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Pro face 

A conference was held at the 1-laterways Experiment Station on 6-7 

October 1949 with special hydraulics and soil mechanics consultants and 

representatives of the Mississippi River Commission and Vicksburg District, 

CE, to review the lowar Mississippi River bank- stabilization program, the 

potamolor~Y investigations pertaining thereto, and to obtain from the 

various consultants expressions of opiniong relative to certain specific 

questions concerning the bank- stabilization program and the potamology 

investigations . 

The results of the conference are presented in two volumes . Volume 

I (this volume) contains a general description of the conference, the 

discussions, specific questions posed the consultants and answers thereto. 

Volume II comprises an edited transcript of tho discussions on tho specific 

questions posed the consultants . 

The comments of the various consultants contained herein have boon 

edited, condensed, and submitted to the consultants for final approval. 

Therefore, complete agreement with the edited transcript (Volume 2) may 

not always obtain . 

Copies of Volume I are being given general distribution; copies 

of Volume II are being retained in the files of and will be available 

at the Waterways Experiment Station . 



REPORT OF CONFERENCE ON POTAMOLOGY INVESTIGATIONS 

6-7 OCTOBER 1949 

THE CONFERENCE 

The purpose of the conference of 6-7 October 1949 was to review 

fully the potamology investigations that had been conducted ; and to 

ascertain whether the investigations then in progress or planned were suf -

ficient to determine the essential factors affecting bank and revetment 

stabilities . In addition, it was desired to obtain from the various 

consultants expressions of opinion relative to certain specific questions 

pertaining to the program. 

There were four sessions of the conference . Those present at one 

or more of these sessions were: 

Consultants 

Dr . Boris A. Bakhmeteff, Columbia University 
Dr . Arthur Casagrande, Harvard Univer sity 
Dr . Hunter Rouse, I owa University 
Dr . Lorenz G. Str aub, University of Minnesota 
Professor Donald W. Taylor, Massachusetts Institute of Technology 

Mississippi River Commission 

Mr . Charles Senour 
Mr . R. A. Latimer 
Mr . H. R. Andresa 
Mr . R. H. Haas 
Mr . Austin Smith 

Vicksburg Engineer Distr ict 

Lt . Col . George Dixon 
Mr . R. W. Sauer 
Mr . R. K. Stewart 
Mr . W. H. Harrison 

• 
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Waterways Experiment Station 

Lt . Col . Ralph D. King, Director 
Mr . Joseph B. Tiffany, Special Assistant 
Mr . Eugene P . Fortson, Jr., HYdraulics Division 
Mr . Ernest B. Lipscomb, Potamology Section 
Mr . Willard J. Turnbull, Soils Division 
Mr . Stanl ey J. Johnson, Embankment and Foundation Branch 
Mr. Eugene H. Woodman, Instrumentation Branch 

Program 

The conference program was as follows : 

6 October 

9 : 00 - 12:00 Noon Morning session on conference agenda, 
Lt . Col. King. 

2 : 00 - 5 : 00 P .M. Afternoon session on conference agenda, 
Lt. Col. King. 

7 October 

9:00 - 12:00 Noon Discussion on specific questions, 
Lt. Col. King. 

1:00 - 5:00 P .M. Discussion on specific questions, 
Lt . Col. King. 

Agenda .... 

The following items were on the conference agenda: 

a . Bank- stabilization Work Performed on the Lower Mississippi 

River bz the Mississippi River Cornnission . Discussion of 

bank-stabilization practices prior to cutoff era; the 

cutoff era and effect on river characteristics; stabiliza-

tion practices subsequent to cut~ff era . 

b . Existing Plan for Stabilization of the Mississippi River . 

Description of over-all plan; comparative effectiveness 
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of various bank-stabilization methods including revet-

ments, dikes, groins, etc .; design and construction 

features of the various bank- stabilization methods. 

c . Probl ems Encountered in Construction and Maintenance of -
Bank- stabilization Structures. Construction problems; 

maintenance difficulties; failures during and after 

construction; effect of r evetment on channel depths; 

effect of bank stabilization on over-all bed-load move-

ment . 

d. Description of Waterways Experiment Station Investigations. 

Resume of project including objectives, scope, 1·mrk thus 

far accomplished, results obtained, and plans for future . 

e . Soils Investigations . Discussion and questions . 

f . Hydrographic and Hydraulic Surveys . Discussion and 

questions . 

g . Model Investigation of Meandering. Discussion and 

questions. 

h. Model Investigation of Bank-stab ilization Factors. Dis-

cussion and questions . 

i. Field Investigation of Turbulence Forces. Discussion and 

questlons. 

j. Specific Questions . Discussions and opinions from con-

sultants . 



DISCUSSION OF BANK-STABILIZATION WORK PERFORMED ON THE 
LOWER MISSISSIPPI RIVER 

Presented by 

Mr. H. R. Andress 
Mississippi River Commission 

5 

The first bank-protection work performed under the direction of the 

Mississippi River Commission was initiated in the latter part of 1881. 

It consisted of wire screens hung from piles with the bottom of the 

screens at the low-water plane. This firs~ venture was a failure, as the 

piles w·ere washed out by the high water of 1882. 

During the season of 1882, the first mattress-type revetment was 

constructed. It consisted of a grillage of poles on which were placed 

three layers of green willow brush, each layer being perpendicular to the 

next layer below. On top of the brush a pole framework was placed, simi-

lar to the bottom grillage. These mattresses were each 120 by 60 by 2 

feet thick. It was found that they were expensive to construct and 

difficult to place so as to cover the entire bank, nor were they long 

enough to reach to the necessary depth of water. 

During the season of 1882-83 a continuous-1.voven mattress was devel-

oped. This mattress was constructed on a mat ·barge especially designed 

for the work, launched off in a continuous length, and floated on the 

surface directly over where it "Was to lie when sunk. The sinking was 

accomplished by loading the floating mat uniformly with riprap until 

flotation was practically overcome. The supporting lines were then cut 

and barges loaded with rock were pulled over the surface previously 

occupied by the mat while rock was cast off in quantities sufficient to 



6 

insure that the mat remained on the bottom. Changes were made in the 

methods used when it was found necessary to develop greater strength. 

Failures in the continuous-woven mattress were due mainly to: (a) in

sufficient width, which allowed undermining by scour at the channel edge 

of the mat ; ('b) lack of flexibility, which prevented the mat from follow

ing the scour without rupturing; and (c) too great permeability, which 

allowed the river bed underneath the mat to be scoured out through the 

mat directly by the current or by seepage from the saturated strata on 

a falling stage of the river . 

A framed type of mattress was developed in 1889. Its principal 

advantage lay in the fact that it could be constructed at any point on 

the river and then towed to the site w'here it was to be used. It con

sisted of sections 100 by 150 ft, which were wired together and joined by 

poles to form a mat as wide as desired before sinking. The sinking was 

accomplished in the same manner as that employed for the woven mattresses. 

About 15 lb of stone per square foot were required to sink the mat . 

During 1893 experiments were made in constructing a fascine willow 

mattress. It consisted of fascines of willows and small brush, tightly 

compressed and wired together at 3-ft intervals. The fascines formed the 

vrarp of the mattress, with pairs of longitudinal strand cables spaced 

8ft apart , forming the woof. Long cable clamps, fastening the top and 

bottom cables together, w·ere used at intervals of 3 ft. This mattress 

was flexible and compact enough to prevent scour of the supporting bank . 

It could be constructed in widths of around 300 ft and of any length 

(preferably not .less than 1000 ft) considered desirable . Some w-ere made 

as long as 3000 ft . This was adopted as the standard subaqueous mattress 
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at that time by the Mississippi River Commission . 

Experiments with concrete bank protection were authorized by the 

Commission in 191L~ . A reinforced concrete mattress was devised . It con

sisted of a monolith approximately 125 ft by 50 ft by 3 in . thick, which 

1vas constructed on a casting barge with sloping r.vays. To launch a 

mattress, the casting barge was moved alongside a launching barge equipped 

-vrith Pratt trusses from which the mat was suspended . Launching was 

effected by moving the casting barge out from under the suspended mat, 

after 1-rhich it was lm¥ered t o the river bed. Modifications in respect to 

s i ze , s-crength, etc ., uer e made from t i me to t i me , but because of diffi 

culty in proper placement and the great cost invol ved, the use of the 

monolithic slab vas abandoned. 

Another type of more or less flexible concrete mattress, known as 

the lap- slab revetment, was developed in the period 1926-1931. It con

sisted of slabs of reinforced concrete, 11 ft by 6 ft by 4 in. thick. 

These slabs 1vere assembled by suspending them vertically in a rm·l on a 

framei·rork at the side of a launching barge . Each slab was attached to 

a guide cable and to its adjacent slab by a slip r i ng; they i¥ere then 

loi·rered to the river bed and assumed their proper position in the mattress , 

each slab over lapping its downstream mate . The f i nal result resembled the 

shingles on a house . Thi s type of r evetment was not successful, due main

ly to the sl abs bei ng moved out of posi tion by the river current . 

The pr e sent standard type of arti cul ated concrete mattr ess originated 

vli -~h experi ments started in 1915 to develop a flexible and permanent under

water mattress . After many failures and discouragements , the present form 

of sinking mechanism was evolved . The mattr ess is composed of units 
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25 ft long by 4 ft wide and 3 in. thick . Each unit has 20 blocks , 14 in. 

wide , spaced 1 in . apart on heavy noncorrosive reinforcing fabric which 

is continuous throughout the unit . The indivi dual units are assembled on 

the sloping deck of a launching barge. They are united by noncorrosive 

clips to each other and to launching cables , after whi ch the barge is 

moved riverward for 25 ft , allowing the section to sli de off the curved 

launching apron. The mattress then hangs suspended in the water on its 

launching cables until the next section is attached to it and launched . 

This process is repeated until a complete mattr ess has been constructed . 

The cabl es are then cut and the plant moved upstream into position for 

laying the next mattress . This articulated concrete mattress is the most 

satisfactory of any yet devised . 

In 1944, a roll- type flexible concrete mattress was developed. I t 

\·ras cast in sections 60 ft by 24 ft , and consisted of 4- in . by 1-1/8- ino 

slats, 24 ft long, reinforced by a noncorrosive wire mesh . The slats 

were separated by openings about 1/4 in . wide , allowing the mattress to 

be rolled up on a 17- in. core , final dimensions being a roll 24 ft long 

and 3 ft in diameter . The rolls are wound on a drum which is mounted on 

a pontoon . After sufficient rolls have been fastened end to end and the 

rolls wound on the drum to make the required width of mat , the pontoon is 

moved to the selected site, the launching drum released from the pontoon, 

and the mattress is unrolled as the drum rolls down the bank. The drum 

core is then recovered and the process repeated . This bank protection was 

found to be fragile and costly . None has been placed in the Mississippi 

River since 1946 . 

A method of constructing a reinforced asphalt mattress vras perfected 



in 1932. The mattress consisted of a solid sheet of asphaltic mix com

posed of 12 per cent asphalt by "'iveight, 22 per cent loess, and 66 per 

cent river sand . The mat was 2 in. thick, vrith a reinforcing mesh of 

9 

No . 12 galvanized wire in the center. The mats had widths up to 217.5 ft 

along the river bank and lengths determined by the length of the string

out barges . Mats as long as 570 ft "'ivere frequently constructed. lfleep 

holes were made at intervals to allmv ground-water seepage to escape . 

The mattress was fairly effective when in place, but because of difficulty 

in sinking, due to swift and turbulent currents, it was later abandoned. 

The stabilization work ivas carried on up to about 1933, "'ivhen a 

program of cutoffs of the long river bends was initiated. Bank protec 

tion work on the river practically stopped at that time and remained in 

a suspended status for a period of years, including \-lorld Har II. Since 

the end of the war, "'ivork has been resumed and is now progressing at a 

tempo greater than ever before . There were 16 cutoffs made which short

ened the low-water navigation channel between Memphis and Baton Rouge by 

about 170 miles . This, of course, resulted in increased slopes and 

velocities in the vicinity of each cutoff . These slopes and velocities 

are gradually lessening as the river adjusts its regimen to the new 

conditions . Rapidly caving bends above the cutoffs and increased deposits 

of sediment below· them have set up conditions requiring a greatly en

larged program of stabilization works in order to 11old the river close 

to its new alignment. Experiments with non- reinforced asphaltic 

mixtures , both hot and cold mixed, are now being made . The mixture is 

dumped from barges and sinks to the river bed, where the plastic mass 

spreads out and adheres to other masses previously dumped. If this 
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method is effectiveJ it is expected to be less expensive than the stand

ard articulated concrete mattress work . 

• 
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DISCUSSION OF EXISTIKG PLAN FOR 
STABILIZATION OF THE l~SSISSIPPI RIVER 

Presented by 

l~ . R. A. Latimer 
Mississippi River Commission 

11 

Revetments of various types have been used for a long time in the 

interest of navigation. Bank protection in the form of revetment has 

often been placed on the bank opposite constriction works to prevent the 

undue \videning of the channel by bank erosion. It is only in compara-

tively recent years that bank protection in the form of revetment has 

'been undertaken for protection of levees , and this has been done in the 

name OT navigation rather than flood protection. Since completion of 16 

cutoffs in the lower Mississippi River in 1940, there have been tremendous 

caving attacks in various places . This caving is a serious problem when 

it occurs in the vicinity of main- line levees which have been constructed 

to their present grade at great costs . An ill ustration of the rapidity 

with which a bar~ can cave in a continuous manner occurred in an area 

below Mayersville , Hississippi . The main- line levee in this area was 

intact during 1937 when a major flood occurred . In 1939 the rate of bank-

line caving was not very rapid . Between the period February and May 1940 

the rate of caving increased to 97) ft per year, resulting in loss of the 

levee Hithin 10 months . Due to the rapidity of caving, plans were under-

taken for the immediate construction of a setback levee . The over-all 

loss ln this instance was 2800 ft in a 2-year period. From March 18, 

1941 to August 22, 1941, 700 ft of caving occurred, and between August 

and October 1941 an additional 700 ft of caving took place . By November 
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1941 a total of approximately 2300 ft of bank had been lost , \vhich is at 

the rate of 300 ft per month. A setback levee was completed . In 1942 the 

caving began to attack the bank at a rate of 200 ft per month and an 

emergency levee was constructed during that high-water season. This 

illustration of very rapid bank caving presents a picture of what may 

occur in the various regions of the lower Mississippi River . 

In 1944 the lv1ississippi River Commission submitted a report covered 

by House Document 509; 78th Congress , 2nd Session, in vhich the Commis

sion stated the belief that the time had arrived, in the development of 

the alluvial valley of the Mississippi River , to hold the river meander 

\·Tithin as narrow a limit as rapidly as possible . The Commission was also 

of the opinion that stabilization of the river was necessary in order to 

retain the saving in flood heights which was accomplished through exten

sive construction of cutoffs. If the river continued to regain in length 

by the caving of concave banks and building up of the opposite point 

bars , the flood protection gained 'by construction of cutoffs would be 

short- lived . In addition, the uncontrolled meandering of the river 

greatly endangered the flood- control levees which have been constructed 

over a period of many years. The Commission further thought that 

stabilization of the banks vrould reduce the bar growth and the material 

within the channel (bed load), and that improvement of navigation and the 

increased flood- carrying capacity of the stream \vould be realized . In 

other words, stabilization of the banks would result in further lowering 

of the maximum flood plain. The Corr~ission was of the opinion that this 

improvement of the channel would permit provision and maintenance of a 

12- ft navigation channel in lieu of the presently authorized 9-ft channel . 
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It was also believed that this 12- ft channel could be maintained at about 

the same annual expenditure of funds necessary for dredging the bars and 

crossings that was then expended for maintenance of the 9- ft channel. 

This document reported, at the time of presentation, that between Cairo 

and Baton Rouge the river was 737 miles in length and that 97 -1/2 miles 

of effective revetment or stabilized banks by means of structures were in 

existence . It was estimated that an additional 230 miles of bank protec 

tion work in the form of revetment were requir ed for stabilization of the 

river which should have been placed within a period of one year . At the 

close of the 1949 Fiscal Year there were 150 miles of protective revetment 

in pl ace and it was estimated an additional 254 miles of work woul d be 

required. The stabilization plan starts at Cairo, Illinois, and extends 

to Baton Rouge , Louisiana. The revetment mileage previously mentioned 

includes a certain amount of revetment on the Ohio River near Cairo . 

Tl1e principal type of revetment used at ~he present time consists of 

arti culated concrete mat for subaqueous work, and a sand, mass asphalt for 

upper-bank pavi ng . In certain instances mass - dumped asphalt is being used 

for underwater paving . HO"\vever , the articulated concrete mattress type 

of revetment appears still to be the best form of ·bank protection known. 

Three plants are at present available for laying articulated concrete 

mattress . Two plants are capable of making mattress in widths of 140 ft 

and the third plant is capable of making a mattress 100 ft wide . These 

three plants , if operated 20 hours a day, have the capacity for putting 

down about 6oo,ooo sq ft of revetment per day . It takes from 1 to 2 

mill ion sq ft of under\va ter -vrork per river mile of revetment . This figure 

varies considerably from Cairo to the Gulf depending upon the depth of 
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the river. In general, the river depth progressively increases from 

Cairo to its mouth. The banks of the river north of Helena, Arkansas, 

consist mainly of sand and gravel and are more subject to erosion than 

the reaches below. In the reach bet1-reen Helena, Arkansas , and Natchez, 

Mississippi , the materials are similar but contain more clay deposit and 

fine materials . Between Natchez and Baton Rouge , Louisiana, the amount 

of fine material increases and the upper bank is primarily composed of 

clay material . Belo-vr Baton Rouge , Louisiana, the upper-bank material is 

clay 30 to 50 ft thick . The river channel gradually increases in depth 

as it approaches the Gulf . In the Memphis reach, near Memphis , Tennessee, 

the low-water stages run from 25 to 40 ft in depth; below Memphis , the 

depth changes from about 40 to 80 ft and in some places as much as 100 ft . 

Between Helena, Arkansas, and Vicksburg, Mississippi , the depth drops 60 

to 100 ft below low \·rater . On the lower river below· Baton Rouge there 

are depths greater than 135 ft below mlw. In fact , \ihite Castle revetment 

was placed in vrater 150 ft deep e 

Caving ·banks requiring revetment usually occur -vri th such rapidity 

that extensive planning and survey work is not al1.vays possible . Time 

does not permit the preparation of well- fixed plans, specifications , and 

layouts due to the fact that rapidly changing river alignments \.·muld occur 

before their submittance . Standard plans of general procedure have been 

e stablished which are modified to fit the particular condition existing 

in the area to be revetted . Studies are made of the depth of the river 

in bends that have been stabilized in a particular reach . An estimate is 

made of how deep the area might scour once it has been revetted and the 

under\.vater mattress is placed out on the bot tom of the river sufficiently 
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far to permit the mattress to follow the thalweg down as it scours . 

Pri or to placement of revetment, the top b ank is cleared of timber 

from 100 to 200 ft beyond the proposed top of the revetment . All timber 

that may have been deposited in the river due to caving banks is snagged 

and removed . The exposed bank is then graded by pulling the material down 

into the r i ver . Grading is usually begun at the lo-vrer end of the con

struction job and the work progresses upstream. Bank grading i s general

ly limited to 15 ft below existing water , due to the fact that control of 

grading in greater depths than that becomes impracticable . The river 

bank, when it caves naturally, does not cave smoothly, and therefore the 

resulting bank line is dotted with alternating points and indentations . 

In order to provide a smooth surface for placing revetment the projecting 

points are cut back to the approximate depth of the maxi mum point of 

caving . This is not always practical, especially since very little under

water grading is done . The finished graded bank has a 1- on- 3 slope which 

approximates the natural slope of the majority of the river- bed material . 

\vhere the upper ·banks are composed predominately of clay and silts , the 

natural slope of these materials is greater, and in some instances 

vertical banks will stand . Ho1·rever, the entire upper bank is graded to 

a 1 - on- 3 slope prior to placement of revetment. A 4- in. gravel blanket 

is placed from 15 ft below the water to plus 6 ft or plus 15 ft if a weepy 

bank of very fine material is encountered and a high water table prevails . 

