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FOTJ?I'J .. TIOIJ Alm sons mvESTIDATlON 

l:Al"OU COCODRIE DRATirP.GE STRUCTURE 

PA."\T I: .. lNTRODUCTIOlf 

Location and Description ot Project 

1. The l3ayou Cocodrie drainage structure v11l be constructed 

through the Tensas-Cocodrie Levee at Sta 624-1-29 on the east bank or-myou 

Cocodrie about three miles vest ot Sb.av,, IDutsiana. The site lies between 

a reach ot Ba.you Cocodrie and Grand cut-Ott Bayou; the Red River is about 

2000 tt vest and south or the site. 

2. The proposed structure consists ot a :t1ve-barrel {ea.ch 10 tt b.1 

15 :rt) reinforced-concrete box culvert, approxima~ 200 tt 1n length, 

having a 66-tt intake basin at the upstream em, a gate operating tover 

and st1111ng basin at the. downstream end, aDl tha neces8827 approach an4 

outlet channels. The approach and outlet cbMnels vUl be protected bJ' 

18 in. ot r1prap over~ a gravel blanket tor distances ot 136 am 143 

tt, respective~. Flow through the culvert vUl be controlled b7 tive 

mechanic~ operated,, vertical-lttt gates at the outlet em.. (See plate• 

lam. 2.) 

3. In the general vicinity ot the site tbe natural. ground surface 

elevation is about 4o.o :rt mal; the lovest elevation or the bed ot ~ 

Cocodrie is about ll.O and that ot the Red River about -48.0. The invert 

elevation ot the culvert 1s ]J.O at tbe intake and 10.0 at the outlet. 

Tha invert o:t the stilling basin is o.o. The levee V1ll have a crow 
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elevation of 56.0 vhich ?r!J.Y bo ultmatel:y raised to elevation 64 by means 

ot a wll on top ot the levee. 

4. Dur:lDg excavation and construction operations the site v:Lll bo 

protected by an earth cofferdam with a crown elevation of 52.0. b 

cente:- line ot the proposed cofferdam is sbovn on plate 1. A levee vill 

be constructed across th.a bayou to the vest bank, and a channel routing 

the bayou through the structure vill bo excavated. 

Geolos.y ot Site 

5. The site ot the proposed l3ayou Cocodr1e control structure lies 

near the southern edge of Dismal svamp, a large flood.basin which extema 

oorthward to Deer Park, Louis:lrula. North, east, and vest ot Diaml Svanp 

z:eander belt ridges ot the present and several. tormer courses or the 

l.U.ss1ssipp1 River rise from 10 to 20 rt or more above the lovland.. South­

west ot the site, the lovl.aiid contimles in a series ot lekea and 118nhes1 

traversed by the natural. levee ri~s or the Red B1ver, Bayou Natchitochas, 

Bayou Cocodrie, and several smJler bayous. The Bed River baa occupied 

its present course near tha site tor several hundred years. Whilo thlt 

present and the reconstructed f'ormer courses ot the Mississippi River pus 

east and vest ot the proposed site, it 1s believed that a Mississippt 

course older than 8.fJ3 of these rray have occupied the present basin prior 

to the inception ot its backsw.mp role. Th.ere 1s also a 11kelih0o4 that the 

Black River may have preceded the Red River 1n the present Red River course, 

and that either ot these streams rray have used Grand Cut-Ott l3ayou east of 

the site. Grand Cut-Ott' J?ayou was e.ctivo until the construction ot the 

Mississippi River levee system. 



PART II: FIEI.D EXPWRATION 

Borings 

6. Seven borings, ot which four were undisturbed sample borings, 

were ma.de during the period January-March 1948. Locations ot these 

borings are shovn on plates land 3J the boring logs are also shown on 

plate 3. All the borings vere carried from 5 to 10 ft into the sand 

stratum found at a depth ot approximately 70 tt belov the natural gi-ound 

surface. Due to high water at the time of' drill 1ng, some ot tha borings 

were shifted from the plamied locations. Borings l and 5 were mt 

drilled and their scheduled locations are not shown on these plates. 

General Soil Conditions 

7. All borinss 1nd1cated relatively uniform stratification which 

is generalized as toll.ova: 

.!• Natural ground surface (approximate elev Ja.o) to elev 28. 

3 

A highly stratified zone of silts and silty clays, reddish 
brovn in color, having an average water content ot about 30 
per cent. These soils are termed Red River deposits 1n 
this report. 

~. Elev 28 to approximate elev -10. A stratum ot higbl7 
plastic, jointed, blue-grey clays With a clay content 
(< 0.005 11111) averaging about 8o per cent, a liquid 11mit ot 
91 per cent, plastic limit ot 29 per cent, and plasticit7 
index ot 62 per cent. The upper 18 ft ot these clays had 
an average water content of about 55 per cent; a middle 
zone (6 :rt), an average water content ot 45 per cent; and 
the lover 14 :rt, an average water content ot 50 per cent. 

~. Elev -10 to elev -30. A stratified zone ot gray sandy and 
clayey silts, silty sands, silty clays, and clays. 

~· Balov elev ·30. Clean uniform f'ine to medium sands am 
gravelly sands. The depth of this sand stratum 1a unknown 
but 1nd1cat1ons f'rom available geological information are 



that it is 100 ft or n:ore in thickness. As the bed ot the 
Red River reaches depths as low as elev -48, this stratum 
may be considered as being connected to the river. This 
is cont'irmed by observations of piezometers installed in 
this stratum at the site. 

Piezometera 

4 

8. Atter completion of the borings, six piezometers vere installed 

in March 1948 at the land.side edge of the levee crovn in the vicinit;y ot 

Sta 6ZT and 628. Three or these piezometers (2, 3, end 4) were installed 

tor the purpose ot observing the pore pressures induced in the clq 

toundation b;y the levee vhich was completed in the tall ot 1947. These 

piezometers consisted ot a porous stone tube 1 tt long an4 l in. m, 

surrounded b;y ottava sand. The porous tip was connected to 3/8-in. m 

_Saran tubing which was carried inside a 3/4-!n. galvanized pipe to about 

one foot above ground surtace. The vater level in the p1ezometer vaa 

determined by an electrical sounding device. ot the three reme.1ning 

piezometers (Nos. 51 1-S, and 2-S) t-vo were placed in the heterogeneous 

strata between elev -10 am -30 and one in the sands found below elev -301 

to determine the effect or river stages on the hydrostatic pressures 1D 

these strata. Piezometer 5 was of' the porous stone 'tJP8 described above. 

