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Foreword

ISO (the International Organization for Standardization)=is
federation of national standards bodies (ISO membenr.bodig
of preparing International Standards is normally «€arried out|
technical committees. Each member body inferested in
which a technical committee has been estahlished has the
presented on that committee. Internatiopal organizations,

ISO 11697:1995(E)
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collaborates closely with the Internatierial Electrotechnical
(IEC) on all matters of electrotechnical*standardization.

Draft International Standards_adopted by the technical co
circulated to the member bodies for voting. Publication as ar
Standard requires approvalby at least 75 % of the member &
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International Standard-ISO 11697 was prepared by Technic
ISO/TC 98, Basestfor design of structures, Subcommittee
forces and other‘actions.

Annex A of this International Standard is for information only.
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Bases for design of structures — Loads due to bulk
materials

1 Scope

This Inter|
ditions in

hational Standard deals with pressure con-
noppers, bunkers, bins and silos constructed

using norfnal structural engineering materials. For the

purposes
out this |

of definition, the term silo is used through-

ternational Standard to represent all forms

of storagq.

The methpds given in clause 3 for the determination
of loads gre intended for use with the practical range
of contaipment structures subject to the following

Loads determined using ,this" Internatid
consider

— a defined range ‘o bulk material prop
— variationsn the surface friction cond
— the géometry of the structure;

— attachment to or loading by oth
and/or equipment;

— the methods of filling, storage and d

All the above parameters shall be agree
ent and written into all contract documn

nal Standard

erties;

itions;

er - structures

scharge.

1 with the cli-
ents. Design

limitationq: of the silo shall be checked if any of the above criteria
o ) ] ) . are changed.
a) filling [is a continuous process involving small in-
ia dffects and incons ial i ads;
ertia € d equential impact loads; 2 Symbols and units
b) the maximum particle size_of-the ensiled bulk
materfal is not greater than-0,1R (R = hydraulic 2.1 Symbols
radius);
a Width of short side of a rectangular silo
c) wherq discharge devices are used (e.g. feeders,
interngl flow tubes; etc.), material flow is effec- A Cross-sectional area of parallel section
tively |continuous and centric within the eccen- .
tricity [limitatioh given in e): ¢ Cohesion
. . . . N C  Overpressure coefficient, load magnifier
d) in bottom-discharging—sHos—the—buk—materalig6—————— - —7— = ~r7 - » 7 7Y
free-flowing and has a low cohesion [i.e. C.  Factor
d, < 1,0R (see annex A)]; ’
d Internal diameter
e) the eccentricity e of the filling or discharge pro-
cess, relative to the silo centreline, is less than d,  Material flow parameter
0,25d for cylindrical silos, and less than 0,254 in . L
the case of rectangular silos; d, Maximum grain size
f) the ratio of height to diameter is not greater than ¢ Eccentricity of discharge outlet
10; the height is not greater than 100 m and the h Overall height of silo
diameter is not greater than 50 m.
l Length of long side of a rectangular silo
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Ph
Phe
Pnt

Pro

Prni

Ds
Pt

Dy

Lateral pressure due to stored material
Lateral pressure during discharge
Lateral wall pressure after filling

Lateral wall pressure in parallel section after fill-
ing

Pressure normal to wall

(i=1,273)

inclined hopper

o Angle of wall friction

© SO

7;  Maximum friction measured in a shear test
specimen (i=0or 1)
2.2 Units

The units of measurement used in this International
Standard are the International System of Units (Sl).

