was with 1h e center of t)1e lock chaober. at Stat ion 

647t73,03. In this position, the foundatio1' :;:edia under the upper and 

lower gate bays is represente:i in cros:J sections by the loes of 3orin:;s 

::os. 16 und 15, respectively~ Since tn'3 thickness of the cohesive r-..iaterial 

at Jorinc :~o. 15 is about 42 feet ereatt;r tnan at Borinc Ho. 16, .a second 

posit ion of tl:e loeK was, co:i.sicleJ."erl- wi-t.1L tha center ot ti10 chaobtir at 

Stution 650tG6.4. At this location, tio foundation I:Jedia under tha upper 

and lo~er r,atc bays is representdd in cross sections by the lo~s of 

Borings Hos, lG and 37, re:>lJectively, A third position of the lock was 

considered wit!. tl10 centur of th-: c~;ar.:ber at Station 644t79.69, but a3 niay 

b-..: notud by rufurunce to FL:;urws 2 to 5 1 inclasivo, thu thicknoss of the 

co~prossibl0 strata at this positio~ i:J gr0at~r than at tho two prciviously . 

furth0r aualysis was not ~ad~, Thu r0sultD cf thu s~ttlan:ent analysis ar~ 

t:i vun by Ta.blu III on t~a following pa.-s0, in .,,;1ich tho eoordinat..:::s shovm 

rz;fe;r to the; x und y distancos frorr. an ori.3in takun at the. intursoction of 

thu ce;.at·..:rlin:i of thu upstrea.::l pi::Jtl<JS with thu cont;:irlin'-' or thu lock 

charabur. 
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T.ADU: III 
R33ULTS OF SL'TLE!.iENI' ANALYSIS 

ALL S3'1'l'I3!.:51ITS IN FSET 

Center of Lock Chamber of Station 647t73.03 I Coordinate~ ) Ultimate Settler:ient · Ultimate Settlen:ent for Bearing1 
0 - t . 

of for Spread Founda- ' Piles Driven to Top or Clay. 

I Point tion. Effect of and for Spread Foundation 
Sheet Filing Neg- ,Assuming Full Conf tnement of 

lected, I Stress by Jh,,ot piling 

Upper Bay 

-53, 32.5 
I 0.01 0.07 

I -53 -32.5 I 0.01 0.07 
1-19: 32.5 0.02 o.o5 

-19,-32.5 0.02 0.05 
-19 63.5 0.05 i o.oa 
. ' 
-l,9,-63,5 0.04 

I 
0.07 

24, 32,5 0.02 I 0.12 
' 24,-32.5 0.02 I 0.12 

24,. 63.5 (}.,_(}6- i 0.16 
24,-63.5 I 0.04 0.14 

I 
I 

I Lower Bay l 
317.5, 32.5 0.02· 

I 
0.13 \ 

317.5,-32.5 0.02 0.13 
317.5, 66.5 0.04 0.19 
317.5,-66.5 0.03 0.19 
352, 32.5 0.02 0.43 
352,-32.5 0.03 I ci.43 
391.5, 32.5 0.01 I 0.13 
391.5,-32.5 0.01 I 0.13 
391.5, 66.5 0.01 I 0,01 

' 
391.5,-65.5 0.01 I 0,01 

I 



Coordino.tes 
of 

Feint 

-53, 32,5 
-53,-32,5 

I -19 1 32.5 
·19,-32.5 
-19, 63,5 
-19 -63,5 , . 
24, 32,5 
24,-32.5 
24, 63.5 
24,-6315 

317.5, 32.5 
31?.5,-~2.5 
31?,5, 66,5 
31? 15,-66,5 
362, 32.5 
362,-32.5 
391.5, 32.5 
391.5,-32.5 
391.5. 66a5 
391.5,-66.5 

