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SOILS INVESTIGATI<lf 

COMBINED MOBGANZA FLOODWAY CONTROL STRUCTURE 
AND 

SAS & PACIFIC RAIUUltID A.ND~U>UISIANA S'tM'£ BlOllWAY HOe JO 

History, Authorization, and Location ot Project 

1. The originally proposed plan for the Morganza Fl~ proJect 

included a separate control structure at its head located adjacent to the 

ma.in-line levee of the Mississippi River., and a high-level crossing tor 

Louisiana State Highway Ifo. 30- amt the- Port-AJ.1.en_Branch Line at the 

Texas and Pac 1.tic Railroad from Morganza to Lacour. The locatians at 

these features are indicated on plate 1. The crossing was to consist at 

a combined embankment which would extend into the ~loodway a short dis-

tance and connect with separate reinforced concrete trestles tar the high= 

way and railroad. The trestles would be about 181 750 rt 1n length. 

Initial construction of the combined embankment was started 1n 1941 but 

construction was stopped in 1943 due to cessation or civil work as a re

sult of the war. No work was performed on the trestles except tor pile. 

tests. During and following construction or the embankment, a fev em-

bankment and foundation failures occurred which indicated the need for 

further investigation of the stability of the embankment before it vas 

brought to grade. 

2. In April 1946 the Waterways Experiment Station was authorized 

to check the stability or the existing embankment., to analyze the el.idea 

which had occurred and to recommend further corrective measures if neces-

sary, to design an extension of the embankment north of Sta 612..00 tor 

6ooo rt, and to investigate borrow materials for this extension. The 
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results at these investigations appeared in a report entitled "Investiga

tion and Design of Tems and Pacific Railroad (Port Allen Branch Line) 

and Louisiana State Highway No. 30 Joint Embankment, Morganza FloodWB.7 

Crossing, Morganza, Louisiana, n dated 7 August 1946. 

3. The results of the foundation investigations and design tor a 

· separate control structure at the head ot the f'loodway are contained in 

the following reports prepared by this off' ice - Interim Report "Foundation 

Investigation and Design, Morganza Flood.way Control Structure," dated 20 

January 1947; Interim Report Ir "Foundation- Invcs-tigation-and__Desig11 -

Morganza Flood.way Control Structure,,'' dated 7 May 194 7; and, Interim Re

port III "Preliminary Soil Investigation af Foundation - Lino D- Morganza 

Floodway Control Structure," dated 24 July 1947. 

P\lrpose of present investigation 

4. Since hydraulic model studies of the separate control structure 

indicated that the design f'loodway discharge at 6oo,ooo cf's would not 

pass through the control structure at the originallY' proposed locatioJ!, 

because ot the lack ot carrying capacity ot the upper pa.rt ot the flood.

way, it was decided to combine the control structlll"e with the railr~ 

and highway embankment at Morganza (see plate 1). In November 1947, this 

otf'lce was directed to investigate the foundation for the proposed con

trol structure, the foundation and the borrow materials tor the proposed 

embankment extensions, and to design the sections for these extensions. 

Also authorized was a reviev ot the report ot 7 August 1946, since the 

proposed plan of employing a combined control structure results 1n the 

combined approach embankments located vithin the floodway becoming part 
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• · ot the ma.in-line levee system or the Mississippi Biver and because the 

grade of the embankments -was raised 1-1/2 rt above the original grade. 

F~eld E!plorations 

Embankment a':'l.d foundation borffis! 

5. The site ot the project lies in the backsvamp region vest ot 
. . 

the Mississippi Biver near Morganza, Louisiana, as indicated on plate l. 

The foundation consists or a deep stratum ot highly plastic clay, varying 

in depth from about 60 to· 70 ft at the south end- ~ tlur embankment- tO

approx:lmately 8o to 90 ft under the north embankment, underlain 'bJ' clean 

sand. The water .table as indicated by five piezometers was about 6 to 9 

rt below the ground surface during the sumner months of 1948. Along the 

site of the_ existing embankments and proposed extension, 15 undisturbed 

and 3 auger bor1ngs were ma.de in 1946 to-obtain information for designing 

the extension to the sou~h embankment and reviewing the stab~t;y at the 

existing embankments. The locations or these borings are shown cm plate 
. . 

2; logs of the borings may be found in the 1946 "Branch Line" .report re-

ferred to in paragraph 2. Ten borings were ma.de in February and March, 

1948, along the site of the control. structure. Five of ·the borings, 

~hree of which (M-19, M-27, and M-31) were ot tbe undisturbed sample 

type, extended 5 to 10 rt into the under1ying sand stratum (a depth rans• 
• 

ing from about 70 to 90 ft) • Two general sample. boringS were made to a 

depth or 40 rt and three to a dept~ or 15 rt. Seven additional undis

turbed borings were ma.de 1n 1948 to obtain information for design or the 

embanlanent not previously investigated. The logs or all borings mde in 
. 

1948 and all railroad. center line borings made in 1946 except M-71 M-14, 



and M-15 are shown on plates 31 41 and 5. Borings ma.de in 1938 and 1939 

by the Ne~ Orleans District to investigate the :foundation :for the rail

road and highway crossings were used to supplement the more recent bor

ings. In 1940 ten 30..in. hollow octagonal concrete piles were driven to 

sand_ to inve~tigate the foundation conditions for the then proposed 

trestle. Three standard split spoon drive sample borings (M-36, M-27 1 

M-38) were made in 1948 at the site o:f the control structure_ as part ot 

the pile testing program for the control structure, in order to locate 

more definitely the top of the sand, amt to- determine- tho- relative den-

_ sity o~ the underlying sand. Undisturbed samples were taken f'rm the 

first 25 f't of' boring M-37. The logs of these borings- 'llBY be found on 

plate 6. 

Borrow· area. borings 

6.. In order to avoid having to haul borrw 'llBterial across the 

existing highwy and railroad, it was originally planned to take all 

borrow material from areas wost of the railroad. In 1946, tventy auger 

I borings in Borrow Area ''E" (MB-1 through MB-20) 15 f't deep were ma.de 

between Sta 616+00 and 673+00 on a line 893 :ft vest of the existing rail-

road center line to determine the suitability of the so_il for use in con

structing the proposed 6ooo-:rt extension of the south embankment. For 

the same purpose three lines of' auger borings in Borrow Area "D" (MB-21 

. through MB-80) were made in March 1948 along tho north embankment between 

Sta 723+00 and 799+00 at distances of 750, 11501 and 1550 ft wet ot the 

center line of the existing railroad. Sack samples adjacent to eight 

selected borings in Borrow Area "D" were taken in July and ~ugust 1948. 
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Logs of these borings appear on plate 7, at this report, and plate l3 ot 

the 1911-6 report. Investigation of the material from these borrov areas 

~evealed that the soil was not particularly suitable for the construction 

of an embanlanent. In the hope that better material could be found east 

.. of the railroad, the New Orleans District made investigations at Borrow 

Areas "A", "B", "C" (borings 1 through 51) 1n October and November l~. 

The logs of these borings are shown on plate 8. The location ot all 

above-mentioned borings appear on plate 2 • 

. · Soil protile 
• 

7. The foundation of the south embankmeut consists of backsvamp 

deposits of highly plastic clays with some clay silts underlain at a depth 

ot about 6o to 70 ft by sand. This clay has a tendency to bo slightly 

fissured and contains numerous silt seams and strata th£:1.t accelerate its 

rate of consolidation when loaded. The foundation of the north embank-

ment is s::l.m11ar to that under the south embankment except that the clay 

stratum is thicker, ranging from about 80 to 90 f't, and contains several 
t>..:.- - · .. _ 

silt strata. 

8. Under the control structure the soil profile is fairly t.mif'orm; 

a. generalized soil profile based on the borings shown on plate 4, is 

described below. 

Ground surface (elev 32) to elev 9. Between elev 32 and elev 9, 

the foundation consists of somewhat Jointed, brownish-gray clays and 

silty clays. The average natural water content is about 47 per cent and 

the average Atterberg limits are: Liquid Limit (LL) 11 87, Plastic Li.mit 

(PL)" :s Z(, and Plasticity Index (PI) cs 6o. 
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Elev 9 to elev -1. Between elev 9 and elev -1 there is a 

stratum of brownish-gray sandy silts, silty sands, and clay silts, with 

an average water content at about 33 per cent. 

Elev -1 to elev -33. Between elev -1 and elev -33 there is a 

stratum of gray clay with some silty clay vhich has an average w.ter con

tent of 43 per cent except tor a 5 rt stratum from about elev -9 to -16 

which has an average water content ot 61 per cent·. This stratum also 

extends beneath the north and south embankment extensions. The average 

Atterberg limits of this thin stratum are: L:tgu±d- Limit .--107-, Plastic.

Limit • 35, Plasticity Index =a 72; the over-all average values tor the 

major stratum are: Liquid Limit s:a 63, Plastic Limit • 23, Plasticity 

Index =a 40. Some roots and other organic matter were encountered in the 

stratum betwen elev -1 and .33. 

Elev -33 to elov -45. A zone at clay silts, sandy silts, silt7 

sands, and silty clays exists between elev -33 and -45. 

Below Elev -42• A clean, uniform, fine to medium sand exists 

below elev -45. In general., the depth to this stratum increases· toward 

the north end of the structure. The thiclmess of this stratum is not 

known, but from geological. evidence it is great. Photographs ·of slices 

of typical samples from foundation borings M-22, M-27, and M-31 appear 

on plates 9 and 10. 

Laboratory Tests 

Foundation 

9. General. Extensive laboratory testing was done in the investi

gation of tha foundation beneath the proposed control structure and 
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embankments. Results ot the tests performed on the samples obtained 

from the 1946 borings my be found in table 1 in the 1946 "Branch· Line" 

report referred to in paragraph 2. Logs ot the borings made along the 

south ~mbankment and the accompaeying laboratory data shown on pla~e 3 

ot this report have been taken from the aforementioned report. 

10. Visual classification and :natural water cont6nt determinaticms 

{except on sands) were mde on all samples obtained tr~ the foundation 

borings made in 1948. Classification tests {mechailical analyses and 

Atterberg limit tests) were made on selecte~ samples. Seventeen consoli-

dation tests were mde on undisturbed samples of clay, and tour wero made 

on samples remolded at their natural w.ter content. The shear test pro

gram consisted or 108 unconfined compression tests on undisturbed samples, 

six unconfined compression tests on remolded samples at natural water 

content, and eight triaxial tests. Five permeability tests wore con

ducted on undisturbed specimens from the upper sandy-silt and clay-silt .. 
strata to determine the horizontal permeability of these strata. Specit-

ic gravity of the soil was determined in conjunction With each consoli-

dation test. All data mentioned in this paragraph my be found tabulated 

in table l. 

11. Classification tests. Numerous Atterberg 11mit tests and 

mechanical analyses lndicate that most or the soil underlying the pro-

posed embankments and control structure is a tat, highly plastic, inor

ganic, clay (see plate 11). Other tests show the mteriai to be also 

COl?lJ?ressible and to have a •high water content. Typical grain-size curves 

for the foundation soils my be found on plates 12 and 13. Since the 

1946 borings were only mde to limited depths, a comparison ot the soils 
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bc~veen the guide levees can be made only to about elev -10. Averages 

ot test results fo-: clays a.ml: silty clays to this limited depth shoV the 

·following: 

Per cent clay 
Liguid limit (LL) 
Plastic limit (PL) 
Plasticity index (PI) 

South Control 
Embankment Structure 

71 
88 
27· 
61 

61 
8o 
26 
~ 

·Borth 
Embankment 

6o 
78 
27 
51 

These data shov a somevbat greater value tor the average plasticity a.JXl 

clay content at the foundation soils under the south embankment tlian 

exists under the control. structure and north embanlanent, vhich are about 

the same. The foundation under the north embankment is somewhat drier 

(w = 3~ + ~) than the south e!Jlbankmsnt (w • ~ + ~). - -
12. For the f'oundation soUs along the structure at this site 

there is a fairly good correlation between clay content and the liguid 

limit. This relation may be seen on plate 14. 

13. Shear strength tests. Forty unconfimd compression tests on 
. ~ 

undisturbed samples from the clay and silty clay strata beneath the· 

structure gave an over-all average cohesive shear strength ot 0~33 ton 

per sq ft. No consistent relation between strengths at samples from the 

upper and lover clay strata vas found. Six tests on. the upper claJ' 

stratum at boring M-31 indicated an average shear strength of 0.23 ton 

per sg ft, which is the oncy major deviation f'rom the over-all average. 

As· a check on these latter shear strengths, six uncon:f'ined compression 
. -

tests vere performed on undisturbed clay samples taken from the first 25 

f't of the adjacent boring M-37. These six tests shoved an average cohe

sive shearing strength of 0.32 ton per sg ft, although tour bad strengths 
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between 0.22 and 0.29 ton per sq f't. An average .strength at 0.31 ton 

· per sq ft was obtained from six unconfined compression tests on remolded 

samples taken at varying depths beneath the structure. These unccm:f'ined . 

compression teats on remolded samples were run to determine the possible 

loss 1n shear strength due to remolding as a result of' pile driving. In 

. addition, these tests indicate the minimum shear strength that would be 

obtained 1n the embankment 1f' the compaction used is sufficient to force 

the lumps of' material. together t~. Four quick triaxial compression 

tests on samples from within the structure · lilDi~ llldieat-ed.- an- av-erase-

strength of ¢ a 2° and c a 0.32 ton per sq ft. A shear strength ·ot 

~ a QO and c a 0.33 ton per sq ft was assUmed f'or the cla.ya beneath the 

structure. Thia value agrees closely with the frictional values c~ed 

from the 1940 pile teats to be discussed la.tar. 

