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Denver, Colorado
October 25, 1950

Memorandumn Hyd. 299
To: E. W. Lane

From: A. C. Carter

Subject: Angle of repose of noncohegive material

Surnary

Previous studies of the steble channel problem have
established a need for 'nformation pertaining to angles of repose
of granular materials.

A review was made of sll published date avalleable on
angles of repose and interral fricticn for dry and submerged silt,
sand, and gravel; and the results-were compered graphically in an
attempt to determine characteristic values. The published data did
not fell intcony consistent pattern, but instead were scattered
over a ~ide range. An angle of repose of 34° appeared to be typical
for dry send, but nec other specific values could be determined.

Angle of repose tests were performed in the Bureau

laboratories on granular materials.  Results of these measurements
shovwed a reduction in angle of repose r'or sand when submerged, but
practically no change fer gravel. Anguiar gravels had angles of
repose 5 to 10° greater than rounded samples.

Introduction

Studies of one phase of the stable channel problem have
been made of ellovable tractive forcesg for trapezoidal channels
having various slde slopes. This investigation determined the
relat.!onship betueen tractive and gravity forces acting on particles
resting cn channel side slopes. To evaluate tractive forces which
would not zouse scour, it was found necessary to know the angle of
repose of the granular mater{al composing the banks.

A review was made of all avallable date on angles of
repose of noncohesive wmater!al which included published values frow
various sdurces and additional information obtained by teste performed
in the Hvdraulic Laboratory.

Published values of angle of repose for different types of
granular materiel showed considerable variation, and some authors
gave extremely wide ranges of values for s given type of material.
Soils were usually described as earth, sand, gravel, etc., instead
of being classified by “article size. Since the term "earth” is
general and may refer to boulders, gravel, sand, silt, or clay, it
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wae sceumed that the more specific terr "silt” applied, and the
substitution was nade,

Nonzohesive materiasls tested in the laboratory ranged
in slze from G135 to 38 me,  Angles of repose were measured for
four coniltions: (1) stacked in air, (2) stacked in air and then
subrerged, (3) stacked under water, end (b) stecked in air while
damp, Rounided and angulsar grevels were tested separately.

Angle of Repose

tngle of repose has been defined es "the naximum angle
of slrpe which the eide of & heap or umbenkmeat of sand, earth,
etc., can have without gliding.” For cohesionless soills the angle
of repoge s usuelly measured in the unzscmpacted state and has a
corstant valus,

Angle cf Ianternal Friction

on has been defined as "the engle

Angle of internal frictic
whose tangent is the coefficient of fricticn™ of e materisl. The
coefficient of friction is the ratio of normel force to she&ring
force at the poirnt o fallure in shear. According to Terzaghil _2/

"exx]gboracory experimeats heve shown that the angle of  internal
friction of sand depends to a large extent on the initial density.

The difference betdeen the angle of internal friction of 'a given

sand ‘n the densest and In the looszst state may be a2g high as

15°." He also states that "in engineersing problems the angle of
internal friction of sand cen ususlly bve counsidered constant for
precticel purposes. The angle of repuse #*%* g always approximetely
egual to the angle of internel friction of send in the lousest state.”
Since chunnel side sjopes have some degree of consolidation,

the angle »f internal friction would protavly apply rather than the
angle of remase. Anzles of reposz and Internal fricticn were considered
interchangeatle for precticel purposes Ino this memcrandum.

Procedure

Angles of repose and interral friction for silt, sand,
and gravel w<ere selected for study from 24 references. In general,
angles of reposc vere fcund ‘p engineering handbooks and angles of
internal friction in =¢il mechanics texts. The data are presented
in Tebles 1 through 1%. Sources of information are Indicated by
nunerical references to *the bibliography. Whenever given, explanations
of 801l ccnditions ere ‘ncliuded with the criginel data. Angles of
repose are plotted for dry meteriels in Fipure 1 and for submerged
meterials in Figure 2, All types of granuler scils are grouped under
three main clsseifications: 5ilt, sand, and gravel. Individual angle




of repose velues are represented by single llines with one or rore
numericel bibiiographic references. Ranges of values ere indicated
by arrove dram hetween twe lines which represent the limits.
Explanatory notes for sertmin deta are included !‘n Flgures ) and 2
correspond ing to “he lower case letters near the reference nunbers.