Piezometers 1-S and 2-S consisted ot 1-1/4-!n. galvanized pipe vith 5-t't 

sand tilters beneath the open lover ends. All piezometers vere tlll.ed 

vith water at the time of installation. Locations ot the piezometers are 

shovn on pl.ates l and 4. 

9. In October 1948, t1lO additional piezometers Vith porous stone 

. tips (llos. 6 and 7) were installed 1n the clay strata between elev 28 and 

-10 landw.rd rux1 rivervard of the levee at locations where the hydrostatic 



pressures 1n th'l clay trould not reflect tha intluence of' the levee load. 

The inirPOOe of' these piezo::::i.eters w.a to obtain the elovo.tion of' the 

natural ground-water table. 

Pore pressure 1n the clay foundation 

10. Piezometer observations are sholm on pl.ate Ii together vith the 

stages ot the Red River at llayo~ Cocodrie. It Vill be l"Oted that the 

piezometers 1n the clay toundation beneath the levee 1nd1cate that stages 

ot the Red River have little effect on the hydrostatic pressures 1n the 

clay. It thus appears th.at the excess pore pressures in the clay f ouma• 
tion, due to incomplete consolidation under the levee load, might be 

represented by the ditterence between the piezometer reM 1DgS am some 

relative~ fixed, normal ground-water table. The fev readiDgS on pfe. 

zometers 6 and 7, vhich are away tram the .1Dtluence ot the levee load, 

appear somewhat affected by the river stages. The lowest water levels ot 

these t\lO piezometers vsre about elev 28. Thia elevation also 1a the 

approximate depth ot soil oxidation, vhich voul4 indicate that it is 

probab~ the minimum water table reached in the cla;y foundation. 

U. Observations made on settlement plates beneath the levee short• 

~ after construction 1.JJd1cated tbat f'rom 25 to 40 per cent ot the total 

expected settlement ot the foundation bad already occurred in the vic1Dit7 

of the piezometer installation. In computing the degree of consolidatio'll 

f'rom the piezometer observations, the excess pore pressures in the 

foundation vere assumed to be equal. to the difterence between the 

piezometric head sbovn by the piezometers and an assumed water table at 

elev 28. Bo.sed on observations ot piezometera 2 and 3, it is estimated 
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that the cla.y foundation 'ms nbout 58 par cent consolidated under the 

leveo load on l July 19481 and about 64 per cent consolidated on 1 

Ja.nuary 1949. In computations ot settlement or the proposed structm-e1 

it 1lt.S assumed that the foundation is 50 per cent consolidated under the 

existing levee load. 

Jrrdrostatic pressures beneath the clay foundation 

12. Piezometer 1-S 1n the sands belov elev -30 closel.7 tolloved 

the Bed River stages. CW- 'the tw piezometers in- the- eExatUi-ed-zom--­

between elev -10 and -301 piezometer 5 also showed close agreement with 

river stages with the greatest variance occurring during the period ot 

lovest stages. The performance ot piezometer 2-S appears questioMble• · 

and the piezometer 1s believed to be partially clogged. On the basis ot 

tbe observations or piezometers 1-S and 51 it is CODCluded that the pis­

ometric head at the bottom ot the cla7 stratum (elev -10) is approxi• 

matel.7 equal to the water level ot the Bed Biver. 
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PART nI: LABORATORY TESTS 

13. Visual classification and natural water content determinations 

vere made on all samples except sands. Cwsitication tests (mechanical 

e:aalyees 8lld Atterberg llmite) were made on selected aam;plos. Consoli• 

dation teats and rebound teats were performed on undisturbed specimens ot 

clays and silty cl.aye. A COJll!l1'8hensive program of shear strength tests 

VM carried out, princ1~ on undisturbed samplea trom the cla.Y stratum. 

A tev triaxial compression tests were made, but most of the shear teeta 

were ot the l.mconfined compresaion type. Permeability tests were per­

formed on remolded samples or tha eanda below elev -30. Compaction tests 

vere marle on soil samples trom the Bed River deposits and strength teste 

vere performed on the com;pacted spocimena. 

Class1ticat1on Teata 

it,.. Data on the grain-size distribution and pl.asticiey cbaracter-

1atica are shown on plate !) •. Classification data trom consolidation teat 

specimens are contained in table 1. Data pertaining to samples on vbich 

shear strength tests vere performed are shown on plate 6 and ill table 2. 

Consolidation 8lld :Rebound Testa 

15. Attention is directed to plate 6 and table 1. Six co111JOllda· 

tion tests vere performed on lmdisturbed specimens ot the toundatian. 

soils: tour on cley epeclmena taken betveen elev 28 8Dd -10, and two on 

eilty clay specimens takon between elev -10 and -30. 'rho average comprea• 

aion index, Cc, ot the cl.aye vas 0.50 1ncl1cating a high degree ot 
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compressibility, uhile that ot the silty clays w.a 0.30. 

16. The time required for 50 per cent consolidation of the l.2-1n.­

th1ck clay specimens drained top and bottom ranged :from JJ· to J.6o min for 

the various load increments and averaged about 40 min tor the load range 

involved 1n tho t1eld; that of the silty clays averaged a.bout 8 min. Aa 

Y1ll be discussed later, a much :raster rate of consolidation ot the 

foundation under the existing levee was illdicated by piezometera aDl 

settlement plates inst.al 1 ed 1n the field. It is believed~ that there 1JA7 

have been unavoidable smearing end sealing ot the slll'f'aces ot theso h1gbl7 

Jointed clays 1n preparing the test specimens, which greatly reduced the 

rate ot consolidation. 

17. Because ot the possibility of the structure excavation reuain­

ing open for sufficient time to allov considerable rebound ot the f'ounda­

tion clays_, the rebound ot loaded laborator,y specimens was observed. 

