
), 

CORPS OF ENGINEERS. U . S. ARMY 

POTAMOLOGY INVESTIGATIONS 

REPORT NO. 12-4 

VERIFICATION OF EMPIRICAL METHOD 

OF DETERMINING SLOPE STABILITY 

1954 DATA 

• • 

CONDUCTED FOR 

THE PRESIDENT, MISSISSIPPI RIVER COMMISSION 

CORPS OF ENGINEERS, U. S. ARMY 

VICKSBURG, MISSISSIPPI 

BY 

WATERWAYS EXPERIMENT STATION 

VICKSBURG, MISSISSIPPI 

JUNE 195 5 



Report No. 

1-1 
1-2 

2-1 
2-2 
2-3 
2-4 
2-5 
2-6 

3-1 

5-l 
5-2 

5-3 
5-4 
5-5 
5-6 

7-1 

8-1 

9-1 

*10-1 

10-2 
*10-3 
*10-4 

11-0 
11-1 
11-2 

11-3 

11-4 

11-5 

11-6 

11-7 
11-8 

POTAMOLOGY INVESTIGATIONS REPORTS 

Issued Prior To and Including This Report 

Title 

Instructions and Outline for Potamology Investigations 
Outline of Plans for the Potamology Investig~tions 

Preliminary Flume Tests of Mississippi River Revetment (1st Interim Report) 
Preliminary Tests of Mississippi River Dikes, Bank Stabilization Model 
Preliminary Tests of Experimental Baffles, Bank Stabilization Model 
Preliminary Flume Tests of Mississippi River Revetment (2nd Interim Report) 
Investigation of Bank Stabilization, Miller Bend, Mississippi River 
Verification of Bank-stabilization Model 

Preliminary !:a bora tory Tests of Sand-asphalt Revetment 

Geological Investigation of Reid Bedford Bend Caving Banks, Mississippi River 
Field Investigation of Reid Bedford Bend Revetment, Mississippi River 
(3 volumes) 
Reid Bedford Bend, Mississippi River, Triaxial Tests on Sands 
Piezometer Observations at Reid Bedford Bend and Indicated Seepage Forces 
Standard Penetration Tests, Reid Bedford Bend, Mississippi River 
Undisturbed Sand Sampling and Cone Sounding Tests, Reid Bedford Bend Re
vetment, Mississippi River 

Soils Investigation, Bauxippi-Wyanoke Revetment 

Hardscrabble Bend, Mississippi River, Revetted Bank Failure, Soils 
Investigation 

Bank Caving Investigations, Kempe Bend Revetment, Mississippi River 

Preliminary Development of Instruments for the Measurement of Hydraulic 
Forces Acting in a Turbulent Stream 
Turbulence in the Mississippi River 
Evaluation of Instruments for Turbulence Measurements, 1948-1949 
Evaluation of Instruments for Turbulence Measurements, 1949-1950 

Resume of Conference Initiating Potamology Investigations, 11 February 1947 
Report of Conference on Potamology Investigations, 15 March 1948 
Report of First Potamology Conference with Hydraulics Consultants, 9-10 
December 1948 
Minutes of Conference on Soil Studies, Potamology Investigation, 18 April 
1949 
Report of Second Potamology Conference with Hydraulics Consultants, 23- 24 
May 1949 
Minutes of Conference with Soils Consultants, Stability of Mississippi 
River Banks, 5-8 October 1949 
Report of Conference on Potamology Investigations, 6-7 October 1949 
(Volume 1, Volume 2*) 
Minutes of Conference on Soil Aspects of Potamology Program, 17-18 June 1950 
Minutes of Potamology Conference, 5 April 1951 

12-1 Density Changes of Sand Caused by Sampling and Testing 
12-2 S11mmary Report of Soils Studies 
12-3 Ve~ification of Empirical Method of Determining Slope Stability 
12-4 Ve:ification of Empirical Method of Determining Slope Stability, 1954 Data 

13-1 Bank Caving Investigations, Huntington Point Revetment, Mississippi River 

14-1 Goodrich Landing Revetment, Mississippi River, Field Investigation 

15-1 

16-1 

17-1 

Bank Caving Investigations, Free Nigger Point and Point Menoir, 
Mississippi River 

Development of Operating Technique for and Verification of Channel-meander 
Model 

Hydrographic and Hydraulic Investigations of Mississippi River Revetments 

* Not of general informational value and hence not distributed. 