14. On undisturbed specimens from borings beneath the north em

bankment, 68 UD.Confined compression tests gave an average cohesive shear 
, 

strength of 0.35 ton per sq rt, and two quick triaxial tests trom these 

borings gave an average strength of' ¢ • 1° and c .. o.40 ton per sq tt. - · 

The triaxial tests mentioned in this and the above paragraphs aro shown 

on plates 15 and 16~ , Under the north embankment, the control structure, 

and from Sta 672 to 68o under the south embankment, tho average shear 

strength of the foundation borings ranged from about 0.30 to o.40 ton per 

sq ft, except for the ono boring under the control structure as mentioned 

a.bove. This same range of' shear strengths was indicated tor all depths 

from the ground surface to about elev -20. Far the embankments in this 

sector, a foundation shear strength of ¢ a o0 and c a 0.30 ton per sq rt 

was selected f'or design purposes. 
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15. Of1 the basis ot the data and resu1ts ot the 1948 borings,. a 

re-analysis of the south embankment foundation up to Sta 672+00 gave a 

shear strength of ¢ = o0 and c • 0.25 ton per sg ft as being practicable 

south of Sta 672+00. This latter value., which is somewhat greater than 

that used in the 1946 ~sis, was based on a consideration ot the 

limits, mechanical analyses., water contents, .and shear strength ot tests 

run on the 1946· and. 1948 borings (see table below). A few very low shear 

strengths in the 1946 data (see table 1 of the 1946 report) resulted in 

the selection ot an average or design strengtb-11bieh- now, one the- basis of_ 

additional borings and analyses., appears to have been too lav. 

Average Test values 

Range Per Cent Liguid Plastic Natural w 
Clay Liquid C~ Limit Limit in Percent 

Content Limit 1941948 1946 1948 1946 1948 1946 1948 

> 75 >100 19 83 lo4 107 27 32 54 66 
65-75 85-100 74 69 92 92 26 29 46 46 
55-65 70-85 61 62 79 79 20 26 47 40 

-4~-55 55-70 46 47 61 64 17 25 42 38 

* Based on 6· specimens. 

Shear 
Strength 
-efi,Ft2 

.1 1948 

0.25 0.25 
0.25 0.37 
0.15* o.41 
0.29 0.34 

L~.-- - -

A stability analysis ~ existing embankments, assuming a factor of safety 

· ot unity., indicated also that the assumed shearing strength ot 0.25 T/sq 

ft to be reasonable. 

16. Consolidation tests. Consolidation tests on foundation.samples 

under both embankment extensions and under the control structtn"e indicate 

that the foundation is very compressible. This is verified by the 2- to 

4-1/2-ft settlements under the existing embankments which have been ob-

served since their construction.. 

17. Twelve consolidation tests on undisturbed clays and silty clays 
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from the towidation, excluding the thin high water content stratum, along 

the control stru~ture and north embankment extension gave an average can-

pression index (Cc) of 0.40. One of these samples had a Cc of _0.51 in 

the undisturbed s~te and had a c
0 

of 0.53 when remolded. Three tests 

on samples from the high water content clay stratum (E.!lev -9 to -16) gave 

an average Cc of 0.71. Two specimens from this stratum, vhich were re

molded at their natural vater content before testing, had an average Cc 

of 0.65. The pressure-void ratio curves for these tests appear on plates 

17 and 18. 

18. Eight lllldisturbed samples along the south embankment extension 

showed an average Cc at o.4o. Water contents on samples obtained from 

the 1938 and 1939 borings in this vicinity show that the thin, highq 

compressible stratum under the north ombankment (elev -9 to elev ·-16) 

mentioned earlier also exists under this portion embankmant. 

19. The preconsolidation pressures (Pc) as determined from the 

test data indicate that tho soils above elev O are overconsolidated, as 
~--

the prcconsolidation pressures exceed the computed existing overburden 

pressures by about 0.5 to 1.0 tons per sg ft assuming a water table at 6 

ft below ground surface. Tho brownish, oxidized color of these materials 

indicates probable overconsolidation as a result shrinkage upon drying 

either during deposition or subseguently. 

20. Permeability tests. Four permeability tests on the se.ndy silt 

and clay silt stratum from elev 9 to elev -1 indicate horizontal permea

bilities of 6 to 58 x lo-7 cm per sec. As &ome portions ot the stratum 

are more granular than the specimens tested, a horizontal permeability ot 

100 x io-7 cm per sec was used in the und.erseepage analyses. The vertical 
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permeability of the upper clay stratum was computed from consolidation 

tests on samples from this stratum. The permeability or four test speci

mens ranged from 5 to 25 x 10 .. 9 cm per sec. The maximum value 25 x 10--9 

cm per sec was used in the underseepage computations. A permeability 

ratio of ~/ky a 16 was assumed for the upper clay stratum. 

21. Specific gravity. The specific gravity for the samples tested 

varied from 2.62 to 2. 73 with an average or about 2. 70. 

22. Effect of remolding. A comparison or the shear and consolida

tion tests that wel"e run on undisturbed az1'f remol:dw specimens- indicates 

that the foundation material has a sensitivity ratio* or about 1.0. The 

average shear strength indicated by six remolded specimens was 0.31 ton 

per sq ft, while the average strength from all the tests on undisturbed 

samples from beneath the structure w.s 0.33 ton per sq f't. The consou .. 

"' . 
4ation tests run on rcmolded samples indicated compression indices (Cc) 

almost identi~al wi~h those from undisturbed samples. · 

Borrow materials 

23. General. Most of the material to be used in the construction 

of the embankments consists of high water content, fat, inorganic plastic 

clays, and silty clays. 'llle natural water content of the soil during the 

summer is 10 to 15 per cent above a 15-blow optimum for canpaction. This 

material is slow to dry out and is subject to ~hrinkage and cracking.· 

This my be seen in the results of classification tests and shrinkage 

limits in table 2. Grain-size curves of this material are show on plate 19. 

• 

* Ratio of unconfined compressive strength of undisturbed sample to that 
of remolded sample at same w.ter content. 
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24. An investigation of the borrow areas east of the embankment 

site reveals that the materials found in.area "A" are leaner than those 

in either "D" or ''E". .However, an analysis of the materials in areas 

"B" and "C" ·does not indicate an appreciable difference in materials as 

to warrant .their usage in preference to that found in area "D". This 

conclusion is based on a comparison of the boring logs and an ~is 

of w.ter contents, as demonstrated in the following paragraph. 

25. The borings for area "D" were ma.de in Mu-ch 1948, at a time 

vhen the water table was high, which would tend to cause the vater can-

teut.s of the samples to be correspondingly high. Borings made in area. 

"D" were actual.ly under water in some instances. On the other band, 

borings ma.de during the :first part of August 1948, for the .purpose Gr 

taking sack samples, indicated appreciably lower water contents. The 

w.ter table during the summer as indicated by piezameters in the area was 

appr~inately at a depth of 6 to- 9 ft. The w.ter contents between *1-ch · 

. and August (1948) showed an average drop of 15 per cent (v • 50 to v • 35) 

in the first 4 ft of depth and 10 per cent (w • 41 to v • 31) in the 

second 4 :rt. By 11 October the average w.ter table bad dropped to a 

depth of approximately 9 to 10 ft. The results of averaging vater con

tents for the :tirst 8 ft in depth 1.n borrow areas B, C, and D are ·tabu

lated below, the averagesboing restricted to clays, silty clays, and clay 

silts: 

Depth in f't 

0-4 
4-8 

Water Content-Borrow Areas 
D C 

March August 28 October 

50 
41 

35 
31 

28 
35 

B 
1 November 

31 
29 



26. It is reasonable to assume that after an extended wt period, 

say from tall through spring, 1n which time the soil could. saturate. 

·thoroughly by a rising water table and surface wetting., the water content 

in areas "B" and "C" would be comparable to those found 1n the spring 1n 

area ''D". Since borrow area ''E" is probab~ in a wet state tor most ot 

the yea:r material from this area should be used in berm construction. 

o~. Borrow area ''E" is considered comparable to the area east ot the 

highway investigated by borings 44 through~ (see plate 2). 

27. Compaction tests. Five. standard Proctor compaction tests 

modified by employing a 15-blow compactive effort were run on sack samples 

taken from Borrow Area "D". These tests were divided bet'Ween clay' and 

silty clay materials., which damina.te the borrow areas as indicated 'bJ' the 

logs of borings shown on plates 7 and 8 ot this report and plate 13 ot 

the. 1946 report~ Results or these compaction tests are shown on plate 

20. The tests indicate an optimum water content of abol.lt 23 per cent 

and a dry density of 98 lb per cu ft for the silty clay material., and an · 

opt:!Jllum water content of about 30 per cent with a dry density or approxi

mate~ 89 lb per cu ft for the clays. 

28. Shear tests. Shear strength tests were run on soil specimens 

compacted at water contents ranging between natural and optimum; the 

strengths obtained are plotted ·against water content on plate 20 and are 

summarized in table 2. Also plotted on plate 20 are the resu1ts ot un

confined compression tests an remolded foundation samples from the north 

embanlanent taken from the first 15 ft ot depth. Results ot triaxial 

tests on compacted ma.teria1 are shown on plates 21 and 22. The results 

ot these tests show greater shear strengths at lover wter·contents., and 
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t greater strengths for the clay" material than for the silty c~ at the 

same water content. 

29. An anazysis was made of the w.ter contents at the tvo pre

dominate materials found 1n the borrow areas; namely, the c~ and the 

silty clays. An interpolation ot water contents ot samples tram borings 

made in March and August 1948 revealed than an average natural wter con

tent at 38 per cent tor the clay material and 32 per cent far the silty 

clay mterial could normally be expected 1n the borrow pits during the 

construction season. On the basis ot the shear data sliovn cm plate-20-

and .assuming that the material would dry 3 per .cent during placement, a 

shear strength at 450 lb per sg ft w.s selected as the design strength ot 

the embankment south at Sta 672; 500 lb per sq ft w.s used north ot Sta 

672. The selection of the sma"Jler shearing strength tor the design ot 

the south embankment w.s mde before the borings in areas "B" and "C" 

were mde, and before the decision ws made to use mterials from these 

areas for construction at the south embankment. These strengths are 

considered reasonable, due to the fact that shearing strengths obtained 

from undisturbed samples remolded at their natural w.ter content were ot 

this magnitude, as is shown on plate 20. This would indicate that as 

long as the lumps of borrow material are pressed together by the compac

tion process so that tho void space is negligible, a shearing strength 

between 400 and 500 lb per sq ft can be obtained. No frictional resist

ance was assumed, although quick triaxial tests gave a friction angle at 

about 2°. 
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Design of the Foundation for the Control Structure 

Pilin§ 
. 

30. Pile loadings. As previous investigations indicated that ex~ 

cessive settlements vould take place under a slab foundation at this 

site, a pile foundation is considered necessary to prevent detrimental 

settlement of the structure. For computing the.pUe loadings when the· 

gates are closed and the 171\XfJJDDD head is acting on the structure, uplttt 

was assumed to decrease from 100 per cent of the net head plus tailwter 

head at the upstream edge of the base to 5 per cent of the net bee.cl, plus 

ta~lw.ter head, at a distance of 20 ft from the upstream edge or the 

base; and to remain uniform over the reminder at the base. '!'ha origiml 

design of the piling by the Design Branch of the Mississipp_i River Com

mission was based on a maximum COI?I.Pression load of 50 tons per pile and 

a maximum tension load of 14 tons per pile. The pile layout consisted ot 

vertical and batter compression piles driven to sand and short friction · 

batter piles to carry the tension load. However 1 subsequent cost st~dies 

indicated that higher compression loads with correspondingly fewer piles 

might be more economical. In addition, a more efficient design at the 

pile layout was obtained by eliminating the vertical piles and having 

both sets of batter piles driven to sand. A layout based on 100 tons 

compression load and 25 tons tension load vi.th 18-in. piles is shown on 

plate 23. 

31. Previous pile tests. In 1940, ten 30-in. hollow octagonal 

concrete piles were tested along the site preliminary to design ot 

trestles for the railroad and highway high-level crossings. Eight at 

• 
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these piles, which were driven into the deep sand, when loaded separate~ 

carried test loads ot 210 tons per pile without failure, with total 

settlements ot less th.an 0.05 ft. The one pile which failed was .driven 

Just to the top of the sand. This pile indicated an average f'rictian 

along the pile of about 650 lb per sq :rt at failure. One pile, which 

according to the penetration record did not reach sand, had an average 

friction of 600 lb per sq ft developed under the test load ot 210 tans 

without failure. 

32. Compression piles. To determine the feasibility- of wting

friction piles, the pile lengt» that would be required were computed. 

Using the average cohesion trait the test data Cc.a 0.33 ton/sq ft) as the 
.. 
tz:ictional strength, a factor ot safety of 2.0 and a pile load of 50 tons, · 

a curve of' required penetration versus average pile perimeter vas obtained 

(plate 24). This curve indicates th.an an 18-in. round pile would have to 

be driven to a penetration of 65 ft to obtain the required load ~apac1t7. 

