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The load tests therefore had the combined effect of reducing
the effective particle diameter and the porosity of the sample.
The change in flow characteristics is therefore as a result of
a change in both these parameters. Further changes, such as
the average particle shape, were not oonsiden i here, although
it was observed that a large portion of broken particles were
elongated. It will Dbe difficult to quantify this change
rationally, as particle shape and roughness are dealt with

qualitatively and empirically at present.

The effect of the change in porosity or effective particle dia-
meter alone on the flow characteristics could be determined in
remoulded samples with the same porosity as the initial sample.
If the shape and hence packing of the particles doe Bnot change
considerably after the load t”sts, the remoulding to the ini-

tial porosity should be relatively easy to achieve.

Porosities

In calculating the porosities of the sa.ple during and after
the load tests, the assumption was made that the stress Ilevel
and hence amount of settlement and particle breakage was the
same throughout the depth of the sample. For a uniform stress
level to exist throughout the depth of the sample, the lining
of the cylinder must not allow the transfer of any shear
stresses to the wall, ic the lining must be perfect!' friction-

less.

Movement in the lower portion of the cylinder was evidenced by
the signs of distress in the cylinder wall at higher Iloads.
Although this flces not form conclusive evidence of a uniform
stress level throughout the cylinder, it vindicates the use of

that assumption, f only for want of a better alternative.

The specimen wu ; hundpicki-d, resulting in a fairly high poro-

sity of 0,49 before any load was applied to the sjwcimon. The
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porosity decreased substantially once the loads v*?re applied.
This 1is illustrated in Figure 6.3 where the deflection at the
various load levels and the decrease in porosity are plotted.
The direct relationship between the increase in deflection and
the decrease in porosity is evident in the graph and follows
from the assumption that lateral displacement is negligible
when compared to the vertical displacement. Tb get around this
(possibly erroneous) assumption in future tests, the wvolume of
voids should be determined by measuring the amount of water
required to submerge the specimen in the cylinder. Change in
volume measurements could also lie incorporated into the load

tests by waterproofing the equipment and leading the piezometer

tubes into measuring flasks oc¢ burettes. A far more accurate
and meaningful set of results would therefore to obtaried.
This stems from the fact that the flow equation is dependent on
the wvoid wvolumes, 1ie porosities, which would be measured
directly in future tests rather than der: i from d flections,

as was done presently.

All the loading tests performed on the specimen are plotted in
Fig 6.4. In the second loading test the specimen was unloaded
at 1 334 kPa (60 000 lbs) and 2 223 kPa (100 000 1lbs) to insert
spacers between the cross head and the top loading plate. This
was necessary because of the la ge displacements of the speci-

men.

The loading curve becomes progressively steeper as larger pre-
consolidation loads are applied. In contrast however the slope
of the unloading curve, or rebound curve, 1is the same at all
initial stress levels.

The loads, deflections and porosities at which the various flow

tests were undertaken are given in Table 6.3 overleaf.



TABLE 6.3 - DEFECTION @AFTER REBOUND) AfJP POROSITIES OF

SAMPLE
Tbst No Load applied (kPa) Deflection Porosity
(after
rebound, mm)
1 0 0 0,490
2 667 162 0,423
3 3 556 407 0,290

If the specimen is assumed to have increased in width due to
loading by penetrating the lining by 25 mm on either side (on
average), the porosity of the sample for the third test
increases from 0,290 to 0,388. This 1is a substantial change
and illustrates the sensitivity of the diameter of the sample

assumed a. the porosity calculated.

If the change in porosity calculated here is compared to that
obtained ty Blight and Caldwell (1980), as shown ::n Fig 6.5, a
fair amount of correlation is apparent. Because Blight and
Caldwell used an unlined cylinder, more fracturing and packing
took place near the walls resulting in lower porosities at
higher loads. In the absence of any other checking procedure
therefore, the porosities obtained from the deflections were

used without any oorractions.

0,6

0,4

0,2-

700 200 300 500
STRESS (psi)

BLIGHT B CALDWELL (1900)

A - A POSTULATED TEST RESULTS

FIGURE 6 COMPARISON OF CHANGES IN POROSITY
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Flow tests

The effective particle diameter isod in the calculation of the
friction factor and Reynolds number is sensitive to the type of
layered model (if any) assumed in the reduction of the velocity
and gradient readings. Oi unpacking the sample for final size
analysis it was observed that the stone was crushed more in the
core of the sanple than near the walls. In terms of the
layered flow models this would immediately suggest the use of
the parallel layer model. As mentioned previously, the lining
facilitated the distribution of stress throughout the height of
the sample.

A greater amount of crushing near the loading platens than at
the centre of the sample was not observed, substantiating the
assumption of unifo.m stress throughout the height of the
sample. If this had not been the case, the series layer model

should have to been applied.

The calculated flow velocities and averages of the hydraulic
gradient measured over the various distances are plotted in
Figs 6.6, 6.7 and 6.8. The equations fitted to the points
indicate that the flow tests were all conducted in the turbu-
lent (partly transitional) region. This follows from the fact
that the slopes of the equations arc very nearly equal to 2,00.
These results are also very different fiom those obtained by
Dudgeon (1966) Fig 2.1 and used by Lops (1973), because flow is

not so much transitional, but turbulent.