• 

Date 

November 1947 
December 1947 

October 1947 
June 1950 
September 1951 
November 1951 
April 1953 
July 1953 

July 1948 

July 1947 

June 1948 
May 1950 
May 1950 
May 1950 

May 1951 

June 1951 

June 1950 

November 1951 

June 1948 
May 1950 
March 1951 
April 1951 

February 1947 
March 1948 

December 1948 

April 1949 

May 1949 

October 1949 

April 1951 
October 1950 
April 1951 

June 1952 
October 1952 
April 1954 
June 1955 

June 1952 

June 1952 

May 1952 

September 1953 

April 1954 

( 



CORPS OF ENGINEERS. U . 5. ARMY 

POTAMOLOGY INVESTIGATIONS 

REPORT NO. 12-4 

VERIFICATION OF EMPIRICAL METHOD 

OF DETERMINING SLOPE STABILITY 

1954 DATA 

CONDUCTED FOR 

THE PRESIDENT, MISSISSIPPI RIVER COMMISSION 

ARMY-MRC VICKSBURG, MISS. 

CORPS OF ENGINEERS, U . S. ARMY 

VICKSBURG, MISSISSIPPI 

BY 

WATERWAYS EXPERIMENT STATION 

VICKSBURG, MISSISSIPPI 

JUNE 1955 

• 



J/17 
W34-p 
Jlo. IZ-f-

Errata Sheet 

POTA140LOGY INVESTIGATIONS 

Report No. 12-4 
"VERIFICATION OF EMPIRICAL ME'l'110D OF DETERMINING 

SLOPE STABILITY, 1954 DATA" 

June 1955 
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Preface 

An empirical method or determining riverbank stability from the 

standpoint of liquefaction failures has been described in "Summary Report 

of Soils Studies," Potamology Report 12-2. Estimates of bank stability 

at a number of sites along the Mississippi River were included in Report 

12-2, and it was suggested that boring data acquired in future routine 

investigations be examined and used to esttmate bank stability by the 

proposed empirical method. It was further suggested that these studies 

be conducted by a central office to permit refinement of criteria and to 

establish the validity of the proposed empirical method. In a letter 

dated 18 February 1953 to the Director, Waterways Experiment Station, 

subject "Proposed Potamology Study - Soils," the President, Mississippi 

River Commission, endorsed the proposed study and issued instructions to 

the three districts of the Lower Mississippi Valley Division to forward 

the necessary data to the Waterways Experiment Station. Authority for 

the study reported herein was given in a letter from the Mississippi 

River Commission to the districts of the Lower Mississippi Valley 

Division dated 26 August 1954, subject, "Earmarking of Funds for Work 

To Be Performed by the Waterways Experiment Station." 

This report is the second of a series wherein new data obtained 

from borings made for revetment construction are analyzed to determine 

applicability of the empirical method for predicting bank stability with 

regard to liquefaction failures. The first report of this current series, 

"Verification of Empirical Method of Determining Slope Stability," 

Potamology Report 12-3, analyzed data obtained in 1953 and was published 

in April 1954. This report analyzes data obtained principally in fiscal 

year 1954. 
The studies and analyses presented in this report were made by 

Messrs. J. D. Stouffer and R. W. Cnnny and were reviewed and approved 

prior to publication by Messrs. W. J. Turnbull, w. G. Shockley, and 

C. I. Mansur of the Soils Division, Waterways Experiment Station. The 

report was prepared by Mr. Stouffer. 
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POTAMOLOGY INVESTIGATIONS 

VERIFICATION OF EMPIRICAL ME'l'HOD OF 

DETERMINING SLOPE STABILITY 

1954 DATA 

Purpose and Scope of Investigation 

1. The purpose of the investigation reported herein is to evaluate 

soils data collected by means of routine borings made along the banks of 

the Lower Mississippi River in late 1953 and 1954 to determine the 

validity of an empirical method of determining susceptibility of river

banks to flow slides and/or liquefaction type failures. 

2. Fourteen sites along ~~e Lower Mississippi River between miles 

422 and 956 AHP and one site on the Arkansas River 80 miles above the 

mouth were studied in this investigation. The fifteen sites are listed 

below under the districts in which they are located. 

