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Preface 

On 4 September 1951 the Waterways Experiment Station proposed to 

representatives of the Mississippi River Commission that cone penetrometer 

soundings be made at Goodrich Landing revetment for the purpose of ob-

taining data for the cone penetrometer correlatiop studies being conducted 

under the potamology program. The proposed tests were approved on 

6 September 1951. 

Messrs. w. J. Turnbull, s. J. Johnson, w. G. Shockley, P. K. Garber, 

R. I. Kaufman, and R. F. Reuss, of the Soils Division, Waterways Experi-

ment Station, were actively engaged in the investigation. Mr. Kaufman 

prepared this report. 
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FIELD INVESTIGATION 

GOODRICH LANPING REVETMENT, MISSISSIPPI RIVER 

Description and History of Site 

1. Goodrich Landing, Louisiana, is located on the right bank of 

the Mississippi River about mile 460 ABP in a bendway of the river known 

as Alsatia-Sa1em Bend. Bank caving at Goodrich Landing has been active 

over a long period of time. A revetment was constructed in 1925 to 

retard the attack which was threatening the main-line levee. Subse

quently, Willow Cutoff was made about 3 miles downstream from the revet

ment and a new main-line levee was constructed in 1934. The bank attack 

then shifted just upstream and downstream of the revetment and by 1940 

had flanked both ends of the revetment. The subsequent attack was so 

severe as to cause destruction of the revetment. A new revetment was 

placed in 1944 and was extended both upstream and downstream in 1945. By 

1950 additional upstream and downstream extensions were being contemplated, 

and the Vicksburg District conducted an extensive field investigation in 

this connection during the summer of 1950. The revetment extensions were 

constructed in 1951. The upstream portion of the revetment extends over 

the point bar deposits of Island 97, and the revetment extends downstream 

over point bar deposits of Dogtail Landing, which is in the vicinity of 

the Salem crevasse of 1912. 

Previous Investigations 

2. Early investigations of soils conditions at Goodrich were con

ducted by the Vicksburg District in 1942, 1944, and 1945, in conjunction 
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with the design of bank slopes which, as stated in paragraph 1
1 

were 

graded and revet ted at various times during the years 194 3-1945. Although 

the detailed results of these investigations are not presented here, they 

have been used to determine the general geologic conditions at the site. 

3. As mentioned in paragraph 11 the Vicksburg District also con

ducted a soils investigation downstream of the existing revetment in 1950 

for the purpose of designing slopes for the revetment extension placed 

during 1951. The data pertaining to this investigation are presented 

herein. 

Purpose and Scope of This Investigation 

4. The Waterways Experiment Station made four cone penetrometer 

soundings at Goodrich in October 1951 as a part of the cone correlation 

study being conducted under the potamology program. It was planned 

originally that these soundings would be made adjacent to the borings 

drilled at the edge of the bank by the Vicksburg Dis,trict in 1950. How

ever, because of bank caving occurring between September 1950 and May 1951, 

the edge of the bank bad receded between 60 and 34o ft, and the soundings 

had to be made behind the line of borings. Inasmuch as it was thought 

the soil conditions landward of the borings might be slightly different, 

an undisturbed boring was made adjacent to the cone soundings. 

5. This report on the field investigations at Goodrich Landing 

presents a summary of the soil conditions at the site and predicts the 

stability (with respect to liquefaction failures) of the downstream por

tion of the bank revetted in 1951, Correlation of the cone penetrometer 

is to be presented at a later date in a separate report covering all sites 
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in the potamology investigation. 

General Soil and Geologic Conditiops 

6, The bank at the site of the 1951 downstream revetment at 

Goodrich consists of point-bar deposits bounded by a crescent-shaped 

clay and silt-filled stream meander, shown on plate 1. 

7. The upper portion of the point-bar deposits is eomposed of 

overburden soils varying in thickness from 0 to about 37 ft. These soils 

are largely silts and clays. 

8. The overburden soils are underlain by about 4o to 75 ft of 

relatively clean fine sands, hereinafter referred to as the "upper sand 

series." ·.'!hese sands are usually finest at the top of the series and 

become coarser with depth, although the increase in grain size with depth 

is somewhat erratic, as discussed later. The sands are identified by 

their grain size, natural density, and cone penetration resistance. The 

upper sand series is underlain by the "lower sand series" which is com-

posed of coarse sand and gravel. 

-9· The channel-filling soils which surround the point-bar deposits 

consist predominantly of clays and silts and extend in depth from about 

35 to 95 ft. 