The difference between the first and second tests is probably
within the experimental error range. The equations may be said
to he essentially the same. Then are two sltort comings in the
second load and flow test: the load was insufficient to cause
substantial partich breakage, as evidenced from the relative
amount of deflection. The result of the first load test was

probably to only rearrange the particles into a denser packing
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coupled with limited breakage. The assumption of the change in
grading my therefore not be totally correct. The sample was
not unpacked and graded after the first load test. The amount
of particle breakage and hence the grading and effective parti-
cle diameter were interpolated by means of Equation 2.30. A
sieve analysis rmy also exaggerate the amount of particle
breakage under load. During the flow tests the particles,
although broken nay still be positioned adjacent to each other
in such a way as to present a similar size range ofparticles

as far as the flow paths arc concerned.

It is evident that the change in jorosity has a strong influ-
ence on the permeability of the sample when the first and third
flow tests are compared. The contribution due to the change in
effective particle diameter can only be established if in
future tests, th.* sample were to be "remoulded" to the original
porosity after crushing. This is quite easily done by simply
emptying the cylinder and then loading it to a required amount

of deflection.

Because all the tests pE<form<xi tell mco the turbulent region,
it was impossible to determine the constant Cg of equation
2.10 with any degree of confidence. From Fig 2.3it can be
seen that K approaches (02 at a highenough Reynolds number,
regardless of the value of Cq.

An important result to emerge from the f.ow tests however was
the fact that equation 2.10 has the same constant C2 for
samples with substantially different porosities (recall equa-
tion 2.10 is K = Cg/R + C2). The plots of friction factor '
against Reynolds number for the various tests arc given in Figs
6.9, 6.10 and 6.11. The arithmetic mean values of the friction
factors vary between 4,5 and 5,4. The curves fitted to tire
measured points have a C wvalue of 800 on the strength of
data from previous investigators, (see T ble 2.1). The Cg

value is an empirical value which is a function of particle
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shape and roughness. Because of this qualitative description to
arrive at this wvalue, the accuracy of the C2 wvalue should
only be taken to the first decimal point, as there is no physi-
cal meanim in a difference in C2 values of smaller amounts.
The entire range of C2 from smoothpolished marbles to rough

angular rock is from 2 to 3.

The use of the friction factor - Reynolds number plot can b

justified therefore on the basis of the tests performed.

The  velocity-gradient graphs showed* considerable diffr nc ,
whereas the friction factor plots were essentially fimilar.

The tests did not cover all flow regimes and particle types k-
marbles, flatter stone etc) to prove universal applicability of

equation 2.10.

Suitability of lining
The flow tests indicated that the 1lining overcame any edge
effects. Piezometer tube readings inside the core o' the

sanple were not significantly different to those taken at the

wall of the permeameter.

Difficulties arose in the flow tests to define the diameter of
the cylinder through which flow took place at the wvarious
loads. From the load tests it became evident that the lining
was soon penetrated arx pierced. The lateral restraint
efforde to the sample during the load tests was negligible and
a large percentage of the movement probably took place in
rearranging the particles laterally as well as compressing.
The 1lining was therefore responsible for the non-uniform
pattern of particle breakage.
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Conclusions

Particle size analyses were performed before loading and after
the final load test. Because the sample oould not be removed
for size analysis after the first load test, the amount of
particle breakage and hence grading were interpolated by means
of equation 2.30. The load tests had the combined effect of
reducing the effective ©particle diameter and the porosity of
the sample. The change in flow characteristics istherefore as

a result of a change inboth these parameters.

Further changes, such as the particle shape, were not con-
sidered here, although it was observed that a large portion of

broken particles w re elongated.

Simplifying assunptions regarding the relationship between
deflection and porosity had to be made. As mentioned pre-
viously, an improvement on the testing method would be to mea-
sure the change in the volume of voidsdirectly. Because the
specimen was hand-packed, the initial porosity was fairly high
at 0,490. This decreased to 0,423 and 0,290 after the first

and second loading tests.

The change in porosities inthe loadzests were compared to
previous tests by Blight and Caldwell (1980) and accepted on

that basis for further reduction of the results.

The lining in the cylinder provided a stress relief zone near
the walls due to 1" k of restraint. Consequently the amount of
particle Dbreakage decreased from the co”e of the sample out-
wards. This was confirmed on unpacking the sample where the
stone was found to be -rushed more in the core than near the
walls. The lining provided relatively 1little frict’onal
restraint so that the specimen could be considered to be evenly
stressed throughout its depth. Therefore the parallel layer

model was assumed in the flow tests.
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The flow tests indicated that 'ire lining overcame any edge
effects. Piezometer tube readings inside the core of the
sample were not signifi intly different to those taken at the

wall of the permeameter.

The flow tests all fell within the turbulent flow regime. This
was demonstrated by plotting the hydraulic gradient against the
gross flow velocity on a log-log scale. Further tests would be
required in which either smaller sized particles cr lower flow
rates are used. (However, difficulties arise in measuring the
hydraulic gradient for Ilower flow rates with a measuroable
degree of accuracy). These tests would furnish the data
required to calculate the laminar friction factor (g in
equation 2.10. Because of the turbulent flow in most of the
tests only the turbulent friction factor C2 could be

evaluated with any degree of confidence.
Ttie test results illustrate the fact that:

(i) The Forcheimer equation in its form K = Cg/R + C2
provides a better means than an exponential equation of
describing the flow through porous media of different

particle zies and porosities, and

(i1) it is possible to predict the reduction in throughflow
characteristics of a rockfill subjected to large stresses
and degradation from the change in particle size and
porosity, taking the layering and arrangement OL

particles into account.
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7 GENERAL CONCLUSIONS

7.