, Vicksburg District 

Reid Bedford, La. 
Hagaman, La. 
Carolina Bend, Miss. 
Cracraft, Ark. 
Catfish Point, Miss. 
Adkins Lake -Kings Bayou, Ark. 

Memphis District 

Helena-Delta, Ark. 
Harbert Point, Miss. 
Porter Lake, Ark. 
Island No. 48, Tenn. 
Ensley, Tenn. 
Bauxippi-Wyanoke, Ark. 
Linwood Bend, Tenn. 
Campbell Point, Ky. 
Pritchard, Mo. 

3. As this study is a test of a proposed method of analysis, 

factors other than those on which the method is based have been pur

posely excluded. For example, the pest and present behavior of the 

banks, possible presence of better materials landward, orientation or 

bank with respect to river, etc., have not been considered. A complete 

bank stability analysis would, of course, be based on all factors that 

could possibly influence stability, and is beyond the scope of this 

study. 

4. It is emphasized that che data used in compiling this report 
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were collected by the districts in routine investigations of soil condi

tions at proposed sites for new revetments, or at revetments being re

paired. No special field investigations, such as deep undisturbed bor

ings or penetrometer (resistance) soundings, were made to obtain data 

for this study. 

5. The methods used by the districts to obtain samples below the 

ground-water table vary to some extent; the Vicksburg District uses the 

bailer method and the Memphis District uses the Hvorslev, thin-wall, 

fixed piston type sampler. The samples obtained by the Hvorslev sampler 

are generally considered more representative and provide a more accurate 

grain-size distribution than those obtained by the bailer method. A 

comparison of grain size and permeability data obtained by bailer and 

split-spoon methods from two borings made 10 ft apart in the Upper 

Mississippi River Valley showed tbat the n10 •s (10 per eent grain size) 

and the permeabilities obtained from bailer samples are appreciably 

greater than those obtained from split-spoon samples. The bailer samples 

used in this analysis were assumed to be representative of the grain-s~~e 

distribution; but, as evidenced above, a considerable loss of fines can 

be expected in bailer sampling end this may have affected the determina

tion of the various zones as described subsequently. 

Discussion of Empirical Criteria for 
Determining Slope Stability 

6. The following discussion, based on data accumulated as a part 

of the potamology investigations and related studies of caving banks, 

concerns the soil conditions iLvolved in the criteria for bank stability. 

1. Several basic soil conditions have been found to be associated 

with flow slides and/or liquefaction type failures and are described in 

Potamology Reports 9-1 and 12-2 and other reports. These soil conditions 

were s'wmarized in Potamology Report 12-3 and are repeated here for the 

sake of convenience. Briefly stated, they are as follow: 

a. Liquefaction failures occur in point-bar deposits • .... 
b. Point-bar deposits usually contain three basic soil types: .... 



c. -
d. -

3 

a somewhat cohesive overburden; an underlying elean fine 
d " ' san 1 called the upper sand series"; and, in turn, under-

lying coarse sands and gravels called the "lower sand 
series." 

The stability of a given slope is dependent upon the rela
tion of overburden thickness to the thickness of the fine 
sand stratum within the upper sand series. 

Failures have never been known to extend into the lower 
sand series. 

8. The upper sand series is subdivided into two zones, A and B, 

based on variations in sand grain size, density of the sands, and/or 

cone penetration resistance. At sites where failures have occurred, the 

boundary between zones A and B corresponds app~oximately to the depth of 

failure. Grain size and density appear to be related functions and can 

be used either independently of each other o~ in conjunction to determine 

this boundary. The changes in 1rain size and density that mark the 

boundaries between all soil types are shown in table 1. A more detailed 

description can be found in Potamology Reports 12-2 and 12-3. It should 

be noted that zone B may contain occasional ~in strata of sands as fine 

as those found in zone A, but predominantly it contains coarser and more 

dense material than zone A. Conversely, the ~ccurrence of several very 

thin strata (1 ft or less thick) of medium or coarse material in a thick 

stratum of fine sand (gteater than 20 ft) is not considered sufficient 

reason to prevent its classification as zone A. 
Thickness of zone A com-
pared to overburden thickness 

9. The presence of a given thickness of tone A sand does not al

ways signify that a site is unstable. A comparison of the conditions at 

stable and unstable sites previously investigated shows that stability 

is apparently governed by the ratio, R, of overburden thickness to 

zone A thickness. Sites of known stability ha\~ R values exceeding 

1.4 and sites where failures have occurred have R values equal to or 

less than 0.85; a range of uncertainty exists wben the R value is be-

tween these limiting values. 

