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ABSTRACT

Bi tum nous Stabilization of Sllty Sand is one method
of inproving the engineering properties of the Soil so
that it can be used as fill. Sub-base and base
materials for construction. In order to inprove these
properties, the followng tests were carried out in the
| aboratory, liquid limt, nmoisture content, specific
gravity, relationship between dry density and npisture
content, C.B.R Triaxial, Absorption, Marshall Stability
flow and volune stability, using various percentages of

bi tunen, |inme and cenent.

Di fferent met hods  of obt ai ni ng bitum nous
stabilization strength were used to conpare with those
of other stabilization nmethods (Line and Cenent).

The results obtained show that wunder soaked
condition, 4% bitumen was economcally suitable for fill
material, while 2% cenent was good for fill, Sub-base
and base materials for light and nmedium traffic roads.
The lime stabilized Soil easily disintegrated into a
| oose granular mass on touching. For the air cured
condi tion, 4% bitunen was adequate for use in fill, Sub-
base and base material while 2% cenment were equally

adequat e.

The project will throw more |ight on the use of

bi tum nous stabilization for pavenent construction.
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CHAPTFR 1

1.0 o INTRODUCT ION

MHatural sot1l is one of the moat universally available
and Jlow cost construction materials. The rapid growth
in road traffic after the end of tha saecond World War
produced a demand for more bitumen surfaced roada all
over Africa.

Not uncommonly, however, the soil at any particular
locality is unsuitable. wholly or partially, to the
requirements of the congtruction enginear. A bacic
dacision must therefore be made, whether to:

1. accept. the site material as it s, and
.;?' design to standards sufficient to meat the
rastrictions imposed by its exigting quality;

FEES

or

z. remove the site material and replace it with

a superior matearial; or

3. ' alter the proparties of the existing soil sa

as to create a new site material capabhle of

_ - meeting the requiraments. _ _
Xz . . / ! -

The latter choice, the atteration of s0il

- proparties to meet specific anginearing requiramants 1s

known as Soil Stabilization. The properties of a 80il

may be altered in many ways by methods which {nclude



chemical. thermal. mechanical and other means.
Additives are mixed 1nto the so1l N pre-determined
economical nroportions to achiave favourable
modificat.ions of  soi1l pbroperties. The choice of a

stabilizer 15 often governed by 1ts "response spectrum’,
that. 1s5. the number and type of so1ls 1n which 1t has
heen found effactive.

The chiaf pronerties of a soil with which the
construchtion enaineer 1s concerned are volume stability.
strenath, narmeahi1lity and durabilitvy. The need for
these studies, stems from the fact that most soils In
their states are atl best suitable for fi1l or sub-base,
but, not for shtandard pavement base construction material
where rnads are expected to carrv heavier wheel loads
all  the vear. thus the road material needs to be
imnroved to contain the i1ncreased stress. 1If the base
18 not. well sealed. water will soften the subarade helow
and thus must be nrevented.

Bituminous  stabilization process 1s more accentable
with non-cohesive aranular materials where the bitumen
adds cohesive strenath., and with cohesive materials -
where  the bitumen "waterproofs” the soil thus reducinag
loss  of  strenath with tncrease 1n moisture content.
Both effects stem partly from the formation of films
around the so1l particlas. which stick them togethar and
prevent the ahsorption of water and simnle blockina of
the pores nrevent.ing water from entering the soil mass.

The m=thod to he adonted depends upon the bproperties



td ba improved and on the type of aoil, for example in
order to reduce permeability, it would suffice to ensure
that. seaepage paths are penetrated and sealed in site by
the stabilizer. Cement stabilization is most commonly
used. Howaver 1in cases of fine uniformly graded and
round sand which occurs most1y.1n arid and semi-arid
areas, Timea stabilization has not proved vary

]
succoesaful, e.g9. in Europe and far East.. Therefore the

_ purpose of this research is to prove that bituman

stabilizer can be used for stabilizing siltty sand.
Although several studies have been carried out on the
use of other satabilizers (cemant and Time in
particular), these studies are not highlighted on the
parformance of bitumen as stabilizer for some soilas 1ike

811ty sand.