3 Silo pressures

Kick or spvitchrpressure

Shear stiess on the hopper wall due to friction
Vertical gressure due to stored material

Shear stress on the vertical wall due to friction
Resulting vertical force in silo wall

Hydrauliq radius of parallel section (= A/u)

Length of side of square zone effected by patch
load

Wall thickness
Cross-seftion perimeter of parallel section

Vertical depth measured from effective horizon-
tal surfade

Angle of| inclination of hopper wall from hori;
zontal

Increasing factor for patch load
Weight ger unit volume of stored\material

Weight per unit volume of aerated stored mate-
rial

Horizontgl/vertical pressure ratio

Coefficieht of friction between stored material
and wall|( =«tan¢,,)

sfregs

Referen

Load and pressures in this International.(Stan
nominal values substituting relevant Mractilg
the design life of the structure or_the ‘perma
the design.

3.1 Principles of silo pressure

The filling pressures of bulk materials depen
on the material properties and the silo g

dard are
s during
hency of

d mainly
bometry.

However, discharge pressures are also influgnced by

the flow pattefns which arise during the pr

pbcess of

emptying. Therefore an assessment of matgrial flow

behaviour'shall be made for each silo design
3.1 Flow patterns (see figure 1)

In the assessment of bulk-material flow it is n
to distinguish between three main flow patte

a) Mass flow [see figure1a)]: A flow j
which all the stored particles are mobilizeé
silo discharge.

b) Funnel flow (or core flow) [see figure 1
A flow profile in which a channel of floy
terial develops within a confined zone a
outlet, and the material adjacent to the
the outlet remains stationary. The flow
can intersect the wall of the parallel s
extend to the top surface. In the latter
pattern is called internal flow [see figu

el].

ecessary
ns.

rofile in
d during

b) to f)]:
ving ma-
bove the
vall near
channel
bction or
ase, the
e 1¢) to

Vertical stress in a shear test specimen
Preload (vertical) in a shear test specimen
Actual load (vertical) in a shear test specimen
Effective angle of internal friction

Angle of internal friction in a test specimen

Expanded flow [see figure 11)]: A flow profile in
which mass flow develops within a steep-bottom
hopper, combining with a stationary zone in an
upper less-steep hopper at the bottom of the
parallel section. The mass flow zone then extends
up the wall of the parallel section.

Different pressure distributions are associated with
each of the above flow patterns.
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> f/ * *
" it
| \y !
12 | ! |
Internal flow ' Expanded flow

Mass fflow

Funnel flow

The condjtions necessary for mass flow depend on
the inclingtion of the hopper wall and the wall friction
coefficient. They may be estimated using figure 2 for
conical anpd axisymmetrical hoppers, and figure 3 for
configura;lions producing plane flow. The transition
regions shhown in figures 2 and 3 represent conditions
in which [the flow pattern can change abruptly be-
tween mass and funnel flow, thereby producing un-
steady flow with pressure oscillations. If such
conditiong cannot be avoided, the silo shall be de-
signed fof both mass flow and funnel flow.

A silo may be designed for funnel flow\only if
figure 2 gr figure 3 establishes that this.is~the only
possible flow pattern.

Top-unloading bins may be designed as always oper-

ating in internal flow.

3.1.2 Pressure analysis

In this International Standard, the calculation of silo
pressureq is based on Janssen's theory with the fol-
lowing aspumed conditions:

Figure 1 — Flow patterns

All the above assumptions are idealizati
fications.

In practice, silo pressures are known
metricaldue to the effects of segregat
ing,, geometric wall imperfections and e
or\discharge, even if these are nomina
Pressures in silos are not only gover
phenomena but also involve dynamic re
probabilistic characteristics.

Eccentric filling or eccentric discharge
cause highly unsymmetrical loadings on
and supporting elements.

Nevertheless, pressures calculated usi
ods proposed in this International Stg
good overall agreement with measuremd
all aspects of the design which are sp
individual silo, such as inherent mate
etc., are considered.