This blanket is intended to prevent material from flo1ving out from under 

a revetment . The articulated concrete mattress is then placed over the 

gravel blanket . Approximately three- quarters of the revetment is never 

visi1)le again once it has been placed . The upper -bank protection is 
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either an asphalt - sand material or riprap, the latter placed to a depth 

of about 10 in . The sand- asphalt, upper-bank paving is a hard uncom

pacted mix of about 5-1/2 to 6-1/2 per cent asphalt mixed with sand and 

is placed about 5 in . thick . The articulated concrete mattress or the 

underwater mattress , in every case, extends to or beyond the thalweg to 

permit the mattress to follow the thalweg down as the river naturally 

deepens after placement of revetment. It requires a total of about 2-1/2 

million square feet of revetment per linear mile of bank to be revetted. 

The cost of 1rork including material , labor, and plant to place the revet

ment is $165 per linear foot of the bank . Some sections of the river 

cost slightly less due to the smaller river depths at these locations . 

Other sections are considerably deeper and will cost as much as $200 per 

linear foot . 

Some concern is fel t about placing the underwater portion of the 

n1at on the loose material that may be pulled down from the upper ·bank. 

It is believed that much of this material is carried out by the stream 

prior to placing of the mattress due to the fact that there is an appre

ciable lapse of time bet\veen grading and placement of the mat. However , 

it is possible that in some cases the underwater mattress is placed on 

loose material and that this material can be eas i ly scoured out from 

underneath the mattress . Placement of the mat starts at the lower end of 

the area to be revetted and progresses upstream in 100- to 140-ft width 

units. These units extend from the top bank to or beyond the thalweg, 

each one ·being allow·ed to overlap the previously laid unit by approximate

ly 5 ft. This is done to prevent scouring of material from between each 

successive unit of mattress . Since it is difficult to deter1nine the exact 
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amount of overlap or the divergent angles of successive mattresses, a 

5- ft overlap is specified . The mattress required to extend from the 

upper -bank paving to and beyond the thal-vreg varies with the depth of the 

river and may run from 200 ft to as much as (00 ft in length . This 

mattress unit is placed as a single articulated unit . Figure 1 shmvs the 

equipment of the sinking plant, including the string- out barges 'rhich 

guide the plant back and forth as it places the revetment . The squares 

of revetment are assembled on the sinking plant in 100- to 140- ft uidths 

and 25 - ft lengths . This unit is then rolled off the siru~ing plant and 

another unit is attached and fabricated in its place, making a continuous 

Figure 1 . Revetment s i nking plant in operation 
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blanket from the end of the upper-bank paving to the thalweg. After the 

mattress is fabricated on the sinking plant, it is rolled off as the 

sinking plant is moved into deep water over the thalweg, where the 

mattress is finally released. During the fabrication period there is a 

continuous curtain of mat hanging suspended in the water and the high 

velocities of the river, in which the work often has to be done , cause 

considerable difficulty . At times, the current has turned over and 

crumpled the fabricated mattress . In several instances the swift- flowing 

vrater acting on the mattress has nearly caused the launching barge to 

overturn. When the sinking plant has moved out far enough to insure 

sufficient mattress to reach the thalweg, the launching cables of the 

mattress are released. The mattress sinks to the slope of the ·bank and 

the cables are cut . At times this curtain -vrall of mattress may be 150 ft 

long. 

The squares of mattress assembled on the launching ·barge are 4 ft 

\•Tide and 25 ft long, making an area of 100 sq ft . Each square consists 

of 20 individual slabs or blocks of concrete 46-1/2 in. long by 14 in . 

wide and 3 in . thick . Concrete for these blocks is poured on a non

corrosive fabr ic which has a tensile strength of approximately 4000 lb. 

The forms on this fabric are 1 in . apart, leaving about 19 openings 1 in. 

wide and approximately 48 in. long in each square. These squares are 

aligned on the barge and then the individual squares are tied to the 

launching cables -vrhich have a strength of 21,000 lb . '~['he launching cables 

run normal to the bank at 4- ft intervals causing each square to be tied 

independently to the launching cables . The squares are connected to the 

launching ca-bles in 4 or 5 places by twist 1-rire of corrosive-resistant 
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material . To prevent the mat from slipping dmm the ca'ble during launch

ing, f r om 3 to 7 U-bolts per square ar e used to cl amp the squares to the 

cable . At the shor e end of the mat the squares are anchored by three 

wires in the shape of a bridle . These -vrires have a strength of 4000 lb . 

Hhen a mat is to be sunk 1rhere the depth of water belov ml1·r is less than 

75 ft _, three "i-ri:res to each 8 ft of mattress ar e used . I n greater depths 

three i·ri res ar e used for each 4 ft of mattress. 'l1hese bri dles lead to 

anchor cables -vrhich extend up the -bank to anchors of malleable-iron or 

steel developing sufficient anchorage to hold the suspended Dlatt ress 

during the launching operation . 

Specifications usually state that the sinking operations vill start 

when the high- water season passes and the river approaches a s t age of 

plus 15 ft above rnl"iv . Operation in the higher stages is usually prevented 

by the prevailing increased velocities . The placement of underwater 

r evetment is limited to the low-water season which normally extends from 

the first of July to the first of January . I n some cases work has begun 

early in the season when the high- vrater period has ended prematurely. 

However, more than 6 months of good operating conditions are seldom ob

tained . 
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DISCUSSION OF PROBLEMS ENCOU1ir.ERED IN CONSTRUCTION AND 
~AINTENAI~CE OF BA1~-STABILIZATION STRUCTURES 

Pre sen ted by 

lv'JT • R. H • Haas 
Mississippi River Corr.mission 

Because of wide variations in depths and 1vidths, volume and 

velocity, direction of flow, slope and water surface, and conditions of 

bed and banks , the problem of -bank protection in the lower Mi ssissippi 

River has been found to be extremely complex . The major difficulty to be 

overcome in the improvement of the lower Mississippi River is the in-

stability of the stream itself, caused by the fact that the banks are 

composed of friable , easily erodible material , the instability of which 

is a matter of direct erosion and of deposition . The alluvium is largely 

derived from the eroding 'banks ivhich may recede at the rate of a few feet 

annually to more than 1500 ft in some isolated cases . Hhether or not the 

difficulties of the situation are materially affected by the ivater·borne 

detritus of its tri.butaries is an open question, but the question of such 

detritus is considered only of secondary importance , since its effect is 

believed to be more or less local and rapidly becomes reduced as the dis -

tance from the mouth of the tributary streams is increased . The sediment 

of any bar or accretionary deposits comes from varying distances upstream 

from the locality of its formation . Perhaps the major part of any point 

bar originates from the eroding concave bank immediately above, and a 

portion from each oi· the eroding sections of the river for an indefinite 

distance upstream in entirely irregular and unkno-vm proportions . Material 

in suspension seems of little or no in1portance slnce the greater part of 
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such material is believed to be transported in a single uninterrupted 

journey from its source to the Gulf . Generally, the bawcs cave by reason 

of removal of sand at the bottom of the under1vater slope, I·Thich steepens 

the slope to such an extent that the bank is no longer stable . Hhen the 

bank is revetted, so that it can no longer cave and thereby supply fresh 

sand to the river bed, the latter nearly always deepens . The depth of 

the river at the site of caving banks varies from about 40 ft to more than 

120 ft belo1v the low-1vater elevation and the banks may extend 30 ft or 

more above this low- -vrater plane . 

The revetment must cover the entire slope from the top of the bank 

to the thalweg and, since the channel usually deepens after the bank has 

been protected, the revetment should extend far enough beyond the existing 

toe to reach the bottom of the river after deepening has carried the 

slope to greater depth . The portion of revetment above the low-water 

elevation is referred to as upper- bank paving and the underwater portion 

is the subaqueous mattress . The subaqueous mattress comprises about 

three-fourths to four -fifths of the ent i re revetment . 

Revetment construction normally foll ows a sequence of bank clearing 

and grubbing, clearing the underwater slope of snags , bank grading, 

mattress sinking, and finally bank paving. 

Since the banks in a concave bend are generally very steep above 

the water surface , and consequently unstable , the design of stable slopes 

is based on data obtained from borings \fhich reach an elevation lo-vrer 

than the bottom of the river. Bank slopes varying bet1veen the limits of 

1 ft vertical on 3 to 5 ft horizontal are usually prescribed . 

The most -vridely used mattress at this time is the articulated 
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concrete mattress uhich was evolved from experiments started i n 1915 to 

develop a flexible and durable unde:rv1ater mattress . The mattress i s com

posed of precast uni ts 25 ft long by lt- ft wide and 3 i n . thick . Each 

unit has 20 indi vidual slabs , 14 in. "ivide spaced approximately 1 i n . 

apart on heavy corrosion- resistant reinforcing fabr i c . The open ar ea, 

which i s necessary t o pr oduce proper ar t i culation, i s about 8 per cent of 

the total area. A l es s per meabl e modificat ion, a so-called "V"-type 

mattress having open area s of 3 per cent, is now in the experimental 

stage . A mile or more of revetment using the "V"- type mattress will be 

installed during the 1950 construction season . 

The upper bank may be paved with articulated concrete mattresses , 

riprap or uncompacted asphalt . The articulated concrete paving is the 

same as the underwater mattress and differs only in the method of con

struction. A 10- in . riprap paving is considered the best yet devised 

because it is able to adjust itself faithfully to irregularities in the 

slope and to re- form and continue to give protection in the event of minor 

bank subsidence and sloughing . Due to local unavailability, stone is 

little used below Memphis . The uncompacted asphalt pavement is usually 

applied to a thickness of 5 in . and consists of about 6 per cent asphalt 

cement and 94 per cent bar run sand and gravel . It has the porosity of 

loose sand, and any ground water is less likely to be impounded . The un

compacted asphalt pavement is therefore a more acceptable pavement than 

the impervious types such as the monolithic concrete and the compacted 

asphalt . 

Practically every improvement in mattress and pavement design and 

construction methods in recent years has had for its objective the 
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eli11ination or lessening of one or more of the recognized reasons for 

failure . Although failures occur from a great many causes, the principal 

ones are: 

a . Removal of material land\-rard of pavement by overbank scour . 

b. Removal of material from the pavement subgrade by surface 
or underground drainage or wave wash. 

c . 1-iechanical damage to pavement due to boats , drift , ice, 
etc . 

Subaqueous mattress failures may be attributed to: 

a . Removal of material from mattress subgrade by scour . It 
is know·n that removal of material through the mattress 
interstices by current action often occurs . 

b . Removal of material from the river bed and outstream edge 
of the mattress, that is , deepening of the bed of channel 
encroachment on the mattress resulting in the undermining 
of the outboar d end . 

c. Movement of part or all of the bank due to instability. 

d . Mechanical damage to the mattress during sinking opera
tions . 

e . Loss of pavement or mattress by flanking action of the 
river currents . 

Any individual failure of a revetment may be caused by any one of 

these (and possibly others) or combinations thereof . Some failures, 

particularly when occurring at high-water stages , are so complex as to 

leave no visible or survey evidence as to the cause . However , every 

effort is made to deter111ine the causes of all revetment failures in an 

effort to improve design and construction practices . By far the most 

frequent of serious failures of revetment are due to progressive deepening 

of the river channel , scouring of the ~1aterial from under the riverward 

toe of the mattress , and progressive disarrangement , damage , and ultimate 
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destruction of the outer portion of the mattress . This condition, when 

continued over several years , may result in bank instability and, con-

sequently, failure of the -vrork . 

Probably the greatest over-all loss of revetment is caused by 

flanking . This may occur at either the upstream or downstream end. 

Flanking is usually more critical if it occurs at the upstream edge since 

it may cause loss of an entire installation. At the dovmstream terminus 

flanking results from an eddy action \vhich works upstream to undermine 

the bank. Downstream flanking losses usually do not affect more than 100 

to 500 ft of the work. Hhen it is practical, revetments are extended 

over the entire area bet\-reen the upstream and downstream terminus of 

caving at all stages to prevent flanking . In the near future these 

losses may be entirely eliminated . 

The opaqueness of the water of the Mississippi Rive+ makes visual 

examinations by divers impossible . Subaqueous examinations by various 

means , ho-vrever , are quite often made . A diver , oriented by a tag line, 

can report the condition of the under1vater slope and r evetment as he feels 

his way along . In shallo-vr w·ater , the condition of the under-vrater work 

can be ascertained with some accuracy by probings with a steel rod or 

lead attached to a piano \vire . In 1930 a comprehensive underwater survey 

vras made of all revetments by divers . These surveys l ed to some improve-

ments in the mattress , most notable of which was the adoption of 

corrosion- resistant reinforcing fabric . Probably tl1e most thorough 

examination of a revetment ever made, however , \vas conducted by the Nevr 
• 

Orleans District at Hhit e Castle, Louisiana, t 1-ro years ago . This examina-

tion covered an entire revetment to a depth of about 135 ft below· the 
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l ow- vrater el evati on and r eveal ed the conditi on of a newly constr ucted 

mattr ess . The exami nati on revealed among other thi ngs : 

a . The condi tion of the outboar d edge of the mattress . 

b . Buckl es , both ~ransverse and longitudi nal , i n the 
mattress . 

c . Hol es or hollows beneath the mattress . 

d . Sand coveri ng portions of the mattress . 

e . Missi ng and broken slabs . -
f . Mattress covering submerged stumps and logs . 

g . Over lap or lack of overlapping of adjacen~ mattresses . -
h . Overt1rrned and tilted section on the upstream edge of 

mattress sections . 

A survey made this year at 'fui te Castle indicates the revetment to 

be generally in excell ent condition although the diver ' s r epor t indicated 

several points of 1.z-eakness . 

As has been stated be~ore , the most serious failures of revetment 

are those due to progressive deepening of the river channel . 'l'his action 

is a normal occurrence in a t)~ical concave bend . Since revetting the 

bend is tantamount to converting it from an erodible bank into a non-

erosive bank, the local stream depths are s;milar to those that an actual 

conversion 1vould entail . A study of numerous sections in bends both 

before and after revetment construction shmvs that the r iver bed almost 

always tends to lo;,.rer throughout after the caving is completely arrested. 

Maintenance requi :rements are usually greatest Hithin the first year 

or tw·o after construction; ther eafter, changes in their condition are 

slight . Since radical changes often occur which sometimes result in 

publicized destruction to the work, there is an erroneous and fairly 

36114 
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widespread impression that the present-day revetment is inadequate. A 

revetment is not a retaining wall, hence it cannot adequately protect 

against unstable conditions inherent in the bank, such as flow slides , or 

against scour which steepens the slope to such an extent that the bank 

becomes unstable from its own -vreight . ~lhile a large sum is expended for 

maintenance each year , the major part is expended on relatively new 

revetments or revetments whi ch have been in place 30 years or more . By 

far the greatest maintenance of the articulated concrete mattress type 

has been the replacement of mattress constructed during the war when 

corrosion- resistant reinforcing fabric was unavailable . The annual cost 

of r evetment maintenance since the 1928 Act , on revetments having a re

placement value of $150, ooo,ooo, has averaged about 4.8 per cent annually. 

In the past two years the annual maintenance charge has been reduced to 

about 3 per cent . It is probable that as more and more of the older, 

less durable types of revetments are repl aced, the over- all maintenance 

charge will be considerably reduced below the average . 

Many of the recorded failures of revetments on the lovrer river can

not be ascribed to the materials used or to the type of structure built, 

but to the inability to complete the '\-rorks as conditions required. Much 

of the present-day losses are due to the flanking action of the river 

currents, because t he demand f or work at other locations makes it impos 

sible to carry the work to tne full extent of the caving bank. Construc

tion of bank protection works to the ex-Gent contemplated by the stabili

zation program vrill prevent erosion of the banks -by providing continuous 

protection to the entire length of the concave bends. Construction will, 

'\·Therever practicable, be carried out in reaches by constructing revetment 
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progressively do-vmstream from any fixed pointj thus channel conditions 

upstream will be fixed making it possible to locate the downstream end 

with greater accuracy. As the -vmrk progresses downstream the amount of 

bar-forming sediment entrained will also be decreasedj thus fixing a 

permanent alignment which lrill eliminate loss of effectiveness by accre-

tion and flanking. To prevent local failures and reduce maintenance costs, 

the bank must be made stable initially and the revetment mattress must be 

able to prevent the bank from again becoming unstable. The stabilization 

of the low·er river is follm·Ting a plan based on both theory and experi-

ence 1 especially experience. The flm·7 is not being radically interfered 

1·7i th but its lateral movement and, consequently, the a~"'!ount of material 

contributed to the stream by bank erosion, are being controlled for the 

benefit of navigation and flood control. 

Discussion Follo1-ring Presentation of Paper by Mr. Haas* 

M.r. Senour: He propose i.,o stabilize banks ei d1er -oy revetment, 

pile dikes, groins, or under-v1ater retards, so that the river vmuld be 

turned and directed across ~he channel into another bend where the bank, 

if subject to erosior:, 1·rould be further protected. In other 11ords, we 

v7ould protect the bank if it were of the type o.r material that 1·rould not 

resist erosion and the current '\oTould be directed across the river and, 

* The above discussion on the paper given by Hr. Haas of the Mississippi 
River Commission is included as many pertinent points are brought out 
in this discussion 1·rhich refer d; rectly to ~he foregoing pape::-. The 
discussion is a running account of comments of the various individuals 
participating in the conference edited to provide continuity of thought. 
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consequently, the location of attack on the second bank -vmuld be fixed . 

(Note : At this point in the discussion, Mr . Haas presented 
a number of river cross sections over the revetment showing 
the successive condition of revetment as determined by echo
sounding surveys . He pointed out that all of these surveys 
were made at approximately the same time of the year in suc 
cessive years when the river was relatively stable and low. ) 

Dr . Rouse : Can you make any su.rveys in high water? 

~tr . Haas: Surveys can be made in high water but after the water 

gets over the bank we lose accurate control . If you are thinking about 

revetment failures during high waters, \fe have a scheme which will indi-

ca.te movement in the bank at a critical location. He set channel buoys 

along the top of the bank and as the river rises , the buoys float until 

they ar e moved out lJy caving bank or drift . If the buoy is moved out of 

position an investigation is made . ~f by soundings and probings it is 

found that the bank is not disturbed, the buoy will be replaced . If the 

bank is caving, a survey w·ill be made to determine the extent of the 

clamnge . 

Dr . House : Can you disti nguish betw·een revetment and normal river 

bottom? 

Nr . Ha ..,_s : Not too well . 

Dr . Rouse : Then you don ' t know \vhether the revetment is covered by 

sand or if it is the revetment itself from these surveys? 

r~~. Haas : No . If the elevations check with previous surveys we 

assume the revetment is intact . If ,.,e suspect movement , we can p:robe in 

shnllm·r -v;ater with a steel rod . In deeper water a lead ,.,eight attached 
• 

to a steel piano wire sometimes gives a reliabl e indication as to whether 

the contact on the river bed is made '·Ti th concrete or sand. 



Dr . Straub : I would like to ask a question . Are those soundings 

made by echo- ranging or lead line? 

Mr . Haas : Echo soundings . 

Dr . Straub : Can you determine the cono.i tion of the revetment by 

echo soundings? 

lf~ . Haas : Not in detail . For more accurate information a diver 
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may be employed. About t'\vO years ago the District Engineer at New 

Orleans, in conjunction with the Navy ' s plan for training divers, had an 

investigation made of a ne'\>rly placed revetment at Hhi te Castle . It was 

desired to find out, as soon after construction as possible, the condition 

of the mattresses on the bottom of the river . To orient the divers and 

insure total coverage, tag lines were placed 150 ft apart normal to the 

river with laterals running do~~stream at 20-ft intervals . The divers 

f'ollmved down and across on each tag line , reporting their findings by 

telephone . They also searched around the edges and over individual 

mattresses to find breaks or missing blocks , holes beneath the mattress , 

buried stumps and logs, and gaps bet'\>reen the mattress . The divers were 

able in most cases to measure the size of the lap of each successive 

mattress , and to determine \vhether the overlap was still in order . 