1.1 ODRJECTIVES

The study 1is eassentially aimed at +improving the

- atrength and other properties of sjilty sand using

bituman. By s0 doing, it is hoped to achieve the

following ohjectives:~

"t a) Find out the range of percentage of bitumen

soils to meet F111, sub—-base and base

specifications.
I

h)y Te find out the extent to which various

to ba usad in stabfﬁizing given type of the

Fa



percentagas of the additives within
aconomical ranges, improve the
characteristica of the chosen saoil towards
meaeting the specifications for fi11, sub-base
and base materials. |

c) To try and compara ita strangth with that of

80ils stabilized with cement and lime.

1.2 NEED FOR RESEARCH

In many countries, the natural road building

materials traditionally used for unsurfaced roads wera

. found to be unsuitable for constructing bituminous

" surfaced roads. For example the widely occurring

lateritic gravels which make excellent gravel roads
proVéa to be too plastic and too variable to provide a
satiafactery road base under a bituminous surfacing.
This resulte in 1ocating borrow pits with large haulage
distances and hence heavy transport costs.

Highway engineers soon found that they could make
excellent and cheap roads by stabilizing the natura?l
materials with cement, l1ime or bitumen to form the road,
sub-base and base by improving the sail strength and

stability. The principles of spil stabilization are:

i. evaluation of the properties of the available

P soil,

LR



ii. estimating. the lacking property 1in the

'y' . available soil, |
i1i. davising the method of adding tha lacking
property, through economical method of

- LT stabilizatian,

iv. compaction aof the designed soil.

S0il stabilization may bring any ona aor mora of tha

following changes: -

a) Chemical properties may‘be modified.

b) Physical properties like density, expansion,

EO shrinkage, stability, etc. may bs changed.
. .

g c) Retention of some minimum strength properties

due to water proofing measuras.

Different types of stabilizers are currently in use
all over the world, depending on their availability.
Such stabilizers include cement, lima, bitumen, soma
chemicals 1like calcium chloride, sodium silticate and
some industrial by-products, namely billet-scales, §fly
ash, rice husk etc.

Northern Nigaria and countrias surrounding the Sahara
have non-plastic sandy soil {; which bitumen can be
applied successfully as stabilizing agent. Nigaria
being a petroleum producing country, has surplus bituman
as a by-product and they are less axpensive. Its use is

not popular when compared with other stahilizers. Mast



of the informat.ion available pertain to soils of the
temperate zones where bituminous stabilization is not
widely employed because the soils have a relatively high

moisture content.. Hence the need for this rasearch.



CHAPTER 2

LITERATURE REVIEW

The base course of a pavement consists of gravel or
crushed stone. In most parts of Africa and other
developing nations, there is either a shortage of stone
chipping or stone production is expensive, but thare ir
an abundant supply of sand. Undar these circumstances,
it is more esconomical to improve the properties of tha
local sand or laterite than to haul gravel or crushed
stone over large distances. Begidaeg its abundant use,
interest has been shown in the matarials bacause of the
frequently occurring functional and structural failures
of local pavement structure of our highways and
aif¥{e1ds. For these reasons more investigations 1in
different countrias over the years leading to the
- concept of s0il stabilizat.ion have been made. Tha need
for these studies stems from the fact that most soils in
their natural states are at best suitable for sub-base
but not. for standard pavement base, conatruction
material (Nanda and Kashamachare, 1958; Arulahanden and
Tundridge, 1869).

According to the Highway Raégarch Board (HRB), 1946;
bituminous s0il stabilization ig the nama given to those
methods of construction in which bituminous materials
areg incarporated into_the s0il or soil aggregate mixture

to provide base courseas.



In developing countries, the road engineer somat imes
needs fto construct a road base wusing cohesionless
materials and bitumen can be used for the stabilization,
particularly 1in an oil producing country. A number of
bituminous materials including cut-back bitumens,
bitumen emulsion, etc have been used effectively in
roads as stabilizing agent. (Voder,1857). These materials
increase the strength of the s0il by binding the
particles together and also act as a watarproofing
agent., preventing the absorption of water and s0
maintaining the strength of the stabilizad materials.