7.

1

Literature review

The experimental results of numerous flow tests by various
authors have been analysed an® compared (Table 2.1). From the
comparisons it can be deduced with reasonable confidence that

the equation of the form:
K=C*R + C2

is applicable for most practical purposes to the flow through
coarse porous media. The effect of porosity and particle dia-

meter on the flow equation needs wider investigation.

It was revealed in the literature that single sized particles,
which rake up a more efficient medium for drainage, degrade
under load and are thus structurally inefficient and ray even
clog eventually. Because of the great diversity of uses to
which rockfills and gravels are put, there are a number of
standard desciptors and classification wvalues by which the
mechanical strength and grading ray he defined. These values
are important for the prediction of crushing under load. This
will enable a prediction of the hydraulic properties to be made

under any state of stress.

From both flow and loading consideration it became necessary to
investinate methods of 1lining the testing cylinder with a

material suitable for both the flow and loading tests.
Theoretical

It was shown that the headloss equations for coarse porous
media arc functions of the fluid viscosity, particle shape and
roughness, the porosity of the medium and an undefined

representative particle clametor. Tb this end the headloss
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equation was developed further to calculate the effective dia-
meter for laminar, transitional and turbulent How toy means of

the layered model.

The layered nodel was used to represent mathematically the var-
iation of particle sizes and their effect on the- porosity of
the medium. Given the right circumstances, the effective dia-
meter of a particular medium may he interpreted as being
greater or less by factors of up to thousands, as illustrated

in Table 3.2.

M .trix methods of applying the layered model vere demonstrated.
The orientation of the layen with respect to the hydraulic
gradient affects the permeability of the medium (Fig 3.6).
Since the variation in effective diameter is of several orders
of magnitude, the orientation of the layers was chosen as the

parameter to be varied rant > ly in modelling a random layered

system. $ble 3.4 ecotain: the effective particle diameters
for randomly packc avels. The criterion chosen was the
expected orientat e .f most of the layers (45°), which

obviates the ncce- rity of making the choice between an arith-

metic or geometric mean of values covering a large range.

The work contained in Section 3 is a theoretical development of
the equation which found good correlation with tests on single
sized stone by previous investigators (Table 2.1). The equip-
ment developed for the loading and flow tests also provides the
opportunity to conduct tests in which the layered and random

models may be verified.
Experimental proc —dure

The objectives of the tests performed my therefore be listed,

in order of importance, as:

(1) 1lb examine the feasibility of the newly developed equip-

ment for the determination of the effects of heavy loads



on the through flow characteristics of rockfills and

gravels;
(ii) 1b determine which mathematical model best describes the
flow conditions inrockfills and gravels? and
(in) ib determine which physical characteristics of rockfills
and gravels have a significant effect on their permea-

bility under various loads.
Test results

The feasibility of the equipment as a means of determining the

effect of loads on permeability was demonstrated. Ihe true

value of the equipment will only become known once the modifi-
cations to the equipment described in Section 7. >arc made, and
more tests on different sized particles of the sane material

and on other materials of various sizes have been undertaken.

Specific tests will have to be designed to test the validity of

the layered models. These could consist of preparing sanpies

in which each size fraction is packed into the mould separately
to physically model the stratified medium. Parallel, series
and random layered models could he set up and tested against

the theoretical flew equations.

The mathematical model employed in the description of flow
through coarse porous media under load determines the relative

importance of the different parameters.

Tie effect of the change in either porosity or effective
particle diameter alone on the flow characteristics may be

gauged from 'remoulded' sartples in which the porosity vs the

same as in the initial sample.

Sensitivity analyses on the effect of lateral displacement of

the sample on the calculation of thw porosity revealed that



large errors occurred if the material were assumed to expand
laterally by 25 mi or each side. This 1is not entirely

unrealistic as it represents half the thickness of the liner.

An important result to emerge from the flow tests however was

that if all the tests were plotted cn a friction factor plot,

they essentially fell onto the same line, despice their earlier
substantial difference in the plot of gradient vs velocity.
This result provided the first tangible evidence of the univer-
sal applicability of the equation of the form K = g/R + C2
for flow through coarse porous media under load. It is
recommended therefore that further tests be conducted on the
same type of programme as initiated here to establish the vali-
dity of the flow equation through coarse porous media under any

state of packing due to applied loads.

The equipment design for the tests would require a few modifi-

cations to improve the accuracy of the test results:

(1) The accuracy of the hydraulic gradient measurements
will be improved if more piezometer taps are installed
at elevations between the present taps. ruring the

load tests the sample was crushed to such an extent

that the top set of taps wire exposed and therefore

useless

(ii) More sensitive flow measurement devices will Dbe
required to measure low flow rates. This may be

achieved by measuring the flow rate volumetrically.