During filling and storage, an elastic or g
stress is developed within the stored n
silo discharges in funnel flow, this stres

ons or simpli-

0 be unsym-
on during fill-
ccentric filling
ly concentric.
hed by static
sponses with

of a silo can
the wall, floor

ng the meth-
ndard are in
ents, provided
pcific to each
ial variability,

ctive state of
ass. When a
5 state is dis-

a) static vertical equilibrium;

b) a uniform vertical pressure acts upon any hori-
zontal section;

c) in cylindrical silos, the lateral pressures are sym-
metrically distributed around the wall circumfer-
ence;

d) wall friction depends only on the lateral pressure;

e) a constant wall friction coefficient (i.e. Coulomb
friction).

Turbed 1o varying degrees over the heig

ht of the silo.

In the region where the flow channel intersects the
wall, a position which varies in both a vertical and
horizontal plane, the stress state changes towards a
passive condition with a corresponding increase in the
ratio of lateral to vertical pressure. To deal with this
situation, a multiplying overpressure factor C has been
introduced into the pressure calculation. This factor is
derived from experience and experimental measure-
ments using different bulk materials (see clause 5).
This factor also accounts for local pressure increases
due to imperfections in the wall geometry, inhomo-
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geneity of the bulk material, slip/stick properties and
small discharge eccentricities.

Silo design shall consider unfavourable parameter
combinations in determining the design loadings.

For the calculation of lateral and vertical pressures,
the value of the vertical coordinate z is taken from a
fictitious horizontal surface representing the actual
mass of the stored bulk material and its assumed
density. The surface level of the stored bulk solid can

© ISO

3.2 Basic equations

The pressures at a depth z in the cylindrical section
are as follows:

Put(z) = 7R x C,(2) (M
R

p(2) =1 x C.(2) @

m@=%§xg@ ..

be changed by-the-actions—efaeratior—preamatie—FH
ing, vibration qf silo walls, or mechanical spreading of
the material diiring filling.

In this Internatjonal Standard, the calculated pressures
are assumed [fo be continuous. In situations where
particle sizes pre large in comparison with the wall
thickness, the|need for special provisions shall be in-
vestigated.

The factor C, is given by:
Cz)=1—el~7 %)

The depth z, is given by:

%:%% .5

Hopper wall friction angle,y,,, in degrees

Mass flow

i Mass flow or funnel
low may occur within
hese limits

Figure 2 — Limit between mass flow and funnel flow for circular hoppers

90

80

70 60 50 40

Angle of inclination of hopper wall, «, in degrees

30
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Hopper wall friction angle, ¢,,, in degrees

Optimum mass

./ flow hopper angle

90 80 70

The frictipn forces p,, acting ©nthe wall may be inte-
grated vertically to calculaté-the resulting vertical force
in the wél, P, (z), per urit circumference acting at the
depth z, dising following equation:

P,(z] = j;pwf(z)dz = [z — z,C.(2)] ...(6)

Angle of inclination of hopper wall, «, in degrees

Figure 3 — Limit between mass flow and funnel flow for wedge-shaped hopper

50 40 30

charge pressures shall be obtained by multiplying the
filling loads by an overpressure coefficient C. The
value of C shall be related to the silo aspect ratio h/d:

for hld< 1,0 c=1,0
for  1,0<hld<15 C =1,0+0,7(h/d - 1,0)
for hld= 1,5 Cc=135

The bulk materials properties y, u and A are given in
clause 4.

3.3 Wall pressure

Filling pressure acting on the wall of the cylindrical
section are calculated directly from equations (1), (2),
(4) and (5).

In silos where the flow zone intersects the wall (i.e.
all flow patterns except internal flow), the design dis-

These values apply only to materials which conform
to the classes defined in table 1. For other materials,
the value of C can be calculated from equation (A.3)
of annex A.