Although the \>Tater was very deep, it \vas interesting that so much infor

mation of real value could be found . It would have been impossible to 

get the information by any other means . 

1v1r . Senour : What were the materials of the river bank at that 

revetment? 

Mr . Haas : The material in the bank at Hhite Castle is composed 

almost entirely of a backswamp deposit . Below the backswamp deposit 
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is a formation of shells and sand . 

Mr . Senour: How deep is it? 

Mr . Haas : The backswarr~ deposit is about 130 ft in thickness 

extending from about 15 ft below the top of bank to the bottom of the 

• r1ver. • 

Col. King: That is down below Baton Rouge. 

lVIr. Senour: The river gets pretty deep below Baton Rouge. 

Ivlr. Haas: The bottom of the river at ~fuite Castle is about 120 ft 

below low water or 145 ft below top of bank elevation. We needed a revet-

ment there to replace a reinforced asphalt mattress. For reasons of 

safety, the divers usually stayed away from the outtoard end of the revet-

ment '\vhere they found tangled masses of launching cables. In launching a 

mattress, it is necessary to stretch these cables out quite a distance 

beyond the end of the mattress before cutting off in order to get the 

mattress on the bottom. These loose cables were dangling; some had logs 

matted in the tangled mass. It is possible that some of our failures, 

such as turning over of the mattress or disarrangement, could be due to 

submerged floating logs '\vhich catch in the wires pulling the mats around 

on the bottom of the river. 

Mr. Senour: Did they find any mattress flapping or vibrating? 

:tv'lr • Haas: No,they did not. 

Mr. Senour: Even out at the edge? 

Mr. Haas: None was reported. Although the outboard edges of some 

of the mats were examined. 

Mr. Senour: Hhat '\·rere the current velocities? 

i\ir. Haas: The surface current velocities were in the range 



of 3 to 4 ft per second . 

(The following points of_discussion have been extracted 
from the reported discussion on bed load and the effect of 
revetment on bed load.) 

Mr. Haas: The lower Mississippi River is being stabilized by a 
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systematic control of its meandering and consequent arrest of bank reces-

sion . The amount of material in suspension is of little importance since 

although the amount entering the river at Cairo has been variously esti-

mated as being between three and four million cubic yards annually, 

approximately the same amount is being deposited in the Gulf of Mexico 

each year. The caving banks between Cairo, Illinoi~ and Donaldsonville, 

Louisiana, however, contribute about 900 million cubic yards annually or 

about one million cubic yards annually for each mile of caving bank . I 

do not recall the author of these data but they were substantially 

verified by independent computations made in the Mississippi River Com-

mission Office. 

v~. Senour: ~rr . Smith worked up the figures from Cairo to Old 

River. He figured the caving from Cairo to Old River resulted in 

8oo,ooo,ooo cubic yards annually which I figured was a pretty good check 

on the 900,000,000 from Cairo to Donaldsonville . 

Mr . Haas: As velocities are typically a maximum toward the concave 

side from the center of the channel, the concave banks are subject to a 

progressive disintegration that will vary from rapid to negligible, 

depending upon their resisting capacity, the velocities of the attacking 

current, and upon the curvature of the bend. By far the major part of the 

material eroded from a concave bend is thought to form an accretionary 

deposit immediately below its source; some material, of course, is carried 
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for considerabl e distances downstream. A trading process takes pl ace with 

each incremental rise in stage of the river , discharge, velocity, and 

direction of flow . Thus , material is entr ained only as long as a suffi

cient velocity is maintained to transport particles of various sizes . 

The author of the above-mentioned bank- caving data made some computations 

indicating bank erosion in the Mississippi River between the Missouri and 

Ohio Rivers was reduced 20 per cent by partial stabilization prior to 

about 1915 . We feel, as we go ahead with the stabilization program on 

the lmver Mississippi River, that we will be able to control the gro"\vth 

of point bars and construct our revetment where we need it to ~rain the 

directive into the bend below, thus eliminating loss by flanking . In 

other "\vords , we can carry the revetment from a neutral point to a neutral 

point. We are more or less pioneering in theory at Huntington Point 

"\vhere the directive is being held into Yellow Bend by revetment . We feel 

that the point -bar enlargement and migration which have accompanied the 

bank recession at Huntington Point arG largely responsible for necessity of 

annual extensions to Yellow Bend revetment . Each year it has been neces

sary to extend Yellow Bend revetment to maintain protect; on '"i th resulting 

loss of effectiveness at the upper end ·by a blanketing bar. Revetting 

Hun~ington Point is proposed to hol d the directive at the same place on 

Yellow Bend revetment , starve the bar below Huntington Point and result 

in a better navigation channel. \ve are working cautiously, hov.rever, by 

reinforcing Yellow Bend considerably more this year than we would have 

ordinarily. It is not known how much of the material deposited on the 

bar belo'" Huntington Point comes from the unprotected point and how much 

from further up the river , but surveys are being made from which the 

, 
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amounts can be computed . The wor k at Huntington and Yellow Bends is not 

wholl y \vi thout pr ececlent , hov.rever , since a similar reach -vras treated at 

TTotters and Helena a few years ago . Although conditi ons were not so 

severe as at Yell ow Bend, the Trotters installati on apparently has had a 

beneficial effect by lessening bar encroachment and consequent severity 

of attack on the Helena revetment . The stabilization program is pro

gressing downstream from fixed points wherever possible . Work is 

progressing rapidly on the reach from Helena, Arkansa~ to the mouth of 

the Hhite River . Other fixed points are Cairo, Memphis , Caulks Neck, 

Greenville Bridge, Vicksburg, and Natchez . By starting at these fixed 

points and vorking do"\Tnstream, the river 1 s flow will not be radically 

interfered with but its lateral movement and, consequently, the amount of 

material contributed to the stream by bank erosion will be controlled for 

the benefit of navigation and flood control . 



DISCUSSION OF THE WATERWAyS EXPERIMENT STATION •S 
POTAMOLOGY INVESTIGATIONS 

Presented by 

Mr. J. B. Tiffany 
Waterways Experiment Station 

The whole scope of the work assigned to the Waterways Experiment 

Station including what has been done so far, what is planned in the 

future, and why, ties together. The discussions given so far this 

morning have been very valuable in emphasizing the importance of the 

problem and giving it background. The Experiment Station staff recog-

nizes the importance of the problem and is not only interested in it 

personally but professionally. The Experiment Station has assigned the 

best talent availabl e in the HYdraulics Division, the Soils Division, 

the Fl exibl e Pavement Branch, Instrumentation Branch and to some extent 

the Concrete Research Division to the various phases of this problem. 

In addition, the Experiment Station has called again and again on the 

services of expert hydraulics and soil mechanics consultants to deter-

mine whether the proper steps are being taken. Very close liaison is 

maintained with representatives of the Mississippi River Commission 

which, after all, has this problem as its responsibility. There is a l so 

a very close working arrangement with the Memphis, Vicksburg, and New 

Orleans Districts. In many cases the Districts are carrying out some of 

the survey work that is proposed and authorized . The Experiment Station 

has been working on this project quite extensively for two and one-half 

years. It might seem that some of the progress has been rather slow, but 

when the steps taken to date have been analyzed, perhaps that is not the 



case. One thing that might lead to tho apparent conclusion that prog

ress hasn't been too rapid is that considerable time has been taken up 

in building apparatus. For instance, the Reid Bedford Bend flume and 

the Concordia-Scrubgrass model have just been completed. Instruments 
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had to be developed for measuring turbulence in the river - - instruments 

which did not exist until it was found that there was a pressing need for 

them. Furthermore, many of the soils exploration methods that were 

necessary to carry this problem through were not developed to where they 

were satisfactory. Therefore, at this point it can be said that a lot of 

that preparation phase has been accomplished and from now on considerable 

visible progress should be made. There are certain things that can be 

said at this time with some definiteness or at least certain tendencies 

can be pointed out. One important result to date is that the plane of 

thinking of everyone has been increased very visibly the last two or 

three years as the result of the exchange of thoughtson the subject and 

getting into the problem more intensively. There is a need to sit down 

· and outline exactly what the problem is in order to understand what is 

being done, and to see whether the things which are being done fit into 

a logical outline of the problem. Any ten people sitting dovm to make up 

an outline of the problem would make up ten different outlines of what 

the problem might be. The outline presented at this time is that which 

fits into what the Experiment Station is doing or trying to do. There 

are four principal items which are being investigated. 

First, the Experiment Station is trying to determine the meandering 

and other characteristics of the river. The Waterways Experiment 

Station, the Mississippi River Commission, and the three Dwtricts have 



investiga tions going on to determine these characteristics of the 

Mississippi River. Geological and soils investigations fit into the phase 

of the investigation endeavoring to understand what the basic characteris

tics are. The surveys and analyses that the districts are making as 

routine, and those which are being made specifically as a part of the 

potamology investigations are very much in the direction of trying to 

find out what the workings of the river are. The Concordia-Scrubgrass 

model previously mentioned is a tool to try to determine in a laboratory 

some of the information that is being investigated in the field. 

The second quite important investigation, which has not as yet had 

the attention it deserves, is that of finding out just what are the 

hydraulic forces of the river. The basic problem consists of two things. 

There are hydraulic forces in the river which set up conditions that 

result in bank failures and there are soil conditions in the bank which 

tend to resist those failures. These two are about equal in importance. 

The Experiment Station has made and proposes some turbulence investiga

tions which will be presented in later discussions. A part of the 

so-called hydrographic and hydraulic surveys fit into this category, 

too, along with velocity measurements. 

A third important investigation is the study of the stability of 

protective works as such, distinguishing between the stability of the 

protective works and the stability of the banks. That is something the 

Mississippi River Commission is working on very intensely with its at

tempts to improve the articulated concrete revetment, mass sand-asphalt, 

other methods of uslng asphalt under water, modifications of upper-bank 
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paving, investigation of permeable and impermeable dikes, and the use of 

retards and other types of protective measures . The Experiment Station, 

as part of its potamology study, has several studies going on which are 

in that direction also . For one thing the Experiment Station is carrying 

on some field hydraulic and hydrographic surveys which have to do with 

determining changes in the condition of a revetment with the passage of 

time. A very important part is again a laboratory tool, the so -called 

revetment flume, which will be discussed later. Another pertinent in

vestigation at the Experiment Station is being conducted by the Flexible 

Pavement Laboratory; Mr. Boyd and his assistants have been working for 

a couple of years trying to assist the Commission in improving the sand

asphalt mixes or devising different methods of upper -bank paving with 

asphalt mixes . 

The fourth and last item is the stability of the bank itself . Two 

principal types of investigations have been or are being conducted, namely, 

the soi ls investigations and the geology investigations . Soils investi 

gations in the field and laboratory analyses are very important parts of 

the problem as well as the geological investigations. Most of these in

vestigations are completely interrelated and it is impossible to say that 

any one phase is more important than any other. As the study progresses, 

the unimportant phases will be dropped and the important phases continued. 

The following discussion will be limited to outlining the remaining 

five papers which are to be given on the program. 

Investigat i ons by the Soils Division consist of three interrelated 

activities which a r e : (a) geological studies; (b) soils studies proper; 

and (c) studies of bitmninous mixtures for the protection of river banks . 



It suffices to say concerning the geological studies that Dr. Fisk, 

under contract with the Mississippi River Commission, made a complete study 

of the valley and its geology, and put out a report which has been quite 

illuminating in telling what exists in the valley and how it got there. 

Another of his reports has perhaps more direct bearing on the particular 

problem and that is his report on so-called fine-grain materials which 

was published about a year ago and which contains maps showing the loca

tions of those fine-grain deposits or so-called clay plugs which have been 

found to have a very definite influence on the meandering characteristics 

of the river in specific localities. As a third part of the geological 

work the Experiment Station's Geology Branch, under Mr. Turnbull's direc

tion, has attempted to predict the course of the river's meandering a few 

years in the future based on measurements and deductions from occurrences 

during the past year and on information that has been derived from the 

study of fine-grain deposits, clay plugs, etc. The geology studies are 

still going on although not in quite so active a manner as some of the 

other studies. Emphasis was instilled in soils studies proper by what 

happened at Reid Bedford Bend revetment three years ago when two heavy 

failures occurred. The Soils Division figured, in attempting to find 

out what happened, that there were only three or four possible manners 

in which those failures could have occurred; by scouring and successive 

undercutting which is a fairly good possibility in some places; by shear 

failures resulting from scour originally or internal erosion of the sand 

by water seeping through the banks; and by flow slides. It has been 

generally concluded that the failures at Reid Bedford revetment were 

of the flow-slide type which depends on the relative density of the sands. 
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It became necessary in order to determine the possibility of flow slides 

to have sampling methods and equipment which would make it possible to 

distinguish loose sand and dense sand and to find out whether they both 

provide a possibility. A frozen-plug sampling method had been developed 

at the time the investigation was started and this was used to some extent. 

However, it is so expensive and slow that it is not very efficient for 

the purpose. Another method which was attempted and has produced some 

results is the so-called split-spoon sampling method which is a penetra

tion type of test. Still another method which is under development is 

the cone penetrometer which Dr. Hvorslev of the Waterways Experiment 

Station has designed. This cone penetrometer is now being built and it 

is hoped that when it is constructed it will provide a quick means of 

determining the relative densities of sand, at least qualitatively. 

Recently there has been developed a new method of taking undisturbed 

samples of sand which according to soils experts may revolutionize that 

type of sampling, and these samples have been successful]yprocured for 

the first time. The undisturbed samples of sand make it possible to 

make laboratory tests and determine definitely if the sand is dense or 

loose. This, then, has opened up a whole field of possibilities for 

laying the ghost once and for all as to whether or not flow slides are 

a possible explanation for these major failures . Very intensive investi

gations have been made at the various failures which occurred at Reid 

Bedford Bend, Port Allen, Morville, Hardscrabble, etc., and very inten

sive laboratory investigations are being conducted. One phase points 

toward determining whether a flow slide can be demonstrated in the 

laboratory, and that is now being successfully done. 
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Briefly, the proposed 1950 Fiscal Year soils investigation program 

of the Haterways Experiment Station is as follows: 

a. Obtainment of piezometer observations at a number of re 
vetment sites . 

b. Making of cone penetrometer tests at a number of sites . 

c. The taking of a number of undisturbed samples at designated 
sites using the new procedure that has been developed . 

d. Carrying on of the usual laboratory tests , analyses, and 
preparation of reports. 

The sites at which soils investigations will be concentrated are: Reid 

Bedford Bend, Port Allen, Morville, Hardscrabble , Fal se Point and 

Bauxippi-\-Jyanoke. The last-mentioned site, Bauxippi -"ltlyanoke, is located 

just below Memphis, Tennessee, and has been a stable revetment for many 

years. However it may not be so stable after closure of a back channel 

which is part of a plan creating a harbor development for the city of 

Memphis. At the present time only two-thirds of the water passes through 

this channel and it is felt that throwing all of the water into the main 

channel may possibly change the stability characteristics of the revet-

ment. Therefore, both the hydraulic and the soils sides of the investi -

gation of this revetment include items to try to obtain data before any 

changes result and later if any change should result. 

The Flexible Pavement Branch of the "ltlaterways Experiment Station 

has been conducting research for several years to try to improve asphalt-

mixture design. It started in 1945 when Col. Pickett was designing the 

roll-type asphalt mat that Mr. Latimer discussed in an earlier paper. 

The Experiment Station was called upon to assist in developing a mixture 

for that type of mat. A report was prepared which has been of some use 
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although that method of revetment is no longer in use. About two years 

ago, at the time the Commission was undertaking an investigation to see 

whether mass sand-aspr1alt dumped from barges could be used to replace or 

reinforce the articulated concrete type of underwater paving, the 

Experiment Station was called upon again to try to assist in development 

of a mixture which would spread properly and assure large coverage on 

the river bottom. This phase of the investigation, which has practically 

been completed, included laboratory and field tests within the Experime~ 

Station grounds and covered determination of such items as: penetration 

grades of the asphalt, temperature of the mix, and the percentage of sand 

in the asphalt. It was found that if the temperature of the mix was too 

low the mixture would be too brittle or too hard before it got to the 

river bottom. If the temperature of the mix was too high, something else 

happened. Another feature investigated was the possible use of fillers, 

admixtures or special processes in order to increase the fluidity of the 

mixtures. As stated before these investigations have been pretty well 

completed and it is believed that an optimum type of mix has been 

developed which can be used for mass sand-asphalt revetment provided 

that type of revetment is found successful in the hydraulic conditions 

of the river to which it is subjected. 

It has been found that an asphalt penetration from 50 to 100 and 

preferably 85 to 100 is about right, that the asphalt content should be 

from 25 to 30 per cent in order to get proper flow and coverage, and that 

the mixing temperature ought to be around 250 degrees. It was also found 

that none of the fillers or admixtures or special processes were very 

effective, at least for more than just a matter of a few minutes. 
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Another phase of the investigation deals with attempts to improve 

design of upper -bank asphalt paving. A lot of laboratory and field ef

forts have been devoted to devising a cold asphalt mix which, if suc 

cessful, would make it possible to eliminate a very expensive part of 

the present process involving heating of the sand and the asphalt, mixing, 

etc. This proposed new method would make use of wet sand instead of dry 

sand which removes another heat factor from the process . The Experiment 

Station has recently placed on the banks of the outlet channel of the 

Experiment Station lake some samples of cold mixes which have been 

developed . One sample of the cold mix now being tested consists of 10 

per cent asphalt emulsion and 90 per cent sand. The asphalt emulsion 

itself consists of about 60 per cent asphalt and 40 per cent water, so that 

the asphalt content of the entire mixture is actually about 6 per cent . 

These mixtures have been put down in various thicknesses to try to deter 

mine whether it can be effectively and economically used in the river . 

Experiments have also been made in working with cut-back asphalt . All 

of this asphalt work is ver y nearly completed with the exception of the 

following up of results of the experiments on the creek bank here at the 

Experiment Station. 

The next item to be discussed is the hydrographic and hydraulic 

survey program. The purpose of these surveys as stated in the Experiment 

Station subproject is ' ' To obtain and analyze factual hydrographic and 

hydraulic data concerning the various r eaches of the Mississippi River 

with a view to isolating factors affecting revetment and bank stability.'' 

Three revetments have been selected for a rather long- time study : Reid 

Bedford Bend revetment which is classified as an unstable new revetment; 
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False Point revetment which is a stable new revetment ; and Bauxippi 

Wyanoke which is an old stable revetment . Detailed field investigations 

at the Reid Bedford Bend revetment have been going on since 1947 and there 

are additional data extending beyond that date . These fie l d investiga-

tions at Reid Bedford Bend revetment consist of various types of surveys 

made by the Vicksburg District under direction of the Experiment Station 

and on authority from the Mississippi River Ccmrnission . Among the many 

types of surveys made are reach surveys generally covering the entire 

area of the river; revetment surveys made at frequent intervals showing 

detailed information on the revetment; current-direction surveys and 

velocity measurements; and from time to time, cross sections at various 

points over the revetment. All of these have been done at the Reid 

Bedford Bend revetment. Information up to a year ago has been smmnarized 

in an interim report which has been published and distributed to all 

concerned. False Point revetment was undertaken about a year ago and the 

Bauxippi-Wyanoke revetment is being undertaken this year. These two re-

. vetments are and will be subjected to surveys similar to and equalling 

those made at Reid Bedford Bend. 

The 1950 Fiscal Year survey program at each site will consist of: 

two reach surveys extending over a considerable length of the river; six 

detailed revetment surveys consisting of soundings specifically over the 

revetment itself and in great detail; three current - direction surveys; 

four velocity cross sections; numerous river cross sections; and additional 

information on water - surface profiles and top bank alignment . These 

surveys \vill be timed throughout the hydrograph of the river to study 

certain periods which, from the Reid Bedford Bend revetmen~ studies, have 
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been found to be critical in order to get information that might be 

missed if it were not obtained just at the right time. The two revetment 

surveys will give a general picture of development in the reach. The six 

revetment surveys will give a detailed picture of developments occurring in 

the revetted area as the river hydrograph changes. The current-direction 

surveys will determine the point of attack of the current on the revet

ment while the velocity cross sections will permit evaluation of these 

attacks of the current. The water-surface profiles and top bank surveys, 

the latter made at periods when the bank may be actively caving, will 

supply additional information pertinent to the general picture. 