(iii) At high flow rates pressure fluctuations due to turbu-
lence become more predominant, making it di ft icult to
read off both flew rates and piezometric heads.
Throttling or attenuation devices nuy serve to reduce

fluctuations to produce average readings.



(iv) The measure nent of the volume of voids in the sample
for the determination of the porosity should be 'lone by
means of 1.illing the sample with water until the sample
is submerged. Because the change in permeability after
loading is due to both the decrease in effective parti-
cle diameter and porosity, it is important to measure

both these parameters accurately.

(v) A direct m asure of the decrease in voids volume would
be obtained in the load tests if rubber seals vere
fitted to the inside of the cylinder and the specimen
filled to the top with water. All but one or two pie-
zometer taps should be sealed off. Thechange in voids
voluir can then be measured by the amount of water

squeezed out of the cylinder Aa the open taps.

As a prototype for various and more extensive How tests, the

equipment designed performed adequately. By measuring both

deflect: vt and volume changes the loading tests may in future

yield better results.
Practical consider, itions

In the prediction of the performance of filter drains under

large embankment oads, the most difficult task remains tne

accurate prediction of the degree of particle breakage and of

the reduction in the porosity of tne medium. “sults from

tests by previous investigators and the flow tests conducted in

the prototype tests indicate that the equation of the
K =

form
Cp/R + C2 1is the bent at present for describing the

flow through oocarso porous media. As long as the grading of

the drainage material does not degenerate to such an extent as

to cause blockage (see filter laws), virtually any load may be

applied to a drain, and its capacity may then be recalculated

to allow for the decrease in porosity and particle size.
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APPENDIX A

ESTIMATION OF MAGNITUDE OF WALL EFFECTS

Assuming that the presence of the perimeter wall affects the mean flow
velocity mainly because of the local increase in porosity near the wall,
the following simplified analysis allows the order of iragnitude of the
effect to be estimated. Partial input to this example is derived from
Dudgeon (1967) who calculated the ratio of the mean velocity to the
velocity in the inner portion of the permeameter to be 1,06 for a 16 mm

gravel in a 572 mm diameter cylinder.

To get this 6% increase in velocity over the whole area as a result of
an increase in velocity over the relatively small wall -vea means that a
fairly substantial velocity increase in the wall area is required. The
ratio of the wvelocity in the wall are”™ to that in the inner portion of

the permeameter is calculated below.

Consider a permeameter cross section as shown in Fig A.T.

0= TUBE DIAMETER t=WIDTH OF ZONE OF HIGHER POROSITY

D-2t
A, : INNI R ZONE CROSS SECTIONAL AREAOF DIA 0-2!
A : TOTAL CROSS SECTIONAL AM A OF DIA D

Aw : A - A,: WALL ZONE AREA

FIGUREA.I DEFINITION OF CROSS SECTIONAL AREAS IN
AN UNLINED PERMEAMETER
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If the local incarease 1in velocity near the wall is confined to the
annular zone of width t, the mean velocities through the inner =zone,

wall zone and total area, V&, Vw, and Vm respectively, are related

as follows, (by continuity):

vm = ————-— R v X1
A

Dividing tlirough 1ly and substituting the dimeniona for the areas

yields:

vm = 4 vw / v 1 (Dt- t'1 * <D - *>" e... ,A.2,

V,i D\\

In the example by Dudgeon (1967)
D = 572 mm

=dgo/2 = 8 mm

Substituting these values into ec®™uation A.2 and rearrancjing the equation
results in a ratio of the velocity in the wall area to that in the inner

zone of approximately 2, ie

Vw 1,06. 5722 —-(572 - 16)2
2,09

vi 4 (572.8 - 64)
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APPENDIX B

GRIFFITH CRITERION FOR FAILURE OF BRITTLE MATERIALS APPLIED TO
CYLINDERS AND SPHERES

Because of the difficulty associated with performing direct tensile
tests on britt’e materials a number of indirect tests, amongst these
notably the Brazilian or cylinder splitting test, were developed. The
Brazilian test also provides a convenient method of studying anisotropy
and the failure of rock under ooixiitions of quite complicated stresses

(Jaeger and Cook, 1976).

If a circular cylinder of radius R 1s compressed across a diameter
between concentrated line loads of W per unit axial length of the

cylinder the stresses on this diameter are:

X = =W/ % (EONSLION) e e e e e e e e e e e e e e e e e e e e e e e e e e (Bl.a)
Oy =W (R~ + y2)/ "R(R’ - y2) {com[Jjression) .. ..... (Bl.b)
where c¢x, cy = sStresses in the x and y directions (ie on y and x

planes) respectively

On the diameter perpendicular to this the stresses are:

0x ~ R - x2)/ (R +x2)2/ 'R ... ®. 2)
Equation B.2 is the general expression for j x at x = 0 in equation
B.1la.

Equations B.la and b are plotted in Figure B.1
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Tension
X Yy
o) FIGURE
CYLINDER COMPRESSED BET WEEN STRESS DISTRIBUTION ON
CONCENTRATED LINE LOADS OF W/ LOADED DIAMETERIY AXIS)

UNIT AXIAL LENGTH

When a cylinder of rock is compressed along its diameter failure occurs
by an extension fracture in, or close to, the loaded diametral plane at

seme value of the applied load W, as shown in Figure B.Z2.