As the average depth below the base of the structure to the sand stratum 

is 70 ft, the pile tips would be about 5 ft above the i;;and. However, as 

the top of the sand is_ higher under the south end of' the structure, some 

piles of 65-ft penetration vould penetrate into the sand and would not 

settle, whereas piles under the ncxrth end o:r the structure would be sub-

Ject to same settlement. To. compute the settlement that might t8.ke place 

with 65-ft friction piles, it· was assumed that a uniform skin trictian 

would be developed along tho length of the piling. An estimate of the 

settlement was ma.de at the north end ot the structure where the underlying 

clay is thickest, employing consolidation data of samples from boring 

M-19. Using the laboratory recompression curve above elev -5 and the 
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virgin curve below elev -5, the settlement that might oecur was computed 

to be about 10 in. for a clay stratum 80 tt thick beneath the base ot the 

structure. With this amount or total settlement, excessive differential 

settlements might take place along the structure. Therefore, it was 

decided that the compression piles should be driven to firm bearing 1D 
. . 

the sand stratum, inasmuch as little additional length would be required. 

Pile tests ma.de at this site in 1940 indicated that the driving resist• . . 

ance increased very sharp:cy when the sand stratum was reached. 

33. Tension piles. As no results or pulling tests are avatlable, 

the frictional strength (in tension) of the foundation clays 1188 assumed 

to be half or the ·average cohesi0n, or 0.16 ton per sq ft. Using a factor 

of safety or 2.0, a curve of required pile penetration versus average pile 

perimeter was developed for a pile load or 25 tons (see plate 24). Fram 

this curve it my be seen that 18-in. piles driven to sand will have 

greater than the required penetration. It is believed that the friction-
. 

al resistance assumed for the tension piles is conservative and that a 
--

higher strength might be used if results or pulling tests wem available. 

34. Proposed pile tests. A pile testing program is proposed tar 

two purposes. One is to determine the most economical size· ot compression 

pile, as cost estitlate studies indicate that a pile load or 100 tons might 

be more economical than a 50-ton loading. The other purpose is to deter

mine the allowable tension load which may be placed on.the piles driven 

to sand. The recommended pile testing program is given in Appendix AJ the 

plan or the pile tests is shown on plate 38 • 

... 
Underseepage and.drainage szytem 

35. Underseepage. As the top clay stratum has a veey lov 
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permeability, the quantity or underseepage rill be small. However, up

lift pressures might develop in the sandy silt stratum (elev 9 to -1) and 

immediate~ beneath the base slab. Since uplift was assumed to decrease 

from 100 per cent or the net head plus tailwater head at the upstream 

edge ot the structure to 5 per cent or the net head plus tailwaterhead at a 

distance ot 20 ft from the upstream edge or the base., and to remain uni

form over the remainder of the base for the design ot the piling, studies 

were mde ot various drainage systems which will reduce t.he uplift on the 

base of the structure to less tllan that assumed-. Three- or t-hase- 8"stem8-

are discussed in the following paragraphs. 

36. In order of increasing effectiveness, the first system studied 

consisted of a drainage blanket and.no, or an ineffective, cutoff' wall; 

another ccmaisted of the same drainage blanket but Yi.th the cutoff wall 

assumed fully effectiv~; and a ~d utilizes the drainage blanket and 

cutoff, plus a line of wells placed 50 ft downstream from the heel at the 

weir to relieve any excess hydrostatic pressure in the pervious siltJ' 

stratum. · 

·. 

37. Drai.na.pe blanket. To relieve any excess hydrostatic pressures 

tbz:.t might develop il::lmediatc~ beneath the baso slab, a 10-in.· blanket at 

filter sand F has been provided a.a shown on plate 25. This blanket vill 

be drai.Ded by three .4-in. perforated clay collector pipes {1/4-in. holes) 

surrounded by 6 in. of gravel B. The original gradation of the sand tor 

the blanket., designated ns f'Uter sand E, vas not met by loca~ availa.ble 

sands o.s stated in the report "Survey of Concrete Aggregate and Filter 

Sands a.nd. Gravels, Morga!'..za. Control Structure and B'lyou Cocodrie Drainago 

Structure" (WES) dated 25 October 1948. Filter sand F btls 11m1ting 
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gradations which will allow loce.l.ly available materia.l to be used. The 

material used should be mare or less uniformly' graded. The t~.recom

mended gradations of the filter materials a.re shown on plate 26. The 

ma.xi.mum length of flow in the blanket to a collector is 15 :rt. Each col.

·lector will have an outlet in each span ot the structure as 1Dd1catecl on 

plate 25. Ea.ch outlet should be protected by a cover plate with 1/2-hl. 

holes bolted to the concrete to prevent entry of debris and snail an1m.la. 

The upstream edge of the blanket is 18 f't from the upstream edge ot the 

concrete cutoff wall. 

38. Uplift with drc.inege blanket alone. To show the e!'tects that 

a cracked or otherwise inei'f'ective cutoff' 1ag'1rould have on the uplitt 

distribution along the base of the structure, an investigation was made 

assuming no cutoff key. The top chy stratum was assumed to ~ve a ver

tical permeability ~f 25 x lo-9 cm per sec and to be 20 f't thick extendillg 

to an infinite length and the pervious silty stratum to be 10 :rt thick 

with a horizontal permeabil""ity of 100 x io-7 cm per sec. Using Bennett's 
- -

eguation* for slightly pervious blankets to determine the pressure dis-

tribution in the pervious stratum, a flow net w.s constructed tor the 

upper clay stratum, assuming a permeability ratio of ~/kv • 16 in the 

cla.y. Tho uplift pressure caused on the base of the structure by a water 

'pressure acting at some depth beneath the structu.-.:-c is the ditf'erence 

betveen the net water pressure and the submerged weight ot soil above-

that depth. To obtain the maximum uplift at a given point on the base at 

* P. T. Bennett, "The Ei'f'cct of Blankets on Seepage.Through Pervious 
Foundations." Trans. ASCE, Vol. III, 1946, pp 215-258. 
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the structure, computatio~.s at several depths are necessary to.determine 

the maximum difference between water pressure and submerged wight ot 

soil beneath that point. Such computations were made at several points 

along the structure to obtain the distribution or the maximum uplift 

pressures. This pressure distribution expressed as a per cent or net 

head is shown vi.th the ·fl.ow net on plate 27. The water pressure at the 

base or the structure e.s obtained directl,y from the flow net has also been 

plotted on plate 27. These pressure distributions indicate that the up

lift assumed for the pile loadings or 100 per cent at the heel, 5 per cent 

20 ft downstream tram the heel, and 5 per cent at the toe is reasonable 

assuming· the sand drain to be operating. 

39. Uplift vi.th d:-ainage blanket and cutoff wall. Assuming the 

top clay stratum to have a vertical pcnooability or 25 x 10-9 cm per sec 

and to be 20 ft thick, a:ia· the·pervious silty stratum to be 10 ft thick 

vith a horizontal permeability of 100 x lo-7 cm per sec, tho pressure dis-

tribution on the base or the clay stratum was computed by equations 
.=--

developed by Bennett* for slightly pervious blankets. Using this pressure 

distribution in the pervious stratum and the asstm.Jd permeability ratio ot 

kJkv • 16 in the clay, a f'loi' net was constructed fol' the upper· clay 

stratum. The maxi.mum net uplift distribution on the base of the structl.U"e 

for these conditions is sliown. on pl.8.te 27. Also :;hovn .:>n plate 27 is the . 
hydrostatic ~plif't on the base as taken directl,y from tho flow net. Con

sidering that the sand drain and cutoff wall operate and that these dis-
. . -

tributions or pressure are accurate, the assumed uplift for pile loading 
• 

* Ibid 
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is.conservative. 

40. Uplif't vith relief veils. To relieve to the maximum possible 

extent any excess pressures in the pervious silty stratum, o. line of ·re

lief veils has been provided jG ft dovnstream from the heel ot the struc-' . . 

ture. The ~lls, as shown on plate 25, vill consist of an 8-ft length 

of 1-1/2-m. all-brass veil screen vith No. 35 slots connected to 1-1/2-

in. brass riser pipe placed i:D. a 10-in. diameter hole vhich extends down 

through the pervious stratum. The hole vill be filled vith filter sand A 

' (see plate 25) to 1 ft above the top of the screen. Standard concrete 

sand may be used for sand A. The remainder or- the- hole- wtll be-:fillecl-

with gravel B. Once tho riser is within the concrete, galvanized pipe· 

may be substituted for the brass pipe if' a plastic coupling is used to 

avoid bimetal contact. The riser pipe vill be brought to the top ot the 

baffle pier and capped for clean-out and inspection. A tee connection 

vill be placed at elev 32.25 for the horizontal outlet pipe. The outlets 

should be ·enlo.rged from the 1-1/2 in. pipe to 2-1/2 in. pipe in order to 
11:'_ 

reduce the head loss at the outlet. Then 2-1/2 in. caps drilled with 

seven 1/2-in. holes, to prevent entry of debris P.r...i SJJP.11 animals, should 

· be placed over the ends of the outlets. 

41. The design of the veil system was basAC'. on the assumption at a 

slight~ pervious upstream top stratum {vertica1 pe~".'..bility of 25 x io-9 

cm per sec) 20 ft thick extending to an infinite length, an imperttbus 

downstream top stratum and a 10-ft pervious stratum with a horizontal 

permeability of 100 x io-7 cm per sec which gave an effect~ve length Or 

upstream blanket of 282 ft. With a veil spacing r..f 31 ft 3 in., the com

puted well discharge is o.o4 gpm and the head midw.y between veils is 
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1.3 ft. With this low flow, very little head loss vill occur 1n the well. 

Thus, the maximum pressure midway betveen veils vould be 1. 5 ft 1 a1l.ow1ng 

tor the elevation of the well outlets above the minimum taUwater. For · 

the purpose ot draving a flow net 1n the top clq stratum, the pressure 

distribution in the pervious stratum near and under the structure was 

assumed to vary as it the upstream top stratum '.Were 282 ft in length and 

a head of 1.5 ft existed 50 ~t downstream f'rom the heel of the structure. 

At distances more th.an about 70 ft upstream from the structure, the above 

distribution does not hold, but is conservative. From the flow net drawn 

with the assumed permeabillty ratio o~ ~t'ky • 16 :in the- c-lay1 the-~ 

static uplift immediately beneath the base slab was obtained and is shown 

on pl.ate 27 with the flo-.1 net. In this case, the hydrostatic uplift at 

the b9.se of the structure is the Dlll.Ximum net uplift on the base ot the 

structure. This distribution is considerably less than tbat assumed for 

the piling design, as the maximum uplift just inside the key is 7 per 

cent of the net head. It is considered that the drainage system consist

ing of a blanket and wells cs described above pro7ides a.very substantial 

increase in the safety of the structure far a small a..1.8:1.tional cost o.n4 

it is therefore recamnendod. 

42. Riprao filter. The purpose of the·grc.v~l blanket beneath the 

· riprap is to retain the foundation material, and t:nc gravel Il!USt be ot 

such grading that it will not pass through the vc:f.c\s of the riprap. Be- .. 

cause of the clay foundation and the well system bene9.th the structure, 

there will be little or n.:> flow from the f'oundatj.on tn:-ough the riprap; 

thus the gravel blanket be~ea.th the riprap need r.'7'.; tt 0:~:f.sfy the require

ments for filters. Based on these considerations, it is recommended tba~ 
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a 10..in. layer of' gravel .c be used beneath the riprap. The gradation ot 

gravel c is shovn on plate 26. A mixture or ~ ot 3/4-m. to L-1/2-m. 

and 6of, or No. 4 to 3/4-in. concrete aggregate will satisfy the require

ments or gravel c. As it rmy not be possible to obtam locally' gravel 

sizes larger than 3/4 in., an alternate riprap filter consisting ot a 

4-m. layer or rock spalls immediately beneath the riprap underlain b,y a 

6-in. layer or gravel D 1s recommended. The gradation or gravel Das 

sbpwn on plate 26 is satisfied by No. 4 to 3/4-in. concrete aggregate. 

Design or Embankments 

Strength assumptions 

, 
43. Foundation. As explained in paragraph 14, a foundation shear 

strength or ~ = o0 and c = 0.30 ton per sg ft w.s selected for the design 

of the north embankment extension (Sta 720 to Boo), the enlargement ot 

the existing embankment north of Sta 800, and the 850-:rt embankment sec

tion immediately south or the control structure (Sta 672 to 680). For all 
. -

sections s~th or Sta 672, a foundo.tion shear strength of <J • o0 and .· 
•. . 

c = 0.25 ton per sg ft was employed in the design or the embankments. The -

embankment section from Sta 573 to 581 crosses an old borrow area. By 

assuming a factor of safety or unity for the existing embankment at this 

crossing, a stability analysis f'or a possible slide through the bottom at 

the pit shoved that a shearing strength of 300 lb per sg . rt vould have to 

exist along the bottom or the pit. Therefore, along the pit bottom, this 

shearing strength was used in the design or the emba.nianent enlargement 

across the old borrow area. 

44. EI:lbankment. South or Ste. 672 e.n embankment strength ot 450 lb 



per sq ft was chosen and north ot S~ 672 an embankment strellgth ot !)()() 

lb i--r sq f't was used. The bases for these selections have been discussecl 

previously 1n paragraph 29. 

45. ~lthough the soils available 1n this immediate area are mt 

particularly suitable far a high embankment, the tlat slopes and berms 

necessary because ot the poar f'oundation lessen the import8.noe ot the i-o

quirement for good material, consideruig the over-all stability of' the 
. 

embBllkment. l3ecause or the fa.ct that the berms serve merely as a counter-

balancing weight, the type or material used 1n their conatruction is rela

tively unimportant, so long as a reasonabq goocf densi't7 a- obtained;. 