In silos having an internal flow pattern [i.e. in
figure 1¢), d) and e)], the design discharge pressures
shall be taken as equal to the filling and storage
pressures.
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3.3.1 Patch load

Unsymmetrical pressures are unavoidable even
where concentric filling of axisymmetrical silos is in-
volved, and are dependent on both the characteristics
of the bulk material and the imperfections in the as-
built silo geometry. Inhomogeneities and probabilistic
changes within the bulk material can also contribute
to fluctuations in the flow zone. For these reasons,
silos should be designed to resist unsymmetrical
loads, with special attention to the induced bending

© ISO

(inclinations a< 20°) shall be calculated using
equation (3) increased by the empirical factor 1,35.
This does not allow for impact loads during filling or
the possibility of dynamic loads due to unreliable flow.

For vertical pressures on the floor of a squat silo, see
3.7.

3.5 Hopper loads

moments.

To account for such actions, an additional patch load
of magnitude §,2p,, shall be taken to act on any part
of the silo w4ll over a square zone of side length
s =0,84/u (seqd figure4). Any possible support given
to the silo wall by the bulk material shall be ignored
in this calculatipn.

3.3.2 Eccentfiic discharge

Discharge thrdugh an eccentric outlet or outlets re-
sults in an unsymmetrical pressure distribution around
the circumfergnce of the silo, inducing bending mo-
ments in the yvall. It can also initiate buckling of the

wall of a steel
sist these load

silo. Silo walls shall be designed to re-
5.

An examinatign of many published pressure distri-
butions for ecdentric discharge, having their origins in
both theoreticgl and experimental studies, has shown

little consiste
therefore pro
pressures.

For discharge
case of circul
tangular silos,

ncy. The following simplification) is
posed for estimating the maximum

bccentricities smaller than0,25d in the
ir silos, and less than’ 0,254 for rec-
the patch load (see 373.1) should be in-

creased by a factor g, given in the following equation:

B=10+

This expressia
excess of 0,29

1, Oe/d

n does\not apply to eccentricities in
d.

Theories for the calculation of pressures in’gilo hop-
pers are available in the literature, but the phenom-
enon is still not fully understood\ and agreement
between different calculation -thethods {s poor.
Therefore a simple, semi-empirical method| for the
computation of hopper pressures is recommegnded.

The normal wall pressure, p,, under filling jJand dis-
charge conditions in ‘hoppers having o > 20°|shall be
calculated as thensum of loads due to hopgder filling
[equation (9)]<and loads resulting from theg vertical
surcharge ditectly above the transition [equagtions (7)
and (8)]. (See figure5.)

Dy = 1,5ph0(17 cos’u + sin2a> .. (D)
1,5

Pn2 =3 Pho cos’a ... (8)

=304 T gin2, .9

v

where p,, is the lateral wall pressure acting on the
vertical wall immediately above the hopper in the fill-
ing condition, as calculated from equation (1)

For shallow hopper angles (a <20°), thg normal
pressure p, shall be taken as equal to thg bottom
loads calculated in 3.4.

The frictional tractions on the hopper wall dre given
by the following equation:

It should be noted that where eccentricities are large
(i.e. e approaches 0,5d), lateral wall pressures during

discharge, phe.
opening.

can approach zero on the side of the

3.4 Bottom loads

Values of vertical pressures acting on flat or shallow
silo bottoms under filling and discharge conditions

Pt = Py ... (10)
where p, is the sum of p,;, p,, and p,3 [equations (7)
to (9)].

Loads resisted by silo supports shall be determined
from force equilibrium using a vertical surcharge p.,
acting on a horizontal surface directly above the hop-
per. increased by the empirical factor of 1,35.
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0,8A/u

o:2phe

Figure 4 — Patch load

Figure 5 — Hopper loads

3.6 Kick pressure in mass-flow bins

At the transition between the vertical wall and the
hopper in a mass-flow silo, the normal wall pressure
during discharge becomes considerably larger than
the filling pressure. This phenomenon is commonly
referred to as the “switch” or “kick” pressure.”

For mass-flow silos, a uniform normal pressure, p,,
extending over an inclined distance of 0,2d below the
transition (see figure b) shall be added to the press-
ures calculated in accordance with section 3.5.