TA.BL& III 
(Cont'd•} 

RESULTS OF SETl't3MZ!iT ANALYSIS 
ALL SE'I'TLla.~N1' lli FSET 

Center of Lock Chamber at Station 650f66.40 
I 

Ultimate S0ttlumont I Ultimate Scttlomont for Bearing 
for Spread Founda-

I 
Piles Driven to Top of Clay, 

tion, :iff oct of ' and for Spread Foundation 
Shout Piling Noe.,. I .ASsuminG Full Conf inemont of 

loctod. Stress by Slieut P1ling1 

Uppor Bay 

0.01 0.07 
0.01 0.07 
0.02 o.os 
0.02 0,05 
o·.05 o.oa 
0.03 o.os 
o,oz n_ ,, 

V•.&._..t._ 

0.02 0.11 
0.05 0.16 
0.04 0.14 

Lower Bay 

0.02 0.07 
0.02 0.07 
0.03 0.10 
0.01 · o.o9 
0.03 0.16 
0,03 0,16 
0.01 0.07 
0.01 0.07 
0.01 0.01 
0.01 0.01 

· ·. -1s-



I.n b.tecy.roti:l'!. tho values of settl13i.;;ent given iu Table III, it should 

be borne in rni'1d that the values given for the cas•:i in which bearing 

riles are used may be exceeded, due to the disturbance of the co1npressible 

muterial by the driving Op'3ration, T!1is fuct has been ijiVen consideration 

· by several invest igatorc, * but an er;t inate of t~ie amount of th is d istur-

b11uce, and its effect tm,.ard incrE>asing the S•Jttlement was ni.it considertid 

practicable. 

25, Tir:.0 of Settlument. T:1e tir.w roquired for the consolidation of 

a strat\U~1 of r:iat';jrial in naturo io.ay be ascertainud fro~ tbi: rtiSults of a 

·cons:)lidatior. test of a sp1:;;cirrHm of tiE: ::iat~rial. The ratio of thu time 

SC!llu in nature; to t:1'"' t imu seal<.> in t!.w tu st is equal to t hu rat lo be-

twuvn thu squaru of the thicl~uuss ol tlw stratum in quc.stion to thu square 

of th.:. thickn;.;ss of th"' tuot Spucir:1•J:.l. Thu ti:::o-sc.ttlur.,::J;J.t curvus for tho 

upp•:,r a.-id lowur bays at each posit ion of tho lock uru Shown by Fi011ros 38 

to 40, incl usi voe It should llo notod that Fisur(I 39 ropro:rnnta tha t imo-

scttlom:.:nt rulat ionship for tt1i:. uppor buy v1h"'r. tho cuntur of tho lock 

ciiunlli:;r is at Stution 647f73.03, and for the low-.;r bay wtion the contur of 

the. lo(!k is at Stat ion 650t66.4-0. 

Latural Flow 

26. Sucm·ity against f<iilurc in sho·Lll". Shoar failurus of foundation 

m·.,diu aru cl1aructorizod by laturul flow of t:iv mntorial fron bonoath tho 

structuro 0 This flow rusults fro~ c.xco:rnivo shoarine: strussus causud by 

suporimposod loads, Tile; t~ndu!iCY toward lut:;rr1l flow uxistine in any 
*Suu for insto.nco, ":'hu Structure_, ol Clay and its Irnportuncc;, in Foundation 
En~ino'..;rinr:", by Arthur Casagra:1ciu, Journal of tho ·Boston Socioty of Civil 
Er..~ill.:lors, Vol. XIX, No. 4 1 A~ril, 1~32. 
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strntmn of rn'ltor ia.l CT'l.Y bu oxpr:.;ssod in t·;r::;s of "ect i V;,; latural pr•.;ssuro", 

;·1hich is the ma.:;nitud.; of thCJ rosultunt i'orcv olit:.iin!:>d by subtracting tho 

shcu.ri~ rosistunco of the. mat..;ri11l fro:n th.:. s:1en.rinz force cruatl.)d by 

tho lon.ds. N!lturully, whon tho sho~ing stross croutod by the loads bo­

comos losn thrui th;; shuaring ronist::.ncu of tt:i r::'lt0ri~d, no _11ctivo prossur.., 

is producod, ri.nd inot•J'.'.d th·:i mat:iriul offurs '1 ''p•wsive rosiatnnco" to th.; 