• 
Stability apal{sea 

46. The method ot analysis employed 1n the design or the embankments 

was the circular arc method, and the factors ot safet7 were computed f'rcm 

the f'ormula s 

total resist moment shear stre h 
F •8 • • ..;.;..;;.;.;.;;;...;;.n.-et~dr~1;:.;;;ving~;..;;;;;m.;;.;ane~n~t~v·e..;:...-rot~~----- • 

The maximum depth of' sliding was taken to be at elev .20, the bottani · ot 

the high-water-content clay" stratum below which there is an increase 1D 

the strength of the clay. On the basis of' compaction test results, the 

unit wet weight ot the embankment material was taken to be llO lb per cu 

47. Since the embankment material is subject to considerable 

shrinkage, and since cracks may develop that will reduce the effective 

length ot the failure arc, a minimum design factor of safety alloWed for 

· ' the ana~is ot a shallow slide confined principally to vithin the ·embank

ment was 1.5. Such cracking does not significantly affect the amU.yaia 

31994 



of' a foundation failure. .It is recorm:iended that, in order to reduce . 

. surface cracking to a m1n1nn1m, a 3- to 5-rt layer of sandy or silty 

J:1a.terial be used to top the embankment. 

48. For deep slides, vhich tor this type of embankment are the most 

critical considering the thick underlying strata of clay, a minimum factor 
. 

of' safety of' 1.2 w.s selected. Although this factor of' safety is somewhat 

below that nor.:na.11.y required for ecbankments, the stage construction to 

be employed makes it possible for the foundation n:E.terial to consolidate 

a considerable amount during the construction period (estimated approxi

mately 30 per cent consolidation during the f'irst yearl vhich should re

sult in a gain in strength of the foundation. Also,, no credit w.s taken 

for arq frictional resistance. It should also be noted that to require a 

larger factor of' safety would result in exce~sively large sections and 

berms e.nd vould increase nateria.lly the yardage required for .the embank-

ment. Existing elnbankments· in tho near vicinity of' sim.Ylar cross-sections 

-
to those proposed, notably the guide levees and existing emba.nk!llent sec-

tions,, are standing and show no signs of foundation failure. 

49. Ballast and train loads vere not.ex,plicitly taken into account 

in the ana4rsis of' the eribankments because their effects are of minor 

importance, amounting to only 2 to 5 per cent of the total driving forces. 
. . 

·These loads also vould not be added until after the second construction 

period, at vhich time on the bo.sis of settlements observed under the 

existing embankments,, the foundation vill have consolidated approximately 

50 per cent or more; the increase in ·strength of' the embankment and founda-

tion will probably more than compensate for the additional loads. As the 

foundation is principally of a cohesive nature, tte effects of' vibratory 



loads that rm:y be induced are not c.onoidered to be of importance. 

50 •. A summary of the proposed net embankment cross-sections appears 

o~ a profile of the crossing on plate 28,, and the proposed cross-sections 

with their respective factors of satety appear on plates 291 301 and 31. 

These cross-sections satisfy the requirements for a main-line levee as 

set forth in the Levee Code. However, it has been decided by the Nev 

Orleans District to build the embankment with 1 on 20 berm slopes from 

Sta 672 to the structure and from the structure to Sta 727 instead of the 

recommended l on 10 berms shown on plate 28 and 30. 

Settlement 

51. From observations of settlement plates placed during construe-

tion at the .base of the existing etlbankmonts 1 an empirical basis is avail

able for the prediction of the mgnitude and rate of settlement to be 

expected lll'lCler the propo3ed embanlonent ext.ensions. Fram extrapol.o.tion at 

time-settlement curves of the e:r.:isting embankment (see plates 32 and 33),, 

approximately 90 per ce:µt of the total settlement should occur v.tthin the 

first five years after construction begins. 

52. Consolidation tests were run on selected samples from the 

foundation borings in order that an estimate or the amount and rate ot 

settlement to be expected for the north and south embankment extensions • 
• . could be made. The results of these consolidation tests appear in table 

l and on plates 17 and 18 of this report and in table 1 of the 1946 

report •. 

53. Total :foundation settlements for the proposed embank:Ioont ex

tensions vill probably range from J-1/2 to 5 ft. This prediction is 



based on the results at settlement analyses C<X!IpUted at tho sites ot 

various stations along the center line, tabulated below: 

Station 

"634+50 
672+00 
728+50 
758+50 
778+50 
798+50 

Expected total settlement, tt 

4.7 
3.9 
4.o 
4.4 
3.7 
4.6 

It is' pointed out that these determinations are in line with observed 

settlements of. the existing embankments· which ar& recorded in the 1946 

28 

report. · From test results, overconsolidation or the foundation ma.t~rial 

was indicated to exist to a depth of' approximately 30 to 35 ft, assuming 

the ground-water table to be 6 ft below the ground surface. Although the 

thickness of' the clay strata beneath the north embankment is greater than 

below the south embankment, the increased height and the larger sections 

required for stability af the south embanlonent will result in settlements 

of the same magnitude on both sides of the floodway. The original grade 

for the existing .embankments is 1.5 ft below the proposed grade and in 

some cases these embankments have never been brought to their original 

grude. Therefore, further settlement may be expected at these sectors of 

embankment that are below the proposed grade. 

54. Very thin layers of' silty material and some thicker layers 

interspersed within the predominantly clay foundation afford drainage 
• 

planes for conso11dation of t~u clay and materially reduce the effective 

thickness of the entire clay stratum as regards the rate of consolidation 
. /' 

of' the foundation. Thus, esti.'DB.tion of the rate of settlement is can-
sidcrably more difficult than ;predetermining the total settlement. From 
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the time-settlement curves of· the existing embanlments and time

consolidation data f'ram labtJr-.~tary tests, an effective thickness ot about 

11 to 12 ft was determined. Theref'ore, on the basis ot the f'oll.owing 

assw:ptions, the time-settlement curves that appear in plates 32 and 33 

vore dcterm1nod. 

Uorth EmOOnlc:Jent South Embankment 

Total settlement 4.6 :rt 4.7 ft 
. (At Sta 798+50) 

Laboratory time for· 5CJI, consolidation 
(At Sta 634+50) 

o: a 1.2-in. sample drained top and 
bottom .29 minutes 47 minutes 

Eff cctive thickness ot ci:lY stratum l2tt 

Tcrzagh.1.'s theoretical titlO rate o"f' consolidation for a uni"f'~ loaded 
st'ratum , 

Tuo construction seasons: 6'.Yf, of embo.nkmcnt finished during first season, 
40% or embo.nkment "i:inishcd during second season. 

Method or construction 

55. Tho berms ot the proposed cross-sections for the cxistillg cm-

bankmcnt and tho extension.a will generally cover the existing railroad 

· crossing, and in so:x: cases the present hiehw.y crossing. These existing 

c:ross ings must rc:c:nin open to trat"f'ic lUltil the cmbo.nla:lent crossings are 

completed. 

56. It has been proposed by the r-Tcv Orlea..'18 District that the rail· 

road side of the cmbnnk:::lont be brought up to gro.dc bei'ore tho higlnm;y 

side. This procedure would eliminate the necessity of constructing tho 

cust bcl'm its full lcn,Jth which would cover the cxiEtL"lg rail.rood. After 

the railroad side hns been brought to grade lllld ballasted, the existing 

track would be rc:.JOvcd and trc.nsf erred; the cnst tcn:i would be finished, 
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and the highway side or the embankment would then be brought to grade. 

If this procedure is agreeable to the Louisiana State Highw.y Department, 

it is recommended that this method of construction be. used. The des.ired 

net cross-sections from the first season or construction appear on plates 

.32 and 33. 

57. Since the clay foundation is relatively weak, the embanlmont 

should not be constructed so as to overload the foundation at e:ny point 

by excessive lifts; therefore, all lifts should be brought up eve~ 

p.cross the entire width of the embankment. Because the embankment exten

sions are relatively long, it may be a.dvisaole to construct the~ embankment-

• in several portions, in which case the slope at the end of the embankment 

should be no steeper than tl~e adjacent side slopes. Before bringing the 

center line of the existing cmba.nklllonts to grade, tho borm enlargements 

should be placed "first. It is suggested that the fill material be placed 

so that effective drainage of rainfall is secured, as the water content 

of the borrow material is al.J:cady considerably above optimum. 

58. · As ha.s been· discussed in paragraph 53, the total f'ounda.tion 

settlement for the proposed embankment extension will probably range f'ran 

· 3-1/2 .to 5 ft. An oxarainution of the settlement data on the existing em-. 

bari1ane11t indicates, in accordance vith theoretical considerations, that 

the foundation settlemont·is a maximum near the center at tho embankment 
• 

and is less at the .edges of the crown of the embankment. In order to 

obtain the net section desired from the construction of the fir~t season, 
. . -

this interim section should be overbuilt by 3 ft a.t the top of the embank-. . 

ment, tapered to 1.5 ft at 77 ft from the railroad ce:iter line, and 0.5 

ft at the crown of tho berm. Since at the end of construction of the 
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second construction season the foundation will probably. have settled 

approxima.te:cy 1-1/2 to 2 ft, the final net section should be overbuilt · 

about 2 ft across the top of the embankment to compensate for tuture 

sett1.ement of the foundation. The actual rate and: amount of settleimnt 

as observed by use of the settlement plates as given in paragraph 77 

should be used to make the final determination of the amount of over

building. '.!'he overbuilding of the final section should not exceed 2-1/2 

rt so as to not overload the foundation. 

59. Because the high w.ter content and highly cohesive nature of · 

the borrow mterial makes cacpaction by standard sheepsfoot rollers dii'fi-

cult, semicompaction by tractors is considered satisfactory. However, the 

material should be allowed to dry back as close to optimum as it is prac

ticable. It is believed that adequate densities can be obtained by 

tractor compaction, provided the number of passes 1s adjusted to insure 

that ti1e lumps of the soil are firmly pressed together to eliminate any 

appreciable voidn betveen. tho lumps. It is difficult to predict Just what 

compactive cf1'ort will accomplish this purpose. Since this is an impor-

tant structure, it is recommended that at least three coverages of the 

track tread be made vi.th a provision for payment for additional covora.ges 

over three, in case it beconcs apparent that three covera.ges are not 
. 

accaoplishing proper consolidation. Each lii't should not have a thickness 

greater than 12 in. of loose mterial. Careful observa:f10ns of the com

paction operation should be ma.de at the beginning of construction to 

determine the number of coverages required. 

60. Tractors of 10-ton minimum weight o.nd a unit contact ~~assure 

of at least 6 psi should be used for compaction. This weight and contact 
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pressure should be determined for the tractor without bulldozer blade or 

other attachments. It is the futent of' thia requirement to restrict the 

contractor to use of the D-7 or D-8 Caterpillar types of' tractor in order 

to obtain adequate densities of the soil. 

61. The use of' semicompa.cted fill vill add to the total settlement. 

and may ~affect the cost of maintenance required to maintain grade. 

. - Design of' Abutments 
' .. 
) 

General 

62. As the foundation is weak and coqprcssible~ the emban!onent 

must be connected to the structure in such a manner that an adequate :fo.c-

tor of safety o! the embankment against failure is maintained and that 

detrimental. differential. zettleoents are avoided. 

Pre loading 

63. Preliminary studies indicated that the large settlement ex-

pected beneath the embankments would create a number of problems it the 

1'111 at the abutments vere placed after completion of' the structure. The 

three principal dif'f'icu1ties are aa follows: 

!• Control of Underseepage at abutments.; 

b. Deflection of' batter piles beneath abutment piers due .to 
- subsidence of tho soil und.er the embankmont load. 

c. Maintenance difficulties on the finished embankment crown. 

It is therefore recomme~ed that the abutr.:ent areas bu preloo.dod so that 

a major portion of· the troublesome settlement beneath ·the emba.rikment rill 

take placo before the structure is constrnctcd. 

64. This prcJ.oading "II£J.Y be a.ccamplishcd by constructing tho 
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embankme.nts to the cross-se~tions shown on plate 34 with the crown extend

ing to the end of the structure. The end slope~ of the embankments vill 

extend into the structure area. The fill should be placed as soon as 

possible so that the foundation will be loaded for a maximum period ot 

time before the abutments are constructed. If the preloa.ding period is 

two years, more than 50 per cent of the maximum a·ettlement will have taken 

pl:.a.ce. As some 01= the preload fill will be higher than the final grado 

of the embankment, ~he overloaded areas may reach settlements egun.l to 
.. , 

those expected under the final embankment grade. At the end ot the pre-
., , 

loo.ding period, the fill in the structure area and the mtorial above the 

final grades of the cmba.nlmlcnt will be removed. 

65. With this preloa.ding the tendency for the fill to pull aw7 

from the curtain wall will be reduced. In addition, the possibility ot 

other cracks and voids opening up is practica~ eliminated, thus materi

ally reducing the danger ot piping. If' most of the settlement of the 

foundation has taken place before the piles for the abutment l:'iers are 

driven, there will be little deflection of the batter piles due to settle

ment af the soil under the embankment load. Also the problem of maintain-
, 

ing ·the transition from the nonsettling structure to the settling embB.nk-

ment will be reduced cons1derab~. 
\ 

Description of abutmeJ11:s 

66. The crown of .the embankment stops 130 ft from the control 

structure as shown on plate 35. Four approach spans carry the h1ghw¥ 

· and railroad from the ma.in embankment to tho control structure. The· 

piers for . the approach span will be supported on piles driven to sand. 
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Tho end of the embankment slopes down from the abutment pior to the end 

pigr of the control structure as shCIWll on plate 35 with tho same slope e.a 

rec~nded for the s!CJ.e slopes of the embankment. Since the New Orleans 

District decided to use a berm slope of 1 on 20 instead of 1on10, the 

actual slopes to be built around the end of the embanJ'.]!IAJlt w1ll bo w.rpe4 

from a l on 20 berm on the side slopes to ·a 1: on io berm on tho end sJ.ope. 

C~rol of Underseel>.!a! 