FIGURE fl 2 TYPICAL FRACTURES RESULTING FROM
LOADING SHOWN IN FIG B |
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it id generally assumed that failure is as a result of the uniform hori-
zontal tensile stress ox from equation B.la being equal to or exceed-

ing the tensile strength o t normal to the vertical plane.

Reproducible results are obtained in this way and agree reasonably well
with wvalues obtained in uniaxial tension. Generally there are several
fractures branching from the diametral plane as shown in Figure B.2,
some of which appear to be vr-dges near the loading lines. These subsid-
ary eff s have given rise to doubts about the mechanism of failure in
this ,nd it has been suggested that failure starts by shear frac-
ture in the region of high compressive stresses near the contact (Jaeger

and Cook, 1976).

To remedy this situat ion, the load is ditributed o/er a small arc, thus
reducing the maximum compressive stresses near the leading platens and
thus the likelihood of shear fracture. It can be seen that the stress
distribution on the loaded diameter in this case (Figure B.3) is such
that the maximum compressive stresses have been reduced at the platens
while the tensile stresses remain essentially the same in the body of
the cylinder. Jaeger and Cook report that experiments with distributed
loads over a narrow arc, usually about IS degrees, vyield tensile

strength values little different from those obtained with line loads.

10

0) FIGURE B.3 b)

CYL INDER COMPRESSED BY DIAMETRAL STRESS DISTRIBUTION ON
LOfQp DISTRIBUTED OVER ARC Cot LOADED DIAMETER
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The tensile strength determined from Equation B. la is not the true uni-
axial tensile strength, but for plane stress is determined for the prin-
cipal stresses.

0 i= 3W/nR, 02 =0, o3=-W/ &R L..... ®B. 3)
where o 02, a3 =major intermediate and minor principal

stresses.

Since the ratio between uniaxialcompressive and tensile strengths is
seldom less than 6:1 formostbrittle materialsthe Coulomb criterion of
failure (01 > oc/2 or o” > 6 0 t/2) 1is rejected. From equa-
tion B.3, 03 + 303 = 0, so that in terms of the Griffith
criterion, failure occurs under condition; representing the transition
from:

(03 - 03)-=180t (03 + 03)

for 03+ 303>0

to 0 3 == (T

for o 3 +3 03 <O .. (B.4)

which reduces to

ot =W_ (B.5)
1 R
or o t =
m d
where d = particle diameter

Theoretical elastic analyses extended to spheres subjected to point
loads have resulted in the postulation of tensile strength equations of

the following form (Jaeger and Cook, 1976).

of = kw
R2
or 0t = 4kWw (B.6)
d2

where k = constant varying from 0,23 to 0,45
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APPENDIX C1

SCHEDULE OF EQUIPMENT ITEMS

1 Preparation of sample

210 1 drum plus harness

Overhead gantry crane

4 000 1b spring balance

200 1b balance

adjustable gauge for square or rectangular (flakiness) openings

for particle size analysis

2 Flow tests

2.1 Hydraulics laboratory

3 kW pun*J

constant head reservoir

205 mm N.B. delivery pipes

valves (2)

150 mm sharp edged orifice + taps

U-tube manometer, scale and mounting loard
mercury and fluid with S.G. = 1,75

150 mm N.B. flexible hosing

elbows, flange, nuts bolts etc

simp, pvc screens

overhead gantry crane

2.2 Cylinder

base

draingc valve

gasket between base and cylinder

male connectors for mechanical couplings on the pvc flexible

piezometer hoses - holes drilled and tapped in cylinder wall
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chipblock high density foam liner
high load industrial floor grid and supporting strip to
provide base for suspended sample

lifting yoke
2.3 Piezometer bank

12 x 11 m x 6 mm nominal diameter flexible clear pvc tubing
3 m steel tape

plexiglass rule and slide

melaminc coated chipboard backing

syringe (to remove air bubbles in tubes)

3 Loading tests

e 0,65 m wide x 3,5 m high Macklow-Fmith hydraulic press capable of
applying up to 170 000 pounds force on the sample
loading plate
e pedestal supporting screen and sample
lifting harness
2 t chain block
overhead gantry crane

dial deflection gauge
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VALVE

aSTD ELBOW-TO

500 1D BE ORDERED
CONNECTION FLANGE
BASE OFPERMEAMETER
(LEGS OMITTED FOR
CLARITY)
PVC HOSE
MASONARY SUPPORT
NTS.
STD ELBOW
DETAILT
CONNECTION FLANGE - SEE Pi AN VIEW BELOW
OR NEAREST BOTTOM CF TANK
WELD 150 0 ID FLANGED AT ONE END
360
STANDARD ELBOW
mvalve TO
DRAIN
PERMEAMETER
QETAIL "A;
CONNECTION FLANGE 15mm THICK
(OR NEAREST)
150
280
FIGC.I

LABORATORY INVESTIGATIONAL PROJECT = LAYOUT OF PIPES TO
T K. RUMPELT PERMEAMETER
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MACKLOW-SMITH

TOP PRESSURE £
SEE DETAIL ©

CYLINDER

SCREEN AND SCREEN
FRAME-DETAIL ig)