Fonr undisturbed specimens of the clays betveen elev +10 and-~ were 

first consolidated under pressure e~ to the 1n situ pressures beneath 

the levee center line and then al.loved to reboUDd by removillg the load m 

decrements. Tho average swell.1ng 1D:lex (C ) ot these clays vas about 
8 

0.05. The time tor 50 per cent rebound sbowed a greater variation Vltla 

load than the consolidation tests,, being trom 9 to 210 min under tha 

various loads, vith an average time ot 80 min tor the average load at 

0.24 ton per sq f't expected atter excavation. 

Shear Strength Tests on Undisturbed Foundation Soils 

18. The shear strength testing program consisted pr~ ot un- _ .. 

contined compression tests. A tev quick triaxial compressicm testa were 
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performed in addition to trin:xinl testing of sinele specir!cns, some ot 

vhich vere tested undrained with the lateral pressure, a 
3

, equal to the 

total in situ pressure of' soil plus water (QT-total) 1 and others f:lrst 

consol1da.ted under the effective in situ pressure ot buoyed soil and then 

sheared undrained (~T-ef'f'). Shear strength test results and pertinent 

data on the soils tested are shown 1n table 2. !rhe results of' the uncon-

tined compression tests are plotted against depth on plate 7, together 

Yith natural water contents of' test specimens and cl.assif~ation data,, 

The tolloVing tabulation gives the average results ot the unconfined com­

pression and quick tr1ax1al. tests on the cley's and silt7 clays: 

Number of Av~ Cohes:lan 
Test Boring and location Specimens tonlsg :rt 

No. 2 - Structure center 20 0.33 
line 

No. 7 -- 300 tt vest ot 12 . 0.36 
Uncontined structure center 
compression line 

No. 8 -- 300 tt east of 8 o.]la. 
structure center 
llne 

Total 40 0.3~ 

Quick No. 2 -- Structure center 3 ¢. 20 0.30 
tr1ex1al llne 

B'ote: Cohesion• one-bAlt UDCont'ined compressive strength. 

The average shear strength of all the single triaxial test specimens, 

QT:-total am ~T-ett, was o.45 ton per sq tt, assuming the shear strength 

01 - 03 equals ~ 2 ) (sin 600). :Based on tba shear strength test results, 

a shear strength ot 650 lb per sq :rt was used for the foundation cla19 in 

allot the stabilit7 anal1Bea. 
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Co::,.,:i.ction nr.d. Shear Stren'.}th T~nte on Rcmlded. Soils 

19. Compaction tests using standard Proctor eguipment, but vith the 

number ot blow reduced from 25 per layer to 151 vere run on tour mixes 

ot the Red River deposits found in the upper l2 tt ot the natural ground. 

It was expected that the mixes vould represent backfill consisting ot 

these materials. The lesser number ot compaction blows was used because 

compaction ot the backfill will be llmited to that obtained by cravlar­

type tractors. A tev molds vere compacted with 8 blows per ]Jiyer. One-

illch-diameter uncon:f'ined compression tests were performed on all compac• 

tion m::>lds. Compaction curves and variation ot cohesive strength versua 

molding water content are show on plate a. The tollov1ng tabulation 

gives the average compaction and strength characteristics ot the Red 

River deposits: 

Grain-size distribution Sand i,»; silt 49,(; cJ.a7 38j. 

Atterberg limits LL • 50; PL • l.8; PI • 32. 

Natural water content ~. 

15-blov compaction 23~ optimum water content, 98 

Unconfined compression 
tests 

lb per cu f't optimum dI7 dens1t7. 

Molding Water 
Content 

Cohesion 
t/sq t't 

1.01 
0.79 
0.58 
o.la-1 
0.20 

Two consolidated-quick triax1al tests on specimens molded at about optblm 

water content ('ftve an average shear strength ot - • 10" and c • o.43 ton 

per sq tt. It w.a assumed 1n stability analyses involving the reconstructea. 
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lovce over tho structure that th" etibanm~nt material vou1d bo placed at 

w.ter contents somavhat drier than the average mtural wter contents, 

(The levee and backfill v1ll be placed 1n 12-in. layers and compacted b7 

three passes ot a cravler-type tractor.) 

Permeability ot Sands Eel.ow Elev -30 

20. laboratory' permeability tests on remolded sand samples taken 

betwen elev -33 and -44 gave the f'olloVing values adjusted to a void 

ratio ot o.6o: 

Sample 

Medium to tine sand 
6 per cent tiller than 
0.05 DID 

Gravel.l.1' sand 
2 per cent finer than 
0.05 Jiii 

Sand Vith some gravel 
· 5 per cent finer than 
0.05 1111 

Coettic1ent of' 
Permeability 

k • Tl x io-4 cm/sec 

k • 300 :x l.Ci .. cm/sec 

The coetticients of' permeability, as computed tor 8 send samples on the 

basis ot ettective size (D10) using Bazen's equation* tor unUorm clean 

sands Vith C • 1001 gave values ranging t'rom 225 to 900 x 10-IJ cm/sec, 

vi.th an average of' 450 :x 10·4 cm/sec. Since the fines probabq occur 1n 

nature 88 thin layers betveen clean sands rather than d18tribated ta:mough­

out the send mass 88 in the laboratory test specimens, it 1a believed 

• k • C (n10)2 1n vhich Dio is the effective size 1n cm 8.Dd C ( ml ) 
varies tram 100 to 150. c sec 



tbat the 1n situ horizontal l'enteability of' these sands vill be about 

500 x io-4 en/per eec. 

12 



PART IV: STABILITY AltALYSES 

21. Stabilit7 analyses vere mado on the excavation slopes tor the 

structure, channel slopes, cofferdam, training walls, the completed 

structure vith its levee surcharge, and the levee closure over Ba.you 

Cocodrie. The tolloving design values were used in the anaqsea: 

!• The maximum depth of potential failure surfaces at elev 
·10, tbe bottom ot the thick f'ounda.tion clq stratum. 