To 1llustrote the elfect of conprecticn of noncohesive
materials cn thelr angles of laternal frlctlion, dets from the
U.S.W.E.S. 8011 Mechanizs Fact Finding Survey 22/ are shown in
Tlrure 3 by plotting angle of Iinternal friction mgainst ‘nitiel
void ratio. Void ratlo la the vuluxe of voids divided by the
volume of sclids. A key to the symhoels used for lifferent sands is
included la the flpure. The angles ¢f Intecnal friction vere determined
by triaxial ghear tests.

Simllar htests were perfurmed on sand Srom Zone 2 of Trenton
Daw. by the Burecau Earth Materials Laboratory,=l/ end the results are
preaented in Tavlie 1b-2, The change in angle of internzl friction
with density (s shusn Ly plotting Internal friction angie against
relatéive dunsity in percent, Flgure 3-A. Relative density is defined
vy the frllswing eguel on:

€rnx - €

Chax ~ min

Dy =
vhere em&x is the vzid ratio of the goll in *the lzcsest state, n
is tkhe vold ratic of the scil In the densest state, and e is the void
ratic in the state for which the relative density is desired.

A nurber cof sand and gravel samples were chiained locally,
and thelr angles of repesc were measured by personnel of the Iiydraulic
Loboratory. The results of this investigation were presented by ,
>, 8. Hanson 4n a memorandum to E. W. lene dated March 27, 1650. The
firat of thess uensurements were reported by E. J. Carlson ‘n & memorandum
to E. W. Lane dated July 18, 1949, Photagrephs of the samples tested
were included in the original memcrandums.

Seven different sized samples weighing approximately 80 pounds
vere obtained by screening, These samnples were stacked in alr, stacked
in air and then submerged, stacked under water, ané stacked in alr while
damp: the sngles of repose were then deternined by coordinate measure-
ments of saven points on the slope. The original data are presented in
Table 15 and Flgures % &nd 5. Bar graphs are used in these figures to
represent neasured angles of repose for sanmples of different slize
ranges. Dotted, broken, and sclid lines indicated whether the sauple
was etacked in eir, stacked in air snd then subnerged, or stacked under
vater. Values for rounded moteriel are shown ‘n Figure 4 and for
anguler materiel in Figure 5.




As ahown by Pilgure 1, angle of repo:ze velues suggested by
1

different avthorities f5r dry cchesionless neteriel do not agree
very cleselv. Frequently, wide ranges of values were given; such
duts have Little practical zignificance. An angle of repore of 340
appeared to be fairly representabtive {or dry sand, but nec sliagle
values for s.lt or gravel were disclosed by these data,

Relatively little Informaticon was found on angles of
repose of submerged material. Selection of e typical value for
silt, sand, or gravel could not bLe made {romw the [ew data shovn
in Filgure CZ.

Reference to Flgure 3 will shovw cleerly how degree of
compeetion affects nngle of internsl fricticn of five materlals
studled by the U.G.W.E.S. gg; As the veld ratic increases, the
friecticn angle decreases, The average veolue for three sands
testeé wag 34.G0 and for gravel 32.7°.

.. Fesulis of laboratery measurenenta reperted by C. 8.
Hanzon 23/ ghowed a reducticn in the acgle of rencse for sand when
eucrerged, but no change for gravel. Angular grevels bad angles of
repuse 5 te 10° greater thar rcunded sampies of the same size.
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Tuble 1

INTEEHAL FRICTICH

ANGLE CF T
1

Date from Andarscn o/

Material--4xy Angle of internel friction

Parcent voidg

9o
e

30

L2
46
b

337

Courase sand
e
35

Fine nand

Sravel sl

Foxdium o and coarse
iy sunds 307

£

35°

y

()
27

-~
«

Teble

"~

AKGLE COF DEF.SE DATA

fre; Caln 2/

Material
froz Leygue iy
Dry seni
Wet sand
Very wet sand 59
Danp fresh earth _ 580
from fmer. Civil Engr's Pocket pook, Trautwine's Engr
Povk, and Rankinc's Treetises
a0
390
v
20°
Al

-~

25¢

Angle ol repose

) _ 35%
koo 2p
elak

3¢
28"

's Pocket

350
Lg0
Lno
45¢
L50
300

ry sand

ioiss sand
Wet sand

Ordingry dry earth
vrdinary roist eerth
Ordinary wet eorth

g
1
-

gravel {rcund

tc anguler)