Limitations of the criteria 

10. Two important limitations apply to the criteria advanced 
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concerning the stability of slope end depth of failure. A range of un

eertainty exists when the R value is be~veen 0.85 and 1.4, and it is 

not known whether the bank is stable or unstable. Also, for failures to 

occur there must be a minimum thickness of zone A sand, which is believed 

to be in the order of from 20 to 25 ft; however, further studies and 

observations ere needed to substantiate this assumption. 

Variability of soil conditions 

11. It is known from previous investigations that the thickness of 

zone A may vary considerably 1n a horizontal distance of 250 ft. Because 

of the wide spacing of borings at the sites studied, usually 1000 ft or 

more, it is reasonable to assume that appreciable changes in soil condi

tions may occur between borings. However, the results in this report are 

based on the assumption that strata are continuous between borings. 

Method of Analysis 

12- The data furnished the ltlaterways Experiment Station by the 

districts for use in this stud:- consisted of logs of borings, mechanical 

analyses of soil samples, and a hydrographic survey map of each site 

showing the locations of borings. A summary of' map identification data 

is included as table 2. 

13. The percentages of material passing the No. 40 and No. 6o 
sieves were used in defining the upper and lower sand series and zones A 

and B of the upper sand series. The peak grain diameter, Dp' was also 

used to aid in defining the zones. This method consists of plotting on 

3-cycle semilog paper the percentage of material retained on each sieve 

versus grain diameter, and obtaining the D from the intercept of the p 
straight-line projection of the two sides of the log-frequency curve. 

Each soil sample was classified as either overburden, upper (zone A 

or B), or lower sand series material. 

14. The various series and zones were delineated on a soil profile 

for each site. The thicknesses of overburden and zone A sand determined 

for individual borings at the Ensley site are plotted on plate 1 to il

lustrate the method used to show the range of R values. The method of 
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plate 1 is somewhat different than that used in previous reports, but 
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it is believed that the new method gives a better presentation of condi

tions existing at each site. It consists of plotting the thickness values 

tor overburden and zone A sand for each boring at a given site and then 

projecting a line from the origin through the estimated center of gravity 

of the points. The limits or this line are established by projecting all 

points to the plotted line, with the distance between the two extreme pro

jections determining the length of the line. A second line is drawn 

perpendicular to the first through the estimated center of gravity and 

the limits for this line are established in a manner similar to that 

described above. The ranges in thickness of overburden and zone A sand 

are plotted separately for the Vicksburg and Memphis Districts on plate 2 

for all sites where zone A sand was present. Table 3 contains a stnmnary 

of soil conditions at all sites studied in this investigation. 

Site Investigations 

Reid Bedford, La. 

15. Six borings, 85 to 100 ft deep and 1700 to 24o0 ft apart, were 

made on the right bank of the l:Ii.-:: ~issippi River during July and August 

1954 between 421.6 and 423.8 MAHP*. The logs of borings from approximate 

range 422.0 to 423.6 indicate a point-bar type deposit wherein the over

burden of silty sands, silts, and clay strata are underlain by deposits 

of zone A sands. The soil condition at a boring on range 422.25, where 

12 ft of overburden is underlain by 36 ft of zone A sand, shcnvs an R 

value equal to 0.33. The soil condition as indicated by three borings 

between ranges 422.6 and 423.6 shows a rather uniform deposit of 39-44 
ft of overburden underlain by 56-6o ft of zone A sand with R values 

ranging from 0.67 to 0.79. The borings at ranges 421.6 and 423.8, one at 

each end of the reach at this site, indicate that zone A sands are only 

0-4 ft thick. The conclusion is that the site is unstable and subject 

* MAHP indicates river miles above Head of Passes. 
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to liquefaction type failures between approximate ranges 422.0 end 423.6. 
Hagaman, La. 

16. Four borings, 90 to 100 ft deep and approximately 3500 rt 
apart, were made on the right bank of the Mississippi River during July 

1954 between 473.8 and 475.7 MAHP. The soil profile as shown by the 

boring logs indicates very irregular stratification. The area from 

range 473.8 to 475.5 as shown by the borings is not susceptible to lique

faction failure as either zone B sands are found immediately under the 

overburden or, as in one boring, clean sands are not present. One boring 

at range 475.7 shows 56 ft of overburden, consisting chiefly of fat and 

lean clays, underlain by 44 ft of zone A sand. This latter condition 

gives an R value equal to 1.27, which is within the limits of uncer

tainty for stability from liquefaction type failures; however, it is 

believed the site in general can be classified as stable and not subject 

to liquefaction type failure. 