~. Unit weights,, saturated ar vet: lb/cu ft 

Existing levee,, cofferdam, levee over~ • • • llO 
Foundation soils • • • • • • • • • • • • • • • • • ·110 
Com.pacted levee on structure • • • • • • • • • • • ~ 

.!: • Shear strengths: lb/sg ft 

Existing levee (tor sha.lloV slides) • • • • • • • 500 
Compacted levee over structure • • • • • • • • • • ~ 
Cofferdam and levee over~ • • • • • • • • • • AtuU 

Clay foundation soils above elev -10 • • • • • • • 650 
Sandy and silty soils belov elev -10 •••••• - • 25° 

c. 100 

!· In am]3ses ot the cofferdam in the existing borroV pit am 
of the levee over the bayou, it was assumed that the sur­
faces of the borrov pit and bayou bed vere planes ot weak­
ness having a shear strength or 250 lb per 8CJ ft. 

Channel Slopes 

22. Sta.b1lit7 ~es by Taylor's method* wre mile on the approach 

and outlet channel slopes. Factors of safety against aua1ng are sboWD on 

plate l. The factors ot saf'ety ranged trom i.2i. to 1.51,, excepting the 

value ot 1.09 tor the 1on1·1/2 slopes of the pilot chamJel to the river 

• "StabUity ot Earth Slopes." l3oston Society ot Civil Engineers,, .JUq · 
1937. 



vhich is con!lidcrc-d. ecceptable, since natural :rl.a.ttening ot the pilot 

channel slopes is anticipated. 

Excavation Slopes 

23. The factors ot safety ot the excavation slopes tor the struc­

ture are shovn on plate 9. They ranged t"rom l..26 to 1. 73 tor the various 

cuts. The anal.yses were nade generally b7 Taylor's method ot circular 

arc analysis / except tor the maxJtm1m cut through the existing levee which 
> 

vas e.na:cyzed also by the method ot planes. This ana~is is shown on 

plate 10. The lowest factor of safety / 1.26, was obtained tor the m.x1mm 

cut by the method o~ planes, vith the assumption of uplitt bemath the 

bottom ot the cla;y foundation at elev -10. A piezometric pressure eguiw.­

lent to elev 18 (the nmr1mun allowable; see paragraph 34) vas applied at 

elev -10, with excavation in the dry to elev 8. 

Cotterdam 

24. The vork area v1ll be ringed with an earth cotterd8m having its 

crown at elev 52. The center line ot the proposed cotterdam is shown on 

pl.Ate 1. Stabilit;r ana.~es were made by the circular arc metbod and the 

metbocl ot planes. ~es shown on plate ll vere mde at three locatiaas 

ot tho cofferdam: (1) landside of the existing borrow pit, (2) in the 

existing borrow pit, and (3) riverside ot the structure excavation. '!he 

factors ot satet;y for the proposed slopes and distances tram excavation 

al.opes ranged t"rom 1.25 to 1.62, except for the co:f'terdam at the lADdside 

edge of the borrov pit which had a factor ot satet;y ot 1.16 b;y the method 

ot planes and 1.25 by th8 c1rcular arc method. Proposed cotterdam slopes 
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are l on 3 o.bove elev 40 (approxim1te no.turo.l grot.md surface). Where the 

cofferdam crosses the existing borrov pit, which bAs a minimum surtace 

elevation ot 20, the cofferdam slopes belov elev 40 are l. on 10 to elev 

28 and l. on 4 from elev 28 to the ground surface or bottom of the la:Dd• 

side excavation. Where founded on na.tura1 ground the cof'terdam toe shoul4 

be a m1n1mum of 75 ft f'rom the l-on-4 excavation slopes, 50 ft f'rom tho 

l-on-5 t.lopes, and 50 tt t:rom tha lands ide slope of the existing borroW 

pit. 

Structure and Levee 

25. Analyses vere made., by the circular arc method and method ot 

planes., ot the stabil1ty ot the structure Vith its levee surcharge against 

sliding 1n the clay f0Ulldat1on either to the riverside or landside. In 

these ~es the shear strellgth tllrou8h the barrels was assumed to be 

zero, and the end restraint provided by the retainiDg wl1s and base slabs 

ot the approach and stilling basin was neglected. It wa evident that 

aU,,1ng vould occur unless the barrels could provide some resistance 

aga1nst sliding. Therefore, the base ot the barrel sections was designecl 

as a monolithic slab Vith sufficient reinforcing steel to take enough 

boriZontal tensile stress (135,000 lb per ft width ot structure) to pro­

Tide a reasonable tactor ot safety. .Anal.1ses ot the structure and levee 

are shown on plate l2. The factors ot safety against sliding rivenard, 

taking into account the restraint of the barrel base, vere 1.30 b7 the 

method ot planes and 1.53 by the circular arc method. Factors ot uatet7 

against sliding landvard vere somevbat greater. 
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Retaining Unlls 

Dearing capa.citz 

26. Analyses ot the bearing capacities ot the :f'ootillgs ot the v1ng 

am approach walls were made. The cla7 foundation beneath the tootllg& 

was assumed to have a shear strength ot 650 lb per sq tt. :eased on 

Terzat)rl.'s eguations for the bearing capacit,. beneath shallov t'ootiDgs, 

the bearing capacit7 ot tba clays vith the tooting based on the gl'01JDll 

surface ~.s 3700 lb per sg tt tor general shear and 2470 lb per sq tt tor 

local. shear. Since in all cases the cong;nited heel pressures or the toot­

:lngs vere egual. to or greater than the toe pressures, an average toot!JJg 

pressure was used to determine the factors ot satet7 with respect to bear­

ing capacit,.. Average toot pressures ot tho intake approach Ying val.ls 

and ot tho stilling basin wing valls vere 2555 and 2370 lb per &CJ ft, 

respectivel.1'; that ot the intake approach walls 1350 1b per &CJ tt. 1!119 

factors ot safety ranged tram 1.77 to 3.01 assumiDg general shenr an\ 

1.28 to 2.10 assuming local shear. 