Hydrographic Surveys 

10. Several hydrographic surveys covering a period of years and 

aerial photographs taken in 1938, 1941 and 1948 were available for study. 

The suryeys and photographs show that bank caving at Goodrich Landing has 

been active over a long period. The top of the bank at various dates 
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since 1937 is shown on plate 1. The average rate of recession between 

ranges 4oD and SoD amounted to about 50 ft per year for the period 

October 1937 to June 1944. The rate increased to 170 ft per year between 

the above ranges during the period June 1944 to May 1950. Additional 

bank caving occurred between May 1950 and May 1951 with a recession of 

about 165 ft. 

Exploration Program 

11. The locations of all soil borings and cone penetrometer sound

ings in the vicinity of the downstream revetment extension of 1951 are 

shown on plate 1. The borings included 24 general-sample borings and 4 

undisturbed borings made by the Vicksburg District in 1950, and 4 cone 

penetrometer soundings and one undisturbed boring made by the Waterways 

Experiment Station in October 1951. 

12. Of the 28 borings made by the Vicksburg District in 1950, 

17, including the 4 undisturbed borings, were about 95 ft deep and were 

located along the top of the bank. The remaining 11 borings were placed 

along lines approximately perpendicular to the bank and were only about 

50 ft deep. It was proposed that the Waterways Experiment Station should 

make only cone soundings adjacent to one or two of the 1950 deep borings. 

However, almost all of the material adjacent to the deep borings had 

been carried away because of the bank caving occurring between September 

1950 and May 1951. For this reason it was decided that a deep undisturbed 

boring should be made by the Waterways Experiment Station adjacent to one 

of the ~one penetrometer soundings so that the soil conditions could be 

established. 
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13. The cone penetrometer soundings were not made continuously. The 

sounding was interrupted at intervals so that an undisturbed sample of 

the soil containing the imprint of the cone could be taken. This pro-

cedure was followed in order that a correlation between the cone thrust 

and the grain size of the soil causing the thrust could be obtained. 

Laboratory Tests 

14. Laboratory tests included the following density and grain-size 

determinations. 

a. - Natural density (rd). Undisturbed 3-in.-diameter samples 
were cut in 3-in. increments and the natural density of 
each increment was measured. 

b. Grain-size determination. Mechanical analyses were per-- formed on the soils in each thin-wall sampling tube, on 
soils showing changes in strata., and on soils adjacent to 
the imprint of the cone, 

c. Maximum and minimum densities (r d max and r d min) and - relative density (RD%). Maximum and minimum density tests 
were performed on ttie undisturbed samples taken by the 
Vicksburg District. Relative density then was computed as 

Discussion of Bank Conditions 

15. The results of the borings and cone penetration tests are 

shown on plates 2 through 7• Although the soil conditions vary somewhat 
. 

over the reach of the revetment extension, there is enough similarity to 

discuss conditions as a whole. The general soil conditions are best il-

lustrated by soil profile section A-A, plate 2. 

16: The entire reach of the revetment extension with the exception 
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of the portion in the vicinity of boring G-15·50 is overlain by point-bar 

overburden soils. More than 10 per cent {by weight) of these soils is 

finer than 0.074 mm (No. 200 U.S. Standard sieve). The cone penetration 

resistance is usually less than 1000 lb 1n this material. 

17. Th~ overburden soils are underlain by the relatively clean, 

fine sands of the upper sand series. Less than 10 per cent of these sands 

is finer than 0.074 mm and more than 50 per cent is finer than 0.42 mm 

(U.s. Standard sieve No. 40). Natural dry densities usually are less 

than 106 lb per cu ft, and cone penetration resistances are less than 

Booo lb. 

18. The lower sand series underlying the upper sand series is 

composed of coarse sand and gravel. More than 50 per cent by weight of 

these soils is coarser than 0.42 mm, and they have natural densities 

normally in excess of 105 lb per cu ft, and cone penetration resistances 

in excess of 8ooo lb. 

19. The upper sand series can be subdivided into two zones, A and 

B, as has been pointed out in potamology investigation report No. 9-11 

"Bank Caving Investigations, Kempe ·Bet1d Revetment, Mississippi River, 

Soils Investigations," Waterways Experiment Station, Vicksburg, Miss., 

Nov. 1951. 

a. -

b. -

Zone A. Consists of fine sand wherein more than 50 per 
cent of the material is finer than 0.25 mm (U. s. Standard 
sieve No. 60) and has a natural dry density less than 102 
lb per cu ft. The cone penetration resistance is generally 
less than 4000 lb. 