In general, a clean well-graded material is required
in stabilization such as non-plastic soil even though
they can be stabilized with cement, but with Jless
efficiency. Bubt "single size” sand with coefficient of
uniformity less than 3 present a special problem because
of their inhearent. lack of internal friction or cohesion.
For such materials generally a more satisfactory
solution will be found by stabilizing tham with bitumen
than with cement (Winterkorn and Chandrasekhakan, 1951;
Clare, 19B60). Harris et al., 1983; Morais and Fraems,
1977 as reported in TRRL, 1987 have found out that
bitumen is particularly suitable for stabilizing
cohesionless sands which would otherwise pose problems
if stabilized with cement.. The survey of criteria
together with data pubhlished by the U.8 Armed Forces

suggested a 1Timit of 20 percent passing N0O.200 Sieve, a
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pTasticity index less than 6 and the product of
plasticity 1index and the minus N0O.200 materials less
than 60 have been ultilized for selecting soils suitable
for stabilization with bitumen.

E " The choice of a particular stabilizing agent in a
particular situation depands on the use for which it is
intendad. The quantity of stabilizer required far a
particular stabilization project is genarally determinad
by‘ﬁeans of arbitrary laboratory tests which to a great
extent simulate field conditions of weather and other
durability processes. Tha soil type and its composition
hava been known to influence the results of
stabilization. Moh et al., 1987, obtained satisfactory
stabilization results for significantly differant
genetic s0ils with variable composition and concluded
that all Jlaterite soil could be stabilized using 4 tc 7%
cement for base construction, To improve poorly graded

sub—base materials (M. D. Gidigasu, 1976), suggested 1 -

" 3% bitumen, 1/2 - 4% cement or Yime as modifiers and 4 -

6% bitumen as a watérproofing agent.

g The &triaxial test has bean used eaextensively for
evaluat.ing the shear strength characteristics of various
ganetic types of tropically weathered laterite scils and
gravels (Florentin et al., 1957; tumb, 1962; Ruddock, -
1967; Cruz, 1967; De Graft-Johnson et al., 1972). The
conclusions reached appear to suggest that the triaxial
test may be used for evaluating the shear strength

characteristics of almost all soils. Millard (1961),



suggésted that tropical gravel sall which are generally
clayey having liquid limits normally ranging between 20
 and 60% may generally be stabilized to meke adequates
road bases hy thé incorparation of 4% by weaight of
aithar cament or hydrated 1ime. He further said that
where there are facilities for the thorough mixing of
gravels and are not excessively clayey lese stabilizer
may be used.

"1 Immersion of =specimens preparad over a ranga of
moisture contents enabTeé anh optimum moisture content
salacted from the given maximum dry and wet atrengths.
The Practicability of using this moisture content in the
fisld must then be judged.

The principal! problem in the bituminous stabiltzation
is the excess fluids that are not present in the work at
the time of compaction, i.e. the soil to be treated must
not be oo moist. In this respect, practical
difficulties have occurred in areas subjected to
frequent, high or irregular rainfall. Tha work must be
carefully ﬁrotacted uﬁtil curing has bean affectad, and
the bitumens chosen to be of a suitable vigcosity grade
for the environmental conditions of aervica (hot or
cold). It is sufficient here %o note that the principal
criteria applied for bituminous stabilization are those
designed +to ensure resistance to svaking, provision of
pohesian. resistance to swall and the ability to

penetrate and adhere to the s0il (Lee, 1. K., 1974). He

10
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further suggested that sands should be stabilized using
clay 1loam for mechanical stability, cement. for denaity
and cohesion while bitumen for cohesion. Ingles and
Metcalf did not recommend 1ime for use in stabilizing
sand, instead they suggested the use of bitumen
stabilization for promoting adhesion or cement may be
used 1in the s0il along with bitumen to improva the

‘

stability of the mixture.

ié The basic soil sample particles may be rounded or
[

angular. The shape of the particles influance the

characteristics of coarse grained soil 1ike sand, gravel

etc. ~ But the shape_of the particles in case of fine
grained soils dcoes not have remarkable effect on the

s0il behaviour.