300 - 4@o

Average clean
Average clean
Averque clean
Average clean

send--dry
saend-~--neisty
sand--vet

sand - -gudbmerged

33v Ly
Lue

33% byt
260 3L

Ord inary
ordinary
Crdinary
Jréinary

370
36°
300
17¢

earth--dry
var<h--moist
eartli--vet
earth--suomnerged

Sand

3O




Table 3

ANGLIE OF INTENNAL FRICTICN, |
Data from Corps cf Engloeers b,
Noroal prgssure Inftinl void
of blows tens/fo” ratio

A AN

ny o

ANGIE CF INTERNAL F’RICE}CN
Data from Hogentogler =
Soil types Angle ¢l internal friction
Silts, wet 100
Sards, dry K1
Sands, !mmersed 3'&‘)

Tavle 5

IGLE VF%PLS}}/ ‘
Data frem Hode —
Material Angle of repose
from Rankine's Appliied Mechenics
Earth 14C . L4s°
Dry sand 210 . 37°
Qravel 390 . La°

Table 6

ANCLE OF REP.GE,

Data from Hudson &/
Material Angle of repose
Tarth un eartn 10 . L5y

Table 7

ANGLE OF REIJSE
Data frum Messey pRYj
Material Angle of repose

Dry:
sand -1/2
gravel or soil - -1/3
cobbles -1/4




Teble 7--Cuntlnued
Material angle of repose
Depostsed under water:
snnd and gruvel e
soil ' 3 und bl

sols 2

roch 1-1/4:)

Tagle A

H5LE CF REFLGE 12/
Jute from o dMerr.aan ang alasin -
Anagle of repuse

Compiled G haana o Lra) LXperiments
by Morin anl Cunors.
urnoek nu 1is?
Tend 01°
?~nvrl '
5&
Stdn-zTope croavallo

Sl DR
rLumoelLrun

ery scil ewxrtn, guivksand
send, cieny

Lra“ei

~

1;1
Surmor.aed slopes (Ghuomped onn.e weter):
r
~and, 2luoun
gravel

~ "
Guoa

Canal banis--sublierged w.ll current
(Ind a):
sallutnel scll, vers flrmogsreveld
o0 earth 3
locse eurch 7 3G te
8Be 20!

Table 9

T ]

RNCLE OF REPGSE |,
Desa ISrom ‘aaswell ——f
Muter al ‘ Angle <f repose
Send 220
Cruvel 31°




ANCLE OF REPOSElS/
Data from Patton —

Material Angle of repose
from Lrauswine:
ghingle and gravel 350 - 489
Table 11
ANGLE (F REPUSE 16/
Date from Plummer and Dore —
Material Angle of repose
Sand 300 - LOo
Muddy sand 300
Dense sand and gravel e
Table 12
ANGLE CF REPOSE,?O/
Data from Terzaghi —
Angle of internal
Material friction Angle of repose
Sand 300 - 50° up to 35°

Table 13

ANGLE CF REPUSE ,,
Data from Urguhart —

Materiel Angle of repose
from Cain 2/ '
sand, dry 20° - .35°
sand, moist 370 - L§°
sand, wet 209 - 409
ordinary eerth, dry 20° - us50
ordinary earth, mcist 250 - Ls®
ordinary eearth, wet 250 . 30°
gravel, round to anguler 30° - LBo
gravel, send and clay 200 - 37°
from Goodrich
bank sand s5Le
quicksand, 100 up (Tyler sieve) 42°
quicksand, 50-100 (Tyler sieve) 37°
sand, 50-100 (Tyler sleve) 29° -
gravel, 1/2" 25©
gravel, 1/u" 19°
bank sand 19°
sand, 30-50 (Trler gleve) 140

sand, 20-30 (Tyler sieve) 10°




Table 13--Continued .

Materlal Angle of repcse
from B, Baker

rarth - y8°
from Steel

esrth 370
from Wilacn .

banksand 370

Table 14

ANGLE OF INTERNAL FRICTIOR
Data from U.S5.W.2.S5. 52/

Material Inftial vold ratie Angle of internal friction
Franklin Falls sand C. g 36.
36.
3k,
. 33.
Keystone Dem sand .58 32,
32,
32,
31.
Chen sand . L2,
38.
. 3k,
Sardis Dam shell . 55 3601
3L.6

32.

. 29.
P1t Run gravel . 33.
.55 32.
.55 31.