The next item to be discussed is the model investigation of meander

ing which is at present the Concordia-Scrubgrass model of the Mississippi 

River. Tl1is experiment is really a continuation of studies that were 

started several years ago and conducted with considerable emphasis by 

Captain Friedkin, and which resulted in certain qualitative information 

as to the basic laws of river meander. As a result of the experiments by 

Captain Friedkin, it was recommended that the experiments be enlarged on 

a very great scale by conducting tests in the field in a section of the 

river below Sardis Dam. This experimentation might have been a couple 

of thousand feet long. After considering the problems involved, it was 

decid~d to postpone that type of investigation and to concentrate at

tention first in the laboratory in an effort to develop bed-load and 

bank materials which could be used to reproduce in the model the caving 

action of the bank and the bed-load movement of materials already in the 

stream bed or coming into the stream bed from caving banks. Then a couple 

of years ago the potamology program proper was undertaken. Construction 



of Concordia -Scrubgrass model was included in the program for the purpose 

of developing a technique capable of reproducing a section of river and 

reproducing in that section of river what had happened in the past and 

predicting, if possible, what might happen in the future with or without 

any type of improvement plan installed. At this time that model has been 

completed for four or five months . First attempts have been made to 

verify the model using a rather long period, from conditions of 1941 to 

conditions of 1948. Those attempts were not very successful and were 

interrupted, before they got very far along, by a request on the part of 

the Mississippi River Commission for the Experiment Station to conduct 

certain special tests which are stil l under way and which had to do with 

how to get bed load from one place to another in a stream. The Experi 

ment Station proposes, however , that upon completion of the tests now in 

progress that attempts be renewed to verify that model and to make it, 

if possible, a valuable and powerful laboratory tool in this field of 

trying to predict what the river is going to do at a certain locality and 

how that might be controlled by improvement works . 

The fourth type of investigation is the so-called revetment flume 

investigation . The purpose of this investigation is to determine by 

model tests the behavior and effectiveness of different types of revet 

ment, to illustrate how they fail, to develop improved revetment design 

and to develop and test better methods of controlling the behavior of the 

river. This investigation stems from an interview with Mr. Senour about 

three years ago in which he asked the Experiment Station to set up some 

laboratory demonstrations whereby the actual mechanics of a revetment 

failure could be seen in clear water. The first attempt to do this was 
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in a very small flume , which is still on the Exper iment Station gr ounds , 

in which only one - tenth of the width of the river was r eproduced . For 

obvious reasons the results from that were quite l i mited . Now t he so 

call~d Reid Bedford flume has been constr ucted . This flume obtained its 

name because the Reid Bedford Bend section of the river is reproduced in 

it at the present time . The flume is about 600 ft long and from 100 to 

125 ft wide. The water supply necessary for this flume is about 100 cfs 

and required installation of quite an elaborate supply system. All that 

work has been accomplished including obtainment of a large amount of fine 

grain pure sand that would be of proper size and uniformity for the model 

scales. That model is no\v in the course of very early adtjustment tests. 

'I'he plans for the 1950 Fiscal Year are to first continue the adjustment 

phase of the model to a point where the bank changes that occurred during 

the one-year period August 1945 to August 1946 can be reproduced. After 

that it is planned to reproduce in the model the conditions existing in 

the river at the time of construction of the revetment and to try to 

demonstrate, if possible, the bank caving and the failures of the revet

ment. Other tests of various types can be conducted in the flume after 

certain operating conditions and verifications are established. It is 

believed that this flume will be of assistance in testing effectiveness 

of various types of revetment, t:be effects of overlapping ot revetment 

sections, the effects of omitting the one - inch gap between revetment 

slabs, and the effects of groins, dikes, retards, and dredging operations. 

The last subject to be covered here is what has been titled " Field 

Investigation of Turbulence. 11 The purpose of that investigation is to 

measure the hydrodynamic forces in the river and compare those forces with 



the weight and strength of the revetment types now in use and to determine 

whether present designs are adequate from that standpoint. If they are 

not adequate the investigation is to provide specific information as to 

the magnitude of those hydrodynamic forces which should be taken into 

consideration in perfecting improved revetment designs. 

A year ago last winter there was installed the first specially 

developed instruments in several blocks of revetment at Reid Bedford Bend 

in an attempt to measure variations in static pressure, and differences 

in pressure between the top and bottom of the blocks. The instruments 

did not work in that particular season mainly because of electrical 

grounding of the connections and filling in of the pressure cells by very 

fine sand. Those difficulties were corrected this past year and some of 

the instruments were installed in the river at Reid Bedford again with 

significant measurements being obtained. This year it is proposed to 

construct these pressure -cell types of instruments and insert them in a 

casing which can be lowered into deep water. One shortcoming of last 

year's work was that it was all done in shallow water and at mild veloci

ties. The hydraulics consultants have advised that deep water at the toe 

of a revetment is a critical place where measurements should be made. It 

is proposed to manufacture casings for the pressure cells and the necessary 

winches and apparatus to handle them so that the measurements at several 

points in a horizontal and vertical plane across the bed of the river can 

be made. It is not only proposed to get measurements but to determine 

physical dimensionsof the simultaneity of hydrodynamic forces. 

All items of the investigation which have been discussed at this 

time will be discussed in greater detail by others later during thj_s 
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conference . The purpose of this first discussion was to present a picture 

of what has been done in the past and what it is hoped to accomplish in 

the future . 

L_ ________________________________________________________________________ .. 



DISCUSSION OF SOILS INVESTIGATIONS 

Presented by 

Mr. W. J . Turnbull 
Waterways Experiment Station 
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It is desired to make a few brief statements about the geology of 
• 

the alluvial Mississippi Valley as the potamology study is concerned 

almost in its entirety with the deposits of the Recent geological age. 

Figure 1 depicts the outlines of the valley. Soil profiles are superim-

posed on this outline at various locations. Generally speaking, at the 

helght of the last glacier the old Mississippi River had a very steep 

gradient down to the Gulf. The Gulf level at that time was about 450ft 

lower than it is at the present and the river undoubtedly carried very 

much more sediment than is now being carried. These profiles demonstrate 

how the old river scooped out very deep channels in the Pleistocene de -

posits in the lower valley area and in the Tertiary deposits in the cen-

tral and northern portions . With the melting of the glacier the valley 

began to fill up with alluvium . The heavy gravels were carried well down-

stream so that even in the lower valley there are beds of gravel 100 ft 

deep. These gravels gradually thicken as you go north until near Cairo 

the beds are almost 200 ft deep . 

In general the a lluvium consists of two basic sections, the lower 

or the graveliferous section and tl:e upper or fine-grained section . The 

upper section in turn is divided into two phases : the lower of the two 

is the fine - sand phase, while the upper is the topstratum or the silt 

and clay phase . Now, in general, in the potamology soil studiesJ it can 

be said that the fine-sand phase of the upper nongraveliferous section is 
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of primary concern. The geologists tell us that the river as it began 

to alluviate developed meander belts in the northern and central portions. 

However, in the southern portion the surface sediments were pretty much 

clay for the full depth of the river and the river -vras more or less con

fined to specific channels. In the central and northern sections, the top 

stratum consisted of much lighter and less cohesive materials , and meander

ing developed to a very marked degree until in the vicinity of Vicksburg 

it is not unusual to find the meander belt 25 miles in width. Farther 

north the meander belt narrows somewhat and to the south· near Natchez it 

becomes quite narrow. At Baton Rouge only about the outer half of the 

area enclosed by a river bend is composed of alluviated materials. The 

outside of these bends is usually in the original backswamp materials. 

The present study is concerned primarily with the relatively noncohesive 

materials in the central and northern portions of the valley, practically 

all of which lie within the old meander belt. It is very seldom that the 

river actually cuts into the original backswamp material. Instead it is 

cutting through the reworked meander belt materials, and it should be 

borne in mind that these re-vrorked materials are much younger, geologically 

speaking, than the originally deposited materials of the Recent geologi

cal age. In other words, the river is dealing entirely with re-vmrked 

very young materials. 

There are several topographical features in the meander area which 

are developed. There are the point bP.rs with swale fillings on them, and 

subsequently, due to overbank stages, n gradual building up of a topstratum 

material occurred. The topstratum material may vary from a few feet up to 

40 ft in thickness and in general the material type is semicohesive. There 
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is a distinction between a swale filling on a point bar and the filling 

in old ox-bo-vr cutoffs. These latter filled channels are dubbed by the 

geologists "clay plugs," and may be as much as 80 or 90ft thick, whereas 

rarely does a swale filling on a point bar exceed 40ft in thickness. 

However, there are known instances where swale fillings have acted to 

slow down the bank cutting of the river and hence have affected its 

regimen. In many cases there is evidence that channel-fill clay plugs 

have very material influence on the regimen of the river. 

The control of meandering has been accomplished by nature to a 

certain extent by natural cutoffs, which have been supplemented by the 

artificial cutoffs. A certain amount of dredging has also been accom

plished. Advantage has been taken of clay plugs in controlling the river 

but, by and large, revetments, which is the primary subject of this whole 

study, has heen and is used as the main control . 

The Soils Division studies have been composed of two phases . Mr . 

Tiffany rather adequately covered the asphalt phase; however, the Soils 

Division possibly might not be quite as optimistic as Mr. Tiffany, con

cerning the mass sand-asphalt study for the f~ississippi River Commission. 

Mass sand-asphalt has been developed to the degree where it can be ex

pected to give a fairly uniform coverage on the river bottom; however, as 

to whether that mat, after it is put dovm, will meet the functional re

quirements of a mat is unknown, and certainly further studies arc neces

sary along that line. Probably, the same thing can be said for tho cold

mix, upper-bank studies. Apparently there has been some success in 

developing a cold mix using wet sand which will set up and might possibly 

be a good upper-bank pavement, but again this needs proving. Basically, 
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the soil mechanics studies are concerned with the massive type failures 

which have occurred at several revetments . It is recognized, as mentioned 

by Mr. Haas this morning, that several types of fai l ure occur, but this 

study has been primarily concerned with the massive slump which carries 

out the whole revetment with the result that major maintenance operations 

are requi red . 

The purposes of soil studies at the individual sites have been, first, 

to develop the geological picture, and second, to develop soils informa

tion 1vhich would give the classification and the physical characteristics 

of the soils . Undisturbed samples are desired to determine relative 

density of the sand as well as penetration resistance with a split- spoon 

sampler which is used as supplemental information on the relative density 

of tho sand. Triaxial tests on the sands are conducted for critical 

density determination and also to determi ne susceptibility to l iquefaction . 

Piezometers have been installed at several of the sites to furnish an idea 

of the ground-water gradient from the bank into the river . A cone 

penetrometer has been deve l oped and by its use it is hoped to gain informa

tion concerning the density of the sand . It might be said that our 

principal feature of study concerns the relative density and the possi 

bility of liquefaction in the sand . The reason for this will develop 

later and will be brought out by Mr . Johnson . 

Figure 2 shows the swales and intervening sand ridges existing at 

the Reid Bedford site . The location of the revetment is shown by dash 

lines . The area is within point- bar deposits . The cross -hatched areas 

are swales and it will be noted that in general the river is cutting 

across the point bar, that is, the svmles and ridges are at right angles 

• 





to the river. Three failures of the massive type occurred a t Reid Bedford. 

The general outline of the failure at range 48 is shown on figure 3. A 

cross section through the throat of the failure is sho~1 on figure 4. 

Profiles taken on the 27th of January before failure and on the 13th of 

February after failure are sho'm on figure 4. The difference between 

these two prof;les represents the mass of material involved in the failure. 

It can be noted that the filling is very minor in this particular case. 

The failure at range 58 is indicated on figure 5; the general rounding 

back next to the bank and the narrow throat are typical of all three 
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failures at Reid Bedford . Profiles t aken on October 27th before failure 

and on January 30th after failure are shown on figure 5 . There were 

2 or 3 weeks in elapsed time between. surveys so it is not known exactly 

where the before-failure surface was immediately prior to the failure . 

Another failure occurred below the downstr eam end of the r evetment where 

a very deep hole had formed . At this particular point the failure took 

place overnight which is about as close as the time can be tied down . 

The slides at ranges 48 and 58 involved about 40,000 cu yd each, and the 

one below the downstream end of the revetment involved about 60,000 cu yd . 
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The topstratum materials at Reid Bedford are silts, a few strata of silty 

clays, and sandy silts . 

Figure 6 depicts the geological characteristics in the Hardscrabble 

area . The failure was in point-bar deposits and was the smallest studied, 

but it also had a pecul iar characteristic in that the initial slope at 

the failure was about the flattest slope involved in any slide studied 

(figure 7) . The initial slope ~1as 12 degrees and the slope after failure 

was 5 degrees . About 20,000 to 25,000 cu yd of materialw~e involved in 

this failure and records indicate that a survey party moved up to this 

site about 7 A.M. just as the disturbance had started . It was recorded 

that in a few minutes time tho failure took place . The area visible to 

the survey party was about the size of a football field . Of course, this 

was the surface indication, and the length of time required for the 

underwater movement cannot be stated definitely. Figure 8 shows the 

general shape and size of the failure . 

Figure 9 shows Free Nigger Point near Baton Rouge, La . , on which 

a fai l ure occurred at the tip of the point . The boundary between the 

backswamp and point-bar deposits as shown is based on somewhat limited 

data . It can be seen that the distance between the backswamp and the 

Prairie terrace represents the width of meandering at this particular 

point . Actually when the geology of this site was developed by borings, 

it was demonstrated that the true division line should be drawn in 

closer to the point (figure 10) . The accretion point-bar deposits are 

recently reworked materials . The backswamp comes in very close and as 

figure 10 indicates, one side of the fai l ure apparentl y coincided with 

the division line between the backswamp material and the point-bar 
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deposits . A section is shown on figure 11 whi ch i llustr ates that t he 

topstratum material on the backswamp side is a c l ay material about 

70 or 75 ft thick, while that on the front or bar side is onl y about 

half as thick and is quite silty and noncohesive . Generally speaking, 

there is a sharp division line between the two types of topstratum 

materials. There is a distinct difference in the levee soils ; on one 

side of the failure the levee was obviously of buckshot clay, while on 

the other side the material was sandy . 

The failure area and boring locations are shown on figure 12. It 

is known that the evening before the failure a survey party was out along 

the outer bank line and saw weeds; Mr . Senour remarked that he had the 

information that some stakes were also observed. Consequently, it is 

known that the evening before the failure the bank line was intact . At 

approxime.tely 4:00 A.M. the next morning it was gone. Therefore, the 

failure involving over a million cubic yards of material took place 

within that period of time ; how much shorter is not known . 

The block diagram (figure 13) that the geologists have drawn il

lustrates the general geol ogical make-up of the area . The details for 

the diagram were obtained from borings and also from the study of the 

bank line, after the water \vent down . Figure 14 shows "cut and fill" 

in the failure area. Jn spite of the general "V" shape at the surface, 

it should be noted here that this fai l ure demonstrates the same general 

characteristics as some of the other failures, that is, there is a 

widening landward and a narrow throat . 

As near as can be told, a swale filling probably existed along the 

face of the bank before failure (figure 15) and left a prominent ridge 
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Figure 14 . Cut and fill, Freo Nigger Point, 19 January to 24 March 1949 . 

after failure (figure 16) . This ridge apparently confined the slide and 

causedit to flow out through a relatively narro-vr throat . 

Section AA in figure 17 is a section through the throat shown on 

figure 15. Sections BB through FF (figures 17 and 18) are at righ~ angles 

to Section /V\ and are located as shown on figure 15 . These sections are 

to a true scale, approximately l in . equal to 150 ft . The last survey 

before failure -vms made several weeks prior to failure, but it is known 

that the top of bank was in the same general position at the time of fail -

ure. On the basis of the before- and after -failure surveys only about 10 

per cent of the material involved in the failure was deposited in the 

river . The slope ~fter failure was approximately 3 degrees . 

The slope where the throat of the failure occurred was quite steep 

(figure 17) . At this point the slope actually figured l on 0.87 . The 













question arises, why haven't failures of this magnitude been noticed in 

other areas? Point Menoir, immediately above Free Nigger Point, is 

practically the same shape, is in point-bar deposits, and has two mas

sive type failures which occurred a number of years ago . In 1895 there 

is a recorded fai l ure at Free Nigger Point just downstream of, and of 

slightly less magnitude than, the present failure . It will be noted in 

figure 19 that there is on the upper side of Thomas Point an area that 

looks very much like it may have been a recent failure, about as great 

in magnitude as the crevasse which has just been studied. This is also 

located in point-bar deposits . These failures are mentioned merely to 

demonstrate that possibly the reason they may not have been studied is 

that they are in areas which do not invol ve levees or towns . In other 

words, in all probabi l i t y these large failures have been occurring at 

variotlS locations . 

The Morville revetment area in which major failures took place is 

in a thin wedge of point-bar or accretion deposits adjacent to the back

S1¥amp deposits . The topstratum is about 30 ft thick, and is composed 

of silty clays and lighter materials . Figure 20 sho1m the general area, 

with the accretion deposits l ying up against the backswamp. Borings 

show that the levee is located almost on the edge of the backswamp 

materials, and that the fail ure definitely occurred i n po:lnt - bar de 

posits . Figure 21 shovs a plan of the failures . At the time of grad

ing for the revetment, a failure occurred in the vicinity of range 13-D. 

Subsequent to placing the revetment the failure indicated by the A area 

in figure 21 took place on 30 May followed by several other failures. 

The area indicated by the letter B on figure 21 failed on 6 June. The 

, 
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initial failure and the 30 May failure each involved about 300,000 or 

400,000 yards of material. Mr. Senour and Mr. Latimer saw the area in

dicated by the letter D in figure 21 go out, and they described it as 

occurring over about three-quarters of an hour, a t least what they could 

see above the water . The failure which has been studied in particular 

and which has been of particular interest was the failure of 30 May. 

Successive caving occurred and in general there was a tendency toward 

a point left sticking out on the upstream side. Borings show that this 

point \vas a swale filling . The clay in the swale is of considerably 

greater depth than that of the topstratum back of it . In general, the 

swale and ridges are diagonal to the shore l ine in this particular area . 

Figures 22- 25 show the failures of 30 May and 13 June in profile 

and in plan respectively . Figures 23 and 25 are the failures that Mr . 

Senour saw. The before -failure slope is 11 degrees and the after-fai l ure 

slope is 8 degrees . The failure of 30 May is more massive and shows a 

slope of 15 degrees before failure and about 8 degrees after failure . The 

general shapes of' the failures, as shown in figures 24 and 25, are typical 

of the failures previously discussed . 

Mr. Stanley Johnson will now present an analysis of our work and the 

indicated results . In many cases, the latter are only tentative . 

• 













DISCUSSION OF SOilS IW\~STIGATIONS 

Presented by 

Mr . S. J . Johnson 
vlater,vays Experiment Station 

Bank failures are being studied for some very si mple and very 

practical reasons . First of all, some of them are so large that they 

deserve to be explained if for no other reason. The far more practical 
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reason, hovrever , is tha~ it is believed if the failures can be explained, 

then in the future , predictions can -oe made as to areas w·here other 

failures of a similar nature might occur . And further, if the failures 

are understood, and predictions can be made with reasonable certainty 

where they will occur, it can be said either that here is a likely spot 

for a failure and here is what it is thought can be done to cm:-rect the 

soils conditions to prevent such a failure , or this is the area where if 

at all poss i ble the river should -De kept away from the soil . T~nat briefly 

then is the reason for studyi ng the failures . They are all involved in 

deposits of sands ; the slo~es after failure are all very flat , beine from 

about 3 degrees which is the least, up to a maximum of about 8 to ll 

degrees . ~t might be emphasized that these studies are concerned exclu-

sively with large failures and that bank recession through attrition, that 

is , the wearing away of the bank through the attack of the river, is not 

involved in this investigation. 