Stability against sliding 

27. The intake approach valls were ~ed also t'ar stabilJ:t.7 

against sl1iUng along tbe base ot the t'ooting and tar stab1li't7 ot the 

wall and backfill against base :failure in the clay toumation. The hc­

tor ot safety against sliding along the base ot the toot:lng, assumlng 

active earth pressure ot the sand backfill, vas about 1.50 vith a resist­

ance ot 20 lb per sq in. being provided b7 the approach slab. The :tactar 

ot satet7 ~inst deep sliding ot the va1l and backfill, as shovn cm 

plate 12, was 1.34 b7 tba method ot planes allowing a resistaJJce ot lOO lb 
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per sg in. :provided. by the e.P!'I'Ollch slab. By the circular arc method tho 

factor of saf'ety va.a 1.33 against deep sliding vi.th no thrust against the 

slab. The fa.ctor ot sa.:Cety against a base failure, using Ter~~·a . 

equation 56 (10) "Theoretical Soil Mechanics," tor base failure ot a 

vertical bank, was l.lt2. 

Levee over l3a.You Cocodrie 

28. The levee crossiJlg the bayou v1ll bave a maximum height ot la;! 

tt, as the bed ot the-~ is- at about- ele~ 15,- and_ gross_ levee grade 

about elev ~. Analyses were made ot the levee section 'b1' the method ot 

planes. For sliding along the bottom or the foundation clqs (elev -10)~ 

the m1n1mnm ta.ctor ot satety" tor the recommended section vas 1.32. 7ar 

sliding along the bed ot the bayou, vh1ch vas assumed to be a hori.Zontal 

plane ot veakness, the factor ot sate"t7 ws 1.26. These enal1'sea are 

show OD plate 10. 
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PART V: OTHER DESIGN COllSIDERATIONS 

Settlemant of the Structure 

29. I:t there is no appreciable rebound of the clay foundation due 

to excavation, no settlement will occur 1n the approach or st1111ng-bas1n 

sections, since tbl!t loads im,Posed by the structure vU1 be less than tha 

veight of the excavated material. 

30. Beneath. the barrels, some settlement can be expected, its 

magnitude beil'lg affected by- the- degree or rebound- of- th8- foundatiui- soils­

durillg and after excavation. In the ana~es of settlement beDeath the 

barrels, an average consolidation curve based on samples Z"( and 34 (boring 

21 plate 6) vas used for the clay towxlation extending trom the base ot 

the barrels to elev -10. An average curve based on the consol.1dat1m 

curves of samples 46 and 50, boring 2, was used tor the heterogeneous 

zone between elev -10 and -30, using a weighted stratum thickness based 

on the proportions ot clays, silty cleys and cl.B.7 silts 1n this zone. 

31. It was assumed that the ensting e:f'f'ect1ve pressures 1n the 

clay foundation are equal to the natural overburden Vith the water table 

at elev 28 plus 50 per cent ot the existing levee load. It was turtber 

assumed that construction ot the structure vU1 lower the water table la 

the v1c1n1"t7 to tbe base ot the barrel.a. 

32. Assuming tmt no rebound v1ll occur 1n the clay toundation, it 

1a estimated tbat a 7-in. settlement vU1 occur beneath the center ot the 

barrels. The virgin compression curves vere used 1n making this computa­

tion. It was then assumed that the clay tou:odation v1ll rebom:Jd atter 

excavation, and that after rebounding the toulldation is reconsolidated 
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tmd.cr th'.l ntructuro 1oad. Under these a.sGUJl1lltions it is eotm.a.ted that 

the toundation vill settle 12 in. beneath the center of' the barrels. The 

emount at rebound which vill actually occur is indeterminate, since it 

depends upon the length ot time tho excavation remains open end vhetbar 

or not the excavation is flooded. 'l'heretore, it was deemed advisable to 

all.av tor the maximum rebound, and the base slab vas designed with a 

camber of 12 in. beneath the center of the levee. 

33. In order to prevent aey uplltt beneath the approach and 

stt111ng-basin slabs, a sand blanket with p~orated (1/4-in. holes) 

collector pipes bas been included. !base collector pipes will ·discharge 

horizontally through the side walls. Drains have also been provided be­

hind the reta~ walls to drain the sand bacld'ill. The drain outlets 

in the stilling basin vere put near the toe ot the steps where the water 

pressure in the stilling basin will be a m1n1num during periods ot high 

clischerge. The toundation and beck:t'ill drainage systems are shovn on 

plate l3 with details ot collector outlets shown on plate 14. No pressure 

reliet 1n the deep under~ sam.a or silts 1a considered neceBSBr7 after 

construction. The max1mua d1tterent1al head in a l.andwrd direction 1a 

lh :tt ot water and 23 :tt in the riverward direction. Th1a latter con­

clition 1s created onl.3' when the Red River 1a 1ov and Baycu Cocodrie 1a 

h1gb. As Bayou Cocodrie does not penetrate to the underly1Jlg perv1oua 

strata, little excess hydrostatic pressure 18 expected in the deep Banda 

vhen this stream 1a high and the Red River 1a lov. 



20 

Central of Subnurf'nce Hydrostatic Pressures During Construction 

34. Piezometers in.stalled 1n the semipervious soil below elev -10 

and 1n the sands below elev -30 indicate that the eydl-ostatio head at 

these elew.tions is dependent upon the stage ot the Red River. The exca­

vation for the structure will be deep enough so that the pressures at 

these elevations would exert an upward torce greater tban the veight ot 

the overl,yiDg 1m:Pervious stratum tor certain stages ot the _Red River. A.a 

a consequence it vUl be necessary to relieve the hydrostatic pressure 1n 

the more pervious soils f'ound bel.{\W elev -10 so that the ettective ve!gbt 

ot the overlying soil is never exceeded. Observations ot the pressures 

1n the strata below elev • 10 should be ma.de during the construction opera• 

tions by means ot piezometers in the excavation area. Computations using 

submerged weights and net heads 1nllcate that the piezometric head actq 

at elev -10 sbould mt exceed elev +18 Vhen excavating tor the culverts, 

or elev -~ vhen excavating tor the stn 1 'Ing basin. It 1s conaiderec\ 

necessary to reduce the hydrostatic pressure in the sands in order to re­

duce satistactor~ the pressures in the sllt7 soils betveen elev -10 a.nil 

-30. Since the stage ot the Red River varies considerab~ throughout tbl 

. ;year, the necessit7 tor relieving hydrostatic pressures in the pe1"V1ou 

strata also varies. During the last halt' ot the calendar Jear the riftl" 

stage 1s almost alweys less than elev 30 and often less than elev 20. 