67. The watt"r barrier tar the section between tho Jl!lin embankment 

and the end pier of the control atrueture- 1a a- v.ertical- c~~ete-cur+..ain

wall on the upstream side of the piers as shown on plate 35. The wall 

penetrates into the embankment and foundation to the depth indicated on 

plate 35. To provide an adequate :'act'?r of ~af'ety against eoepage arOUJld 
• I 

and under the wa.11, it is recamnended tba:t sheet piling be driven under - . 
the last two approach spa.."lS and the first span under the structure e.a 

shown on plate :35 •. It 1s necessary to ch·ive the sheet piling on a· batter . . 

as shown so that it will not intorf'ere with the bearing piles und"er the 

piers. 

68. As an additional. means of control or underseepage, it 1e 

rocommonded that the 'backfill on the riverside of the curtain wall be 

selected lean impervious mterial as shown on plate 35. fhere is sandy 

silt vi.th some clay silt in Borrov Area A which will probab~ be suitable • 
.... 

for this purpose. Some clay mo.y be added to give a more imporvicr.is mix· 

ture. To intert".ept and collect aey underseepage, the backfill on the 

land.side Of the vall should consist of a zone of sand F . overlain b7 12-in. 

of gravel .C. a~ shown on plate 35. All backfill against the wall should . . 



be compacted :with.hand-operated power tampers so as to obtain a high 

degree of compaction. 

Wing walls 

35 

69. The v1ng walls act as retaining walls for about 8 tt ot till 

nnd as hydraulic training w.l.l.s for the control structure. ·As it 1s 

desired to eliminate to the tul.lest extent any differential settlements 

along the wall or between the training wall and tho structure, the train

irig walls should be supported on bearing piles driven to sand. other 

types of wall which were given consideration were a T--type_ walJ._ with-&

spread footing and a heavy I-type sheet pile nll. The I-type w.lJ. wol1l.4 

have ho.d to be faced with concrete after all settlement had taken place. 

Engineering Meas1irement l:>evices 

Control structure 

70. Settlement. Settlement observations should be made by using 

mrked metal hubs embedded in the concrete superstructure. A hub should 

be embedded in the beam supporting ·the upstream crane rail and in the · 

sidewalk next to the railroad at approximately Sta 684, 6921 1001 7o8, and 

716. These observations should be referenced to some woll-establishod 

bench mark. To measure the settlement of the foundation as a result ot 

the load caused by high wator against the structure, it is recommended 

that settlemon~ plates be installed beneath the gravel under the riprap 

50 ft upstream of the structure at about Sta 684, 7001 and 716. Those 

plates should be 3 ft sguaro of 1/4-in. plate with a 2-1/2-ft piece ot 

1-in. pipo welded in the center of the plate. Rea.dings should bo made on 
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top ot the riser before and ai"ter the riprap is ~laced ·and arter each 

high water against the structure or at least once a year. 

36 

71. Piezometers. Observations of the performance ot the f'ilter 

blanket and relief veils should be made by the use ot piezaneters. Five · 

"A" piezometers to measure the hydrostatic pressure midwey between vells 

in the silty stratum should be placed along the line of vells ·on about · 

800-ft centers at approx1l!lateq Sta 684, 6~, 700, 7081 am 716. With the 

same spacing along the structure, five "B" piezometers should be placed in 

the sand blanket midway between collector pipes No. ·1 and 2 at the same 

stationing as above. A typical location and detail sketch or these 

piezometers ·appears on plate 36. 

72. All piezameter screens should be 4- to 12-1.n. lengths ot 1-in. 

brass veil strainer, such as Claytor-Mn-k or equal., vi.th No. 35 slots. 

The "A" piezometers should be placed in a 10-in.-diameter bole that 8%• 

tends to the bottom of the s!lty stratum (approximately elev -1.0) .. with 

the top of' the screen at a depth of approximatel:r 20 rt, or at appraxi-
"='--- -- . 

mately elev 4.o. The hole should be backfilled Vitb filter .sa:nd A to the 

top of the silty stratum (approximately elev +9.0), there a 1-tt sam-
bentonite seal should be placed around the vertical pipe. The remainder 

of the backfill should be ~ clay. The "B" piezometers should be 

placed horizontal:cy in the 10-in. filter sand F blanket., the center ot 

. the piezometer screens being 15-i't dowstream from Collector No. 1. The 

pipes f'rom the "A" piczometers to the riser pipes should be placed an a 

.slope of about 1 on 10 so as to allow any air in the piczometers to escape. 

· Once the pipes from the "A" and "B" piezometers are in the base slab., 

galvanized pipe may bo substituted tr- the brass pipe if desired., using a 



pla.s~ic coupling to avoid bil:Jetal contact. ·All riser pipes should be 

brought up in a pier at the downstream curb of the highway 1 and should 

have a 1-in~ vented plug With a countersunk head flush With the toP ot 

the curb. The top of eac~ piezaneter should be permanent]¥ stencilled 

vi.th the piezometer number. 

Embanlanents 

73. Piezometers. It is recommended that piezometers be installed 

in the ·foundation and fill of the embankment extennions so that the magni

tude of the pore water pressures c.aus.ea by cons.tr.uc..tion- of. the- :eill..-'!!JB.7- be--determined. Five piezometer tips should be placed at Sta 630, 661f., 758, 
and 798 at the locations sha.m on plate 37. Those locations provide tor 

one tip in the embankment 5 tt above the ground surface 18 f't riverside 

of the railroad center line, and 4 tips in the foundation at elev 20 and 

-101 18 ft riverside and 6o ft landside of the railroad center line. 

74. The tips to be placed in the foundation should be as shown on 

plate 37. The tip1 described in detail in Appendix B and shown Oil plate 

311 is a 4- to 6-in. length of vell strainer with a 3/4-in. riser. Two 

water filled copper tubes connected into a brass tee at the top ot the 

riser transmit the pressure from the tips to a terminal well at the land-
~ 

side toe of the embankment where tho respective values are observed on 

pressure gages. The recommended type of tip to be placed in the etibank-

ment as shown on plate 37 is a modification of the Bureau of Re~l.amation 

Type A tip. This tip, also a nonflov type, has a brass shell and porous 

disk designed so tha.t final assembly may be made in the field. Copper 

tubes connect the tips to tho terminal well. The technique of installation 



and reading of' the piezaneters is outlined in Appendix B. 

75. To utilize f'~ the data obta:f.ned from the above piezometers, 

it is necessary to know the location ot the water table. For this pur

pose a piezometer should be installed 30 f't f'rom the landside toe ot the 

embankment at Sta 630, 664, 758, and 798. A detail of' this piezometer is 

shown on plate 37. The tips are 4- to 6-in. lengths of 3/4-in. Clayton

Mark, or egual, all brass veil screen with #35 slots plac-ed 12 f't belov 

the ground surface in a 6- to 10-in.-diameter hole. The hole should extent 

to a depth of 14 ft and be backfilled with filter sand A to a foot above 

the tip where a 1-ft aand-bentonite- seal should be placed- around- tne riser 

pipe. The remainder ot the backfill may be tamped clay. At a short dis

tance above the tip the bra.ss riser pipe shoUld be reduced in ~iza from 

3/4 in. to 3/8 in. The riser should be capped about 3 ft above the ground 

surface. Each piezometer should be permanent~ marked and protected with 

guard posts. 

76. Settlement plates. To furnish reference points permanently end•. 

readily accessible to record the settlement of' the embankment,. special -

settlement plates as shown on plate 37 should be placed at Sta 6301 6611., 

· 7~, and 798 in addition to the plates to be used to determine payment 

guantities. At each of' the above stations a plate should be located 18 

and 95 f't riverside of the railroad center line and 6o ft land.side ot the 

railroad center line and be firmly embedded at the ground surface. A 

settlement plate should a1so be placed under each preloading f 111 at the 

abutments. These two plates should be 18 ft riverside of the railroad 

center line at Sta 679+40.and 721+20. 

77. The plates should be 1/14--in. steel plate, 3 ft sguare with a 
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4-in. length of 1-1/4-in. pipe velded in the center ot th8 plate. The 

1-in. riser pipe should be welded inside the short length of 1-1/4-in. 

pipe. The riser should be protected by a sleeve of 2-in. pipe as shown 

on plate 37 to allow for settlement within the embankment. The openings • 

should be filled with waste and heavy grease. The riser and the sleeve 

should be brought up in 5- or 10-ft sections. If' the tops of the rioers 

and sleeves are kept above the top of the embanlanent during construction, 

guard posts should be set and particular care taken to prevent damage to 

the risers by construction equipment. At all times during construction 

the sleeves should be capped to- prevent dirt- from cl:ogging the space 

between the riser and sleeve. When the embankment is brought to grade, 

the sleeve should be capped 12 in. above.grade and the riser 6 in. below 

the cap of the sleeve.· Each sleeve shou1d be permanently marked and pro-, 

tected wi~h ~d posts. Readings should be taken 1.mmediate'.cy' before and . 

after each section of riser pipe is added and at monthly intervals until 

the embankment is completed.· For the first year after· completion of the 

embankment 1 readings my be ma.de every three months, after which time . .. . . 

readings every six months will be suff'icient. A permanent bench 1181"k 

should be established at each station where settlement plates are to be 

installed. These bench marlts should be properly referenced and should be 

placed at least l~ ft from the land.side toe of' the embankment. 

Recommendations and Conclusions 

Control structure 

78. To prevent ·excessive dii'f'erential settlements tha.t would take 

p:).ace under a slab f ound.a.tion, a pile f ounda.tion is recommended for this 



structure. Since friction piles will not carry the expected load v.l.thout 

undue settlements 1 bearing piles driven to sand should be used. 

79. A series of pile tests to determine the size required for the 

bearing piles and the allowable tension load is believed necessary: for a 

core economical design of the piling and should bo initiated before the 

design is completed. 

80. In order to insure that the uplift :pressures used 1n design ot 

the structure vill not be exceeded, tho drainage system which incorporates 

relief wells as shown on plate 25 is recommended. 

81. To observe too settlement of t-be- control: structmv, permanent 

bench marks should be established in the superstructure. In order to 

verify the design assumptions of upli1't beneath tho structure, it is 

rocommendod that the performance or the ~i1ter blanket and relief wells 

be observed by the installation of five sets of piezometers 1n the drain

age blanket and in the silty stratum at about Boo-rt intervals along the 

control structure. 

82. It is recommended that construction of the control strueture -

start 1n the middle so that a maximum period of preloading will be allowed 

. at the abutments. 

Embanlanents 

83. Because there is to be a raising of grade or the highvay and 

railroad of 1-1/2 ft, and since the existing emba~~nt ~ections 1n some 

places have not been brouGht to grade, it is recommended that the existing 

embankments be reinforced using the sections proposed on pl.a.tee 29 and 31. 

84. The foundation beneath the existing embankment vill probabq 
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consolidate :rurther, due to raisins the original grade line or the· high

way and railroad, and also since some pm.-tions at existing embankment have 

never been brought to their original grade. Therefore, additional settle-

ment my be expected along these portions. 

85. RecOI!llllended net sections for the embanlanent extensions are 
. . 

shown on plate 30. It is estimated that the total settlement to be ex-

pected beneath the center of the embankment extensions will range from 

3-1/2 to 5 rt, about 90 per cent of this settlement probab~ occUITin8 

during the first five years after construction. As this estimate does 

not include settlement within the- emb~"lkment itse-lf' 1 the- emba.nkments- "l'fBY'-

have as much as a 4 to 5-1/2 ft total.settlement over a five- to ten-year 

period, assuming that there may be shrinkage and settlement within the ·em-

bankment or 0.5 ft. 

86. As it is necessary to keep the existing highway and railroad 

open to traffic during construction of the embankment, it is recommended 

that the railroad. side of the embankment be brought up to grade before the 

highway side, by a stage construction procedure. The berm enlargement. 

should be placed before the existing embankments are raised to their new 

gr~de. Overbuilding of' the interim net section at the new embankment 

extensions during the first year of construction should be 3 ft at the. 

top of the emban.1tment, tapered to 1.5 ft at 77 ft from the railroad center 

line and 0.5 ft at the crown or the berm. The final net section should be 

overbuilt about 2 ft across the top or the embankment. The e7.act amount 

of overbuilding should be determined from observations on the settlement 

plates beneath the embankment. 

87. Although the borrow material to be used in the embankments is 
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not particularly suitable for embanlonent construction as it is very plas

tic and has a high natural water content, it vould not-be economical to 

haul a better material in the quantity needed from distant sources. The 

flat slopes required for the embanlt:ment because of the weak foundation 

t'.IB.terial lessen the requirement tor high quality or the embanlanent materi-

al so long as an adequate density is obtained. The embanlanent sh~ be 

constructed so as not to overload the foundation by excessive overbuild-

ing. The thickness of each lift should not exceed 12 in. of loose materi-

al, and each lift should be brought up unitormly a.cross the. entire vidtb 

of the embankment. It ia coratidered satisfactory- to- use- lO•'Con-Drlntmmn--

weight tractors that have a contact pressure of 6 psi tor compacting the 

embankment material, providing the number of coverages or the track is 

adjusted to insure that the lump13 of soil are l'irmly pressed together to 
• I 

elimina.te any appreciable voids between ~umps. At least three passes or 

the tractors should be ma.de, vith a provision for payment for additional 

passes 1f proper compaction is not obtained with three passes. Careful 

observations of the compaction operations should be ma.de at the beginning 

ot construction to deterinine the number of passes required. The edges or 

all borrow areas should be at least 100 ft :from the toe of the embankments. 

88. In order to minimize surface cracking.vithin the embankment, .it 

should be topped with 3 to 5 ft of silty or sandy material. 