8
;§ Intarnal frictional resistance is the resistance of
Ty

the s0il1 particles to slide over each other. Raugh
angular and Tlarge particles have higher internal
frigtion than smooth, rounded and =smaller particles.
Well graded compacted soils also exhibit larger internal
friction than loose ungraded soil mixtures.

E The rasearch will highlight on the amount of bitumen
to he added to the.siIty sand in order to improve the

strength property of the soil. _ _
/ ] . . ! S

&xﬁ“’
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CHAPTFR 3

3.0 DESCRTPTTION OF THF BASTC SOTI SAMPLE

The s011 sample used 1n thia thesis was collected
from the bank of a seasonal river at the back of Dan
Fadio Hostel, Ahmadin Bello University, Samaru-Zaria. it
was a disturbed samnle ohtained at the depth of 1m below
the around surface 1n order to avoid organic matters.
The samnle 1s to be testad and see if 1t 18 suitable 1in
it.'s natural stale for use as sub-base and hase

materials.

3.1 METHODOL OGY

The basic soil samnle was taken to the laboratory and
was subjected to various tests Lo determine its physical
and enagineerina properties. These lahoratory tests were
performed in accordance with British Standard (BRS) or
American Saciety for Testina and Materials (ASTM)
Standards.

The following tests were carried out,

1. I 3auryd Timit,,
2. Moisture content, and specific gravity,
3. Compaction Lo rlnf.ﬂrm‘ne Lthe relationship

between drv density and moisture content,,

4. C.B.R. bhath soaked and unsoaked,
8. Absorptinn test.,
8. Stahilit.v and flow tests,



[T Y

7. Volume stability, and

8. Triaxial tast.

The percentages of the stabilizers used were 2, 4, 8,
8 and 10. Any of the soil-stabilized sample which

needed compaction were compacted at optimum moisture

'h content wusing the modified AASHTO Standard Method of

Compaction.
Any material of which more than 35% passes the NO.200

B.5. Sieve may be rejiected.

k
k .
t e

3.2 TECHNIQUE OF SOTIL STABILIZATION

i There are various methods of soil stabilization the
particular method to be employed dapend upon the results
achieved by various stabilization techniques. Generally

the methods can be grouped under the following headings.

t
§

- . - Proportion:

In this method various soils ware proportionaed to

give the desired results after compaction.

AN EPERE

]

Modifying Agents: 7

Lipe and cement are the main modifying agents. When
4

small amount of modifier is added tao the s0i11 to be

I

stabilized, it brings about a lot of improvement 1in

the performance of‘the sotl.

13

P A e el i e § A AT £ g, LTI D L 2

P e



3-

3 JCamenting Agants:

Addition of cement materials 1ike 1ima, fly ash or
cement., considerably enhance tha straength and
stability of tﬁe stabilizad soils. Bituminous
materials impart binding proparties to non-cohesiva

soils like pure sand.

Water Proofing and Repelling Agents:

A good stable soil may become soft and weak if water

infittrates into it. If entrance of water into such’

s0i1l is stopped or minimized by using water proofing
agents, its strength properties can be presarved and
the soil may continue to perform affectively.
Bituminous materials are the most commonly adopted
water proofing materials. When repelling agent 1like
vinsol resin 1is added to the materials to be
stabilized, render stabilized soil water proof. This
agent dcoces not allow water to come intoc contact with
the stabilized scil as they coat scoil particles and

prevent absorption of water,

Water Retaining Agents:
Some of the non-cohesive soil maintain gufficiant
stability and strength whén their Jlayers possas
certain minimum amount of moisture. Thase soilas
become loose and less stabhle, if moisture content 1a
less than this minimum amount. Calcium chloride is

one of such compounds which if added to the

SOl |



stabilized soil will continua to absorb moisture from
the atmosphere and will maintain optimum moisture
content. in the sc0il. Treatment with calcium chloride
will also reduce dust nuisance on the laterite roads.