The various methods '·rhich it 'vas thought should be investigated in 

order to see if one of them I·Tould explain the occurrence of the failure 

have been discussed some,-rhat briefly by Mr. Tiffany. There are 5 types 
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of failures : scour , failure by shear, flm·r failures , seepage fai l ures , 

and internal erosion . Scour, of course , simply means attack by the r i ver 

and moving of the material . It is considered that the attrition type of 

failure is the more- or- less regular bank recession due to scour . The 

shear failures would be caused by removing a quanti ty of material at the 

toe of the slope so that the bank becomes too steep and normal shear 

slide results , such as is seen so often in the soft clay deposits . 

Failure due to seepage force would be due to ground water seeping out of 

the bank into the river and causing seepage forces of such magnitude that 

a slide would occur . That type of failure \oiOuld be relatively shallow 

and there are some instances of that type occurring . The internal erosion 

would be more or less as the name implies . A flow failure is a different 

type; it is an uncommon variety and the one , that, for a number of 

reasons , is considered the most likely to occur . 

A flmv failure 1 or a partial or complete liquefaction, is dependent 

upon certain properties of sand depos i ts . If sand is sheared or 

disturbed, it tends to undergo a volume change; if the sand is dense , the 

volume change vrhich tends to occur is to\vards expansion of the sand; if 

the sand is loose and undisturbed, the volume change \·Thi ch tends to occur 

is to1vards a reduction in volume . If a large mass of saturated sand is 

disturbed, a tendency exists for the volume to decrease , which 1·TOuld re

quire that some of the \·rater in the pores flow out . Ho\vever , if the mass 

of sand is large , it takes time for the water to flow out of the soil . 

This fact means that part of the weight of the sand during the disturbance 

is temporarily transferred to the \·Tater and t\-ro effects result : first , 

the hydrostatic pressure in the '\·Tater is increased, and second, the for ce 
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of grain-to- grain contact pressure is decreased . Increasing the hydro

static pressure in itself tends to cause a flm,r of Ha-r.er out of the bank 

and thus increases the forces tending to cause instability of the bank . 

~n addition, there is probably the more important factor that the shear

ing strength of the sand is decreased due to the fact that the grain- to

grain contact pressure is decreased, and it is tha-c grain- to-grain contact 

pressure vrhich determines the friction between grains , or the shearing 

strength of the sand . 

For quite a number o:L reasons , largely involving time elements , 

scour, shear failures , seepage failures and internal erosion have been 

eliminated from the picture . Another impor~ant ~actor in this decision 

is the fact that the shearing resistance required to prevent a shear 

failure is so small that these sands or practically any sands would have 

more than that shearing strength . Scour and internal erosion were elimi

nated because ln some instances it is knm.m that the failures occurred 

very suddenly or very soon after fairly reliable survey information was 

obtained . All of the failures have certain features in corr@cn . From 

their physical aspects it is considered that the most liY-ely type of 

failure involves partial or complete liquefaction of -che sand . 

There are a m .. unber of \·rays in which such failu:res could proceed and 

there are a nuniber of factors which might set off such a failure . The 

shortage of time justifies not going into those beyond stating that there 

are such reasons . As previously indicated the investigations have been 

\fOrking along the lines of -r.rying to explain hm-r a flov failure occurred 

and certain tools had to be developed as tta· . Turn-bull indica-ced . One of 

these tools is a cone- sounding apparatus , a rather simple dev -Lcc \·Thich ; t 
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is hoped can be used in a relative manner in the field to obtain in a 

short time a qualitative idea of whether the sand is loose or dense . The 

other is the undisturbed sampling process \·rhich was developed in connec 

tion with investigation of the Mcrville failure last June and July. With 

this procedure it "i·ras found feasible to obtain a large number of samples 

of undisturbed. sand by a very simple and inexpensive process. 

It is felt that much has been accomplished to date . Naturally 

enough, on almost any "ivork, it is evident that a great deal of preliminary 

"i·rork is necessary '\vithout apparently achieving much in the vray of concrete 

rcsul ts . A lot of that preliminary vrork has been done and a fairly 

definite grasp of the factors involved and the '\vay in which they enter 

into some of these failures is beginning to form . There is much to be 

learned yet but progress is being made in development of our field and 

laboratory techniques and in getting an understanding of how these 

failures occur . For example, flow slides have been reproduced in the 

laboratory in the triaxial tests . It has been seen how· a dense sand 

shears vhen it fails . In the laboratory, medium sand bulges and a loose 

sand simply becomes quick and loses its shearing strength entirely. In 

the field it is possible tl1at a medium dense sand is capable of lique

fying and undergoing some of the failures which it is thought has 

occurred. An important part of the studies is the establishing of rela

t ionships \vhich exist bet\·Teen the laboratory and the field . It is known 

for example that it sho·uld not be expected to be able to work on remolded 

surnples in the laboratory and then say that the results apply to strati

fied, complex conditions which are so often encountered in nature . The 

investigations are at the point where,partly as a result of the laboratory 
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tests, and partly as a result of combining observations in the field with 

the observed data, it is believed that a start can be made in estimating 

where trouble might likely be encountered. As soon as this conference is 

over, a survey of some sites where revetments are being installed this 

year will be initiated. It is thought that from an examination of aerial 

photos and surveys , it might be possible to predict certain likely sites 

\vhich warrant investigation in the field. If some of these predictions 

prove successful, they will provide tremendously valuable information, 

for then it '\vill be possible to compare a potential failure area vli th the 

results of laboratory and field tests made before fail ure . Up to now it 

has been necessary to work behind the failed areas . For certain reasons 

that is considered a fairly valid procedure; however, everyone recognizes 

that there are definite limitations when this is necessary. 
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DISCUSSION OF HYDROGRAPHIC AND HYDRAULIC SURVEYS 

Presented by 

~tr. E. P. Fortson, Jr. 
Haterways Experiment Station 

Hydrographic and hydraulic surveys are being made under authori ty 

contained in 11Instructions and Outline of Potamology Investigat i ons ," 

dated November 1947, which states in paragraph 3 ~that one of the objec~ 

tives of the investigations is "to determine the nature of revetment 

failures , their causes, and methods of preventing such failures ." In 

"Outline of Plans for the Potamology Investigations, 11 dated December 19471 

paragraph 10, entitled "Field Investigations 11 states that "a comprehensive 

field investigation will be made to determine the nature and causes of 

partial failures in the Reid Bedford Bend r evetment, and other r evetments, 

and to investigate developments leading to such failures." In reference 

to survey work the outline of plans for the Potamology Investigations 

goes on to say that a comprehensive survey program will be pursued for 

the study of developments at Rei d Bedford revetment and that surveys to 

investigate revetments at other localities will be undertaken. 

Extensive surveys \vere made at Reid Bedford duri ng the 18 months 

which followed the first revetment failure there in January 1947. Surveys 

made ; n the period March 1946- May 1948 \vere used as the basis for Report 

No . 5 ~2 , "Field Investigation of Reid Bedford Bend Revetment , Mississippi 

River , '' prepared in June 1948 as an interim report on the Reid Bedford 

revetment, Surveys have been continued to the present at Reid Bedford 

and have been undertaken at tvo other localities . One of these , False 



Point, was selected because it offered the opportunity of continuous 

observation of a new revetment from a period prior to its installation. 

The other, Bauxippi- \·Tyanoke, was selected because it offered the opportu-

nity of observing a revetment which had so far remained stable but was 

subject to increased attack with the projected closure of a chute imme-

diately upstream. 

The several types of surveys vrhich have been, and are being made, 

are as follow : 

a . Reach survey, which provides a plot of soundings at 
150-200 ft intervals on ranges 1000 ft apart betvreen the 
crossings immediately upstream and downstream from the 
r evetment under observation . These surveys are useful 
for showing general devel opments over large areas. 

b . Revetment surveys, which are of either the radial or 
range type, depending upon the detail desired . The radial 
type i s, of course, the more detailed, having soundings 
at 20- 25 ft intervals in all directions . These surveys 
are useful for showing detailed changes in those areas 
covered by the revetment . 

c . River cross sections , which are secti on plots of ranges 
sounded in the manner of the reach survey. These cross 
sections provide economically the information sufficient 
to define general trends . 

d . Current observati ons , which by charting of the passage of 
floats show current direction and velocity at and below 
the water surface . These observations are useful in 
showing the impingement of river currents upon the re
vet-ted bank. 

e . Velocity observations, which by plotting of velocities in 
a cross section show transverse velocity distribution. 
These data are useful in showing the magnitude of the 
steady flow velocitieo in a revetted reach . 

The analyses of data so far obtained in the survey program have not 

led to any far- reaching conclusions as to the mechanics of revetment 

failure . The highly detailed analysis pr esented in Repor t No . 5- 2 suffers 
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the fundamental disadvantage s i milar to that involved in locking the barn 

after the horse i s stolen . It is possible that conclusions of importance 

could have been drawn, as detailed surveys had been made before failure 

as afterward . Surveys of the t ype now being made will be of inestimable 

value should failures of the type sustained by the Reid Bedford revetment 

in 1947 occur in the future . 

Possibly the most interesting result of the Report No. 5-2 analysis 

is the indication that normal shoaling and scouring in bendways that 

occur as seasonal discharges rise and fall may continue relatively un

affected after revetting. This indication is incompatible '\vi th the 

general premise which holds that the fixing vri th revetment of a receding 

bank opposed to an advancing bar vrill result in a deepening of the chan

nel . Hmvever , it is thought that continued observation of Reid Bedford 

Bend will be necessary to develop this indication to a final conclusion, 

which can be drawn only after grovrth of the point bar has reached its 

peak and conditions have become stabilized. 

The accompanyingchart (figure 1) shows the proposed program of 

surveys for F . Y. 1950 . 
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DISCUSSION OF MEANDER MODEL STUDY 

Presented by 

Mr. E. B. Lipscomb 
Haterways Experiment Station 

As stated earlier by Mr . Tiffany, one major phase of the Potamology 

Investigation is the study of the channel meandering of the Mississippi 

River . 

The specific objective of the immediate study is the development 

of a model, and model operating technique, which can be used to predict 

future changes within any troublesome reach of the prototype river . Once 

this objective is accomplished, the golden harvest can be reaped . Model 

studies of this type will be of great value in the planning of channel 

stabilization of the Mississippi River . They can be used to determine 

whether any particular receding bank is likely to develop into a revetment 

problem or whether only minor bank recession will occur . In other words , 

they would indicate where and when to place revetment and other stabiliza-

tion works in order to maintain the channel alignment desired . 

It was intimated in the statement of o'bjectives of the study that 

at the beginning we were some di stance from our goal . This is brought 

about by the fact that a study of this type involves reproduction in the 

model of prototype bed and bank materials which are subjected to erosion, 

transportation, and deposition in a manner similar to those phenomena in 

the river itself . 

Model studies of bed- load movement in rivers with stable banks have 

been conducted quite successfully for many years through simulation of the 
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sand bed of the river by the use of such materials as crushed coal or 

haydite . However , a study of changes in a river involving unstable caving 

baru~s requires the reproduction, not only of bed- load movement , but also 

of vertically standing, yet undermining and sloughing banks . Furthermore, 

a caved bank must become normal bed load after the washing away of the 

silt or clay which gave it cohesiveness as a standing bank; and further 

to complicate the problem of modeling a meandering reach of the river, 

the material making up the banks of a natural river lS far from being 

homogeneous , varying from erosion- resistant clay to almost pure sand . No 

model erodible-bank material susceptible of artificial molding in such 

varied forms as to reproduce all of these required characteristics has 

ever been developed . The discovery or development of such a material is 

one important phase of the immediate problem. 

A systematic search has been under way for some time for a granular 

material which will behave properly as a model bed load and for some 

binding agent which can be mixed with the granular material in such 

amounts as to form caving banks with controllable erodibility. Experi

mental tests have been conducted in small curved flumes of sheet metal to 

determine the erodibility factors of around 175 different mixtures in

volving about 40 or 50 different binding agents . In these tests the 

extents of bank recession and the volumes of material scoured 1vere meas

ured to establish factors of erodibil;_ty which would express the relative 

resistances of the various bank materials to erosion . 

From experience gained on previous movable-bed model studies , a 

bituminous granular coal has been selected as one of the most promising 

materials to be used as a basic granular material in the model bed and 
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banks . Tests have been made on such materials as flour , alcohol , fine 

coal dust, castor oil, shellac , bentonite, plaster, lime, gelatin, corn 

meal and cottonseed meal in the search for a proper binding agent . A few 

of these binders, such as cottonseed meal, shellac , flour , and castor oi l , 

have produced, when mixed with crushed coal, erodible bank mixtures which 

appeared to be promising . 

Once several promising mater ials had been obtained steps wer e imme

diately undertaken to design and construct a flmne in which a model 

operating technique for r eproduction of movable-bed, erodible-bank 

characteristics of the prototype could be actively developed. To this 

end a flume was constructed of sufficient size to accommodate the 

Concordia- Scrubgrass Bend reach of the Mississippi River . The linear 

scales used were 1 to 400 horizontally and 1 to 100 vertically but design 

of the flume \vas such as to permit varying the vertical scale and resul

t ant distortion within practical limits . 

It is desired to caJl attention to the fact that this study vras not 

concerned with any problem at Concordia or Scrubgrass Bends . This reach 

was selected only because it was considered to be generally representative 

of a relatively short , unstable reach containing considerable caving banks 

which had not been too much affected by revetment or other man-made struc 

tures . Also the banks of this region of the river are composed of vari01 lS 

types of materials . 

The Soils Division has made necessary explorations to definitely 

establi sh the types of materials in the Concordia- Scrubgrass reach 

so that correlation of the prototype and model bank materials can be made . 



The 1941 and 1948 surveys were the only complete surveys available 

at tl1e time model oper ati on was started; therefore , tests have been con

ducted to verify in the model changes occurr ing in the prototype during 

that period . Numer ous difficulties have been encountered in the trial

verification tests conducted so far on the model . An aggraded and braided 

channel has obtained in each test because of the inability of the model 

to transport the bank material as fast as it was eroded . In addition, 

difficulty has been encountered in eroding the large convex bar on the 

main bend of the model . Efforts to overcome some of these difficulties 

include varying the water- surface slopes, discharges , and resistance of 

the banks at several locations in the model and increasing the specific 

gravity of the model fluid in an effort to increase bed movement . It was 

recognized that ther e were certai n shortcomings in usi ng such a long 

period for verification, namely, the time element was much longer than 

ordinarily used on verification, and there was a complete absence of any 

intermediate field data which could be used in model adjustment . In view 

of these shor tcomings , steps were taken to secure a 1949 survey with 

accompanying current directions and velocity data which can be used in 

the verification of the model . This survey has been received and the 

verification period has accor dingly been changed from the longer period 

originally used to the shorter period between the surveys of March 1948-

February 1949. However , because of ~he request of the Mississippi River 

Commission to use thi s model for a study of several specific problems 

which are of paramount importance to them at this time, verification of 

the Concordia- Scrubgrass reach has been suspended for an indefinite 

period . Once these special tests have been completed it is planned that 

-, , '"-• _ ........ ~ . .,.~·••rJr••·----_.,.._.------
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verification of the Concordia- Scrubgrass model will be resumed using the 

new verification period, and also using other model techniques which were 

suggested by the hydraulic consultants at a conference held at the 

Experiment Station in May of this year . 

The final goal of this phase of the potamology study is the develop

ment of a model technique which can be used to forecast with reliable 

accuracy the future courses of regimen changes in any troublesome reach 

of the Mississippi River . Models of this type could be used to determine 

the necessity for and the effects to be expected of bank revetment , 

dredging and many other regulative measures in the river . 

Briefly, the end in view is to develop a tool which can be used to 

forecast what any section of the Mississippi River is going to do . 



DISCUSSION OF BANK-STABILIZATION MODEL STUDY 

Presented by 

Mr. E. B. lipscomb 
Waterways Experiment Station 
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The river meander study which has just been described is concerned 

with changes in channel and bank alignments and when and where to revet 

or apply improvement works. On the other hand, the revetment study, 

which is another important phase of the Potamology Investigations, is 

concerned principally with the behavior and effectiveness of the stabi-

lization works. The straightening and shortening of the Mississippi River 

in recent years have resulted in increased slopes and current velocities 

which have made the maintenance of such revetments difficult and costly. 

The need for a review of the revetment problems has been indicated by the 

partial failures of some r evetments shortly after completion of their 

construction. A laboratory study of the problem has been undertaken in 

addition to field investigations because of the difficulty of evaluating 

the performance of the various types of revetment and of determining the 

manners and causes of their failures in the river. 

For many years the study of revetment by means of small- scale 

laboratory models was not considered practical, and studies of this type 

have never before been undertaken. The present investigation involves the 

development of a model technique, the investigation of various types of 

revetment, and the development and testing of methods of preventing re-

vetment failures . The development of a model technique for the study of 

revetments in the Mississippi River presents many new and difficult 

. -~·~··,~····----~····-·-~- ------~-~- - ·--
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problems in connection with model-to-prototype scale relationships, 

methods of reproducing various types of revetments so as to maintain 

their proper characteristics, types of bed movement, bank caving, and 

many other factors affecting revetment performance. It was realized that 

the study required the use of a model having a movable bed and erodible 

banks and that the revetment must be reproduced as nearly as practicable 

to scale of mass and strength as well as dimensions; in addition., all 

factors which might affect the stability of the revetment such as various 

angles of current attack, turbulence, hydrostatic pressures within the 

bank and under the revetment, and variations in the materials forming the 

banks, many of which have not been definitely isolated or measured in the 

river, must be reproduced. 

Before going into any elaborate model construction, an experimental 

flume approximately 8 ft wide, 60 ft long, and 3 ft deep was constructed 

on an existing model where a water~supply system and other appurtenances 

were available. These facilities permitted the reproduction of a section 

of a typical bend of the Mississippi River to an undistorted scale of 1 

to 50 with provisions for reproducing the bed and a portion of the concave 

bank in erodible material . This flume actually permitted the reproduction 

of only one-tenth of the full width of a typical bend of the river, and 

it did not provide sufficient room for the upstream and do,vnstream cross

ings or for the natural reproduction of the point bar. It was realized 

that this flume would have many limitations; however, it was believed 

that such facilities would permit a preliminary study of the forces and 

phenomena involved with the exception of the action of the point bar and 

would provide important data upon which a broader program could be based . 



Preliminary studies have been made in this flume on articulated 

concrete revetment, mass sand-asphalt revetment, groins, retards, and 

concrete blocks. These tests, although incomplete, have been very en

lightening and have indicated conclusively that model studies of re

vetments are feasible and that much valuable information can be gained 

from such studies. Although these tests have demonstrated the behavior 

of revetment in some respects, they are in the nature of preliminary 

experiments. 
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A large bank-stabilization flume approximately 600 ft long, 125 ft 

wide, and from 2.5 to 3.0 ft deep has been constructed to demonstrate the 

various ways in which revetments fail and to determine the behavior and 

effectiveness of different types of revetment in stabilizing caving banks. 

The Reid Bedford Bend reach of the Mississippi River was selected for 

initial investigation because two major failures and two minor failures 

occurred in the revetment at this location within four months after 

completion of construction. The revetment was placed along the right 

bank of the river downstream from the foot of Racetrack Towhead for a 

distance of about 5700 ft during October and November 1946. The lower 

bank or subaqueous paving consisted of standard articulated concrete 

revetment while the upper -bank paving consisted of uncompacted asphalt 

approximately 6 in. thick. On or about 21 January 1947 a large under 

water and upper-bank failure occurred at range 58 and on 11 February 1947 

a second major failure in the revetment occurred at range 48. This reach 

of the Mississippi River has now been installed in the flume to an un

distorted linear-scale ratio of 1 to 50. The erodible material being used 

in the flume is a medium fine sand with a specific gravity of about 2.6 
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and a mean grain diameter of about 0 . 2 mm. It is believed that this 

flume will permit a much broader and more accurate study of the revet 

ment problem, including the development and effects of the point bar, 

the effects ofvarying the bank slope, possible effects of seepage and 

other factors involved. With the prototype information available on 

this reach, conditions can be set up to conform as closely as practicable 

to those existing in the river. Special model techniques and appur te 

nances are required for molding the bed and banks, taking cross sections, 

and measuring velocities and current directions because of the unprece 

dented size of the model channel . 