89. Before placing any ballast on the newly cO?:Ipleted railroad em-

bankment, it is suggested that the embankment be allowed to settle for as 

long a period as po~sible and then be brought to final grade. Appr9ximate

ly 90 per cent of the total settlement is expected within five yea.rs after 

beginning of construction of the embankment •. In order to keep the tracks 
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of the railroad to grade, a continuous mintenance program of ballasting 

appears to be the most :feasible method. It is suggested that only tempo

rary surfacing be placed on the highway after· it is brought to grade until 

appr00cima.tely 80 per cent of the total settlement (as determined tram the 

settlement plates) bas occurred. At this time the. highway side of the 

embankment could be brought to grade to compensate for expected f'uture 

settlement and then resurfaced. 

90. It is recomcl'ended that settlement plates be placed beneath the 

base of the embankment e.t Sta 630, 664, 758, and 798. 

91. In order to ceasure the pore w.ter pressures tbat· v1ll be 

developed in the embankoont and foundation due to the construction of the 

embankment, it is recomcend.ed that five piezometers be installed in the 

foundation and fill at Sta 630, 664, 758, and 798. A record of the water-

. table fluctuations is nccessa..7 to evaluate ~ the data tram the 

piezOI:Jeters and therefore it is recommended tbat water-table piezamcters 

be 1.11stalled 30 ft from the too of the land.side slope of the embankment 

at Sta 630, 664, 758, and 798. 

Abutments 

· 9'2. It is recOOI:1Cnded that the abutment areas be preloaded and the 

foundation alloved to settle for as long a period as possible before the 

structure is constructed. An embankment settlement plate should be placed 

"under each preloading fill. These two plates should be 18 ft riverside 

of the railroad center line and should be at Sto. 679fl.-0 and 721+20. 

93 • Four approach spans should be used at each abutment to carry 

the highway and ro.ilroe.d fro?:l the main embanlaoont to tho control structure. 

• 



The embenlorent should slope down to the end pier of the control structure 

with the ~8llle slopes as recorume11ded for the side slopes of the embankment. 

94. The backfill against the concrete curtain wall should be placed 

as shown on plate 35 with hand-operated power tampers. 

,' ., 
>, : 
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23,7 Cla7, Ufl71 tlrll 
27.0 ClAJ, P'911 tinl . • 
30. 9 Cl&J I greJ • brolln, i1iia 
33.l Cla7, gre7, tinl 
]1,.2 ClaJ1 gre7, atut 
36,8 Cla7, fl"Ti tlrll 
37,9 'Cl&J, gre7 • browla, f1rll 
i,5.0 Cla7, P'91i tinl 
i.6.3 ClA7, Bf:91, tlrll 

53.5 Cl&J, greJ, ti.no 
59.li Cl&J1 .,:.7, fin 
6T .l Cl&J, .,:eJ, atut 

77,9 Cla7, gre7, at1tf 

9.9 Cl&J, gre7, tlrll 
l0,5 ClA7, .,:.7, tinl 
lli.5 Cl&J, gre7, ti.no 
18, 7 Cl&J, .,:eJ, fin 
28.5 ClAJ •1lt, .,:eJ, tlrll 
]1,.3 Bllt7 cl&J, .,:.7, tin 
lili.5 Cl&J, sre11 tinl 
69,5 SUtJ cl&J, .,:.7, atltf 

10., SUt7 cl&J, .,:eJ, tin 

25,5 Cla7, gre7, tin 
35.6 Cla7 I sre11 tin 
li5.5 ClAJ, greJ, ti.no 
,,,l ClaJ, greJ, ti.no 
75.li Cl&J, gn11, ti.no 

].8 Cl&J aUt, cre71 tinl 

10.5 Cla7, .,:.7, tin 
15.l Cla7, .,:.7, ti.no 
20.0 ClA71 .,:eJ 1 tlrll 
27.2 8Ut7 cl&J, gre7, ftra 
29. T ClA7 •1lt, brCMI • ~ 
li2,' Cl&J, sre7, f 1rll 
li8,0 Cl&J, gre7, t1rll 
6o., ClaJ, .,:.7, tlrll 
70., Cl&J, gre7, ttra 
85.5 Cl&J, cre71 tin 

7 

8 

8 
10 

7 

7 

11 

6 

6 

8 

8 

11 
Ii 

20 

6 

6 
6 
Ii 

5.li Cla7, gre7 • brovn, aon 
15.6 ClAJ, cre7 • bravn, ti.no 8 
2i..8 Cla7 aUt, gre7 • brawn, ftra 13 
26.li S&Zld,J •llt, cre7 23 
30, T Cla7, gre7 • brawn, tlrll 7 
liO., Cla7, .,:.7, Ura 11 
117 .2 Cla7. gre7 I ti.no 11 
50.li 81lt7 cla7, gre7, t1rll 

7, 7 Cl&J, .,:.1 • bravn, ftra ' 8 
10. T Cl&J, gre7 • bravn, ltltf 
U.5 ClAJ, fl"T• tlrll e 
13.6 ClAJ, ""71 t1rll 6 

16,2 ClAJ, Ufl1 • bn:nrn, t11'1l 
21.0 Cl&J, Ufl1 • bn:nrn, ttra ' 

21.6 Cl&J, gre1·• llrovn, tlrll 8 
211.5 Cl&J, gre7 • bravn, ttra 
25.'9 Cl&J, cre7 • bn:nrn, atltf 
26.5 Cl&J dlt, .,:eJ1 llClft 26 
31.8 8Ut7 cl&J, cre7 • W-1 ftra 
]1,,9 Cl&J, sre7 • bravn, 1t1tf 8 
38.8 Cl&J, gre7, f1rll 8 
lio.3 Cl&J, gre7, tlrll 
lil.8 Cl&J, gre7, tira • 10 

li2. 9 Cl&J I cre7 I tlrll 6 
lili,5 Cla7, cre11 tlrll 
liT ,5 ClA7, gn17, t1rll 
,.. • 9 Cl&J •llt. sre7 I llClft 12 
62.0 s.ndJ•ClAJ li6 

20 

26 

' 30 

28 

21 

23 

26 

18 
lil ,.. 
11 
27 
31 

18 
6li 
61 
2i. 
22 
lli 

19 

17 

27 

,.. 
30 
21i 

33 

l2 

'9 
21 

,, 
1' 

88 

TO 

66 

8T 
6o 

29 

12 

70 

1' 

60 

67 

33 

" 80 

6o 

'8 

68 
li8 
21 

83 
6T 
65 

117 29 88 

76 23 ,3 

10ll 29 73 

19 26 ,3 

9'! 30 62 

66 31 3, 

119 23 26 

90 23 67 

lOli 32 72 

69 26 113 

90 30 60 

9' 2' 70 
79 JO r.9 

Tli 90 19 61 
23 
16 
69 
6T 90 21 63 
1' 

73 lOO 28 12 

T9 

T8 

65 91 30 61 

IO. t 

62 
68 ,., 
82 llli 113 Tl 

29 38 23 15 
33 39 20 19 

0:: 
0:: 
0:: 
0:: 
UC 
0:: 
0:: 
IJC 

UC 
IJC 
u:: 
u:: 
0:: 
UC 
0:: 
0:: 
u:: 
u:: 
u:: 
0:: 
0:: 
UC 
IJC 
UC 
IJC 
IJC 
qr 
0:: 
UC 
IJC 
err 
UC 
u:: 
u:: 
0:: 
0:: 
IJC 
0:: 
u:: 
tJC 
tJC 

.~ 

.~~ 
lil 
38 
71 
37 
52 

32 
33 
32 
31 
31 
i,5 

" li2 
li5 
i.6 
51 

" 3T 
liO 
39 
36 

" 6li 
52 
n 
~ 
3T 
lio 
39 

30 
39 
36 
Ii) 
31 
]I, 
53 
36 

liT U:: 39 
liO 
lil 
36 

tJC 
3, UC 
119 tJC 
'l UC " lio 35 0:: 

. 119 tJC 51 

36 0:: 31 
28 
38 
35 
li6 
37 

0:: 
39 0:: 

~ : 
37 tJC 
31 Qc'! ·31 

" " 38 
~ : 
" 0:: liT U:: li2 

]Ii 36 0:: 

~ 
31 
31 
lil ,.. 
50 ,, 
" 38 
li8 ,.. 
'8 
50 

liT 
3, 3, 
12 
113 
li2 
'1 

~ 
72 
73 ,, 
lio 
31 

0:: 57 
0:: 'l 0:: 29 

0:: lil 
0:: li9 
UC liT 
0:: 37 

0:: li6 
0:: )Ii 
UC Ii] 
err liT 
0:: li6 
0:: 39 

0:: ,, 

err 32 
0:: 28 

0:: lio 
0:: 37 
IJC 119 
err 119 

0:: T3 
UC 70 
0:: 113 

12 38 50 711 25 119 37 
8 7 °'' 113 33 80 67 

10,5 S1lt7 cla7, gre7 • bnNn, ICIR 
12.5 Cla7, .,:.7, aort 

lli.2 Cla7, r;reJ • brolnl, aot\ 

16.3 ClA7, r;.·e7 & bn:nrn, tlrll 
18.li ClAJ, gre7 • broom, •CIR 
20,5 8Ut7 cl&J, gre7 • °llrolna, f1rll 
22.5 8Ut7 cla7, creJ• aott 12 
211.5 Cl&J •1lt, gre7 & W-1 t11'1l 
2'·5 Cl&J dlt, FflT • 'bnNn, aott 11 
30.11 8&n47 Ult, ue7 · , 13 
36.0 B1lt7 cla7, gn17, t11'1l 3 
u.o Cl&J, Bf:'81 • t 1r11 
li,2,5 Cl&J, gn17, ttra 
lili,6 Cl&J, grer, aott ' 
li6,, Cl&J, gq, 1CIR 
liT., Cl&J, cre7• ttra 
li9.2 Cl&J, &f°WT• tlrll 
51,,' Cl&J • &f9T 1 ttn lli 

'6 
61 
70 
52 

8 

20 

6li 23 i.1 • li2 
51 

32 li8 21 21 

28 
lT 
.. , 70 23 117 

8T 10ll 31 71 

66 -99 30 '9 

" ..... 
52 
i.3 
33 

~ 
)Ii 
i.1 
6li 
69 
67 
69 
'7 

t 
9 l' '6 91 29 62 lio 

oc 32 
oc Ii) 
oc li8 

tx: " tJC lil 
qr 113 
IJC ,1 
tJC li8 • 

tx: 32 

.M-35 

Croun4 

111+50 2 21r.11 8.o c;i.;,, broom, t11'1l 

IDeft.UOD 
• 32.11.1 

11-3'7 TOO.OO 3 .. 
ll5t\ 6 
•.:i•t or 7 
center 9 
UD11 or 10 
rail-· 13 
r-1 

28.3 
27.3 
23.0 
20.8 
16.o 
13.8 
10.3 

• l·T 
i..1 
9.0 

11.2 
16.o 
18.2 
21.7 

• 
Cla7 I gre7 • broom, IOt't 
Cl&J, gre7 • 'broltll, IOt't 
Cl.aJ, greJ • brawn, tlrll 
Cla7, sre7 •. 'broltll, tlrll 
Cl&J, 0"97 • 'broltll, t1rll 
Cl&J, greJ • brolrn, aott 
ClA7 1Ut • .,:.t7, ttrp 

10 
.16 

21 
25 
39 

16 

" 

T'6 
6T ,3 
1i. 
29 

70 23 117 

119 
li5 
li5 
Ii] 
]I, 
31 
119 

u: 
u:: 
tJ:: 
tJ:: 
tJ:: 
tJ:: 
UC 

I 

O.)li 
0.38 
o.i.11 
0.38 
0.27 
0.30 
o.16 
0.36 
o.i.1• 
o.a.i. 
0.38 

73 0.30 
T6 0.38* 
89 o.lia 
7' o.i.i. 
76 0.55 
91 0.37 
63 0.29 
59 0.32 
59 0.37 
82 0.59 

70 
73 
72 
79 
82 
'7 
83 
69 

0.29 
0,33• 
0,26 
o.1i2 
0.53 
0.24 
o.21i 
0.26 

0.29 
0.33• 
o.lli 
0.12** 
0.32 
0.29 
0.19" 

0.111 

0.36 

0.73 
o.1io 

85 
86 
86 
89 
89 
7' 
76 
78 
7' 
75 
Tl 
T6 
82 
81 
82 
82 
76 
61 
69 
'6 

0.29 0.36 

M 
83 
80 
80 

!ill! 
T9 
8li 
T6 
89 
86 
6T 
83 

80 
78 
80 
85 
67 
a1 
T8 

89 
93 
83 
85 
1' 
8li 
93 
T6 
T6 
82 
76 
8' 

66 
12 
93 

T8 
70 
T3 
83 

T3 
86 
12 
71 
73 
80 

1' 
89 
9li 

80 
82 
12 
12 

8' 
76 
12 
T'6 
71 
76 
70 
71 

89 

82 
6' 
81 
'8 
5T 
'8 
6T 
12 

1' 
12 
81 
8' 
12 
70 
!ill! 

O.lil 
0.22-
0.29 

_g.33 ........ .. 
o.i.o o.~ 
0.3 .. _ 
0.52 
o.~ 
o.lt6 

..A 0.35 0.78 
;c- 0.30 

0.35 
0,29 
o.i.11 

i• 0.50 o.,, 
0.,3 

0,37• 
0,28 
o.36 
0.27 
o."2 
o.i.5 
o.3' 
o.,i. 