In addition to the above mentioned measures, heat
treatment and chemical treatment of the so0ils may
also be adopted if conditions warrant. Heat
treatment is useful for treatment of clayey soils.
In all the measures diascussed, earlier effective
compaction of the =011 1is very essential far

achieving the desired results.

15



CHAPTER 4

1

i
i

4.0 EXPERTIMENTAL PROCEDURES AND RESULTS

|1 I The main essence of the research work as stated 1in

Chapter cne is to examine the possibility of using the
Leéhnique of bituminous stabilization to improve the
qualities of either a sub-base material to suit the
properties (e.g. CBR) of a good base matarials or may
even be used to imprave the properties of ordinary fildl
material to suit the properties of sub-base material.
Then the results cbtained in this research work can be
ultilized for any road construction project 1in the
vicinity. Also the result will halp in using bitumen as
a substitute to the more convention stabiltizerse (lime
and cement).

when the basic =80il was found to be unsuitable,
different percentages of the stabilizers sach was added
and thoroughly mixed. Compaction, chf triaxial,
Abgsorption, Stability and Flow tests were carried out.
Tha results were prasented in beth tabular and graphical

farms.
|

N
4.1 DETERMINATION OF MOISTURE CONTENT
i 1 AND SPECIFIC GRAVITY '

The 1initial moisture contant of the seil sample as
waell as the specific gravity were calculated and the
averaged values are presented in data sheet tables 1 and

2 respectively (see Appendix A}. For detail procedures

16



sega B.S 1377: 1975, Test 1 (A) and Test 2?2 (B) or

referance No. 10.

4.2 PREIL TMINARY TDENTIFICATION TESTS |
The procedure for the tests can be found in reference
No. 20 BRitumen tests waere carried out on the
proparties of the binder used. The following results
were obtained 1in the laboratory. These are given 1in

Table 4.1. The binder labelled MCO was supplied by a

reputable petroleum company.

Table 4.1: Preliminary test results on the
bitumen binder and recommended
values from the specification

——— — T — T — s — . i i i (g, (o B g S, o

Test carried out Results Specification
Flash point (°C) 68 38(min)
Viscosity at ?25°C (secs) 0.8 1/2=-2
Solubility in CCl, (%) 99 99
Specific gravity 1.02 0.97-1.04

e — o — T — o ——— T — o — o — o .

4.3 DETERMTNATTION OF THE PARTICLE SIZE
DISTRIBUTTON OF THE SOTL

The particle size distribution of the soil was found
by particle size analysis. An analysis of this kind
aquantitatively expresses the proportions by weight of
various sizes of particles present in the soil. It s

of great significance in collaborating the properties of

17



soil, e.g. concrete mixes, highway sub-base and base,
design of impermeable layers behind earth dams and water
well eta.

In order to analyse the so01l1, tha combined siave
analysis was used. The particle size distribution of
the coarse friction was detarmined using B.8 Sievas.
The fine fraction was also evaluated using the
Sedimentation analysis. See reference No. 10 or BS
1377: 1975, Test 7 (D) for the procedures.

The result of sieve analysis is recorded 1in data
sgeét 3 and the calculated particle size and the
friction finer (P) of particle finer than D is prasented
in data sheet 4 and the results of drying sieving and
.sedimentat{on analysis were combined in Data Sheet 5 all

in Appendix A. To calculate the particle diameter D{mm)

at a given time t{min). Stokae's law was used as follows:

i ;

LVAa o 4.1
D= K (--)
| t
where K = 181, e e e iaraaeaas 4.2

b ¥s = ¥w

K can be obtained from Data Sheet 2.q is the viscosity
of the suspending mediuufys and Xw are the unit weights

of the so0il solids and water respectively.