PEDESTAL- SEE DETAIL<3>

ELEVATION ON PERMEAMETER IN LOADINGR'G

LIFTING HOOK

| MS” Jomm 13 MS. LOCATING RODS
CONCRETE
A 2500 THREADED
FORLIFTING  /
2227272727222 27 HOOK !
o M.S t
GALVANISED SHEET °
METAL,CIRCULAR
PERMANENT CGNCR V JU1D
SICTION A A ol AN VII W
DETAIL CD
FIG C .2

LABORATORY INVESTIGATIONAL PROJECT DETAILS OF LOADING
T K. RUMPELT PLATES 8 PEDESTAL



M.S.£ wimm 0 M.S. LOCATING RODS

[Z2Z

RIS CONCRETE

2722727

ws t

6300

SECTION A A

DETAIL (@

.7 45°

FOR LIFTING ,
HOOK >

PLAN VIEW

1275)
(300)

LABORATORY INVESTIGATIONAL PROJECT :

T.K.RUMPELT

SHEET METAL DEVELOPMENT

RADIUS: 285
40FF 2 * 275
2 * 300

25 TO ACCOMODATE POP RIVETS OR
OTHER MEANS OFC NNECTION

FIGC 3

DETAILS OF LOADING
PLATES a PEDESTAL




LABORATORY
T. K. RUMPELT

.2 x60x60L's JLx6
WELDED

t

SECTION A A

HEAVY DUTY MESH
MENTIS RECTAGRID

DETAIL 2

INVESTIGATIONAL PROJECT

CYLINDER WALL

AA

HORIZONTAL LEG OF ANGLE CUT TO SUIT

FIGC.4

DETAIL OF SCREEN AND
SUPPORTING FRAME
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300

50

HAHDEfJED CHROMED
RULE m
3x1,5* 1000

2750x300 MEL AMINE
BACKING BOARD

BANK OF MANOMETER TUBES------
HELD IN POSITION BY MEANS
MANUFACTURER'S BRACKETS

ELEVATION

HT TO CLEAR TUBES B FITTINGS

SEE DETAIL 4 ON DRWG 5
SECTION A A

FIG C.5

LABORATORY INVESTIGATIONAL PROJECT = MANOMETER BOARD
T.K.RUMPELT 8 FITTINGS
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225

60 20 SCAIE II

rMEASURING TAPE
r-/

sPERSPEX RULE

mCENTRE LINE SCRIBED ONTO
BOTH SIDES OF PERSPEX
RULE

dmm 0 BRASS RAIL SCALE 11

FIG C.6

LABORATORY INVESTIGATIONAL PROJECT : TEE SQUARE FOR
T. K. RUMPELT MANOMETER BOARD
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FIG C.7
800 110,
60 00— 150
STEEL PIPE
2 * 135 * 90 x8 Is —
H >
V20 BOLTS e -
BOLT
600. 00 FLANGE CUT TO FIT PRESS
870 0 520
ELEVATION END VIEW
SCALE 1 10
OVERHEAD GANTRY CRANE CROSS HEAD —
OF PRESS
ITT
.CHAIN 9
BLOCK
- J
I s ,
COINCIDE
t LOCATING
G) OVERHEAD GANTRY (2) CHAIN BLOCK H GA JIR} (3) GANTRY SLACK .CHAIN
LIFTS APPARATUS LIFT M BLOCK FOR CENTERING"

LABORATORY
T.K.RUMPELT

INVESTIGATIONAL PROJECT

DETAILS 8 APPLICATION
OF LIFTING HARNESS AT
MACKLOW-SMITH PRESS



Date: 13.11.

Dead Wt.

LABORATORY INVESTIGATIONAL PROJECT

T K RUMPELT

1980

600
1200
1800
2400
3000
3600
3000
2400
1800
1200

600

600
1200
1800
2400
3000
3600
3000
2400
1800
1200

600

600
1200
1800
2400
3000
3600
3000
2400
1800
1200

600

CALIBRATION OF SPRING BALANCE

applied

APPENDIX D1

BALANCE

Readings

20
655
1265
1890
2470
3020
3600
3040
2475
1890
1270
600
20
660
1275
1895
2480
3040
3610
3040
2480
1900
1275
655
20
655
1275
1900
2480
3040
3620
3040
2480
1900
1275
655

CALIBRATION OF 4 000 1lb SPRING

C.T.1
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APPENDIX D2

CALIBRATION OF ORIFICE & MANOMETER

For the range in flows during the tests, mercury was found to be not
sensitive enough for the measurement of head difference in the mano-
meter. Instead a blue fluid with a specific gravity of 1,75 was used,
since water on its own would have been difficult to use (would have

needed open, rather than u tul« manometer).

The modified orifice flow equation, where the difference in head is

measured in terms of millimetres of fluid of density Pm, is:

Where 0 flow rate

C[) = coefficient of discharge = C k

aQ = area of orifice (150 mm dia)
a1l = area of pipe (205 mm dia)
C = coefficient calculated fromcalibration tests

g = gravitational constant= 9,81 m/S—

Pm = density of measuring fluid
pw = density of water

H = difference in head measured in millimetres of fluid

with density pm
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In the calibration tests 0, the flow rate, was measured volumetrically

so that the above equation D.1 was rearranged to:

C= — H-- 11 - . o—~ (D. 2)
k/2.g. 0,75 H 2

for Pm = 1,75

A linear least squares regression analysis of the values obtained for 0
yielded a value for C of 0,627 which is very clov? to the theoretical

value.