Carolina Bend, ~ss. 

17. One 90-ft-deep boring was made at this site on the left bank 

of the Mississippi River at river range 497.9 during June 1954. The 

boring indicates that 9 ft of overburden is u.~derlain by zone B sand. 

Since zone A sand is absent, it is considered that this site is not 

subject to liquefaction type failure. 

Cracraft, Ark. 

18. One 100-ft-deep boring was made at this site on the right bank 

of the Mississippi River at river range 500.3 during July 1954. The 

overburden is 40 ft thick and is underlain by a 35-ft layer of zone A 

sand. This gives an R value equal to 1.14, which is within the range 

of uncertainty for susceptibility to liquefaction type failure. 

Catfish Point, Miss. 

19. Six borings 1 90 to 100 ft deep 1 were made on the left bank of 

the Mississippi River between 564.8 and 566.7 MAHP during June 1954. 

Five of the borings were made approximately 1000 ft apart between 566.0 

and 566.7 MAHP, and the sixth was made approximately one mile downstream 

from the others. The overburden at this site varies from 14 to 45 ft 

in thickness. Zone A sand 7 ft in thickness is present at ranges 566.56 
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and 565.95 only, and is absent at other locations. The R values at 

ranges 566.56 and 565.95 are 2.0 and 4.0, respectively, and the site is 

therefore considered stable and not subject to liquefaction type failures. 

Adkins Lake-Kings Bayou, Ark. 

20. Five borings approximately 50 ft deep were made on the Arkansas 

River, between miles 75.8 to 85.7 above its mouth, during July 1954. 

Three of the borings were made on the right bank of the river spaced 

2500 ft to 9.7 miles apart and two on the left bank 1000 ft apart. 

21. Boring R-1-54, on the right bank at range 75.8, shows 21 ft of 

silty sand underlain by 21 ft of zone A sand, underlain in turn by 

zone B sand. This condition would give an R equal to 1.0, or a condi

tion of uncertain stability. P~~ing R-2-54, on the right bank at range 

85.7, is in soil of channel filling origin and is not susceptible to 

liquefaction as no zone A sand is present. Boring R-3-54, on the right 

bank at range 85.2, shows 42 ft of overburden underlain by a 5-ft stratum 

of zone A sand; this also is a stable condition. Borings R-4-54 and 

R-5-54, on the left bank at river ranges 84.2 and 84.4, respectively, 

show rather close agreement in type of overburden but the substratum is 

quite different. Boring R-4-54 shows 20 ft of overburden underlain by 

30 ft of zone A sand; this condition gives an R value equal to 0.67, 

indicating instability and susceptibility to failure by liquefaction. 

Boring R-5-54 shm~s 25 ft of overburden underlain by 25 ft of zone B 

sands with some gravel; no zone A sands are present, thus indicating a 

stable condition. The conclusion for the site is that an unstable con

dition exists at range 84.2 on the left bank and a condition of uncer

tainty exists at range 75.8 on the right bank. The remaining areas do 

not appear to be subject to liquefaction type failures. It should be 

noted here that the empirical method was developed for Mississippi River 

banks and, even though an evaluation of this site has been made, it may 

not apply to the conditions existing along the Arkansas River. 

Helena-Delta, Ark. 

22. Four borings, 50 to f0 ~t deep and spaced 1000 ft apart, were 

made on the right bank of the Mississippi River between 655.6 and 656.3 

MAHP during October 1953. The logs of borings show the profile to be of 



channel filling origin at sta 350+00. The overburden consists of clays, 

silts, and silty sands for a combined thickness of 45 ft and the sub

stratum consists of zone B sands with no zone A sand present. The area 

from approximately sta 355+00 to 380+00 is a point-bar type deposit; 
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14 to 46 ft of overburden consisting of silt and silty sand is underlain 
• 

by 0 to 10 ft of zone A sand underlain in turn by zone B sand. This gives 

R values ranging from 6.00 to 1.4o which approaches the upper limit 
-

of uncertainty for prediction of failure by liquefaction. However, the 

site is considered stable from liquefaction type failures as 10 ft of 

zone A sand is less than the maximum believed necessary for failure to 

occur. 