Theretore, 1t excavation tor the culverts vere made during this periocl it 

might not be necessar;y to relieve the pressures in the sand, prov1dec1 the 

Bed River was not above elev 18. Rovever, under any condition.I, the pres• 

aure in the area ot the stilling basin must be relieved when excavation 
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is mde in that area. It must be assumed that the excavation will remain 

open and not be flooded even during very high stages of the Red River, 

since the site will be protected b1 a cofferdam. Consequent~, some pres• 

sure reliet facilities vUl be required to relieve the pressure beneath 

the entire excavation area when the river rises, even though the1 m7 not 

be reguired except around the stilling-basin area at the time excavation . 

35. In order not to restrict the contractor unduly, it is cons:l.dere4 

Advisable to permit him to develop the pressure relief system and to 

decide upon the elevations at which the facilities are to be installed 

subJect to the approval of the contracting officer. In granting such 

latitude to the contractor, it should be required that he provide adequate 
··~ 

means to flood the excavation should he not be able to reduce excessive 

upli:tt pressures caused by a sudden river rise. 

36. Several methods of relieving l:J1drostatic pressures 1n the 

underlying sands might be used satistactor~. One method vould be a vell 

point system which vould mintain the piezometric head 1n the atU 11ng­

be.s1n area belov elev -4, and 1n the reminder ot the excavation below 

elev 18. This might require either a om- or tiiQ-stage system, depending 

upon the time ot year the excavation vaa mde. If the contractor so 

desires, he should be permitted to pl.ace a well point system 1n narrow 

treDChes 1n order to get it as deep as possible. A second method voul4 

be to install pressure rellet veils and allow them to tlov tree]3' into 

the excavation where .the water could bo uuitab~ collected and pumped out. 

Thia woul4 be satisfactory 1n the barrel and approach-clwmel area, but a 

well point system is essential 1n the atillins-basin area to provide more 
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positivo control ot ~ressures in th~ sand. · A third. possi'blo method 'Would 

be a system ot wells using deep well pumps. Such wells cuul4 bo installed 

at suitable spacings around the perimeter of the excavatio.t, either prior 

to excavation or at a certain stage ot excavation. The mmi>er ot vella 

could be increased as the excavation 1s carried deeper. 

37. When all construction below the base ot the barrel.1 bas been 

completed, and the sttlltng basin flooded, the pressure in the deep sand 

in the sttlltng-basin area. Dny be permitted to rise to e~~ 18. Upon 

completion ot all construction work belov elev 20, it v1ll be possible to 

flood the structure am discontinue the operation ot the pressure rel!~ 

system, provided the water level in the structure 18 maintained at not 

more tban 12 ft belov the piezometric head in the deep sands. 

Backfill and Levee Material 

38. To reduce the lateral earth pressures against the 1ntak8 em 

outlet training walls 1 a vedge of sand should be provided next to the 

wlls as shovn on plate 9, vitb a drain at the base ot the wedge as ahovn 

on plate 14. ~ pervious salld wedge sbould be covered vith en 18-in. 

layer ot impervious soil at the surface. The remainder ot the backfill 

up to J>Atural ground &urrace (approximate~ at elev 40) sbould be canposecl 

ot Red River deposits excavated trom the upper l2 to 15 tt ot the natural 

ground,, with compaction ot 12-in. (loose) lifts b7 three passes ot a 

crawler-type tractor. 'l'he driest material should be used closest to the 

val.ls am sides ot th8 conduit. Above elev 40,, the levee should be re- ~~ 

constructed ot material removed trom the existing levee, or ot Dnter1al 

trom the upper l2 to 15 ft ot Red River deposits,, alld compacted 1n the 
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aams m'lnncr aB deccribed above. hca.va.tcd u.:iterial vhicl'. is to ha used 

tor back1'1.ll and levee reconstruction should be utilized rlS far as possi­

ble in the cofferdam construction above elev 40 (natural s~und surface). 

Any ot the ma.ter1als available trom the excavation can be l:Sed 1n the 

construction ot the levee crosstns the bayou. 
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Temporary Devices 

39. Temporaey :neasuremant devices which are recomnended for obser-

vation during construction are: 

.!• Piezometers. Several piezometers should be installed vith­
in the excavation area to determine the bydrostatic pres­
sures in the foundation belov elev -10, the bottom ot the 
clay. These piezometers v1ll insure sate excavation and 
co-nstr.x:tion operation&, as- they- lF.111- 1nd1cate-the-need­
for further pressure relief or, 1t necessary; f'lood1ns ot 
the excavation. Installation and observations should 
preterabq be made by Government personnel. 

~· Lateral m:>vement markers. Stakes should be placed at eleY 
45 on the edge ot the l·on-25 berm ot the excavation on 
the levee center line tor the purpose ot revealing lateral 
movement duri.Dg excavation. It 1ndicat1ona ot excessive 
lateral movement are observed the excavation slopes would 
have to be flattened. 

Permanent Devices 

40. Recommended permanent measurement devices consist ot piezome­

ters, settlement plates, mid reference markers. Proposed locations ot 

these devices are shown on plate 2. Details ot piezometers and settlement 

plates aro shown on plate i-.. The reference imrkers consist ot brass 

carr1.e.ge bolt• set in various concrete members ot the structure. Piezame­

ters 11 21 5 and 6, located beneath the approach and at1111ng-bas1n slabs, 

are to be used tor obserrl:Dg :cydrostatic pressures developed in strata 

beneath thlJ c~ foundation soils. Piezo:metera 3,, Ja.., 1aZld8 are tor the 

purpose ot observing b;ydrostatic pressures in the sand backtUl beh1n4 

the wlls. Observation ot the sott~nt plates 1nstalled on top ot the 

barrels beneath the levee surcharge, together Vith observations ot the 



ref'erence markers on the intake head wall and gate t~Jer, vill provide 

data on settlement of the structure. The reference mD.rkers on the intake 

approach wall and :tooting., the stilling-basin va.ll, and the stilling­

basin wing val.l., v1ll shov the ·horizontal and vertical movements o:t the 

walls. 