Ps = 2o NGE)

where pyq is the horizontal filling pressure in the par-
allel section.

1) Various methods for the calculation of the peak “switch” pressure have been proposed but for the purpose of design cal-

culations, a simplified approach is recommended.
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3.7 Squat bins

A squat silo is defined as one in which the
height/diameter ratio is less than 1,5.

Where silo discharge is nominally central, no dis-
tinction is made between the filling and discharge
pressures. Design wall pressures shall be calculated
in accordance with the recommendations for silo fill-
ing pressures [see 3.2 equations (1) to (5)], except
that:

© SO

ing that the material is not homogenized (i.e. unaer-
ated conditions).

In silos storing powdered materials and having a filling
velocity exceeding 10 m/h, it shall be assumed that
aerated conditions are developed.

4 Material properties

Lateral pressure ratios shall be determined using the
simplified approach presented in table1, which is

a) the lateral pressure p, at the point at which the
upper surfagce of the stored material meets the
silo wall m3y be reduced to zero; below this point,
a linear prgssure variation may be assumed, cal-
culated usjng 2 =1,0 (see figure6), until the
pressure s¢ calculated reaches the initial load de-
termined frpbm equation (2);

b) the vertical pressures acting on the silo bottom
shall be cajculated from equation (3) using z=h
at the wallland z = 1,64 at the centre of the silo,
but need npt be taken as greater than yz.

Figure 6 — Horizontal wall pressure in shallow
bins

3.8 PressurT in‘homogenizing silos

based on the concept of different classes {or each
material property.

Each material is represented by the paramefers y, u
and 1, values of which are found ffom the apgropriate
class, as shown in table 2.

Table 1 — Material classes

Material Density) y Stress Coefficient
class 3 ratio, 1 of|wall

kKN/m ’ friction, p

1 7,5 0,3 D,3

2 8,5 0,4 D,4

3 10,0 0,5 D,5

4 13,0 0,6 D,6

5 16,0 0,75 .75

The coefficient of wall friction given in table|1 is for
smooth-walled (e.g. welded or folded steel and alu-
minium sheets, synthetic material, etc.) silps only.
Where the silo wall is known to be rough (d.g. con-
crete, plaster, wood, etc.), the wall friction cogfficient
in table 1 may be increased by 0,1.

The values of the material parameters 1 and u|defined
in table 1 represent mean values; the values diven for
y represent upper limits. To account for thel known
inherent variability of bulk material propertied and to
obtain values which represent reasonable ektremes
to which the silo may be subjected, the parameters
w and A shall be increased by the factor 1,1% or de-

Wiall pressures generated in the storage of pneumati-
cally blended bulk solids shall be calculated from the
hydraulic pressure:

Pnh =Dy = V12 -..(12)
where y, is the aerated density which, in the absence
of measurements, may be taken as equal to
v, = 0,8y for powders.

Pressures on the silo bottom and frictional wall loads
shall be calculated using equations (1) to (6), assum-

creased by the factor 0,9 whenever this results is a
more onerous combination of structural loadings.

In calculating maximum design loads, the following
combinations of the parameters 1 and u shall be con-
sidered.

For maximal value of p,: 1,151 and 0,9u

For maximal value of p,: 0,94 and 0,9

For maximal vaiue of p,,: 1,754 and 1,15
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Table 2 — Classification of materials

Bulk solid Density class, y St;f::s"'a; fo ?:::Iflhf(:'li::i:;:f
class, u
Barley 2 4 1
Cement 5 4 2
Cement clinker 5 3 2
Dry sand 5 3 2
F1ouf | Z |
Fly ash 4 3 3
Maize 2 4 1
Sugar 3 4 3
Wheat 2 4 1
Coal 3 3 3

5 Testing bulk materials

5.1 General

If the depign requires a more accurate description of
the matgrial parameters or if materials other than
those lisfed in table1 are to be stored, appropriate
values of material parameters may be obtained by
testing irf accordance with the following guidelines.