Operation of the model for the adjustment of flow conditions, bed 

movement, and bank recession in the Reid Bedford Bend reach of the r iver 

and for the establishment of a suitable time scale is now under way . It 

is planned to continue this adjustment phase of the model until a reason

able reproduction of changes in bed configurations and bank lines ob

served in the river for the period August 1945 -August 1946 is obtained. 

This period covers the year preceding the construction of the revetment 

iil Reid Bedford Bend. After verification is attained, the model will be 

remolded to conditions existing in the river at the time of revetment 

construction and operated in an attempt to reproduce the revetment failures 

and general conditions in the river as they occurred for some several years 

after revetment construction . It is then planned to undertake tests to 

determine the behavior and effectiveness of various types of revetment 

and to isolate the causes and effects of each factor with regard to the 

stability of the revetment and its supporting bank. By testing each type 

of revetment under the same conditions, some idea can be obtained as to 



just what causes what. 

The weaknesses of present-day r evetment in the river can be deter 

mined when the factors which affect the stability of r evetment and their 

relative importance have been determined. Plans can then be devel oped 

with a view to l engthening the life and improving the effectiveness of 

r evetment in the river. These plans as developed will be tested in the 

r eve tment flume and the results compared with those obtained in tests 

with the standard types of revetment. 

It is r eadily apparent that once it has been determined how r evet 

ments fail and methods have been developed to prevent such failure, a very 

important step will have been taken in accomplishing the over -a ll objective 

of the Potamology Investigation, which is the development of comprehensive 

plans for the improvement and stabilization of specific troublesome r eaches 

of the Mis s i ssippi River. 
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DISCUSSION OF FIELD INVESTIGATION OF TURBULENCE FORCES 

Pre sen ted by 

Mr. E. P. Fortson, Jr. 
Haterways Experiment Station 

The field investigation of turbulence forces is being conducted 

under authority contained in "Instructions and Outline of Potamology In-

vestigations, 11 dated November 1947, which states in paragraph 3£ that one 

of the objectives of the investigations is 11 to determine the nature of re-

vetment failures, their causes, and methods of preventing such failures." 

In "Outline of Plans for the Potamology Investigations," dated December 

1947, paragraph 10, entitl ed "Field Investigations," states, in part, 

"that because of the turbulent flm., condi.tions existing in the Mississippi 

River, sufficient forces r esulting from eddies , vortices, fluctuations in 

pressure, etc ., might persist to disturb revetment and possibly the 

stability of the supporting bank. Efforts will be made to obtain informa-

tion on the nature and magnitude of these forces and their effects upon 

the stability of revetment and its supporting bank." 

It is believed that it would be using more precise language to call 

the investigation one of dynamic force, for turbulence per se is one of 

two manifestations of the dynamic force of river flow believed to have 

engineering significance. 

Turbulence accounts for fluctuations of pressure next to the 

boundary of a water course devolving from the periodic variations of the 

local velocity caused by the intermittent formation and release of eddies 

in the highly strained friction areas adjacent to the boundary. The other 

manifestation is the fluctuation of pressure devolved from discontinuity 
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in the boundary surface. Either of these dynamic phenomena may produce 

uplift pressures. The question is, of course, how big are they, over how 

great an area do they obtain, and for what periods do they persist? 

It is known that articulated concrete mattress weighs approximately 

22 lb per sq ft in water and that a differential pressure of only about 

0.15 lb per sq in . is required to move it. A velocity of about 5 ft per 

sec over a discontinuity can create such a differential pressure. It is 

known that maximum velocities of the Mississippi River vary from about 

9ft to more than 15 ft per sec . 

Ther e are two means of measuring the dynamic forces of the Missis 

sippi River in which we are interested . One is to place instruments on 

the river bank and bottom capable of recording pressur e fluctuations. 

The other is to measur e velocities continuously and translate their fluc 

tuati ons into pressur e fluctuations. Simultaneous observations of 

either type with instruments spaced on suitable dimensions define the 

zones of influence of the phenomena . For reasons which are possibly too 

involved to go into at present, it is desirable to pursue the investiga

tion by both means explained . 

Many difficulties have had to be surmounted. For one, no suitable 

instrument existed for measur ing pressure fluctuations, requiring that 

one be developed. Again, instr uments placed in the bank before high 

water arrives with its critical conditions, become ineffective through 

long submergence, or at the time of observations are in an area lacking 

in turbulence. Also, the placing of instruments in positions suitable 

for obtaining significant data produces practical problems of maneuvering 

plant in periods of high water. 
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These investigations to date have elicited results which show 

definitely that differential pressures occur in the river which exceed 

that differential of 0.15 lb per sq in. believed to be required to move 

a unit of the present revetment. There yet remains the determination 

of the extent and persistence of pressure fluctuations leading to an 

evaluation of dynamic forces as a factor affecting the stability of 

revetm~nt and the river bank beneath. 

Some typical plots of data are shown on the following plates: 

Fig. l shows a two-hour record obtained with four current 
meters suspended in tandem in 24 ft of water. 

Fig. 2 shows a one-hour record obtained with pressure cells 
and a current meter, the cells being spread over an area on 
the river bank and the meter being suspended 3 ft over this 
area. 

Fig. 3 is not a plot of field data but a handy reference for 
translating velocity deviations into momentary pressure dif
ferences. 
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SPECIFIC QUESTIONS POSED CONSULTANTS 

Fifty-eight specific questions pertaining to the Potamology In-

vestigations were posed the consultants upon completion of the preceding 

discussions. These questions, grouped according to the pertinent phases 

of the investigations, are as follow: 

Soils Investigations 

1. What are the possible explanations from a soil mechanics view
point of the type failures that occurred at Port Allen, Morville, and 
Reid Bedford? 

2. Are the soils investigations already completed and planned for 
those locations adequate to acquire information necessary to isolate 
causes of the failures if such isolation is possible? 

3. If the soils investigations program is not adequate, what 
additional studies should be made? 

4. At the present time have sufficient data been accumulated for 
an expression of opinion as to the probable causes of failure in each 
case? If so, what are the causes? 

5. Is the soils investigation program now planned for the compari
son of stable and unstable revetments (Reid Bedford, False Point, Hard
scrabble, Bauxippi -Wyanoke) adequate to determine soil s information which 
might explain differences in behavior of revetment? 

6. If loose sand deposits are involved is there reasonable expec 
tation that means can be developed for finding and treating them? 

7. Is anything known of depositional environment favoring formation 
of loose sand deposits? 

8. Is it possible or desirable to reproduce flow s l ides or large
scale shear failures in models? 

9. Why do revetted bank failures generally occur during the first 
high-water season following construction? 

10. Why , at Reid Bedford, has the revetted bank been generally 
stable except for the failures experienced the first season after con
struction, even though hydraulic conditions appear simil ar? 
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Hydrographic and aydraulic Surveys 

11. Will the present hydraulic and hydrographic programs contribute 
materially to knowledge of factors which affect revetment stability? 

12. Are the surveys planned adequate or more than adequate to 
obtain essential information on these factors? 

13. Has sufficient information been obtained in hydraulic and 
hydrographic studies thus far completed (Reid Bedford) to permit 
recotnmonded changes in revetment practices? If so, what changes are 
recommended? 

14. Docs the river have scouring and carrying capacity sufficient 
to remove SclVcral hundred thousand cubic yards of material in a very short 
period of time as apparently occurred at Port Allen? 

15. Should tho toe of tho revetment extend beyond tho thalweg? If 
so, how far? 

16. Should the revetment be carried in depth belovr the point of 
maximum anticipated scour? 

17. What effect do the openings in articulated revetment have upon 
bank stability? 

18. What are the possible effects of placing revetment on loosely 
placed material resulting from top bank grading? 

19. vlould grading of the bank to greater depths be desirable? 

20. What factors should be considered in placing revetments to 
prevent flanking? 

21. Can revetments fail through fatigue? 

22. iffhat other factors should be considered in improving present 
revetment design practices? 

23. What effect does a revetment have on channel configurations? 

24. In what manner do physical changes in a reach of tho river 
affect revetment or bank stability? 

25. In the case of a typical toe deepening of say 20 to 30 feet, 
just what are the mechanics of its development? How does tho sand get 
out and what happens to the mat? 

26. How does bed load move? 

27. Is bed-load movement of such importance as to warrant intensive 
effort in making accurate measurements thereof? 
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28. What is the average amount of bed load being transported per 
day in the Mississippi River? 

29. If the answer to this is not known) by what means can bed load 
in the Mississippi River be determined? 

30. What proportion of the total load is contributed by a locally 
caving bank? 

31. 
opposite 
section? 

When bank recession is arrested by revetment 
point bar is not arrested what happens to area 

To depth? To velocity? 

but building of 
of bend cross 

32. What effect will revetting an active caving bank have on the 
development of the point bar downstream? 

33. Since material eroded from banks and contributed by tributary 
streams is not found at the mouth, where does it go? 

34. What is the relationship between velocity) turbulence, and 
bed-load movement? 

35 . What are the relative proportions of bed load and suspended load? 

36. Is the suspended load of any practical significance? 

37. What percentage of the material eroded from a locally caving bank 
is carried in suspension? 

38. Are point bars developed by deposition of material from sus -
• pens1on or by movement of bed load along bottom? Or both? 

39 . What is the hydraulic effect of a permeabl e dike? How far up
stream and down does it extend? Is there any rational basis for computing 
the proper length and permeability and spacing of permeable dikes? 

40. What is the effect of a solid dike? Repeat same questions as 
asked for question 39. 

41. What do you think of triangular frame retards as a means for 
preventing toe scour at revetments? 

42. What causes the river thalweg to return to the same bank instead 
of forming an opposite bend when hooks occur such as at Old Town and 
Cypress Bonds? 

Model Investigation of Meandering 

43. Are we likely ever to get verification of the specific reach 
under study? If not, can any changes bo made in our procedure to make 
success more likely? 



44 . Having obtained verification for period in past will model 
predict future behavior? 
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45 . Should allowances 
certain portion of the caved 
suspension in the prototype? 

be made in the model for disposing of a 
bank material which normally would go into 
If so, by what means can this be accomplished? 

Model Investigation of Bank Stabilization Factors 

46. 
will test 
to simple 

Having obtained approximate verification for period of record , 
give qualitative indication of revetment behavior with respect 
scour? 

47. ~Till this model investigation indicate relative effectiveness 
of various types of revetment? 

48. Can the relative effectiveness of dikes of various spacings be 
determined on a model of this type? 

49. Can the relative effectiveness of other corrective measures 
such as dredging be determined on a model of this type? 

50 . In an undistorted model is the prototype turbulence reproduced 
to scale? 

Field Investigation of Turbulence Forces 

51 . Are the forces of turbulence found in the Mississippi River of 
great significance to revetment and bank stability? 

52. In what manner do forces due to turbulence and high velocities 
affect revetments and bank stability? 

53 . Is the present program adequate for the determination of the 
probabl e magnitude and extent of such forces acting on a revetted bank? 

54. How can successful measurements be applied to the design of 
revetment? 

55 . What areas are covered by turbul ence of sufficient magnitude to 
give uplift forces equal to submerged weight of revetment? Can this 
disrupt a mat 100 ft x 300 ft held tvgether by 3000 lb strength noncorrosive 
wire? 

56 . Can such turbulence areas suck out enough bank material through 
cracks to cause large cavities to form? If so, can these cause failure? 
And if so, how? 

57 . If sucking out of material causes failure would not a double 
mat with joints staggered prevent fai l ure? Or a thin coating of asphalt? 
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58. What is the effect of the mat on bottom velocities and turbu
l ence ? Would riprap or some other rough covering be superior to smooth 
mattress or would there be any difference ? 

The answers and opinions expressed by the consultants relative to 
each specific question are presented on the following pages. 
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QUESTIONS AND ANSWERS 

QUESTION 1: What are the possible explanations from a soil mechanics 
viewpoint of the type failures that occurred at Port Allen 
Morville, and Reid Bedford? ' 

Dr. Casagrande expressed the opinion that by a process of elimina-

tion it had been concluded that all of the failures were some sort of flow 

failures . Whether they were initiated by a large shear failure or not, 

he could not say. Such flow failures could occur only where the sand is 

in a loose condition and the more uniform the material is and the finer, 

the more likely there is to be a flow slide. Liquefaction plays a major 

role in the failure and whether the failure is a sudden liquefaction of 

the whole mass or whether it is a progressive action is not known at this 

time. He believed that the eyewitnesses were not seeing the liquefaction 

part, ·but were merely seeing the breakdown of the steep slopes left by 

liquefaction. It is known that liquefaction will leave very steep slopes 

at the inshore boundary, and these slopes tend to stabilize themselves by 

shear slides. 

Professor Taylor agreed that the failures involved liquefaction, 

but considered that the action was very largely progressive in at least 

portions of the slides. He visualized a first stage leading up to 

incipient failure, in which the toe of the slope may be steepened by 

scour or erosion, and then a second rtage, when small chunks of soil 

break off, this being largely a shear failure in the surface crust , 

although the lower portion of the failure is in loose sand and thus some 

liquefaction is present as soon as the chunks start to subside. After 

the surface crust has ruptured, the weight of the chunk is all on loose 
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sand and, as a third stage, the condition progresses to definite lique-

faction and the eventual removal of the material of which the chunk was 

composed . The action of the third stage aided, perhaps, by more toe 

erosion serves as the first stage for the next chunk . Depending on the 

distributions of surface crust strength and looseness of the sand bel ow, 

the second chunk may start to subside ear ly during the third stage of the 

first chunk, and "'tvhere conditions are mor e severe the liquefaction of a 

large mass may occur instead of progr essi ve failur e by chunks . However, 

sketchy descriptions by observers tend to indicate that appreciable por-

tions of the masses that failed probably went out by progressive action . 

Dr . Straub states , in a discussion pertaining to the removal of 

material from underneath the revetment , that he felt the leaching of 

material through the revetment openings very definitely occurred . 

QUESTION 2: Are the soils investigations already completed and planned 
for these locations adequate to acquire information neces
sary to isolate causes of the failures if such isolation is 
possible? 

Dr . Casagrande considered that for the present the investigations 

are adequate but that they should be reconsidered at frequent intervals 

as more information is obtained. It might be that additional investiga-

tions would be required, perhaps additional borings, or perhaps an 

entirely different approach to some of the problems now being investigated . 

Professor Taylor believed the present program to be adequate and 

further stated that in his opinion the Waterways Experiment Station was 

not doing anything that was not necessary . 

Note: On Saturday, 8 October, during the course of a detailed 
soils discussion, Dr . Casagrande suggested that the density of 

• 
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sand deposits might be investigated by vibrations indicating the 
resonance frequency and modulus of elasticity. He considered 
this procedure might be economical and might be developed so 
that it could be used on various deposits of materials . 

QUESTION 3: If the soils investigation program is not adequate , what 
additional studies should be made? 

Dr . Casagrande could not suggest any additional work at this time 

but cautioned that there is no assurance the present program will prove 

to be sufficient . 

QUESTION 4: At the present time have sufficient data been accumulated 
for an expression of opinion as to the probable causes of 
failure in each case? If so , what are the causes? 

Note : This question was discussed under question 1 . 

QUESTION 5: Is the soi ls pr ogr am now planned for the comparison of 
stable and unstable revetments (Reid Bedfor d , False Point , 
Hardscrabble , Bauxippi -Wyanoke) adequate to determine soils 
infor mation which might explain differences in behavior of 
revetment? 

Note: The soil mechanics consultants stated that they could 
not express an opinion, since there had been no opportunity to 
go over this phase of the program . Hm.rever , at a meeting on 
8 October the proposed program ,.,as discussed briefly and both 
Dr . Casagrande and Professor Taylor agreed that the proposed 
method of approach -vras satisfactory. 

QUESTION 6: If loose sand deposits are involved, is there reasonable 
expectation that means can be developed for finding and 
treating them? 

Professor Taylor believed that the \•laterways Experiment Station's 

approach to the problem of detecting loose sand deposits , both in the 

field and "Lhe laboratory, had great promise . As to methods of treatment 
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of loone sands, he believed that such procedures as vibroflotation, 

grouting, or densification of critical areas by various means would all 

be ones to consider, but the method to use would largely be determined 

by economic factors. 

Dr. Casagrande agreed that the Waterways Experiment Station 's program 

for detecting loose deposits of sand is adequate. He considered that 

eventually it would be possible to determine whether the density of a 

sand is of the proper degree to undergo liquefaction . 

QUESTION 7: Is anything known of depositional environment favoring 
formation of loose sand deposits? 

Dr . Casagrande was of the opinion that if sand is deposited by the 

river in some cases it is dense and in other cases loose or very loose, 

depending on the vertical component of velocity where the sand is being 

deposited . If there is an upward vertical component of flow the sand may 

be loose, whereas if there is a downward vertical component of flow the 

sand is apt to be very dense . He visualized areas where the sand would 

be very loose and adjacent areas where it would be too dense to liquefy. 

The loose sand could very well be deposited in pockets . However, he did 

not believe that too much was known about the subject . 

Dr . Straub stated that as a result of studies he had made on rivers 

he had found that materials deposited in the very low velocities associated 

with slack water areas tend to be loose, whereas materials deposited in 

comparatively high velocities are almost invariably rather dense . He 

also concurred in Dr. Casagrande ' s statement that an upward component of 

velocity may tend to deposit loose materials . Dr . Straub also cited the 



111 

case of turbulent , high-velocity streams where silts and fine sands tend 

to migrate from locations of high turbulence to locations of lovr turbu-

lence in the flowing stream. In his opinion, soils deposited as a result 

of such migration may be of relatively low density. Dr . Straub stated 

further that for every stage of the river there is a new direction of 

current and the river changes. In a general way he thought that deposits 

which have been moved from one place into another by what is commonly re-

ferred to as traction (in other words moves along the stream bottom with 

a certain amount of saltation) are usually quite dense materials . On the 

other hand materials which have been deposited as a result of sedimenta-

tion processes are usually quite fine . Also , these sedimentation process -

es might take place in a region of upvrard current . He concluded that 

these deposits have very definite characteristics with reference to the 

mechanical composition range and relative density . The densities are 

l i kel y to be on the low side and the mechanical composition is likely to 

be over a long range of size . 

QUESTION 8 : Is it possi ble or desirable to reproduce flovT slides or 
large- scale shear failures in models? 

Dr . Casagrande thought that every effort should be made to attempt 

to reproduce flow slides in large- scale models , because that is the only 

way the Waterways; Experiment Station can hope to get more information on 

the exact sequence of events . He st~ced that evidence he had collected 

indicated strongly that the liquefaction type of failure may be progres-

sive and that investigation by models vmuld aid in determining the 

sequence . He also thought it possible to reproduce the flm·T slides in 
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1t1odels , but not with the same soils . It may be necessary to use other 

materials , perhaps an extreu1ely fine , uniform sand, or a chemical pre-

cipitate, and even then it may not be easy to reproduce a failure . He 

conceived that the model should not imitate the entire condition of field 

failure but the various phenomena associated with it should be dissected 

and studied separately. Dr . Casagrande cauti oned that this should be 

only one of several methods of approach to the problem, since if this 

were the only one the results might be misleading . 

Professor Taylor expressed the opinion that it would be desirable 
I 

and possible to reproduce a flow slide in a model . At the same time he 

cautioned that it might be possible to make the wrong kind of slide , such 

as a mass flovr slide, whereas evidence tends to indicate there may have 

been progress i ve action . He indicated that there may be consi derable 

difficulty in obtaining similitude , especiall y for the cohesive upper 

soils . 

Dr. Bakhmeteff thought , by way of gener al principl es, that it would 

be desirable to try to reproduce slides on models , particularly since 

means are being sought to answer questions which, so far, have not been 

ans\·rerable . He stated that , in the light of \vorld wide experience , it 

al\·rays pays to undertake research for something -vrhich is unknmvn or not 

well understood . 

QUESTION 9: Hhy do revetted bank failures generally occur during the 
first high-vrater season after construction? 