32048 
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PART VII: cc::CLUSIONS AflD RECOMMENDATIO?r.3. 

Excavation Slopes and Embankment Sections 

41. The excavation slopes shown on plate 9 and the embankment sec­

tions shown 1n plan on plate l are recommended. Recommended cotteraaa 

slopes and m1n1nnun distances from excavation slopes are given 1n para• 

graph 2i.. 

Structure 

42. Because ot the veak cley toundation, it was necessary to design 

the base ot the barrels as a monolithic reintarced slab 1n order to pro-. 

vide a satistactory factor ot satety against sliding ot the structure vith 

its levee surcharge. Expected settlement ot the l:arrela beneath the 

center line ot the levee "WZSS computed to be from 7 to l2 1n. depe11d1ng 

upon the emount ot rebound ot the clay foundation a:tter excavation. 

Little or no settlement is expected at the beacl walls. The culvert barrel 

should be constructed vith a camber approximate~ equal to the ma1mm 

expected ditterential settlement ot l2 in. ot the structure as shovn on 

plate 2. 

Dra~ge and Uplltt Control 

IJ3. During excavation em. construction operations, reliet ot h1dro­

atat1c pressures in the as:idy soils beneath the clay toundat1on ahoul.cl be 

provided as described 1n i:aragraph 34. Atter construction no pressure re­

llet measures 1n these strata are considered necessary. Recommended 

permanent drainage and uplltt control measures consist ot drainage ot the 



sand backfill behind. the t."alls, and sand blenkets 'I-Tith collector pipe 

beneath the stilling-basin and approach slabs. 

Backfill and Levee Mlteriala 

44. A clean sand wedge should be placed next to the reta1.nillg wall.a 

as show on plate 9. The remainder of the backfill up to elev !JO sboul4 

consist of the reddish brown soils excavated trom the upper 12 to 15 n ot 

the Datural. ground. Above elev l&-0#- the levee should be reconstructed vith 

these soUa and/or the material excavated trom the existing levee. The 

levee crossing the bayou m7 be constructed vith.8.?17 of the excavated soils. 

Campa.ct ion 

4,. Since it is mt considered practicable to dr1 to arq appreci­

able extent the cla;r-type soils available for backfill and levee recon­

struction, it is recomnended that compaction ot these items be accompl1sbe4 

b7 tbree passes ot a crawler-tJpe tractor at the existing water content. 

In order to ar, out the material as much as possible before use, it 1a 

recommended that the mterial specified tor backtill and levee reconstruc• 

tion be used 1n the cotferdam construction above elev !JO to the greatest 

extent possible. The l..evee section over the bayou e:ad the cotterdem were 

desisned on the asBUqJtion ot draglina construction vi.th little compact!oh 

'b7 moving equipment. 

Engineering Measurement Devices 

46. Installation of the tempor8.17 devices (reference stakes and 

piezometers) aDd tbe permanent devices (piezomotera, reference mrters, 
and settlement plates) described 1n paragraphs 39 and !JO, 1a reccmment1ad. 



Table 1 

SUMMARY OF CONSOLIDATION AND REBOUND TEST DATA -- BORmG 2 

Mechanical 
Analisie Atterberg Sp Teet Data 

Sample .Elev ~ i j Limits Gr Yd co Pc Po 
No • ....!!!_ Classification Sand Silt -2.!!l LL PL PI G w LbLCu rt e TLfA Ft TL§.9. Ft Ce 

14 25.1 Clay, gray vi th 8 8 84 109 30 79 2.66 55 69 1.41 o.46 1.7 1.1 
organic matter 

22 14.7 Clay, gra7 vi th 5 13 82 96 30 66 2.65 65 61 l.70 0.58 o.8 1.3 
concretions 

26 9,9 Clay, gray 4 19 77 84 30 ·54 2.72 41 80 1.13 l.5 o.o45 

27 8.8 Clay, gray 8 18 74 80 28 52 2.67 49 73 1.29 6.49 l.2 1.5 

32 2.7 Clay, gray 6 12 82 102 30 72 2.72 48 73 1.33 1.6 0.055 

34 o.6 Clay, gray with 4 17 79 88 29 59 2.70 50 73 1.31 o.45 1.8 1.7 
concretions 

. 
37 -2.7 Clay, gray with 3 10 87 lo4 32 72 2.70 45 76 1~21 1.7 o.o6o 

concretions 

40 -6.o Clay, gray 6 16 78 93 31 62 2.72 40 81 1.10 1.8 o.o45 

46 -20.7 Silt7 clay, gray 8 38 54 51 25 26 2.68 41 81 1.06 0.34 0.9 2.2 

50 -28.6 Silty clay, gray 11 48 41 51 24 27 2.72 36 86 0~98 0.27 o.8 2.4 

l'iarJS: Cc • c~reaaion 1.ndez 
Cs • swelling 1nd.ez 
Po • preconsolidation pressure 

(inoluding 50 per cent ot load ~sed. br eziating levee) Po • ezisting in situ pressure 



Table 2 

BHEAB Br~H TES'l'S ON UNDmTURBl!:I> SAMPIES Sheet 1 of 2 sheets 

Mltchanical Shear Stre~h Teet 
Sam;t:!le Anaj!sis Atterberg Shear 
Depth El.ev J J Limits yd T~3Ft Strength 

Bori!!S ~ ~ .E!L Classification ~~ Clay £: El! PI '.!Zl! w UJLcu Ft ~ TLss. Ft 

No. 2 2 l.8 44.8 Clay, brown 6 15 79 l" UC 41 80 0.36 
Sta 624+29. 4 5.4 41.2 61lt1 clay, brown with roots ll 47 42 47 20 27 l" UC 29 91 0.38 

80 rt QT-total 44 77 0.32 0.14 
1Uur11id.e '<c:T-eft, 51 71 0.32 0.20 

7 10.8 35.8 Clay silt, brown QT 28 93 4 0.35 
10 16.o 30.6 Silty clay, brown 6 41 53 58 22 36 l" UC 35 85 o.43 
14 21.5 25.1 Clay, gz-ey with organic natter 8 8 84 109 30 79 l" UC 51 71 0.32 