D = particle size diameter
P s arkc L.o...ao., varavna.. &3
W
a = 1.B2 -~ 0.2G8 ... nrinvrnnnnnaa s.. 4.4
RE = Ra +Cm+ Mt — X + CW «vunnnnn... 4.5

18




Using Mt = 0.5

X = 4.0
Cw = 1.8
Cm = 0
These data were obtained from the hydrometer
773122.
Where Re = Corrected hydrometer reading
Ra = Reading at the top of meniscus
Cm = Meniscus correction
X = Dispersing agent. corection
Cw = Water density correction
Gs = Specific gravity of the solid soil
W = Oven dry mass of sedimentation sample
P = The fraction of particle finar than D
u = Constant. that depend on spacific gravity
Mt = Temperature correction
From equation 4.5
Re = R = 1.7 tvernnennsnn om o A BiEm eewe &0
fraction passing the 2mm sieve = My
Mo
where My, = Gross mass of soil
My = Mass passing 2mm é;ava
M, = Mass used in sedimentation analysis
The results of sieve analysis on material retained

2mm sieve is given as:

19

No.

aon



LOCATION WO

FARTICLE Si_E DISTRIBUVION

S02E MOLE Np——me— SMNPLE Ngee——e— FPREYP: ATwERT DETAILS
DATE OF TEST DESTRIPTION
LOG SETTLING VELOCITY CMISECOND BRITIGt STANDARD SIEVE SEES
i< g 3 2 53 200 50 100 26O 36 25 4 "
100 4 1 o | i Ll ! _- -W W cwutu.a.h ._.Sohﬁn._sa h\&-_Lq.- :.ﬂ..m.k
_ 3
v a
9o -
\_\\ |
1
o
/ B

70 | i i
u L
< _
= o
" b 1
$ 5
~ 40 \
W 30

2 \

L _\h“
4 o'l ] x\\ 3 v ﬁ
1o A 3
1 | i ]
0 > .— 1 i 4
o002 o004 O O.WM a0é @l & o6 H a 3 & io 20 <
LAY Fiag Rdlvm, ﬁ Coarse Fme Median Coarse Fine v " Medium w Coorse
snLY SAND GRAVEL

Figure &.1

20



o S acr

Fraction retained =

— T S st M . e e T A —— —

M

’ (o]
Fraction finar = 1.0 - cummuslative fraction retainad.

Rasults of siave analysis of s0il usad for sadimantation

analysis {(passing 2mm sievae) is given as:

mass retained on sieve
Fraction Retained =z --—---o———m—m

|

S "
1 2
|
i
|

Fraction finar (of total sample} =

' M
1
{1 -~ cummulative fraction ratainad) = ——
: M
o .
Result of sedimentation analysis is given as;
F My
i Fraction finer (of total gample} = P --
Mo
Dgg ------ 4.7
‘Uniformity coefficent (Cu) = e
R
(030)2 . . 4.8
Coefficient of curvature (C.} = —--w=--
Dga * Mo
vhere
i Dyp = maximum particla size of the smallest 10%
. (by waight) of tha sample {effectiva siza)
i
i 030 = maAaximum particle size of the smallest 30%
Dao = maximum particle siza of the smallest BOX%

Tabla 4.2: Proparties of tha s0il used. -

Tast Resgult
Unformity coefficent (oy) 8.7
Coafficient of curvature (C.) o 2.8
Liguid and plastic limitse ;s N.P.

! Colour

Spacific Gravity {Gg)

—

L S L N B U

21 . | b




4.4 DETERMINATION OF THE DRY DENSITY/MOISTURE

test)

CONTENT (Using the Modified AASHTO Compaction

For the test procedure see BS 1377: 1975, Test

or see Reference No. 10. The relationships between

i

% d and ¥ b are given as follows:—

" substituting
Yb
¥ d
where

\ Ww =

Wws =

v =

W =

Yb =

Yd =

Ww

v
d = WS ...cveeann ceaws 410
v
W o= MWW .. .reeasas. 4011
Ws '

from equation 4.11

= WWs

in equation 4.9

I

Ws (1 + w)

waight of water in =oil

weight. of dry so0il

volume of mould or soil in the mould
moisture content of tha soil

bulk dengity of the soil

dry density of the soil.