Harbert Point, Miss. 

23. Nine borings, 40 to 75 ft deep and spaced 1000 ft apart, were 

made on the left bank of the Mississippi River between 672 and 674 MAHP 

during July and August 1953. The logs of borings show the overburden to 

range from 14 to 5~ ft in thickness. The zone A sand varies from 3 to 

22 ft in thickness. The R value at sta 143+00 is 0.64 and at other 

stations ranges from 1.2 to 12.3. It is believed that the site is not 

subject to liquefaction type failures except at sta 143+00 where 14 ft 
' 

of overburden is underlain by 22 ft of zone A sand. 

Porter Lake, Ark. 

24. Four borings, 45 to 55 ft deep and spaced 1000 ft apart, were 

made on the right bank of the Mississippi River between 694.5 and 696.5 
MAHP during October 1953. The log of borings indicates a point-bar type 

deposit. The overburden ranges from 8 to 20 ft in thickness and consists 

of silt, silty sand, and clay strata. The substratum consists of zone A 

sand 10 to 20 ft thick which in turn is underlain by zone B sand. The 

lowest R value obtained is at sta 311+50, where 8 ft of overburden is 

underlain by 20 ft of zone A sand, thus giving an R value of 0.40. It 

is believed that this location is unstable and subject to failure by 

liquefaction at sta 311+50. The remainder of the area can be considered 

stable, as R values exceed 1~4. 

Island No. 48, Tenn. 

25. Eight borings, 4o to 80 ft deep, were made on the left bank 
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o~ the Mississippi River between 714.0 and 715.4 MAHP during July 1953. 
All borings were spaced 1000 ft apart and were drilled to sufficient 

depth to locate the lower sand series. The riverbank is a point-bar 

type deposit except for the reach from approximately sta 165+00 to 

185-+00, which is channel filling. The overburden from sta 120+00 to 

sta 165+00 consists of silts, silty sands, and clay strata varying from 

5 to 32 ft in thickness. Zone A sand varies from 0 to 10 ft in thick

ness and is underlain by zone B and the lower sand series. The lowest 

R value, 0.83, obtained at this site is at sta 192+50, where the boring 

shows 5 ft of overburden to be underlain by 6 ft of zone A sand. However, 

the site is considered stable from failure by liquefaction, as zone A 

sands are less than 20 ft thick. 

Ensley, Tenn. 

26. Four borings, 40 to 50 ft deep, were made on the left bank of 

the Mississippi River between 719.0 and 720 MAHP during September 1953. 
All borings were spaced 1000 ft apart and were drilled to sufficient 

depth to locate the lower sand series. The boring logs show the river

bank to be a point-bar type deposit. The overburden of silts, silty 

sand, and clay strata varies from 5 to 20 ft in thickness. The sub

stratum consists of zone A sand ranging from 13 to 23 ft in thickness, 

with zone B and the lower sand series following in that order. The R 

values at this site range from 0.22 to 1.33, the lowest being found at 

sta 248+00 where 5 ft of overburden is underlain by 23 ft of zone A sand. 

At other areas of the site the thickness of zone A sand is only 15 ft or 

less. Since it is believed that the zone A sand must be at least 20 ft 

thick for liquefaction type failures to occur, the site is considered 

stable except at sta 248+00 referred to above. 

Bauxippi-Wyanoke, Ark. 

27. Eleven borings, 4o to 65 ft deep, were made on the right bank o~ 

the Mississippi River approximately 725 MAHP during April and May 1954. At 

this location existing revetment extends approximately 3 miles upstream and 

1 mile downstream. Four of the 11 borings (Nos. 8-11), 100 ft landside 

of the base line and spaced 1000 ft apart, show the riverbank to be of 

point-bar type deposit. The overburden of clay, silt and silty sand 
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strata in these four borings s"' 'J\·Ts a combined thickness of 15 to 26 ft, 

while the substratum consists of zone B sand and lower sand series im

mediately underlying the overburden. Since zone A sands were not present 

in these four borings it is considered that the area landside of the base 

line is not subject to liquefaction failure. 