Zone B. Consists of sand in which more than 50 per cent 
of the material by weight is coarser than 0.25 mm, and yet 
finer than 0.42 mm (U.s. Standard sieve No. 40). The 
natural dry density of this material is greater than 102 
and less than 106 lb per cu ft. 
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Zone B may contain strata as fine as those encountered in zone A, but bas 

a predominance of materials more coarse and dense than those in zone A. 

One or two thin strata of medium or coarse sand may be found in a substan

tial thickness of fine sand in zone A also, but not in sufficient quantity 

to affect its classification. 

20. The point-bar deposits at Goodrich Landing conform to the 

descriptions outlined above. The density data obtained from borings 

G-2-50, G-6-50, G-10-50, and G-16-50 and the grain-size distribution data 

were used to subdivide the soil profile along section A-A into overburden 

soils, the upper sand series (containing zones A and B), and the lower 

sand series; see plate 2. It was not possible to show the complete varia

tion in soil conditions landward of the bank because the borings per

pendicular to the river along sections B•B, c-c, and D-D were compara

tively shallow; see plate 3-

21. Cone penetrometer soundings 1-C, 2-C,and 3-C were located from 

10 to 14 ft apart and show a fair agreement of cone thrust and depth (see 

plates 4, 5, and 6). Sounding 3-C was made with a cone having a long 

shank for the purpose of investigating variations in thrust caused by the 

shank length, as part of the cone penetrometer correlation study. Based 

on the subdivision of the soil conditions in the vicinity of the above 

three soundings~ the penetration resistance was generally less than 1000 

lb for the overburden soils, usually less than 4ooo lb for zone A, and 

less than about 8oOO lb for zone B. In general, there was a rapid in

crease in thrust as the zone B material was first encountered. The low 

values ~f thrust occurring immediately below locations where undisturbed 

samples were obtained can be attributed to disturbance of the underlying 



material due to sampling and are not indicative of natural deposits of 

loose sand. 

22. Sounding 4-c was made 12ft away from undisturbed boring 4-u. 

8 

With the exception of about 4 ft of material, which may have been a 

coarser sand stratum, the thrust was less than 4000 lb for the zone A 

material. Plate 7 shows that a rather abrupt increase in thrust was ex

~ieace4 when zone B material was encountered and that the natural dry 

densities were somewhat higher at this depth (elev +55 mal) than those 

obtained from samples of the overlying fine sand. The densities remained 

high throughout zone B. 

Bank Stability 

23. In potamology report No. 9-1, referred to in paragraph 19, it 

has been pointed out th$t the stability of a bank with respect to lique

faction failures can be correlated with soil type and that such failures 

occur in point-bar deposits. In addition to the fact that point-bar 

deposits are susceptible to liquefaction, a study of various sites indi

cates that the depth of the failures closely approximates the boundary 

between zones A and B. At several sites the shape of the failure was 

affected by the thickness of the overburden soils. It is believed that 

the stability of the slop~ with respect to liquefaction depends upon the 

ratio of overburden thickness to the thickness of zone A. An empirical 

relationship has been developed indicating that a bank is unstable when 

the above ratio is less than 0.85, and stable when the ratio exceeds 1.4. 

The stability of banks with ratios between 0.85 and 1.4 is uncertain. 

24! . Using the above criteria, the portion of the bank between about 

ranges 37D and 42D is considered to be stable. The portion between about 



ranges 420 and 47D is susceptible in varying degrees to liquefaction 

failures. The reaches between ranges 470 and 54D and 650 and 68D are 

believed to be stable; the portion between about ranges 54D and 65D is 

susceptible to liquefaction. If failures occur between ranges 42D and 

47D they should be comparatively shallow; deeper failures can be antici

pated between ranges 54D and 65D. Because of the absence of overburden, 

9 

shown by boring G-15-50 near range 64D, and the comparatively great depth 

of zone A, it is believed the portion ot the bank in this vicinity is the 

most susceptible to liquefaction. 

Conclusions 

25. The following conclusions are drawn from analysis of the data. 

Although specific ranges are given below, it should be remembered that 

approximations are implied. 

a. The portions of the bank between ranges 37D and 42D, 
- ranges 47D and 54D, and ranges 65D and 68D probably are 

not susceptible to liquefaction failures. 

b. The portions of the bank between ranges 42D and 47D and -

c. -

ranges 54D and 65D are susceptible, in varying degrees, 
to flow failures in the sands beneath the overburden. 

Shallow flow failures can be expected between ranges 42D 
and 470; all other flow failures will tend to be deep. 

d. The most critieal portion of the bank is believed to be 
- in the vi<t'inity of range 64D, where deep flow failures 

should be anticipated. 
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