Dr . Bakhmeteff pointed to the rather complex conditions under which 

revetments work, which provide for stability in certain cases and do not 



113 

in others . He stated further that in any structure there might be a \veak 

spot which usually breaks as soon as the load is applied. Thus a struc-

ture may naturally fail at the first opportunity and, in the case of a 

revetment , this first opportunity may arise during the first high- water 

season following construction. 

QUESTION 10: \·lhy at Reid Bedford, has the revetted bank been generally 
stable except for the failures experienced the first season 
after construction, even though hydraulic conditions appear 
similar? 

Dr . Bakhmeteff thought this question was answered in general terms 

in the discussion of question 9. It should be realized, furthermore, 

that in apparently similar construction there may be weak points in 

certain cases, w~ile in other cases such weak points \vould not exist . 

For example, if the revetment was lying f l at and close against a 'bank, 

suction between the bank and the river surface would tend to hold the 

revetment on . But where there is a void developed by partial scour, 

water may freely penetrate from above or below. In such event there 

would be more or less a steady static pressure belovT the revetment and 

pulsating plus or minus pressure on its top side . These circumstances 

offer a plausible explanation for the going out of revetment, as caused 

by local scour cavities which then spread out . 

Dr. Straub stated that projects of this sort are always concerned 

with a time- lag influence . He said ~he problem is not quite comparable 

to a static problem but is a dynamic problem, and a ne\v condition of 

equilibrium must be achieved which requires a certain amount of time. He 

believed these initial difficulties which arise would not do so if the 



time- lag effects could be taken into account . He explained that the 

river is in the process of cutting the bank and movi ng forward and, 

although at one particular location it is halted by revetment , the whole 

river is not going to change its course because of this one point which 

has been made rigid . Consequently there is a time lag in which the river 

both upstream and downstream readjusts itself . During that period ther e 

is an intense attack on the place where the river has been held . He 

thought that, in general terms , this applied in these fail ures . 

QUESTION 11 : Will the present hydraulic and hydrographic programs con
tribute materi ally to know·l edge of factors which affect 
revetment stability? 

Dr . Straub stated that he would answer this question very definite-

ly "yes . " 

Dr . Rouse expressed the opinion that anything new that could be 

learned about a phenomenon was a material contribution . 

Dr . Bakhmeteff thought the program as outlined for the three re-

vetment sites was comprehensive, rational, and corr ect , but he felt that 

it was a minimum endeavor . He appreciated how expensive and difficult 

the investigations -vrere and, from a practical point of view, he could not 

state that all the answers could be obtained, but he was convinced that 

too much work in this direction could not be done . 

QUESTION 12: Are the surveys planned adequate or more than adequate to 
obtain essenti al information on these factors? 

Dr . Straub stated that in general the investigation was pointed in 

the right direction and that everything that has been programmed is 
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desirable and effective. He did not at this time consider the suggested 

program over- adequate. He mentioned t hat he would add further studies to 

obtain more details concerning the character of the sediments in the 

vicinities of the revetments under study, because from that data alone 

much information can be obtained concerning the hydraulic characteristics 

since the sediment and hydraulic characteristics tie in very closely. 

Also, he thought it would be desirable to make very careful studies as to 

the movement of the revetment. 

Dr. Rouse stated that a program could be planned to the best of 

one ' s ability at the time the program is planned; however, that program 

must be adapted to what is found out as time progresses. At this time he 

thought the program was adequate, but he could not say whether it would 

still seem adequate tomorrow or next year. I n reply to a question by 

~~ . Tiffany, he answered that he did not think the program was more than 

adequate because he did not feel that too much could be done. He added 

that it was essential to obtain the surveys at all typical portions of 

the hydrograph in order to understand what happens . He also strongly 

recommended making efforts to determine whether the soundings were taken 

on revetment or sand . As regards the lowering of the channel along the 

toe of the revetment during high water , Dr . Rouse thought it ~0uld be 

desirable to know whether, in any fashion, revetment was still in place 

as it had been in the original low-water stage or whether it had washed 

away . 

QUESTION 13: Has sufficient information been obtained in hydraulic and 
hydrographic studies thus far completed (Reid Bedford) to 
permit recommended changes in revetment practices? If so, 
what changes are recommended? 



116 

Note: The answers to question 13 are included as part of 
the discussion on question 22 . 

QUESTION 14 : Does the river have scouring and carrying capacity suffi
cient to remove several hundred thousand cubic yards of 
material in a very short time as apparently occurred at 
Port Allen? 

Professor Taylor expressed the opinion that the removal of the 

material at Port Allen was related to carrying capacity and not neces-

sarily scouring capacity. 

Dr . Straub thought that there was little difference between scouring 

and carrying capacity. As regards the carrying capacity he felt that 

there was a t i me- lag influence . For example , he mentioned that if a s l ide 

occurred vhich dumped 100,000 yards of material into the river , the entire 

100, 000 yards -vrould not go down the river at the same moment it sli d in . 

There vrould be a time lag of minutes or hours during '-rhich the mater ial 

could be picked up and carried dovmstream . In further clarification of 

thi s point, he stated that the Miss i ssippi River has a carrying capacity 

of about 5, 000, 000 yards a day as determined by actual measurements . 

Measurements of 7 , 500, 000 yards a day have been made on the Missouri River 

at a discharge of only 250, 000 cu ft per second . He thought that as far 

as carrying capacity was concerned, if a matter of a day or a half day 

was conceded as to the time - lag effect, certainly the river could carry 

the material out even if all of it ,.,as on the bed . As for scouring 

capaci ~vy , he felt that it \vas a question of hov it takes place and obvi-

ously the material can cave in . He summarized by stating that he would 

ansver "yesrr to the question. 

Dr . Casagrande stated that he could conceive that this liquid 
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material could flo"\v very long distances, since generally a flm·T slide 

"\·Till spread material over a large area. In the case at hand the material 

may have traveled, with the help of the river to some extent, over 

several miles and been deposited in a relatively thin layer on the river 

bottom. 

Dr . Bakhmeteff stated that the answer to the question was to be 

sought in the observed facts. Since the surveys taken after the crevasse 

did not reveal the accumulation of material from the failure, the ans-vrer 

is by vay of the dictum that "the proof of the pudding is ln the eating . " 

Note: Question 14 as originally framed and as asked actual
ly consisted of two separate and independent questions rather 
than one . No satisfactory answer "\vas obtained . The question 
was re- framed by Mr . Tiffany the following day as follm·rs: 

(a) Does the river have scouring capacity to remove several 
hundred thousand yards, etc . ? 

(b) Does the river have carrying capacity to transport such 
quantities , etc . ? 

The answer to (a) was no , by all consultants present . -
The answer to (b) "\vas yes, by all consultants present . 

QUESTION 15: Should the toe of the revetment extend beyond the thal-vreg? 
If so, hm·r far? 

Dr . Rouse was of the opinion that sufficient fundamental information 

has not yet been obtained to enable one to answer definitely either part 

of this question one T..vay or the other . He further stated that much is 

still to -oe learned about hovT the deepening at the toe of revetments 

occurs . In this connection, for example, he stated if the deepening at 

the revetment toe resulted in continually breaking off of the r evetment, 

the present practice of carrying the revetment out past t he thalweg might 
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not be desirable . He pointed out that there are still things to be 

learned from surveys and model tests that will all have to be grouped 

together before one can answer this questi on . 

QUESTION 16: Should the revetment be carried in depth bel ow the point of 
maximum anticipated scour? 

Dr . Bakhmeteff stated as an establi shed fact that any sol id put 

into a stream, whether a pile or something el se,engender s accel er ated 

currents next to its boundaries and thus creates local conditions for 

scour . It could be accepted therefore, as a general princi ple that the 

edge of revetment is a point of increased scour. It follows , therefore, 

that the revetment should not be placed with its edge above the l owest 

possible level of a river in natural condition, for that would mean 

placing a revetment over a deposit of an essentially var iable ki nd . Also , 

mindful of the tendency towards scouring along the r evetment toe , that 

area should call for reinforcement by bl ocks suff icientl y heavy to res i st 

removal by the eventual dynamic forces . 

QUESTION 17: vfuat effect do the openings in articulated revetment have 
upon bank stability? 

Dr . Bakhmeteff mentioned that at first glance the openings did not 

seem to have a pronounced effect . 

Dr. Straub disagreed with Dr . Bakhmeteff's viewpoint and stated that 

his reaction was just the reverse when he thought of the total problem. 

He explained that there was some similari ty of acti on between this 

phenomenon and that which could actually be observed at other pl aces . As 

an example he pointed out the infeasibility of attempting to protect the 
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faces of dams against wave action by the use of revetment of this type. 

As explained by him further, the wave action itself does scour sediment 

out between cracks. He stated that he did not mean to compare the 

phenomenon of turbulence directly with that of wave action, but he 

thought that actually there is some similarity between the turbulence 

phenomenon which takes place down in the lower depths and that of wave 

action on a dam face. He felt quite sure that there must be a great deal 

of sand, especially where it is loose sand, scoured out between those 

openings as a result of turbulence. Thus he thought that the openings do 

have an effect in that respect. In reply to a question by Dr. Bakhmeteff 

as to whether such phenomenon could be investigated in a model, Dr. Straub 

answered that in models the scale must necessarily be so small that the 

turbulence is greatly subdued and not to scale. He thought that in the 

case of experiments approaching full scale, experimental answers could be 

achieved by careful planning. 

QUESTION 18: ~fuat are the possible effects of placing revetment on 
loosely placed material resulting from top bank grading? 

Dr. Bakhmeteff stated that the revetment was being laid on a profile 

which obviously was not the lowest one, and thought that generally it was 

not desirable to do so. 

Dr. Straub pointed out that since the material being pulled down 

the bank remained in a loose state, t~1e situation was \vorsened inasmuch 

as the looser the material underneath the mat the more likely was the 

chance that it would wash out through the mat openings. He did feel that 

putting a gravel blanket on the bank before placing the revetment would 

probably be beneficial. 
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QUESTION 19: Hould grading of the bank to greater depths be desirable? 

Dr. Straub questioned whether there was any inherent advantage in 

grading this additional 15- ft depth after being informed that bank 

grading could be carried down only about 15 ft below the water surface. 

He thought that the grading could just as vell be stopped at the water 

line and efforts made to obtain a smoother transition where it could be 

seen. There might be both a reduction in cost and improved workmanship . 

He stated that hydraulically the irregularity which occurs at the change 

from a smooth graded bank to the irregular ungraded portion is bad because 

it aggravates the conditions of separation . 

QUESTION 20 : ~fuat factors should be considered in placing revetment to 
prevent flanking? 

Dr . Straub stated, in answer to an explanation of the present 

practice of placing a 2- ft thickness of riprap at the ends of revetments 

to prevent or retard flanking action, that difficulties in using riprap 

would be encountered because of differential settlement due to different 

surface conditions. He vras of the opinion that the effects of retards 

and such other structures in preventing flanking action at the ends of 

revetments could be investigated in the laboratory since such investiga-

tions involve a motion pattern which can be reproduced quite successfully 

in the laboratory . 

Dr. Rouse was of the opinion that extending the ends of revetments 

far enough upstream and dovmstream in order to carry them beyond possible 

attack by the currents '\vould prevent flanking action . 

Dr. Baldnnete:ff stated that since sufficient funds were not always 
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available for extending the revetment in an optimum uanner as s-uggested 

by Dr.. Rouse , it appeared to him that one uas faced \ii th an economic 

rather than an engineering problem. 

QUESTION 21: Can revetment fail through fatigue? 

Dr. Bakhmeteff stated that the term fatigue -vras customarily associ -

ated \vi th very rapid vibrations which resulted in molecular disintegration 

of materials . He could not perceive fatigue effects of this type in the 

case of revetments . He thought, on the other hand, ~ha~ in the presence 

of large cavities under the slabsJ the dynamic and even the static forces 

engendered could produce bending \vhich might call for stresses in the 

concrete sufficient to cause failure. 

Dr. Straub agreed \vi th Dr . Bakhmeteff that these failures did not 

occur through fatigue . In explaining further he stated that it is not a 

static condition but a progressive condition \·There the scour continually 

takes place through the interstices . This action gradually induces 

stresses \vhich cause a partial failure -vrhich again causes ~hat stress to 

move to another point and cause failure there . He thought definitely 

that this type of failure could and does take place, but it could not be 

termed a fatigue failure in a sense that the same stress is reproduced 

over and over again. He concluded that this is a case of a change in 

conditions which cause a gradual development of stresses that do not 

occur initially. 

QUESTION 22: Hhat other factors should be considered in improving present 
revet11ent de sign practices? 

Dr . Rouse expressed concern at the practice of leaving considerable 
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lengths of loose launching cables at the toe of revetments. He explained 

that a large force could be developed by the drag of the "\·rater on the 

cables and he pointed out that this situation could be greatly intensified 

by the entanglement of debris in these cables. He suggested that it would 

be worthwhile determining if debris was caught in the cable ends, if so, 

hovr much, and if so 1 then ascertaining what could be done to eliminate 

the cables. 

Dr. Bakhmeteff thought the present revetment practices should be 

subject to careful scrutiny and eventual reconsideration. He referred to 

the preliminary calculations based on a general diagnosis of the dynamic 

effects which might be anticipated which revealed that the order of the 

dynamic forces exceeds the resistance offered by the weight of the present 

revetment. Dr. Bakhmeteff added that, although sufficient information had 

not been obtained as yet to warrant a definite recommendation for a 

changed revetment design, he did feel that sufficient information was 

available to cast doubt on the adequacy of the present practices. Dr. 

Bakhmeteff stated that he thought it was especially important to protect 

the bottom edges of the revetment, and in reply to a question by Mr. 

Senour as to whether doubling the thickness of the outer edge of the re

vetment would be sufficient, he replied that it was a step in the right 

direction but he could not positively state1 with the present information 

on hand, whether a 6-in. thickness would be adequate . 

Dr . Straub stated that there was one thing relative to the question 

of preventing the formation of cavities underneath the revetment which he 

thought worthy of consideration, and that was the matter of reducing or 

eliminating the openings in the mattresses. In reply to a question by 
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Mr. Senour about placing asphalt mastic on the top of the revetment, Dr. 

Straub replied that it would be a problem there of getting the asphalt 

down properly. 

QUESTION 23 : ~rnat effect does a revetment have on channel configurations? 

Note: This question was not asked; however, partial 
answers were obtained in the discussions of questions 31 and 32. 

QUESTION 24: In what manner do physical changes in a reach of the river 
affect revetment or bank stability? 

QUESTION 25: 

Note: This question was not asked. 

In the case of a typical toe deepening of say 20 
just what are the mechanics of its development? 
the sand get out and what happens to the mat? 

to 30 ft, 
How does 

Note: This question was not asked; however, it was partial
ly discussed under questions 1 and 15. 

QUESTION 26 : How does bed load move? 

Note: This question was not asked. 

QUESTION 27: Is bed-load movement of such importance as to warrant 
intensive effort in making accurate measurements thereof? 

Dr . Straub stated that there is an answer to thi s question, because 

the bed-load movement definitely does influence the behavior of the river 

itself, and until a complete knowledge of the bed-load movement is ob-

tained a complete knovrledge of the behavior of the river will not be had. 

It is only by a knowledge of the mechanics of the bed-load movement that 

one can make certain analytical determinations as to vrhat happens , besides 
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simply going out to the river and taking a look at it . To accurately 

analyze all the factors involved one must have quantitative values of the 

ar11ount that would be moved for -che different rates of flO'\v . He concluded 

that very definitely in many problems it becomes exceedingly important to 

establish the amount of material moved both in suspension and as bed load. 

Dr . Rouse observed that i t seemed to him that the part the caving 

banks play in the whole picture is governed entirely by how far that 

material is carr ied 'before it is deposited . If it is carried a long 

distance then it contributes appreciably to the bed load and conversely 

if it is carried a short distance then the bed load is something more or 

less separate from it. But that is something that can be detern1ined oflly 

by a round- about method of measuring the rate of bed- load transport , the 

rate of caving of the banks, and measuring the rate of suspended -load 

transport . Dr . Rouse concluded that he thought it quite essential to 

make these observations and interpret them with fair accuracy._ 

QUESTION 28: vTnat is t,he average amount of bed load being transported 
per day in the Mississippi River? 

Dr. Straub stated that he thought he could give a figure that is of 

a reasonable order of magnitude based on studies he had made on other 

rivers . He thought ·che average amount of bed load 'ivas something in the 

order of 200,000 yards a day and that apparently it is a more or less 

constant figure from Cairo to the Passes. He explained that if he had 

·sufficient information about the composition of the bed and more informa-

tion on the slopes and discharges than are presently available, he 

probably could give a more reasonable answer. He stated further that the 
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200, 000 yards a day is an average value and \-TOuld vary greatly bet\·reen 

lm .. r uater and high vater . 

QUESTION 29 : If the ansvrer to question 28 is not knmvn, by \vhat means 
can bed load in the Mississippi River be determined? 

Dr . Straub stated that if sufficient information about the river 

and its bed load is given him, he could determine analytically the 

probable bed load by a combination of analysis and computation . In reply 

to a question by l\1r . Senour as to vlhether hydrographic surveys of a 

reach at fairly close intervals would give an approximation of the bed-

load movement , Dr . Straub replied that he did not think so because it \·ras 

necessary to know the amount coming in as well as the amount that goes 

out and they are tvm things that cannot be measured . 

QUESTION 30 : What proportion of the total load is contributed by a 
locally caving bank? 

Dr. Rouse stated that he did not think the proportion of bed load 

contributed by a locally caving bank could be computed \vi thout kno'\ving 

the distance the material is carried . He pointed out that it '\·ras neces -

sary not only to know· the rate of caving of the bank, but also the mean 

distance over which that material is carried before the rate of bank 

caving could be transferred to the rate of transport past a section. 

Dr . Straub, con@enting on Dr . Rouse ' s statement concerning the 

correlation of mean distance traveled by a par"Licle -with rate of trans-

port past a section, stated that he did not think i"L made any difference 

ho\v far the material vas carried as long as the same amount came out 

as uent in . 
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QUESTION 31 : When bank recession is arrested by revetment , but buil ding 
of opposite point bar is not arrested, what happens to area 
of bend cross section? To depth? To vel ocity? 

Dr . Bakhmeteff was of the opinion that if the opposite point bar is 

not arrested, either the depth of the cross section or the veloci ty must 

increase . Since the cross section i s reduced on the opposite bar because 

of filling and such reduction is not compensated by bank scouring on the 

other side, the only alternative left for maintaining the regimen is 

either to incr ease the depth or to have a higher vel ocity . 

Dr . Rouse agreed that on the whole the depth will increase and that 

the rate of change is dependent on the bed l oad . 

Dr . Straub expressed the opinion that the increase in depth is 

partly the consequence of the time-lag influence . As explai ned by him, 

' it was a case of trying to do something in a river at a l ocali zed place 

without doing anything upstream or downstream so that ther e is an imme-

diate attempt of the process to take place the same as it did befor e , 

which is inhibited by that abrupt change caused by the r evetment , and for 

that reason it takes a while to reach that condition . He thought that 

the first immediate results woul d be progressi ve attempts to continue in 

that direction but, being inhibited, would result in deeper scour of the 

section . 

QUESTION 32 : vfuat effect will revett i ng an active caving bank have on 
the development of the point bar downstream? 

Dr . Rouse stated that it woul d seem to depend upon the product of 

the rate of caving per unit length of bank and the distance to the point 

of deposition in its ratio to the regular rate of bed- load movement . He 
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thought that if this ratio was small the bar would keep on building, and 

if the ratio was large an appreciable change could be expected . 

Dr . Straub pointed out that revetting an active caving bank meant 

the river was being held in a place where it was not held before and 

thus its migration was interferred with. He suspected that the growth of 

the bar would slow up, not immediately, but in time . He explained that 

the revetment reduced the process of exchange and the process of exchange 

is what results in the movement of the river to different locations . 
. 

Thus if the r i ver is stopped from moving or migrating at any location by 

revetment , then the process of exchange is stopped. However, he pointed 

out that the materi al going down the river was not stopped . He summarized 

by stating that the point-·bar development \vould be changed by changing the 

flow patterns and not by changing the quantity of material that goes down 

the river. 