28. The other seven borings at this site were spaced 4oo ft apart 

on a line approximately 200 ft riverward of the base line. The over

burden of clay, silt and silty sand strata varies in thickness from 8 

to 36 ft. The substratum contains zone A sand, varying in thickness from 

3 to 7 ft from about sta 220+00 through 237+00, underlain by zone B sands 

and the lower sand series. The lowest R value is found at sta 222+00 

where an 8-ft overburden is immediately underlain by a 7-ft stratum of 

zone A sand. This gives an R value of 1.14, which is lrl. thin the linli ts 

of uncertainty for stability against failure by liquefaction. However, 

7 ft of zone A sand is believed to be less than the minimum thickness 

required for liquefaction failure and therefore the site is considered 

stable. 

29. One boring at approximate sta 235+00 was made during a previous 

investigation by the Waterways Experiment Station in May 1950. This 

boring indicated soil conditions similar to those found in this investiga. 

tion. At the time of the previous investigation, the Bauxippi-Wyanoke 

site was also thought to be stable with regard to failure by liquefaction. 

Linwood Bend, Tenn. 

30. During September and October 1953, 9 borings 30 to 70 ft deep 

were made on the left bank of the Mississippi River between 841.0 and 

841.5 MAHP. The area in which these borings were made is approximately 

one-half mile upstream from Booths Point Landing. The borings were not 

in one continuous reach and the spacing between borings was not uniform. 

The boring logs indicate that the bank is in a channel filling deposit. 

The overburden is chiefly fat clay with a few strata of silt and silty 

sand and varies from 28 to 59 ft in depth. The substratum indicates 

that the lower sand series is located immediately beneath t he overburden; 

therefore, the site is considered not susceptible to liquefaction type 

failure. 
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Campbell Point, Ky. 

31. Seven borings, 45 to 75 ft deep and spaced 1000 ft apart, were 

made on the left bank of the Mississippi River between 952.5 and 954.0 
MAHP during August 1953. The borimg logs indicate that the bank is in a 

point-bar type deposit. The overburden consists of silts, 

and clay strata and varies in thickness from 22 to 42 ft. 

silty sands 

The substratum 

consists of a layer of zone A sand varying in thickness from 4 ft at sta 

177+00 to 12 ft at sta 206+00, which is underlain by zone B sand and the 

lower sand series. The lowest R value,3,0, at this site is found at 

sta 196+00 where 27 ft of overburden is underlain by 9 ft of zone A sand, 

indicating a stable condition with respect to liquefaction type failure. 

Pritchard, Mo. 

32. Three borings were made on the right bank of the Mississippi 

River between 955.8 and 956.2 MAHP during August and September 1953. 
These borings were spaced 1000 ft apart but varied from 44 to 73 ft in 

depth. The overburden consists of lean clay, silt, and silty sand for 

a combined thickness of 27 to 30 ft. The substratum consists of zone B 

sand and the lower sand series immediately underlying the overburden. 

No zone A sand is present; therefore, the site is considered not suscep

tible to failure by liquefaction. 

Conclusions 

33. The findings of this report and previous reports for deter

mining the validity of an empirical method of determining bank stability 

with respect to flow slides cap~ot be considered final until the future 

behavior of the riverbank sites studied has been observed. However, 

these findings represent another forward step in substantiating the 

empirical method under investigation. 

34. The following conclusions appear to be justified as a result 

of the data analyzed in this report. 

a. -
b. -

The sites studied generally conform to the type soil con
ditions upon which the empirical method is based. 

The following areas appear to be stable: 



Reid Bedford, La., ranges 421.6o and 423.75 
Hagaman, La., except at range 475.7 
Carolina Bend, Miss. 
Catfish Point, Miss. 
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Adkins Lake-Kings Bayou, Arkansas RiYer, Ark., miles 85.2 
and 85.7, right bank, and mile 84.4, left bank 

Helena-Delta, Ark. 
Harbert Point, Miss., sta 100+00 to 140+00, and 145+00 

to 190+00 
Porter Lake, Ark., sta 291+50 
Island No. 48, Tenn. 
Bauxippi-~lyancke, Ark. 
Linwood Bend, Tenn. 
Campbell Point, Ky. 
Pritchard, Mo. 

c. The follm·Ting areas appear to be unstable: 