9
Q
5
5
9
4
1
9
)
9
2

Table 14-A

ANGLE CF INTERNAL FRICTION
Data fron Hilf g&/
Materisl Relative density--% Internal friction angle, §

8.nd placed in 23 26v
Zone 2, Trentcn 38 30°
Dam 50 ‘ 320
73 36°

8k 400




. Tekle 15

ANGLE COF REPCSE? /
Date from Hanson ;2

Stacked in
Size Shepe Stacked in alr end Stacked Stacked in
me air subnerged nnder Ha) air damp
19 - 38 rcunded 32 32 32 29
35%
angular 3¢ - 38 Lo 40
37*
8.5 - 19 rcunded 2L 25 29 27
35%4
angular 37 35 3L 38
; 33*
4.7 - 9.5 rounded 25 25 26 33
angular 31 30 32. 32
30+
1:1:1 mixt.
of sbove 32 28 29
2.4 L7 rounded gL 32 33 3L
1.2 - 2.4 rounded 35 23 29 L7
.15 - k2 rcunded 32 27 29 90

% data from memorandum of 7-18-49
/ sample unwashed and contained some sand -
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NOTES

Numbers refer to

bibliogrophy

Boker
firm eorth
Steel '
soft earth
banksand
quicksand 100
bonksand-Wilson,
quicksand 50-100
coarse, loose sand
fine, ! "
dense sand
sand 50-100
banksand
qu:cksand
sand 30-50C

" 20-30
loose gravel

¢O

=

)
/L)
o
o
uw
14
u
o
TV
-
O
<
=

dense
|/2“
'/4ll

@ ~0 © o 3 §i— x =

0
(D
&

SAND GRAVEL

3YN9I4

TYPE OF MATERIAL - DRY

ANGLE OF REPOSE DATA FROM
TABLES (-13




NOTES
o ‘ Numbers refer to
2 bibliography.

stiff earth,
current - india -

¢O

loose  earth,

current - indio

ANGLE OF REPOSE

34N914

SAND GRAVEL

e

TYPE OF MATERIAL - SUBMERGED

ANGLE OF REPOSE DATA FROM
TABLES 1-13




FIGURE 3
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Franklin Falls sand
Keystone Dom sand
Chen sand

Sardis Dam sheli material

o
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Pit run gravel

FRICTION ¢°
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L.
Q
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] | |
2 4 6
INITIAL VOID RATIO ep

RELATIONS OF ANGLE OF
INTERNAL FRICTION TO VOID RATIO
| DATA FROM TABLE 14




FIGURE 3-A
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N
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"o 20 40 60 80 100
RELATIVE DENSITY - PERGENT, DOy |

RELATION OF INTERNAL FRIGTION ANGLE
TO RELATIVE DENSITY

4o , o SAND, ZONE 2, TRENTON DAM




50_

40_

éo

20_

ANGLE OF REPOSE

10

30-—4..

FROM TABLE 15

¢ 4 )
....... el iy
[N |
— —— ——mixture|
of 3
largest
SiZes
15-42 .2-2.4 ’2.4-4.7 4.7-38 47-9.5 95- 19 19 - 38
i .
RANGE OF SIZE mm
ANGLES OF REPOSE FOR ROUNDEb MATERIAL

NOTES

cee-evee Stocked in
oir
- ===Stacked in
.air and
submerged
—— Stocked in

water

* Memo of
7-18-49

# Unpwashed--
contained
some sand

vt 3un9id
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- | NOTES
50 '
-------- Stacked in air
—===Stacked in qir
40___ - and submerged
‘e I
""""" 1 Tom e oo Stacked in water
w o iy v ae ey B
w
O I
o T *
§ 30___ ‘ Memo - of 7-18-49
w
S
wl
-J
(]
Z 20
10
; m
1]
C
47-95 9.5-19 19-38 po 3]
0 m
RANGE OFf SIZE mm o
ANGLES OF REPOSE FOR ANGULAR MATERIAL
40y FROM TABLE 15
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Denver, Colorado

¥arch 27, 1950

¢

To . W. Lane
From : 0. 5. Hanson
Subject: Angle of repose of gravel and sand samples

1. In connection with the preliminary work on stable channel investigations
the angle of repofe of variocus gravel and sand samples was measured under a
variety of conditions, The first of thecse mensurcments were made by ¥. J. Carlson
znd reported in a memorandum to you duted July 18, 1949. These original measurements
were all made on dry gravel samples stacked in alr.