0.25 
0.21i• 
0.38 
o.i.3 
0,35 
0,28 
o.3' 

0.29 
0.25* 
o.36 
0.28 
0.32 
0.32 
0,35 
0.25 
0.29 
o.1i1 
0.25 
o.lili 

0,2'6 
0.35 
0.111 

0.39 
o.i..i. 
o.i.9 
o.lili 

0.33 
o.,i. 
o.)li• 

]O 0.25 
0.25 
o.li6 

0.37 
ao 0.30 

o.61i 

0.27 
0.39 
0.39 

0.23 
0.22 
0.33• 
0.20 
0.28 

1° 0.3, 
0.20 
0.27 

o.li2 

0,3, 
o.2e
o.25 
0.211 
0.21• 
0.23• 
o."2 
o.36 

0.22 
0.2 .. 
O,li8 
o.li6 
0.29 
o.2i. 
o.38 

o.26 

0.33 

0.36 

0,38 

0.111 

0.63 
0.53• 
0.71• 

0,36 

1.2 2., 
1.3 
2.9 

1.3 

2.6 

l.~ 

1.0 

0.7 

1,7 

1.2 
0.9 
1.li 

1., 
o.6 l., 

o., 
o.8 

1.3 
1., 

1.8 
2.0 

o.,. 

0.9 

1.3 

o.i. 

o.6 

o.i. 

0.7 

0.7 

1.2 
1.1 
1.2 

'' 

.. 

2.68 i.1 

1.69 6J 

2.66 li8 

2.70 'J 
1.70 ~ 
1,62 v,, 

39 

12 

21 

IO 

25 
90 
liT 

J2 
'8 
lT 

8 

• 

35.0 

o.6 
58.0 



Sack Buple lloriq 
lf\lllber ~ 

l MB-24 

"2 
3 

Soil 
Claaa1t1cat1on 

' 6 

MB-5' S1lt7 o~ 

MB-66 Silt7 c~ 

7 

8 .· 

Table 2 

S1lMIWrI <1' DST DM!A •• llCEBOil ABBAS 

Camb1Jled Marpma ~ Coatrol. Structure 

M9Cnnc&i £¥ PrOCtOr Brm' Teats 
~1• Atterberg t. iiat. Teat 

ft ~ ft Lbd.ta v yd v v yd C · Shrinkage 
!!!!! !fil ~ .!f !1 !! ...,L.. Lb/Cu J't !zE! ...,L. _L Lb/Cu J't ~ 't/Bq Ft !l..!!: Limit 
"- . --- -

8 39 ' ,3 . 62 26 34 29 '91 ._ '00 36 26 91 1.03 2.69 13 

ll " 34 44 23 2l 

9 38 .'3 6l. 2, 36 28 

3' ~2121 23 

l2 49 . 39 47 23 24 21 100 

e 29. · 63 1' 26 49 31 87 

UC " 29 91 o.63 
oo " " 82 - o~ 
QT " . 36 82 2° 0.15 

'00 
UC 
QT 
~T 

UC 
UC 
'00 
QT 
'00 

lJC 
'00 
lJO 

34 

3' 
" " 
" 

34 
" 
" 
" 
" 
" 

35 

30 
" 
" 
" 

35 
" " 
" • 

" 

26 
32 
3, 
36 

23 
23 
26 
27 
31 
32 

24 
24 
29 
29 

20 2, 
30 
31 
34 

27 
31 
32 

97 
96 
91 
91 

97 
97 
90 
89 
84 

87 ae 
86 

1.3, 
0.20 
0.27 
0.34 

o.62 
l.14 

- 0.'2 
2° 0.33 
fP o.l.6 

• 

0.21 

1.19 
1.2, 
0,22 
0.13 

1.32 
0.96 
o.28 
o.l.6 
o.l.6 

1.17 2.69 
o.62 
o.6' 

12 

17 
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CO~BINED MORGANZA FLOOOWAY CONTROL. STRUCTURE 
TEXAS &. PAC1FIC R.R AND LA. STATE HIGHWAY NO. 30 

'· 
LOCATION MAP 

.SCA LE - I. 82 ,5000 
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PIL.A\Trt n 
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NOTE: BORINGS MADE IN MAY AND JUNE 1941. 
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FIGURES TO LEFT OF BORINGS ARE WATER CONTENTS IN PERCCNT 
CAY WEIGHT. . ' --- ---- _______ _.._ -~-- .......... __. ______ .. 

:: .:.: .. =~:-.·. :. a..:-.:.:.::-.::-:· -:---:-;-:::: t:-"""':: 
!-------+-..... ~-~-· ~11.~ ~ 
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F'IGURES TO RIGHT OF BORINGS ARE MAXIMUM SHEAR STRENGTHS 
OF UNDISTURBED SAMPLES AS OBTAINED FROM UNCONF'INED COM
PRESSION TESlS. TYPE OF TEST DESIGNATED AS FOLLOWS: 

UC= UNCONF'INED COMPRESSION TEST. 
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COMBINED MORGANZA Fl..OODW'Y CONTROL STRJCT\Jf£ 
TEXAS & Pl.CIFIC R.R. N-0 LA. STATE HIGHWAY NCl. 30 

FOUNDATION BORINGS 
HIGHWAY STATION ~19+00 - eu+oo 

SEPT. 1948 FIL! 3028 

PLATE 3 
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NOTE: BORINGS MAD£ IN f'£8RUARY ANO MARCH 1948. 
BORINGS TAIU:N WITH ~N. SHCLBY TUBE VACUUM TYPE SAMPLER. 
F'IGURES TO LUT or BORINGS ARE WATER CONTENTS IN FERCCNT 
DAY WEIGHT. 
F'IGURES TO RIGHT Of" BORINGS ARE MAXIMUM SHEAR STRENGTHS 
OF UNDISTURBED SAMPLES, fb IN DEGREES, COHESION Cc;) IN 
TONSISQ "· TYPE OF' TEST bESIGNATCO AS FOLLOWS: 

UC • UNCONrlNCO COMPRCSSION. TEST. 
QT • QUICK TRIAXIAL COMPRESSION TEST. 
Clc;T• CONSOLl!»ITED-QUICK TRIAXIAL COMPRESSION TEST. 
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NOTES: 
I. BORINGS MADE IN DECEMBER 1948. . 
2. BORINGS MADE WITH !MN. SHELBY Tl.eE /1#.o 1-l IN • 
SPLIT SPOON ~AMPLERS. . 
3. DRIVING RESISTANCE OBTAINED USING 140 LB 
HAMMER WITH 30 IN. DROP. 
4. SEE PLATE !> FOR LEGEND. 
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APPENDIX A 

PIIE LOIU>Im.TEST PROORAM 

Introduction 

1. It is recom::iended that pile tests be tiade at the site or the .. 
control structure as a possible aid to a more economical design or the 

foundation. The test program should include compression and tension 

piles to determine the size of the compression piles that would be re-

quired and the allowable tension loads. The original design of the pil.-

ing beneath the structure included cOtiprcssion piles to sand, loaded to 

47 tons, and short tension piles loaded to a m.ximum of 14 tons tension. 

However, cost studies indicated that a higher compression pile loading 

might be more economical. In addition, a redesign of the pile group lay-

out made it possible to eli!llinate the short tension piles. The JD3Ximum 

design loads for the present pile layout as shown on plate 23 are 21 tons 

in tension and 96 tons in compression on 10?16 piles driven to sand. 

2. The pile tests wore located as shown on plate 38 so that the 

tests would be near existing undisturbed borings {see plate 2). Con-

siderable laboratory data including shear tests arc availaQle on borings 

near each end and the middle of the structure. Split spoon drive sample 

borings have been ma.de at the three test locations to locate the top of 

the de~p sand and to determine its 'relative deil3ity {see plate 6). Un

disturbed samples were obtained to a depth of 25 ft in borinc M-37 near 

tho center of the structure to check the l~w strength indicated by the 

upper portion of boring M-31. 
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General 

3. Driving of piles. All test piles should be driven to the tip 

elevation specif'ied in tables 3 and 4 vithout interruption tn:3of'ar as 

pre.ctie-able. The hammer used should be of' the single-acting, steam or 

air driven, capable of delivering not less than 15,000 ft lb of energy 

per blov. The pile driver shoul.d not have :free hanging lee.els. A contin

UO'..lS record of the driving resistance (number of blows per foot) should 

be kept for all piles. All piles should be driven vertically vith a maxi

mtun deviation of about 4 in. from the stated location as listed 1n table 

3 for the compression .piles e.nd table 4 for the tension piles and as shown 

on plate 38. All test and anchor piles should rest for two weeks after 

driving before testing. The order of drlVL"'lg 'the- piles at aey station-

should be compression '"'o' pile, tension pile, compression "a" pile. If 

the driving record of a "b" pile does not indicate a. driving res:'.stance 

_of 30 blows per in. at the specified tip elevation given in table 2, the 

pile should be driven further until the resistance becomes 30 blcnrs per 

in. or until the tip of the pile is 15 f't below the top of sand aa indi

cated by the driving record. The tension pile should be driven to the 

same tip elevation as the ''b" compression pile. The "a" compression pil.e 

should be driven to the specified tip elevation or to a tip elevation 5 

ft above the top of the sand as indicated by the driving record or the 

''b" pile, whichever is higher. 

4. Measurement of move::ient. A continuous time-movement record 

should be kept on all test piles. The movement rnay best be measured by 

dial gages reading direct to 0.001 i:l. mounted on a steel beaxi secure~ 



anchored. The anchors for the beam should be at le~t 10 ft from the 

test and anchor piles. Gages should be placed on opposite sides at the 

test pile so that the average movement can be determined. Observations 

should be made with a level on the anchor piles, the anchors at the 

re:erence beams, and the test piles before each new load increment is 

applied or removed. 

3A 

5. Excavation. The area around each test pile should be excavated 

to elev 23.51 as that is the elevation ot the bottom of the drainage 

blanket beneath the structu;-e. This excavation, which may be done before 

or after driving, need be only 6 to l2 in. larger than the pile. 

6. Deviation from stated procedur~. If field conditions indicate 

that minor changes in procedure a.:-e necessary or desirable to obtain 

• better results from the tests, the engineer in charge of the pile tests 

may require that such changes be :ce.de. A record .sh~d be kept as to the 

exact procedure followed it' any changes are made. 

7. Removal of pili.!;8. By driving the test piles about 8o ·ft east 

of the center line of tho railroad relocation, the piles used ~ the test 

program vill not interfere vith the piles to be driven beneath tho struc

ture. However, the test and anchor p~les must be cut off below elev 29 

or pulled so as not to interfere with the placing of the upstream riprap. 

The holes remaining after any of the piles are pulled should be backfilled 

vith tamped clay to prevent e:1try of seepa6o into tho silty le.yer that 

exists at a depth of about 25 ft. 

Types of Piles 

Pipe piles 

8. It is considered that steel pipe piles 'W'ill be necessary to 
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carry a design compression load ot about 100 tons. It is fel.t further 

that the size or pile reguired vill not be less than 18 in. diameter end 

probably Vill be 24 in. Therefore, it is recommended that tests be -con

ducted. on 24-in. pipe piles near each end and the middle _or the structure 

and on 18- and 30-in. pipe piles near the middle ot the structure. 

Metal shell piles 

9. In order to have a complete series ot tests, it is recommended 

that tests be per:f'ormed on piles which would carry an estimated design 

load ot approximately 50 tons. It is suggested. that uniform tapered piles 

Vi.th an 8-in. tip (Monotube F-sections) and 12-in. constant-section piles 

(Mo:iotube N-section) be tested at the center ot the _structure. It is be

lieved ~t the ae~ion of these two t~es ot metal shell p_iles vill be 

similar to that of pipe, precast concrete, or other·commercial piles vith 

~ taper ot 1 in. in 7 ft or less, and With parallel_ sides, respective~. 

Compression Piles . 
Genera1 

10. It is considered necessary to conduct the compression pile tests 

1n such a manner that the bearing capacity ot the portion ot the pile 

driven into the sand Will be evaluated. In order to do this it is neces-

sary to eliminate completely or to measure the frictional resistance 

developed along the pile in the clay stratum. The effect of the clay 

could be completely eliminated by testing a pile driven through a casing. 

The resistance developed along a pile in the clay may be determined 1t 

piles are tested in pairs: one driVPll into the sand and one driven to 



above the send. The latter method has been selected by the Off'ice, Chiet 

of Engineers. All piles should be tested to failure or to the llm.t ol 

the loading equipment. 

Size and type ot piles 

11. It is recommended that 24-in. diameter piles be tested in pairs 

near each end and the middle ot the structure to determine variations that 

may exist due to different foundation conditions. At the center or the 

structure, pairs or 18- and 30-in. pipe piles and 12-in. constant section 

and uni.form-taper piles should also be tested so that the most economical 

size of pile may be determined. If the driving record ot a "bn pile 

driven into sand does not indicate a driving resistance ot 30 b~ per 

in. at the specified tip elevation given in table 3,_ the 12ile should be 

driven further until such resistance is obtained or until the pile tip is 

15 ft below the top of the sand as indicated by the driving record. The 

"an pile should be driven to the specified tip or to a point 5 :rt above 

the top of the sand as indicated by the driving record of the "b" pile. 

The pipe piles may be driven with the end either open or closed and then 

carefully filled with concrete. If the pipe piles are driven open-ended 

they should be carefully cleaned out prior to filling. with concrete. care 

should be taken not to disturb the sand beneath the tip of the pile durins 

the cleaning operation. A trcmie seal should be placed in the bottom ot 

the pipe piles before the piles are pumped free of water and the renainder 

of the concrete is plac&d. 