<~ctivo proasuro tr'.ln.s:::itt:.d to it Ly r1djoinin:; r:-.«.torinl. Bc;f0ru lc.tc.ral 

flow cnn to.kc plr.iC.J • thw totril net i vo l'lt<.;ral pr::.ssur\i du;; to thu c.ppliod 

1011d nnd the OV;.;rburdon illUSt bu i;rontwr thnn th1.; pussi v·.:. roGistance of the 

ovorburd~n, coupled 1nth th~ pn~sivo rvsistnnco 0'1.US;.;d liy the sho'1l'ing 

strong-th of tt,u soil in '!11.ich no nctivo pr\Jsaurc in cront.:id. '.!?ho tot'll 

russivo r.:..si:Jt'.lnco of th,;J ov~rburdun dupunds on it~ shonr str::ingth o.nd 

·.ivight, ninco durint: flo·1; thu u'.ltir;, n-i.s:J of noil ~bovu thu criticnl 

. str'1tU.':1 mu.:::t bu 1 ift1.;d. Jh 11;;; lr..tur'!l i'lo~'{ of cohus ionlo:.is ma.turinl is 

pos;Jiblu, loo.ds much !1iC.cr th:m tho30 existing un.dor th\J lock e.r.:. r.J­

quirud to produce; this condition D.nd lune;:;, th:.: st[1bility of tho aoh.:isivo 

D'!torial c- ly wa3 dotor::Un•Jd in this inv..:sti[','ltion. :Pruli.:m.n'\I'y comr,utl\-

tions on bnsis of th~ considorr..tions outlin~d ubovo indicli.tod that 

tho w~ximur.i "..Ct i vc,; forco cxortrJd by thv cohos iv-.; ro:.:.ttJrinl is 1lpproxi­

~(1toly 60 pounds pur squc.rc.: foot, while th:;; rc.ssiv,; rosistnnce of tho 

ov.;rburdon is about 3500 pounds per square foot. It cnn bo soen th'1t 

no poncibility of found.at ion failure by lr...tor:-i.l flow oxists. '.:'ho nbove­

r:1·.;nt ionod oo:;rputl"l.t ions n·..:p.bctod thu offeict of the muut pil.., cut-off 

WQlln which would confine c lnrce portion of thu mli.turinl oven if R t~n­

duncy to·111i.rd latur11l !'lov1 did oxi~t. 
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FART V: CO!iCLU.HOI:S ).?ID DISCUSSION OF RESULTS 

27. Strenrith of foundation mediur:i.. The strength of the foundation 

medium has been ascertained for the two locatioll.S of the .look, considering 

the two critical conditions; namely, failure by excessive settlement re-

sulting fror:l extensive consolidation of the compressible strata, or 

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

tho structure. The limits within wnioh this strength has been aseer .. 

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

two critical conditions are sur.oarized in the following subparagraphs. 

~· Settl~r:ient to be experienced considerin~ spread foundation. 
Tn0 sottle:::rJnt to be experienced by the loci has been es• 
tiroat~d for each of thd two locations given in Par. 24 and 
the results are shown rn Table Ill. Tho- ~sults, as- ox~ 
plained in }'ars, 19 and 21, are based on the following 
assumptionss 

( l} No confin0I:1c;nt of the stress in the portion of -the 
foundation rnediU::l, which ov..:rlies the comprossibl., 
materials, will be effuot~d by the sheet piles under 
the monoliths. (Results in Column 2 of Table III.) 

(2) Full confinement of the stress by tho sheet piles 
under the monoliths, which provid6S for no distribution 
of this stress by.the n:at::;rial overlying th:3 oompress­
iblo portion of the foundation medium. This condition 
is analogous to that for bearing piles driven only to 
the top or the compressible strata desorib~d above. 
(Rosults in Column 3 of Table III.) 