2. The prograwm wes continued at a later date by meacuring these and additional
samples stacked in air, stacked in air and then submerged, stacked under water, and
stacked in a2ir while damp. Thesze mezsurements were made using approximately €0
pounds of each sarple and stacking the gravel agginst the wall of a tin lined box.
The angle of repose was determined from naturcl %eagents calculated by making hori-
zontal anc¢ vertical measurements at seven pointsion the slope.

3. The following tabtle shows the resulis of these mearurements: including those
covered by the memorsndum of July 18, 1949. Photograph: of samples measured are
attached.

Angie in degrees from the horizontal
vize Shape Stncked stacked . stacked  otacked  Photograph No,
in air in air under in air
and water damp
submeryged

19 mm to 3€ mm rounded 12 32 21 ‘ H-8,5-12
(3/L to 1 1/2 in.) 355
angular e T | H-845-7

2

9.5 mm to 19 nin rounded TN : : H-BL45=-11
(3/8 to 3/i in.) 5%
angular g ] 2 ‘ H-8L5-8"

L.7 mm to 9.5 mm rounded ) ) ‘ ] H-845-10
(0.185 to 3/2 in.)anguler 7 2 27 32 H~81,5=9

1:1:1 mixture of above
2. mm to L.7 rounded % ? ‘ X . M-5676
1.2 rm to 2.4 mr rounded ° X =5675

.15 mm to .42 mm rounded 4 ; M~5589

# data {rom newmorzndum of July 18, 19.9
# thiz somple vac unwathed and contrined some sand




L. HResults of these measuremente show that for the gravel samples.
there is practically no change in the angle of repose in air or under
water. The sand samples, howevsr, do show a reduction in angle of repose
when submerged. The magmitude of this reduction increases as the diameter
decreases, The smaller sands aleso showed an apprecisble increase in angle
when piled while damp with the 0.15 mm to 0.42 mn sand =ztanding vertical,
The effect of shape it shown by the angular gravels having a greater angle
of rero2e than the rounded samples by § to 10 degrees.

/s/ 0din 3. Hanson




ROUNDED

ANGULAR

19 mm TO 38 mm
3/4 in. TO 1/2 in.




ANGULAR

9.5 mm TO 19 mm
3/8 in. TO 3/4 in.




‘ ANGULAR B

e . 4.7mm TO 9.5 mm e
Lo ¢.185 in. TO 3/8 in. e




1.2 mm TO 2.4 mm

ENLARGED PHOTOGRAPHS OF SAND SAMPLES




0.15 mm TO 0.42 mm

ENLARGED PHOTCGRAPH OF SAND SAMPLE




Denver, Colorado

July 18, 1949

To : E. W. Lene
From : £. J. Carlson
Subject: Angle of repose of gravelwsamples

J. On July 5, the angle of repose was measured of several gravel samples
that were on the Bureau Laboratories unloading docks. To determine this angle
an adjustable square with a protractor head, together with a 5-loot metal straight-
edge wes used in Lhe manner shown in enclosed Photograph H-845-1.

2. Tabulated below is a list of the semples giving the angie of repose
(in air), size classification, and the number of the enclosed photograph which
ir a picture of the material.

2. All the samples were obtained from the J. B. Bertrand 3and end Cravel
Company, 4295 York Street, on Clear Creek. 3Samples lto. 1 and 2 were in the
condition as delivered. Samples Mo, 3 to 5, inclusive, were rewashed and graded
in the Bureau's Materials Luaboratory. Jample YNo. 2 had some sand remaining in
the gravel.

LIST OF SAMPLES

Angle of reposs
average of Size
2 msmte classification Photograph No s
35,09 3/4 in to 1-1/2 in H-B45-2

1/4 in to 3/L in H-8L5-5
Yo 4 mesh to 3/8 in H~8L 5-6

2/€ in to 3/h in . H-8L5-4

3/ in to 1-1/2 n H-845-3

Enclosure (1)




ROUNDED
ANGLE OF REPOSE 34.0°

ANGULAR
ANGLE OF REPOSE 37. 0°_

3/4 in. TO 1-1/2 in. GRAVEL




3/8 in. TO 3/4 in. GRAVEL
ANGLE OF REPOSE 33. 3°

1/4 in. TO 3/4 in. GRAVEL
ANGLE OF REPOSE 34. 9°




0.185 in. TO 3/8 in. GRAVEL

ANGLE OF REPOSE 32.2°