Il
QO
+
o
b

(The regression was performed on the equation y

Il
(@]

where vy

and x = H'")

The analysis yielded a correlation factor of 0,998 for the expression.

o= -1,29.10"1+ 1,6277 H*

which returns 0 in litres per second forH entered in millimetres.
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APPENDIX E

HP41C LISTINGS OF PROGRAMS TO CA im ATE
EFFECTIVE PARTICLE DIAMETERS AND LAMINAR, TRANSITIONAL AND TURBULENT
FLOW EQUATION

E.1l Calculation of dpf E.2 Calculation of 3gr.

1 IBLT PL 1 IBL T SL

2 0 2 0

3 STO 02 3 STO 02

4 IBL 01 4 1BL 01

5 999 5 999

6 ENTER 6 ENTER

7 TD = ? or 999 (in nm) 7 TD = 2 or 999

8 PROMPT R PROMPT

9 X=Y? 9 X =7Y?

10 GO TD 02 10 GTD 02

11 1 E3 11 1E3

12 / 12 /

13 X 2 13 X 2

14 TX = ? 14 1/X

15 PROMPT 15T X =2

16 < 16 PROMPT

17 ST + 02 17 *

18 GTD 01 18 ST + 02

19 IBL 02 19 CTO 01

20 RCL 02 20 LBL 02

21 SORT 21 RCL 02

22 1E3 22 SORT

23 * 23 1/X

24 TDPL = 24 1E3

25 XEQt BRI 25 *

26 END 26 T DSL =
27 XEOT BEB

SUBROUTINE BBB 28 END

(LBL TBBB

ARCL X

AVIEW

R/S

RIN)
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E.3 Calculation of dpx E.4 Calculation of dc”
1 1blt pt 1 U3L T ST
2 0 2 g

3 STO 02 3 STO 02

4 1IBL 01 4 I1BL 01

5 999 5 999

6 ENTER 6 ENTER

7 tD =? or 999 7 1D =? or
8 PROMPT 8 PROMPT

9 X=Y7°? 9 X =1%Y?
10 GTO 02 10 GTO 02
11 1E3 11 1E3

12/ 12 /

13 SQRT 13 i/x

14 TX =72 14 Tx =7
15 PROMPT 15 PROMPT
16 * 16~

17 ST + 02 17 ST + 02
18 GTO 01 18 GTO 01
19 LIBL 02 19 LBL 02
20 RCL 02 20 RCL 02
21 X 2 21 1/x

22 IE3 22 1E3

23 * 23 *

24 tDPT = 24 TDST =
25 XEQT BB3 25 xroT BBB

26 END 26 END



E.5 Calculatior of dpp

22
23
24
25
26
27
28
29
30

IBL T PR

TC2 ~ ? GEN = 4
PROMPT

4

*

rI = 7

PROMPT

*

9,81

*

1, pPS5E - 6
X 2

/

Cl = ? GEN * 800
PROMPT

X 2

/

STO P3

0

STO 02

LBL 0\

>#9

ENTER

TD = ? or 999
PROMPT

X = Y?
CJIO 02

1E3

/

STO 04

54

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
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Y X
RCL 03

SORT

RCL 04

/

T<=7

PROMPT

*

ST + 02

GTO 01

IBL 02

RCL 02

TRHS =

XEQT BBB

IRL 03

TTRIAL D = ?

PROMPT
1E3

/

STO 04

3

Y X

RCL 03
f

84

61
62
63
64
65
66
67
68
69
70
71
72
73
74
15
76
77
78
79

80
81
82
83

85
86
87
88

RCL 04

STO 01
RCL 02

RCL 01

100

*

T%CH =
XE+ T BBB
2

ENTER
TOK = 1,

NOT = 2

PROMPT

X =Y7?

CTO 03

RCL 04
11:3

#

tdpr =

XEQT bbb

END



E.6 Calculation of

o o W B

o 0

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

IBL T SR
STD 02

IBL 01

999

ENTER

D= 7?or 999
PROVPT.

X =7Y?

GTO o2

IE3

STO 04

RCL 04
X 2

/
X = ?
PROMPT”
*

ST + 02
GTO 01
LBL 02
RCL 02
1/X
STO 02
X 2
RCL 02

SQRT
RCL 02

35
36
38
39
40
41
42

1E3

TDSR =
XEOT BBB
END
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S.7 Calculation of laminar, transitional and turbulent flov/ velocity

(refer to equations 2.23b, 3.b and 2.26 respectively)

1 LBL T VEI 31 TTRANS = 1, OTHER =
2 LBL 01 32 PROMPT
3 TCl = ? GEN = 800 33 X = Y?
4 PROMPT 34 GTO 03
5 STO 01 35 1

6 TC2 = ? GEN = 4 36 ENTER

7  PROMPT 37 TTUR3 * 1, LAM = 2
8 ST 72 38 PROMPT
9 IBL 02 39 X = Y2
10 TDBA® = ? (M) 40 GRQ 05
11 PROMPT 41 RCL 03
12 1E3 2 X 2