No rwthod of analysis is knovm to be available by which it is 
posoibl.;i to narrow tho limits establiohcd by the assumptions 
givun abovo. HowE:svur, considoration of sovoral fdatures of 
sheot pilus which, it is bolicvod, affoct their restraining 
ability arc worthy or mention hurc, Tho sheet piles will bo 
approximatoly 40 ft. lon~ (busu of monoliths, El. tl3 or tl5; 
top of irr.purvious strata in vi:iich soal will bo made, El, -15, 
~ud asouming a 10-ft. ponotration); hence, they cannot be 
uxp~otod to be perfectly ri~id as assum~d in (2) abovu. The 



slack in thu joints cf tho sh..::ut piles, estiI:latud to be 
1/8 to 1/4 inch, is believud to be sufficient to allow 
sufficiont strain to dl.lvalop for th~ transr~ssion of str;;ss1 
F11rtli,,r, t:1c:. 11ut ... riuls lying botwe,,1m th..J base of tht:i mono­
litlrn and. thv co::iprussiblu strata u.ro sand and grav.:;l, both 
vf which aru r .... lativuly incomprussiblo, and thus only a 
3light lateral doforcation of tau she1;1t pili:ig would be 
ruquired in ord.:::r for th.J struso to b.;: distributeid through 
this 1:iodiu=i. in a nori:;;al rr.unner. Cousidoration of the fuatures 
outlinud aoov0 indicat~s that it rr.ay b~ coLcluded that the 
proposed lock structur..i will uxpurioncu settlomonts closely 
approximating thosv giv.Jn in Colur.m 1 of Tablu III in tho 
ovont spraud foundation3 are used •. 

b. Settlmr.;;nt ·to be uxrh:ricncll-1 con::;idorinr us:; of b1;;aring 
nilos. Th;; Ei3tir::atei of thu settleimont to be uxpuriuncod 
by the proposGd lock at eith.,r of thu t-110 locations givon 
in Far. 24 considerin~ a bearing pilo foundation is given 
for two condition.'.>; nw:lvly, pilos drive:n only to tho top of 
thu cor.Ipressiblo strata; a~d pil~s drivon compl~toly through 
thc&J .materials. into thu doup, undurlying sand. For thel 
first Of tno above, sibations (pilos to top orcray}, ttrn 
r..ax:ir:;um sottl.Jr.iunt, which it is b(Jlic.vod will occur, is that 
shonn in Colm:m 3 of ~ablo III. ?or the svcond situation, 
( pilus through th ... clay), it is believ·.:d ttero will be no 
sott lol!IJnt. 

E..• Stability of rounduticn 1:ridiuro insofar us shc.ar strength is 
concJrnud. It ~ay bu concluded from thu 1:iforrr;ation shcrnn 
in Par. 27 that t'.1u foundation .:1c:diwn, con.'.lidorinc; the 
contur of t!1e lock at oi th-.r Station 647,-!73.03 or Station 
650f'6C..40, i~ u:xcocdin;r,ly stable;, and that no danger of 
failure by lataral flow oxists. 

28. Locntion of thu lo~k. It is boliovcd that thu proposed lock ru;:y 

bust bu locatud wi tll tho contur of thci chanbur at stat ion 650t66 .• 40. In 

this position, thu thicknuss ot tho strata of clay undor tho uppc.r and 

lowor gat., b'J.ys would bv loss thun ut uny of the othur sitos explor..,d, and 

conscqacrntly the r;robable ac.ttlernunt ·1rnuld bo lass. In this·:position, 

th.;;ru i3 an~lu cohusivu roaturial to form an ililporvious s~al for thu bottoffi 

of tho shoot pile out-off walls. 

X!ID OF ?1~.iORA.iIDL'M PRDP&l 
(l!' igures follow) 
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