Testing ghould be carried out on representativesam-
ples of the bulk material. A 'representativersample’ is
defined here as one which gives a reliable average
value forl each material property, making proper al-
lowance | for variations in composition, grading,
moisture| content, temperature;-’age, production
method, fetc.

To account both for chang€s’in the material properties
over the |expected life/af\the silo and for sampling in-
accuracigs, these average test values should be ad-
justed by conversjon factors to derive maximum and
minimum values.

The abo\e approach does not cover situations where

In measuring the bulk density, consid
be given to the vertical pressure whic
when the material is stored, and which
bulk density. Vertical pressures may
from equation (3).

Alsuitable test method for the measur
density is described in annex A.

eration should
h will develop
may affect the
be assessed

ement of bulk

The conversion factor for unit bulk weight shall not

be less than 1,15.

5.3 Coefficient of wall friction, .

The coefficient of wall friction, pu, is theg
stress against the vertical or incline
normal stress against the wall. Two V
considered, relating respectively to in
ment and fully developed movement of
solid against the wall.

The conditions used in a test to deternm

ratio of shear
i wall to the
alues shall be
cipient move-
the particulate

ine the coeffi-

cient of wall friction shall be consistent with the

pressures and bulk density developi
stored material (i.e. low pressure leve

ng within the
s for flow as-

sessment; high pressure levels for s

trength calcu-

the design loads are so sensitive to variations in one
of the material parameters that the effect accounts for
more than 75 % of the safety margin introduced by
the above conversion factors.

5.2 Unit bulk weight, y

The unit bulk weight, y, is defined as the mass of a
quantity of particulate solid divided by its total volume
and multiplied by the acceleration due to gravity
(g =9,81 m/sz). The bulk density is equal to y/g.

lations). A suitable test method is
annex A.

described in

The conversion factor for the coefficient of wall fric-
tion shall not be less than 1,15 for the upper bound
value, nor greater than 0,9 for the lower bound value.

5.4 Horizontal to vertical pressure ratio, 1

The horizontal to vertical pressure ratio, 1, is assumed
to represent the filling and storing stress state in the
silo in which a laterally confined state of stress is de-
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veloped (i.e. silo walls are much stiffer than the stored
material). The value of 1 shall be determined from the
following equation:

A=11(1 - sing) ...(13)
where ¢ is the effective angle of internal friction.
The value of ¢ may be taken as the ultimate strength

of an under-consolidated material sample subject to
a vertical pressure representative of conditions devel-

© ISO

The conversion factor for 1 shall not be less than 1,15
for the upper limit, nor greater than 0,9 for the lower
limit.

5.5 Overpressure factor, C

An overpressure factor, C, is used in the calculation
of flow pressures in silos. Its role is to account for the
effects of a number of phenomena related to both
flow of particulate solids and structural imperfections.

oping within the-stered-rraterial:

A suitable test method is described in annex A.

the—everpressure—factor—adopted—througtout  this
International Standard is given in 3.3. It applies only
to the materials defined in table 1. This, {alde s based
on experience and applies to silos using conventional
filling and discharge systems and ®Guilt to nofmal en-
gineering tolerances.

Effective level

Figure 7 — Silo bin dimensions

10
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Annex A
(informative)

Test methods

This annex describes test methods for the determi-
nation of _parameters introduced in this International

A.3.2 Determination

Standard|for the calculation of loads from the storage
and discHarge of bulk materials.

A.1 Sampling

Samples [should be representative of the materials
expected|to be stored with respect to such secondary
parametgrs as composition, grading, moisture con-
tent, tempperature, age, method of production, etc.
However| part of the investigation should include the
determingtion of the parameter variation as a conse-
quence of changes in the secondary parameters.

A.2 Maximum grain, size, d,

A.2.1 FRrinciple

The maxijmum grain size should be determined frém
a sieve test and is defined by the size of the\fmesh
opening yvhich allows 95 % of the sample by weight
to pass through.