Reid Bedford, La., ranges 422.0 to 423.6 
Adkins Lake-Kings Bayou, Arkansas River, Ark., mile 84.2, 

left bank 
Harbert Point, Miss., sta 143+00 
Porter Lake, Ark., sta 281+50, and 301+50 to 311+50 
Ensley, Tenn., sta 248+00 and sta 268+00 

d. Stability in the following areas is uncertain: -
Hagaman, La., range 475.7 
Cracraft, Ark,, range 500.3 
Adkins Lake-Kings Bayou, Arkansas River, Ark., mile 75.8, 

r ight bank 
Ensley, Tenn., sta 258+00 anc1 sta 279+00 



Table 1 

Outline of Typical Soil Conditions in Lower Mississippi Valley Point-bar Deposits 

I. Overburden soils 

> lafo passing the 
No. 200 sieve 

II. Massive Sands 

< lafo passing the 
No. 200 sieve 
D > 0.090 mm p 

Contains all soils that exhibit cohesive properties. Includes natural 
levee, point-bar overburden, swale fillings, and channel fillings; 
commonly highly stratified with a wide range of cohesive soil types from 
fat clays to silty sands. 

Upper sand series 

> 5o% passing No. 40 
sieve 

D < 0.460 mm 
p 

Natural density 
< 1o6 lb per cu ft 

Lower sand series 

Coarse sand and gravel, 
contains strata in which 
< 5o% passes the No. 40 
sieve 
D > 0.460 mm 

p 

Zone A: 

Fine sand > 5o% passing No. 60 sieve 
D ~ 0.272 mm p 
Natural density < 102 lb per cu ft 
R.D. < 78'fo 

Zone B: 

Medium sand, contains strata in which 
< 50% passes No. 60 sieve 
> 50% passes No. 40 sieve 

0.460 mm c D > 0.270 mm - p ,,._ 

Natural density > 102, < 1o6 lb per 
cu ft 

Natural density > 1o6 lb per cu ft 



Table 2 

Sumn!J!Y of Map Identification Data 

Map 
Miles Above Date of Sheet Map 

Revetment Site Boring No. General Map Head of Passes Map No. File No. 

Vicksburg District 

Reid Bedford, La. B-1-54 tbru B-6-54 Vicksburg Bridge to 418.70 to 430.48 Apr 1954 2 and 3 N0-1-3 
Diamond Point, La. 

Hagaman, La. H-1-54 tbru H-4-54 Ben Lomond to Chinaman, 473.0 to 478.95 May 1954 1 and 2 0-68-45 
La. 

Carolina Bend, Miss. CB-1-54 Carolina Revetment, Miss. 497·7 to 5o4.3 Mar 1951 2 0-61-50 

Cracraft, .Ark. C-1-54 Worthington Cut-off to 494.05 to 5o4.5 Feb 1953 1 o-61-53 
Opossmn Chute, Ark. 

Catfish Point, Miss. C-1-54 thru c-6-54 Catfish Point, Miss. 559.4 to 468.4 Mar 1953 1 0-38X/70 

Adkins !.eke-Kings Bayou, Ark. R-1-54 tbru R-5-54 Adkins Lake-Kings Bayou, 75.2 to 87.5* June 1954 2 and 5 A-7-3-102 
Arkansas River, Ark. 

Memphis District 

Helena-Delta, Ark. 21 thru 24 Helena-Delta, Ark. 653 to 657 June 1949 1 60/96 

Harbert Point, Miss. 1 tbru 9 Harbert Point, Miss. 669 to 674 Aug 1953 1 60/227 

Porter IBke, .Ark. 1 tbru 4 Commerce Landing, Miss. 693 to 697 May 1949 1 60/88 

Island No. 48, Tenn. 1 thru 8 Islam No. 48, Tenn. 714 to 718 Apr 1950 1 60/128 

Ensley, Tenn. 1 tbru 4 Ensley, Tenn. 718 to 723 Sept 1950 1 60/157 

Bauxippi-Wyanoke, .Ark. 1 tbru 11 Bauxippi-Wyanoke, Ark. 726.oR Jan 1952 2 88/140 

IJ.nwood Bend, Tenn. 1 tbru 9 Linwood Bend, Tenn. 840 to 845 Apr 1954 1 60/52 

Campbell Point, Ky. 1 thru 7 Campbell Point, Ky. 950 to 955 Dec 1953 1 60/229 

Pritchard, Mo. 1 thru 3 Pritchard, Mo. 956 to 960 Nov 1953 1 167/86 

* Miles above mouth. 