QT-total 53 69 l.32 0.13 
15 23.5 23.1 Clay, gray ~T-eff, 45 75 0.94 0.39 
16 24.7 21.9 Clay I gra,y 2.8" UC 48 71 0.30 
18 27.1 19.5 Clay, gray with oonoreticma 4 6 90 QT 50 71 1 0.26 
19 28.3 18.3 Cls;r, gra,y l" uo 62 63 0.23 
20 29,5 17.l Cls;y, grey -- l" UC 50 71 0.37 
21 30.7 15.9 Clay, gra,y 2.8" UC 48 63 0.20 
23 33.1 13.5 Clay, grs;y with ocmoretiCllll l" UC 59 65 0.25 

C<c:T-err. 49 65 1.20 o.u 
24 34,3 12.3 Clay, grs;y l" UC 54 68 0.27 
25 35.5 ll.l Clay, gra,y 2.8" uo 50 73 0.17 
26 36.7 9,9 Clay, grs;y 4 19 77 84 30 54 l" UC 42 77 0.32 
28 39.1 7.5 Clay, gray QT-total 40 82 2.26 0.35 

QcT-eff, 38 84 1.35 0.73 
.29 40.3 6.3 Clay, gra,y l" UC 42 80 0.27 
30 41.5 5.1 Clay, gra,y l" UC 40 80 0.60 
31 42.6 4.o Clay, grs;y 2.8" 00 47 74 0.25 
32 43.9 2.7 Cl~, grs;y 6 12 82 102 30 72 l" UC 48 73 o.45 
34 46.o o.6 Clay, gray with concretions 4 17 79 88 29 59 l" UC 45 75 o.45 
35 47.1 -0.5 Clay, gra,y QT 46 75 2 0.34 
36 48.l -1.5 Clay, g:rq with concretions 2.8" 00 47 73 0.19 
38 50.4 -3.8 Clay, grs;y with oonoreticma 8 8 84 107 29 78 l" UC 52 71 o.43 

QT-total 46 76 2.90 o.64 
QgT-err. 48 73 1.60 0.69 

42 55.8 -9.2 Silty clay, grs;y l" UC 38 79 0.37 
48 11.0 -25.2 Olay, sre.T L. l" ro 36 86 0.58 

~Cont1nuedl 

ROI'ESI 00 • unconfined. C011lP1'9Hion teatJ QT • quick triadal 0011lP1'91Bion teat, 0: • (!. 
. QT-total• 91116111 qu1ok triaxial teat with <Ti• total 1n 11itu preall\11'9 (soil+ vatar). S • ( 1 

2 3) •in 6o0 • 
QcT ... rr. • ·~ oouol.14ated-qu1ok triaxia telt v1th 0) • etteotiTe 1n situ preHure 

Cl - 0: 
(Wo7ed wiaht ot sou). s • ( l 3) 11in 6oO, 

2 



'!'able 2 {Cont'd} Sheet 2 of 2 sheets 

Mech&nic&l Shear Stre~h Test 
Baml?le Ana~lli• .A.tterbers Shear 
Depth EleT J J L1mit• yd TWFt Strength 

Bor1!!,S ~ -1L ..!!!!... Claas1ticat1cm ~ ~ gy_ !* El! ll- '.rz:2!! v LbLcu rt ~ TLsg Ft 

No: 2 49 74.0 -27.4 Silt1 cl!Q', gre.;r 74 27 4"( l" UC 39 81 0.70 
(Cont'd) -'" QT-tot&l 42 79 4.30 0.63 

-'" ~T-eft. 43 79 2.30 0.99 
51 76.4 -29.8 S1lt1 cl!Q', gre.;r with sand lenH• -'" QT 34 87 2 0.30 

No. 7 12 15.4 31.2 S1lt1 cl.a;', brovn with organic -·,· l" UC 33 87 0.30 
Sta 621+29 matter 

85 rt 15 19.6 27.0 Cl!Q', gre.1 with :ll"ganic mtter 8 19 73 -·,· l" UC 48 72 0.35 
Rinrllids 19 24.o 22.6 Cl!Q', gre.;r and brovn l" UC 57 65 0.24 

21 27.7 18.9 Clq, Sra:t and brown l" UC 54 67 0.38 
23 30.0 l.6.6 Cl!Q', SIV and brovn. -1,• l" UC 46 75 0.38 
26 33.0 13.6 Cl!Q', gzv vi th concreticm11 4 10 86 l" UC 51 70 0.36 
28 35,5 u.1 Cl.&1, gra1 l" UC 51 70 0.32 
30 37.8 8.8 c l.&1, Sra:f l" UC 52 70 0.36 
33 41.3 5,3 Cl!Q', gre.;r 6 32 62 l" UC 40 80 0.46 
36 44.5 2.1 Cl!Q', gre.;r l" UC o.41 
39 48.0 -l.4 Cl!Q', gray 4 17 79 l" UC 46 74 0.35 
41 50.4 -3.8 Cl!Q'' gray l" UC 48 73 0.39 

No. 8 3 3.6 43.0 Cl!Q', gr93 with organic natter l" 00 40 78 0.31 
. Sta 627+29 12 . l.6.5 30.1 cia,, brown l" UC 35 84 0.54 

80 tt 15 20.2 26.4 Cl!Q', gre.;r with orsaziic mtter 7 7 86 l" UC 50 70 0.35 
R1Ters1ds 21 27.0 19,6 Cl!Q', gre.;r with organic matter l" 00 50 70 o.4o 

27 33,9 ]2.7 ~. gre.;r with organic matter 7 10 83 l" UC 57 64 0.30 
36 43.8 2.8 Cl!Q', gre.;r l" UC 37 81 0.21 
38 46.o o.6 Cl!Q', gre.;r vi th organic •tter 7 l8 75 l" UC 44 74 0.39 
45 51.6 .5.0 Cl!Q'' 8re.:f l" 00 49 71 0.19 

Sff ahHt lot table tor notH. 
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