Means of load~ 

12. The load should be o.pplied by hydraulic jacks. The reaction 



for the Jacks may be either anchor piles or dead weight on .a platform or 

a combination of' both. It anchor piles are used, the total embedded sur

face area of' the anchor piles should be not less than 18oo sg :rt tar the 

"a" piles and 4000 sg ft for the ''b" piles. The anchor piles should be 

not closer than 5 ft to each other and the test pile. It the dead weight 

method is used, the total. weight should be in place before testing starts •. 

The weight for the "a" piles should be 200 tons and for the "b" piles be 

400 tons, or the capacity of the corresponding "a" pile plus 210 tons, 

whichever load is larger. All beams and connections in the loeiJ1ng yoke 

and the Jacking equipment sho"..lld be designed for the maximum load to be 

applied to the pile. 

Loading procedure -- pipe piles 

13. "a" ~iles. The "a" piles of each pair should be tested first 

and sho1.1ld be loaded to failure. The loads should be applied 1n 20-ton 

increments at a rate of 1-1/2 tons per minute. Each increment should be 
• 

maintained until 80 per cent of the estimated movement has taken place, 

or for 24 hours, whichever is shorter, except as otherwise stated. At 

loads of 80 and 160 tons 1 the load should be maintained until all movement 

stops 1 or for 24 hours, whichever period is longer. After completion ot 

the 40-1 80-1 120-1 and 16o-ton loads and at the end of the test, the 

piles should be unloaded and al.loved to rebound. Unloading and reloading 

should be at a rate of 1-1/2 tons per minute. The piles should be allowed 

to rebound until 80 per cent of the estimated rebound has occurred, or tor 

12 hours, whichever is shorter, except at the end of the test vhen com-

plcte rebound should be allowed. Time-movement curves should be plotted 
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as the test progresses so that the duration of the load increments nay be 

determined. 

14. ''b" piles. The ''b" piles should be loaded and tested as given 

above for the "a" piles until each ''b" pile is loaded to the capacity ot 

the corresponding "a" pile. The loading ot the "b" pile should then be 

contimled with the SW!le increments and rates as given for the "a" piles •. 

When the additional load is 100 tons and 200 tons,. t}\e load should b9 

maintained until all movement stops, or for 24 hours, whichever is longer. 

After the additional loads of 6o, 100, J.6o, and 200 tons and at the end ot 

the test, the piles should be unloaded and allowed to rebound as given 

above for the "a" piles • 

Loading procedure -- metal shell piles 

15. "a" piles. The "a" piles ot each pair should be tested first 

and should be loaded to failure. The loads should be applied in 10-ton 

increments at a rate ot l-1/2 tons per minute. Each increment should be 

maintained until 80 per cent of the estimated movement has taken place, or 
... 

for 24 hours, whichever is shorter, except as otherwise stated. At loads 

of 40 and 80 tons, the load should be maintained until all movement stops, 

or for 24 hours, whichever period is longer. After completion ot the 20-, 

40-, 6o-, and SO-ton loads and at the end of the test, the piles should be 

unloaded and allowed to rebound. Unloading and reloa.ding should be at a· 

rate of 1-1/2 tons per minute. The piles should be allowed to rebound 

. until 80 per cent of the est1mated rebound has occurred, or for 12 hours, 

whichever is shorter, except a.t the end of the test vhen complete rebound 

should be allowed. As for the pipe piles, t:il'!le-::novement curves should be 



plotted as the test progresses so that the duration or the load increments 

may be determined. 

16. ~' piles. The ''b" piles should be loaded and tested as given 

above tor the "a" piles wxtil ea.Ch "b" pile is loaded to the capacity of 

the corresponding "a" pile. Tho loading of the "b" pile should then be 

continu.ed with the same increments and rates as given for the "a" piles. 

When the additional load is 50 tons and 100 tons, the load should be me.1n

ta1ned until all movement stops, or for 24 hours, whichever is longer. 

After the additional loads ot 30, 50, 80, and 100 tons and at the end of 

the test, the piles should be tmloaded and allO'W'ed to rebound as given 

above for the "a" piles. 

Tension Piles 

General 

17. Tension tests shou1d be performed on 24-m. pipe piles near 

each end and the middle of the structure. Near the middle of the struc

ture, tension tests should also be performed on an 18-in. pipe pile, a 

12-in. constant section metal shell pile (Monotube N-section), and a uni

t orm tapered pile (Monotube F section). It is believed that a tension 

test is not necessary on the 30-in. pipe pile. The locations and approxi

mate tip elevations of all tension piles are given in table 4. The tip 

of tension piles as driven should be at the same elevation as the tip of 

the adjacent "b" cOtIPression pile. 

Means of loading 

18. Each pile should be loaded by ~acking against two anchor piles 



or the adjacent compression piles. If' the compression piles are used as 

anchors, the compression tests at aey station should be completed bef'ora 

the tension test is initiated. The anchor piles it used may be timber ot 

such circumference and length that the total embedded area at the. anchor 

piles is at least 1. 5 times the embedded area at the test pile. The 

anchor piles should be 5 :rt from the test pile. The reaction beam and 

the connection betveen the beam and the test pile shou1d be designed to 

carry 150 tons. The connections betveen the reaction beam and the anchor 

piles should be designed to load the test pile to 100 tons compression as 

veil as 150 tons tension. Jtydraulic Jacks of sufficient capacity to pro

duce a 150-ton loading on the test pile should be provided. 

Loading procedure 

19. Prior to being tested in tension, all piles should be loaded in 

co:::zpression to a maximum load of 100 tons vith the exception of piles T2 

and T3 which should be loaded to 50 tons. The load should be applied at 

a rate of 1.5 to..1l.S per minute. This load should be m.inteincd for at 

least 12 hours be!'oro being rcmcT1ed e.t a rate of 1 ton per minute. The 

tension load should be applied as soon as possible after the compression 

load is removed. The tension load increments should be 8 tons. The rate 

of applying each increment should not be more than 1 ton per minute to 

avoid any sudden application of load to the pile. Each increment, except 

at 24, 48, 72, and 96 tons total load, should be maintained until 8o per 

cent of the estimated movement under that increment has ta.ken pl.ace, or 

for a maximum period of 12 hours. At loads of 24, 72, and 96 tons, the 

load should be sustained. until all movement stops and for at least 24 



hours. At the 48-ton load the load should be maintained for 48 hours. 

On pile T5 the 48-ton load should be held far 7 days. On pile T5 it is 

recommended that the pile be allowed to rebound under no load after the 

24-, 48-, 72-, and 96-ton loads. The rebound should be allowed to con

tinue until 80 per cent ot t:ie rebound bas occurred, or for a me.xil:mm of 

12 hours. The ma.xi.mum rate of unloading end reloading should be 1 ton 

per mint".te. All tension tests should be carried to failure 1.f possible. 

Rebound should be measured at the end of the test on all test piles not 

loaded to failure. To fo11ow the progress ot the test it is reco::mended 

tbat time-movement curves, plotted to either arithmetic or semilogarithmic 

scales, be plotted a.s the test progresses. O~ on the basis of such 

curves can it be estimated when 80 per cent or· the movement has occurred. 



Table 3 

COMPRE~SION PILE TESTS 

Diameter Approxime.te Distance frm 
of Pile Elevation Proposed R.R. 

Pile Type of Pile In. of Tip Station Center Line-Ft 

Cla Pipe ~ -30 682+50 75 
Clb Pipe 24 -53 682+50 85 
C2a Uniform taper 8 ~tip) -42 699+50 75 
C2b Uniform taper 8 tip) -52 699+50 85 
C3a Constant section 12 -42 699+75 75 
C3b Constant section 12 -52 699+75 85 
c4a Pipe 18 ... 42 700+00 75 
C4b Pipe 18 -52 700+00 85 
C5a. Pipe 24 .. 42 700+25 75 
C5b Pipe 24 -52 700+25 85 
c6a Pipe 30 -42 700+50 75 
c6b Pipe 30 -52 700+50 85 
C7a Pipe 24 -41 718+00 75 
C7b Pipe 24 ... 51 718+00 85 

Table 4 

TENSION PILE TESTS 

Diameter Approximate Distance fram , or Pile Elevation Proposed R.R. 
Pile _Type or Pile :rn. of Tip Station Center Line-Ft -
Tl Pipe 24 -53 682+50 8o 
T2 Uniform taper 8 (tip) -52 699+50 80 
T3 Constant section 12 -52 699+75 80 
T4 Pipe 18 -52 700+00. 8o 
T5 Pipe 24 -52 700+25 8o 
T6 Pipe 24 -51 718+00 80 



APPENDIX B 

nraTALIATION AND READING OF EMPANKMENT P:mza.m:TEP.S 

Installation 

1. In order to obtain reliable data, it is imperative that the ut-

most care be observed in the construction ot the piezometer tips and the 

splicing of the brass tubing. It is recommended that the procedure out-

lined by the Bureau of Reclamation to assemble the tips end splice the 

tubing be followed.* 

2. The tips to be located at elev 20 and -10 in the foundation 

beneath the embankment are to be placed in individual 6- to 8-in. holes 

at points approxima.tel,y 18 ft riverside and 60 ft landside of the center 

line of the railroad. The tip shallld be a 4- to 6-in. length of all-brass 
' 

well strainer, such as Clayton-Mark or egual, with /135 slots. The hole 

should be filled w1th filter sand A far 2 to 3 in. above and belOW' the 

tip. The hole should be backfilled around the 3/4-in. brass riser pipe 

above the sand with 2 ft of tamped clay, then 2 ft of sand~bentonite seal, . . . 

and the remainder w1th tamped clay. All backfill should be placed under 

water so that air w111 not be entrapped in the hole. A brass tee, shown 

in detail an plate 37, should be placed at the top of the riser. The 

copper tubes should be .soldered into the brass tee after it is placed on 

· the riser. The· elevation of the top of the riser should be such that the 

grade of the tube to the terminal well w111 be approximatel,y 0.02. All 

* Field Manual for Rolled Earth Dams, U. s. Dept. of Interior, Bureau ot 
Reclru:la.tion, Appendix B, November 1947, pp 58-59. 



Joints in the riser and tubing should be heavily leaded and it would be 

advisable to solder all joints. These piezometers should be installed 

and provision made for reading them before construction of the embankment 

is started. 

3. The tip in the embankment, detail shown on plate 311 should not 

be placed until the embankment has reached a grade or 7 ft above ground 

surface at a point in the embankment about 18 ft riverside or the center 

line of the railroad vi.th the porous stone down. The backfill around the 

tip should be material from the hole in which the tip ·is pl.aced. No sem 

or porous material should be used around these tips. 

4. Trenches approximately 12 in. wide and 1-1/2 ft deep. will serve 

to carry the piezometer tubing to the terminal well located at tho toe ot 

the land.side slope. All trenching should be on an ascending or descending 

grade from the tips to the terminal wells so that there will not be &13 

humps in the tubing in which air might collect. 

5. The material used for backfill around the tubing both in the 

holes and in the trenches should be typical of the adjacent material. No 

pockets of relatively porous or uncompacted material should be lef't in 

the trench. After the hand cleanup of the trench, a protective cushion 

ot approximately 2 in. or compacted material should be placed in a system

atic manner with the individual tubes separated approximately 2 1n. placed 

side by side. Afte:-:- spacing the tubes in the trench, a minimum ot 3 in. 

of material should be placed over the tubing and compacted by hand-operated 

power tampers. The remaining portion of the trench should be backfilled 

and power-tamped in 4-in. layers, using typical embanbncnt mterial. A 

minimum of 12 in. of compected J:l8.tcr1al must cover the tubing before 



rolling operations are permitted over the trench. Regular embankment

pla.cing methods should be used over the com:p_leted trenches. 

6. The tubes should be brought into the ten:llna.1 well through a 

steel pipe in the wall of the veil. After the installation is complete 

this :;teel pipe should be filled vith asphaltic material. Just inside the 

veil the brass tubes should be chan{;ed to 1/4-in. brass pi ~. A cutoff 

valve should be on the ends of both brass pipe leads. A tee connection 

should be installed on both leads on the tip side of the line. A short 

line and a valve should be attached to the tees so that the gages my be 

connected onto the end of each line. The gages should be capablu of 

measuring pressures up to 30 lb per sg in. and should be calibrated before 

installation. A schematic piping diagram is shown on plate 37. All pipes 

should be per::ia.nently marked vith the piezOI:Jeter rrumber and should be 

attached to a panel boa.rd or t..1le wall of' the terminal vell. 

7. The termina.l well should be a small manhole constructed of con

crete located at the land.side toe of the embankment. The veil should ex

tend 18 to 24 in. above the ground surface. Provision must be made far 

covering the veil vhen readings are not being taken. It is recommended 

that the sides and bottom of the veil be waterproofed. A small sump 

should also be provided in the bottom of the well. 

Readings 

_ 8. The general procedure outlined by the Bureau of Reclamation for 

reading the piezCTOCters should be followed. Before any readings are 

taken, it is of the utmost importance that the tubes be rreo of air. At 

the time of installation, vater should be circulated through the tubes 
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and the tips until no air bubble.s appear in the return line. It is reccmi .. 

mended that freshly-boiled 'Water be used for this deairing process. After 
. 

installation this deairing may be done whenever it is felt that air is 

present in the tubes or the riser pipe. 

9. Readings should be made on all piezometers shortly after their 

installation. Readin- should be taken every two weeks during the con-

struction period and every month in the interim between construction 

periods. It is recommended that a check reading be obtained on ea.ch 

piezometer at every fourth set of readings by connecting a master gage 

into the line at the extro. tee on the inlet line. Readings shou1d be 

taken every 6 months after construction bas been completed until the 

read.ings indicate that the pore pressures have been completely dissipated • 

• 