QUESTION 33 : Since material eroded from banks and contributed by tribu
tary streams is not found at the mouth, where does it go? 

Dr. Straub , in answ·er to a question by Mr . Senour as to \vhy 

gravel and coarse sands were not found at the mouth of the river , stated 

that there was a continual exchange of particles taking place over a 

rather long period of time and, as the material comes down the river, it 

continually becomes finer . 

Note: Question 33 was not asked, the above answer was 
extracted from general di scussion of other related questions . 

QUESTION 34 : What is the relationship between velocity, turbulence, and 
bed- load movement? 

Note: This question was not asked . 

. . . . - -. . . ---
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QUEST'ION 35 : Hhat is the relative proportions of bed load and suspended 
load? 

Dr . Straub stated that as a very rough guess the ratio of suspended 

load to bed load on the part of the Mississippi wi th \vhich \ve are con-

cerned was in ~he order of 5 to 1 . 

QUESTION 36: Is the suspended load of any significance? 

Dr . Straub stated that many of the Mississippi River bar formations 

resulted from deposition of material in suspension and therefore it was 

of some significance. 

Qu"ESTION 37: Hhat per cent of the material eroded from a locally caving 
bank is carried in suspension? 

Dr. Straub stated that if a caving bank at a particular location 

contributes an amount in the order of 5, 000 or 10,000 cu yd a day, about 

1,000 or 2, 000 cu yd \·rould probably be contributed to the total bed load . 

1n other words, on the average , about 80 per cent of the caved material 

vould go in-co suspension; but this will vary greatly depending upon the 

composition of the material forming the particular bank involved . 

QUESTION 38: Are point bars developed by deposition of material from 
suspension or by movement of bed load along bottom? Or 
both? 

Note: This question vras not posed to the consultants , how
ever, it \·Tould appear from remarks by Dr . Straub that the 
point-bar formation could be caused by either or both material 
in suspension and bed load. 'I'hese formations vrould depend on 
many factors such as : location; relation of turbulence and 
average grain s~ze· relative quantity of suspended and 
bed- load .naterial available , etc . 
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QUESTION 39: \-That is the hydraulic effect of a permeable dike? How far 
upstream and down does it extend? Is there any rational 
basis for computing the proper length and permeability and 
spacing of permeable dikes? 

Note: This question was not asked. See question 40 for 
discussion of similar question on solid dikes. 

QUESTION 40: \·7hat is the hydraulic effect of a solid dike? How far up
stream and dovTnstream does it extend? Is there any rational 
basis for computing the proper length and spacing of solid 
dikes? 

Note: Mr . Senour rephrased this question by asking the 
consultants what they thought of solid dikes, if a solid dike 
was good construction for a stream with a movable bed, and what 
effect it would have. 

Dr . Straub stated that he thought solid dikes might have a place in 

preventing ·bank caving. However, he pointed out that the principal use 

of dikes is to deepen the center of the channel . As for the question of 

using them for shore protection, he felt there would be some concern with 

difficulties of overflow of the dikes because if the dikes are pointed in 

an upstream direction relative to flow then the noses of the dikes will 

be attacked very severely; if they are pointed downstream then the roots 

of the dikes are in danger because as the \-Tater flovrs over the top it is 

directed right toward the shore aud accelerates the erosion. He added 

that he vrould be a little doubtful of using the dikes in place of revet-

ment. Dr . Straub explained that this statement applies to solid dikes as 

normally used . The rib type of stru.cture \vhich has the same general 

slope as the bank, as seen subsequently to the conference on an inspection 

trip on the river, poses new additional considerations. 

QUESTION 41: Hhat do you think of triangular frame retards as a means 

. . . 
. . • - . -!. &...:..__ 
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for preventing toe scour at revetment? 

Note : This question was n~t asked . 

QUESTION 42: \{hat causes the river thalweg to return to the same ba~k 
instead of forming on opposite bend when hooks occur such 
as at Old TovTn and Cypress Bends? 

Dr . Straub stated that l1e could not definitely answer the question 

without mor e detailed information concerning this phenomena; however , it 

-vmuld appear that the hydraulic action here was effected by the relation-

ship of the momentum of stream flow and the curvature of the bends . 

QUESTION 43 : Are we likely ever to get verification of the specific 
reach under study? If not , can any changes be made in our 
procedure to make success more likely? 

Dr . Straub stated that in an exper imental study of this type, 

certain bulk factors , which are very important , must be kept in mind . 

One is, for example, that the ratio of the bed load to the rate of bank 

caving should be the same in the model as in the prototype . He mentioned 

that he had noted in the preli minary verification attempts that the model 

was operating in the direction of excessive caving compared to the normal 

amount of bed load going down the stream. Another bulk factor to be 

considered is the matter of reproducing the suspended material transported 

in the river . He mentioned that the method of movement and depos i tion of 

material in suspension was quite different from that of bed load; the 

suspended material moving from locations of high turbulence to locations 

of low turbulence . In this connection he pointed out that although the 

Mississippi River carries an estimated ratio of suspended load to bed load 
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in the order of 5 to 1 , no suspended load was reproduced in the model . 

This factor places a definite limitation on the model since many of the 

bars are formed by deposition of suspended material, and not by material 

moved in place as bed load . How·ever, Dr . Straub pointed out that what 

he had said was not intended to discredit the use of models for such 

experiments . However, he felt that i t was i mportant that these short-

comings be recogni zed and consider ed in the oper ation of the model. Dr . 

Straub concluded ivi th the statement that he defi nitel y felt that suffi-

cient verification of the model could be obtained to make the model a 

very valuable tool and that the experiment can be designed to give reason-

able results . 

Dr . Bakhmeteff pointed out that in model work of this type one has 

to be careful in maki ng certain that the changes of model scales and 

distortions do not result in a substantial change in flow pattern, 

particularly with regard to the over- al l vel ocity di stribution in bends . 

QUESTION 44 : Having obtained verification for period in past, will model 
predict future behavior ? 

• 

Dr . Bakhmeteff stated that he thought the answer to thi s was 

brought out in the discussion of question 43; that if a pretty good 

verification was obtained, it could be relied upon to predict future 

behavior. 

Dr . Str aub stated that recogn~zing the limi tations of the model and 

approaching the probl em wi th an open mind, he would ans1-rer both questions 

43 and 44 very defini tely "yes ." 

Dr . Rouse mentioned that it was all a relative matter , inasmuch as 
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it was necessary to extrapolate beyond a certain range of data and the 

extrapolation should be a reasonably small fraction of the data range . 

lie stated that the further the extrapolation extended, the more uncertain 

-vrould be the accuracy of the results . 

QUESTION 45: Should allowance be made in the model for disposing of a 
certain portion of the caved bank material which normally 
would go into suspension in the prototype? If so , by what 
means can this be accomplished? 

DT . St:caub stated that allowances should be made for disposing of a 

certain portion of the caved bank material and that one means of repro-

ducing this condition is to arrive at a figure of how much of the caving 

bank goes into suspension and simulate that portion by some medium such 

as saHdust, or some other material which -vrill not unduly result in cohe-

sive effect so as to influence the caving too seriously . He felt that 

there are , however, some inherent limitations to this procedure in that 

this would leave an increasing volume deficiency in the banks of the 

model river as the experiment progresses . In the actual river, in the 

course of a hydrographic cycle , deposition takes places from suspension 

as well as material going into suspension, leaving the average cross 

section of ~he river channel about the same . A simple procedure as might 

be assumed from the foregoing comment hardly seems 'i·rarranted . It 'ivould, 

therefore, seem that the sawdust would have to be designed to have 

sedinientation characteristics simulating corresponding conditions in the 

prototype • . 

QUESTION 46: Having obtained approximate verification for period of 
record, 'ivill test give qualitative indication of revetment 
behavior 'i·Ti th respect to simple scour? 
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Dr . Rouse stated that the model \·Toul d not indicate revetment 

behavior, but that it \·TOuld indicate the sediment behavior qualitatively 

with the revetment in place . In ans\·Ter to a question by lv1r . Senour as to 

whether the model vould reproduce the leaching of sand through or under -

neath the revetment , Dr . Rouse replied that it might qualitatively. 

Dr . Straub stated that the model would reproduce hydraulic and 

scour characteristics that are likely to influence revetment . He also 

mentioned that the forces in the model \vould be less pronounced propor-

tionately than they \·TOuld be in the prototype , and the mere fact that 

material does not come through the model revetment -vmuld not mean that it 

uill not come through in the prototype; however , if the system is large 

enough so that mater ial does leach through in the model , then it will 

come through in the prototype only worse . 

Dr . Bakhmeteff agreed with Dr . Straub that t he model would repro-

duce hydraulic and scour characteristics which are l i kely to influence 

revetment . 

QUESTION 47 : Hill thi s model investigation indicate relative effective
ness of various types of revetment? 

Dr . Bakhmeteff stated that thi s was quite a crucial question, as to 

vrhether the effectiveness of various types of revetment could be inves -

tigated at l east qualitatively in a model. Gener al l y speaking there were 

t1.vo factors to consi der , namely, sec .1r and dynamic forces as against the 

weight of the r evetment . He thought that scour effects could be repro-

duced in the model and \Tith that, the possible effect of the scour on the 

eventual dynamic forces operating on the revetment . As regards the -vreight 
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of the model revetment, the latter should be so apportioned, that the 

dynamic forces produced in the model would be in the same proportion to 

the revetment weight as anticipated in the prototype. Re also believed 

that a scale could be worked out for the revetment giving some indication 

as to \vhether the revetment flaps. 

QUESTION 48: Can the relative effectiveness of dikes of various spacings 
be determined on a model of this type? 

Dr . Straub answered this question in the affirmative, but with the 

reservation that the dike be of a rigid type and reasonable similarity in 

the bed movement would have to be obtained. Dr. Straub further qualified 

his answer by stating that in tests of different spacing and different 

permeability of dikes it would be necessary to reproduce the suspended 

material before reliable results could be obtained. In concluding his 

remarks Dr . Straub stated that he was not in a position to give a general-

ized answer on a problem of this sort and that to give a specific answer, 

one would have to set up a specific problem. In answer to a question by 

Mr. Tiffany as to whether the velocity of flow could be reproduced through 

a permeable dike system, Dr. Straub replied that things can always be 

done within limit on an idealized basis, but in an actual job you do not 

have an idealized condition. 

Dr . Bakhmeteff replied that the answer to this question was general-

ly "yes . " In following Dr. Straub's comments concerning the necessity of 

r eproducing material in suspension, Dr. Bakhmeteff believed that, assuming 

approximate verification had been obtained, tests of dikes could be well 

made with water carrying no material in suspension, since it could be 

- ~- . . ·~· -.-.: .. . 

' 
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assumed ur1der such conditions that the prototype circumstances would be 

more favorable than the model tests indicated . Dr . Bakhmeteff pointed 

out that the general objective here was similar to that often investigated 

on distorted models . Therefore a model on large scale and undistorted 

would be doubly useful, since reproduction of conditions in the prototype 

would be easier . 

Dr . Rouse stated that he did not think that a permeable dike could 

be simulated properly, unless things are distorted very badly in a pre-

arranged manner . 

QUESTION 49 : Can the relative effectiveness of other corrective measures 
such as dredging be determined on a model of this type? 

Dr . Bakhmeteff stated that if the model is veri fied so that the 

natural scour and behavior of the bed load is about the same as in the 

r i ver a dredge cut in the model would tend to act the sume way as a 

dredge cut in the Mississippi River . He added further that if a dredge 

cut closed up in the model, it is pretty certain to close in the proto-

type . On the other hand, if a cut stays open in the model , the indication 

is favorable towards the tendency of the cut staying open in the prototype, 

but the answer cannot be given in absolute terms . 

Dr . Straub stated that he thought the thing has to be qualified 

because it is a situation where there is a depositional effect which is 

difficult to reproduce in a model that is operated in accordance with a 

Froude law. He thought a dredge cut in the prototype would close more 

rapidly than one in the model if it does close up . Hith these reserva

tions in mind he would say yes . In summarizing he stated that the dredged 
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a defini te answer could be given without a specific problem. 

QUESTION 50 : In an undistorted model is the prototype turbulence repro
duced to scale? 

Dr . Straub thought that the large dynamic phenomena as distinguished 

from frictional phenon1ena could be reproduced in the model and might be 

tied into the matter of pulling a small particle through the small- scale 

revetment . He did not think it could be reproduced very well but he be-

lieved that it would indicate the tendency qualitatively . The major flow 

patterns in the model and in the prototype would be the same, that is , 

the large eddies and such things which are dy~amic phenomena. Dr . Straub 

summarized by stating that he thought the question could be answered i n 

this way -- large -scale effects \vhich might 'be defined as form turbulence 

as distinguished from frictional turbulence can be reproduced very well. 

If the Froude nun1ber is r easonably large, then the large- scale effect 

vrill be much the same in the model as in the prototype, assuming that the 

model is a reasonable size . 

Dr . Bakhmeteff stated that he could not answer the question fully 

since, in general , he did not think the prototype turbulence was repro-

duced to scale, but he oelieved that the problem could be worked out . As 

explained by him, the Reynolds number and the Froude number could not be 

reproduced at the same time, but he thought that relations could be 

adjusted between different things vrhich \vould give the same results more 

or less . After Mr . Tiffany rephrased the question to ask "Can proper 

adjustments be made in the operating conditions so that the model can be 

• •· - • - . - . I • •• • 



used to get a reasonable reproduction of the general effect of turbu-

lence? 11 Dr . Bakhmeteff replied that when put that way he would say 

"yes . " He felt that by proper adjustment of certain things such as 
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weight , a similar effect could be obtained in which the turbulence might 

not be the same but the results will pass as final r esults. 

QUESTION 51 : Are the forces of turbulence found in the Mississippi River 
of great significance to revetment and bank stability? 

Dr . Bakhmeteff stated that the rough preliminary calculations made 

during the December 1948 meeting showed that under certain conditions 

-vrhere dynamic forces engendered by turbulence would act -vri thout the 

arresting conditions of suction beneath the revetment , the dynamic effects 

exercised on the revetment could be large enough to lift the latter . He 

stated that these calculations were preliminary and that the question 

could not be positively answered until the forces were actually observed . 

QUESTION 52: In what manner do forces due to turbulence and high veloci
ties affect revetment and bank stability? 

Note : The anS\.,ers to this question are included as part of 
the discussion on questions 22 and 51 . 

QUESTION 53: Is the present program adequate for the determination of 
the pro'bable magnitude and extent of such forces acting on 
a revetment? 

Dr . Bakhmeteff stated that h~ did not know what steps had been 

taken since the May 1949 meeting but at that time the program was in the 

right direction . Hhen informed of the present program, Dr . Bakhmeteff 

stated that the program was definitely in the right direction. He 
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the results of the investigations are available. He was of the opinion 

tha t it is most nece ssary to cont inue the program . Relative to a ques 

tion concerning fixation of instruments in the revetment , to determine 

the eventual movement of the l atter , Dr . Bakhmeteff contended that i f one 

were to place instrun1ents i n specif i c places, and then nothing happened 

the resul ts would be nil , and that gener ally speaking it was impossible 

to predetermine the locations wher e revet ment movement woul d occur. Dr. 

Bakhmeteff was of the opi ni on that the phys i cal movement of r evetment 

could best be studied, at l east quali tatively, thr ough model investiga

tion . 

Dr . Rouse suggested n1odi f icati on of the proposed program. He felt 

that a combi nati on of f i eld and laboratory i nvesti gation would produce 

optimum results . He suggested f i eld i nvestigations to determine the 

magni tude , extent and frequency of the forces of turb·u.lence at t he 

boundary l ayer of the river . He then suggested that these forces be 

simulated in full - scale tests in the laborator y to determine hmv- they 

affect revetment stability. He felt the latter could be succes sfully 

accomplished by placing r evetment on river bed materials in a l arge flume 

and subjecting the revet ment to full - scale pressure changes either by 

simulated t urbulence or pressures created by waves. By placing pres sure 

cells on both surfaces of the revetment t he questi on of pres sure t ransfer 

could be definitel y settl ed . By arti f i ci ally creating cavities under the 

revetment the action of revetment subjected to this condi t i on coul d be 

observed . 
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QUESTION 54: HovT can successful measurements oe applied to the design of 
revetment? 

Dr . Bakhmeteff stated that once the forces of turbulence have been 

determined the i.veight of the revetment can be made sufficient to resist 

the uplift forces . He further stated that once the weight of the revet -

ment has 'been determined the necessary strength of the reinforcing can be 

calculated to keep the revetment suspended over a cavity formed beneath . 

Of course, it would be necessary to appraise or assume the size of an 

eventual cavity . 

QUESTION 55 : vJhat areas are covered by turbulence of sufficient magnitude 
to give uplift forces equal to submerged weight of revet 
ment? Can this disrupt a mat 100 by 300 ft held together 
by 3000- lb strength noncorrosive \fire? 

Dr . Rouse stated that if the ans-vrer to the question "\vas known the 

investigation would not be necessary. 

Dr . Bakhmeteff concurred with the statement of Dr . Rouse . 

QUESTION 56 : Can such turbulence areas suck out enough bank material 
through cracks to cause large cavities to form? If so, can 
these cause failures? And if so , hm-r? 

Note: The ans"ivers to the first part of this question are 
included in the discussion of question 17. 

Dr . Bakhmeteff stated that while the suction may have some effect 

he felt that the dangerous cavities are the ones formed near the toe by 

scour along the lm·rer edge of the revetment. At the present state of 

knowledge one could scarcely indicate the size of a cavity which would be 

large enough to cause failure . 
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Dr . Straub stated he could think of three \{ays cavities could form: 

first , failure of overlapping of mattress; second, formation of cavities 

due to turbulence which would suck the material out from between the 

blocks; and third, existence of fairly large-scale localized separation 

resulting in a pressure gradient in the direction of scour. Enlarging on 

the third point he felt that in a separation over a distance of 20 to 30 

feet a drop in the pressure gradient would exist which \{Ould result in 

a definite underflow and cause the material to be continuously swept out 

by some underflow stream. He stated the separation -vrould be caused by 

irregularities in the bank prior to placement of the mattress. He agreed 

that such phenomenon \·rould cause failures in newly placed revetments rather 

than old stable revetments . 

QUESTION 57 : If sucking out of material causes failures, would not a 
double mat vri th joints staggered prevent failures? Or a 
thin coat of asphalt? 

Note : The ans\fers to this question are in part included in 
the discussion on question 22. 

Dr . Straub concurred \-Ti th Mr. Senour ' s idea of \fhat took place at 

Halnut Bend where a single mattress kept on sinking until a second 

mattress was placed on top ivhich prevented further sinking . Dr . Straub 

compared this with the placing of solid, continuous , concrete slab revet -

ments on the upstream side of dams for the prevention of leaching of 

material by wave action . He felt that there is a similarity of action 

in the turbulence vhich takes place along a revctted river bank and 

iW.vc action on a darn. 

--~ - - - . . . - -



QUES'I'ION 58 : vlhat is the 
turbulence? 
superior to 
ence? 
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effect of the mat on bottom velocities and 
Hould riprap or some othel., rough covering be 

smooth mattress or would there be any differ-

Dr . Bakluneteff stated that a smooth mattress ,.,ould engender less 

turbulence than a rough one . He stated he could see no advantage to a 

rough mat as the turbulence would increase as well as the r esistivity of 

the bottom. He felt that the use of the mat with riprap extending beyond 

the mat could be advantageous provided the riprap 1-ras heavy enough. He 

felt the riprap should overlap the mat . 

IJr . Straub felt that the use of riprap ln place of the mat could be 

very disastrous . He said ther e have been cases of very severe failures 

on the faces of dams -vrhere riprap was used vTi thout a filter underneath . 

He felt that only if the placement of riprap at the toe of the revetment 

-vras heavy enough and a thick enough layer placed would it be advantageous , 

and then only as stabilizing influence. He felt that desirable riprap 

should have low resistance to flow and tetrahedral blocks are not desir-

able geometrically . However, he felt that the interlocki ng character~ 

istics of the blocks were definitely desirable . 

• 
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