The maxjmum grain size is introdueed to limit the
scope of this International Stardard to situations
where the concepts of contifuum mechanics are
valid.

A.2.2 Apparatus and-test procedure

A sieve test in acCopdance with the appropriate Inter-
national $tandard.should be carried out.

The parameter d, may be calculatedrd
ing equation:

4c cosg,
dy=——17—/—"—
7(1 - sm(Pc)
where
c is the, material cohesion;
O iSithe angle of internal fricti
specimen, preconsolidated

level corresponding to the i
cal pressure p, in the silo if
ternatively at a pressure of 1

Test methods for the measurement of
described in A.9.

A.4 Angle of wall friction for ¢
of flow (see figures A.2 and A.3)

A.4.1 Principle

The test methods used here to assess
are based on the methods recomme
European Federation of Chemical Engin

A sample of the bulk material is shears
face representative of the silo wall. The
is kept low to reflect the low pressy
during discharge in the vicinity of the o

m the follow-

LA

on in the test

at a stress
aximum verti-
known, or al-
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A.3 Material-flow parameter, <.
A.3.1 Principle

The material-flow parameter defines the limits for
free-flowing materials. The purpose is to exclude ma-
terials which are known to cause deleterious dynamic
phenomena in regions of high pressure. This parame-
ter should not be mistaken for a similar parameter
which is determined at low pressure levels and is
used to assess the risk of arching across the outlet
Zone.

A.4.2 Apparatus and test procedure

The test is carried out in accordance with the test
procedure given in “International Standard Shear
Testing Technique”, Report of the EFCE Working
Party on the Mechanics of Particulate Solids, The In-
stitution of Chemical Engineers, 1989. A more accu-
rate evaluation of the type of flow may be made by
using the standard shear testing technique described
in the same publication.

1


https://standardsiso.com/api/?name=cf5b5409fb88adb005d7736591de46d8

ISO 11697:1995(E)

A5 Consolidated unit bulk weight, y

A.5.1 Principle

The unit bulk weight is an essential parameter in
equations (1) to (6) for the calculation of silo press-
ures. For some materials, the unit bulk weight de-
pends on the stress state of the solid, which may vary
with the silo size and the method of filling. The unit
bulk weight needed in this context is therefore differ-
ent from unit bulk weights used in trade or other

© ISO

A.5.3 Procedure

The sample is poured into the cylindrical box without
vibration or other compacting forces, after which a
normal force N is applied producing the reference
stress o, (the maximum value of p, or 100 kPa, as
appropriate). The top plate is then rotated back and
forth three times through an angle of 10°. The unit
bulk weight y is determined from the measured
weight and compacted volume of the sample.

scientific charafterization of materials.

The purpose of this test is therefore to measure an
appropriate mpterial density. This is achieved by
weighing a sample of the bulk material and dividing
this by the bulkk volume measured after consolidation.
The unit weight determined by this method should
represent a sulftable upper limit for the calculation of
loads.

A5.2 Apparatus

To determine the unit bulk weight, a cylindrical box
should be used with a diameter, D, at least 40 times
the maximum| particle size and with a compacted
height, H, between 0,30D and 0,40D (see figure A.1).

Smodth'surfaces

N= o=

A.6 Coefficient of wall friction, x, for
determination of loads

A.6.1 Principle

The principle of this test is identical to that| for the
angle of wall friction, except that a high| normal
pressure is specified.

A.6.2 Apparatus

To determing_the coefficient of wall friction,|a shear
box is used)with a diameter not less than 40 times
the maximum particle size and with a height H be-
tween 0,15D and 0,20D.

Standardized twisting

q

12

Rough surfaces

Figure A.1 — Device for the determination of y


https://standardsiso.com/api/?name=cf5b5409fb88adb005d7736591de46d8