13 / 43 9,81

14 STO 03 44

154 « 45 RCL 09
16 RCL 02 46 *

17 # 47 RCL 01
18 RCL 03 48 /

19 3 49 1,05 E-6
20 Y X 50 /

21 *# 51 GTO 04
22 TI = 2 52 LBL 05
23 PROMPT 53 RCL 03
24 STO 09 54 9,81

25 # 55

26 9,81 56 RCL 09
27 * 57 *

28 STO 04 58 RCL 02
29 1 59 /

30 ENTER 60 SORT



61
62
63
64

65 -

66
67
68
69
70
71
72
73
74
75

77
78
79
80
81
82
83
84
85
8C
87
88

89
90

CTO 04
LBL 03
1,05 E6
RCL 01

X 2
SID 05
RCL 04

SORT
RCL 05
SORT

RCL 02

RCL 03

IRL 04
= ?
PROMPT
STO 07
STO 06
Tv =
XEQT BBB
RCL 06
RCL 03

*
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91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117

RCL 07
/

1,05 E-6

/

TRE =

XEQT BBB

RCL 09
RCL 03

*

9,81

*

RCL 07
X 2

*

RCL 06
X 2

/

STO 10

TK ,

XEQT BBB

1

ENTER
BEGIN
PROMPT
X =Y
CTO 01
CTO 02

.18 END

1, NEW D
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E.8 Notes on the use of programs E.1 to E.6
(See special instructions in Section E.9 regarding program "PR")

As input a table of particle diameter- dj and their percentage of
weight of the total sample (or population) is required. If a
gradinj curve is given, the mid value of an appropriately sized class
interval can be taken. Try to use at leas- 4 to 5 class interval, (the

more, the better the accuracy).
1b run programs:
1 XEQ T PL (or SL, PT...)

Display: D = ? or 999

2 Key in x (in millimetres)

3 R/S

Display: /A =7
4 Key in x~ 1,0)
5 R/S

Display: D = ? cr 999
6 Key in dz (in millimetres)
ie repeat 2. to 5. until last XJ has teen entei ed and pressed R/o
Display: D = ? or 999
7 Key in 999
Display: DPL = ab.cd (in millimetres)

Answer.



E.9 Notes on the use of program E.5 "PR"

Here the effective particle diameter has to be solved for by iteration.
The input data required are again dj and Xj in addition to 4,
C2 and the hydraulic gradient i. ©Note that these values are required
for calculation purposes only and the results are not very sensitive to

changes in the values.
1b run program:

1 XEQ T PR
Display: C2 = ? GEN - 4
2 Key in C2
3 R/S
Display I = ?
4 Key in hydraulic gradient i
5 R/S
Display: -V &N = 800
6 Key in C
7 R/S
Display: D= ? or 999
3 Go through slips 2. to <. in the notes ont he use of programs H.l to
H.6
9 Key in 999
Display: RHS = abc.d (value of RHS of equation)
10 R/S
Display: TRIAL D = ?
11 Key in first guess at dpR
12 R/S
Display: %CH = 1 ab.cd
(This value indicates the percentage difference between the left and
right hand sides of the equation)
13 R/S
Display: OK = 1, NOT = 2
14 If the percentage difference between the left and right hand sides
is small enough, tnen key in 1 (for OK). If the percentage
difference is too great, key in 2 (for NOT CK)



14 (a)

14 (b)
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(ie 2 has been entered)
R/S

Display: TRIAL D - ?2;
Repeat until %CR minimised

(ie 1 has been e.v".-d after prompt OK
R/S

Display DPR = ab.cd (in millimetres)

Answer

ie back at step 10

1

NOT

2)
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E.10 Notes on the use of program "VgL"

The effective particle diameters for laminar, transitional and turbulent

flow are assumed to be known for either the parallel or series layer

models (as deemed applicable)

1 XEO VEL

Display: Cl = ? CEN = 84
2 Key in Cl
3 R/S

Display: C2 = ? GEN = 4

4 Key in C2
5 R/S
Display DEAR = ? MM
6 Key in effective particle diameter (eg dPL)
7 R/S
Display: I * ?
8 Key in hydraulic gradient i
9 R/S
Display: TRANS = 1, OTHER = 2

10 Key in "1" if it is assumed that the flew falls within the

TOANSitional reginK, or key in "2" for either laminar or turbulent

flew
11 R/S
Display: (a) if dioice "1" in step 10: N = ?
() if choice "2M in step 10: TURD B i, 1AM = 2
12 Key in (@ porosity @)
) "" if it is assumed the flow falls within the

TURBulent regime; or "2" for laminar tlew

13 R/S
Of at () in step 12, then display is: N - ?
13 (@ Key in porosity @)
R/S

Display now in both cases, after having keyed in the porosity

(N): V =a.cde (velocity in m/S)



14 R/S
Display: RE = abcd.e (Reynolds number)
(Here the assumption on the flew regime can be checked:
RE < 64 : Laminar flow
64 <RE < 2000 - 4000 : Transitional flow
RE> 2000 - 4000 : TXirbulent flow)

15 R/S

Display: K = a.be (1 idgn: = friction factor)
v2
it K (2, then wrong type of equation, ie laminar instead of

transitional or turbulent, was chosen

16 R/S
Display: BEGIN = 1, NEW D = 2

17 Key in "I" to go tostep 1, ie to repeat allinput
Key in "2" to go tostep 5 1ie to enter program again at input of new
effective diameter - corresponding to choice of flew regime

assumption.
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