22
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The graphs of. dry density plotted against moisture
content are shown in Appendix B. The results of the AASHTO
compaction of the so0il with bitumen, 1ime and cement are
summarized in Tables 4.3 ~ 4.5,

b

Table 4.3: Effects of bituman on Compaction

% of Stabilizer oMe % MDD (KN/m3

! 0 8.8 n 20. 1
2 8.14 20.3
4 8.5 20.2
s 7.98 19.9
8 7.38 19.4
10 7.28 18.6

—— = — o — e e s ——————————————

Table 4.4: Effects of 1ima on Compaction

% of Stabilizer OMC % MDD (KN/m>

| 0 8.8 20.1
2 7.7 - 20.2°
4 7.3 20.0
6 7.5 20.8
8 9.8 20. 1

‘ 10 9.8 20.2

e i e e ety ke o e e ey okt e T g e Ak g ey e e o o e g gy e g e PR e e . o e gy e e T T ey b e ]y b e
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Table 4.5: Effects of cement on Compaction

L ks e S ke . s . e . el R ks el e e Tt . T O . Y T At iy . P i o e — — —

% of Stabilizer oMC % MDD (KN/m3
] 0 8.8 20.1
2 7.9 20.0
4 ' 8.4 | 20.2
6 | 8.4 20.2
8 8.3 20.2
10 9.6 19.9

| Optimum moisture content (OMC) and maximum dry
density (MDD) can also ba obtained mathamatically. The
shape of the graph of MDD against moisture content has a
shape of parabola.

‘Equation of parabela is

|
{ Y = 8X2 4+ BX 4+ € cenrnrnnnn. 4.13
!
Wher‘e .’;
¥ = dry dansity
X = moisture content
dy _ :
———— = faXx 4+ b ... ......... 4. .14
dx
dy
when -—-——— = 0
dX
-b
then X = ——=== .. (... . 4. 15
2a :
~b
whera --—— 1is the optimum moisture content
2a

26




substituting equation 4.15 into 4.13

- where Ymax = maximum dry density

With 3 - equations, the 3- unknowns a, b and ¢ can
be obtained from the data collected (any of the 3

cotumne of dry densities and corresponding maisture

. contents)} can bhe used. Example using data collected for

natural soil (no stabilizer used), (See Appendix B).
- Average moisture (%) 1.08 3.B7 B8.86 14.02 19.03

Dry density (Kn/m>) 17.72 18.72 19.76 18.00 14.64
’ i

using eguation 3.13
18.72 = 3.57%a + 3.57b + ¢

6.86%°a + 6.88b + C

H]

|

L.

& . 19.76
i '

f

18.00 = 14.02%°a + 14.02b + ¢

) ~use Cramer’s rule to solve the system.

12.74 3.87

- 1 ta: 18,72 )
4} 4708 8.8 1} b} =119.7 |
| i_198.56 14.02 t_.! i_ec_i! !_.18.00_}

' 12.74  3.57 1 !
determinant (A = 47.086 6.86 1!
‘ 196.56 14.02 1!

= 12.72 (6.86 - 14.02} - 3.57T (47.08 - 198_58)

+ 1 {(47.08B x 14.02 - 6.88 x 196.58)

-91.22 + 533.72 - 688.682

= —-246.12

27
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Ak

Ae

1B.72
19.76
18.00

I
i

3.57 9
6.86 1
14.02  1_

18.72 (6.86 — 14.02) - 3.57 (19.76 - 18)

+ 1 (19.786 x 14,02 ~ 6.886 x 18)

-134.04 - 6.28 + 153.586

13.24

Ab = !

12.74 18.72
47.08 19.78
196.56 18.00

12.72 (19.86 - 18) - 18.72 (47

.06 -

+ 1 (47.06 x 18 - 19.76 x 196.56)

22.42 + 279.64 -~ 3036.96

-215.89

Ne =}

12.74 3.587
47 .06 6.86
196.56 14.02

18.72
19.76
18.00

12.74 (6.86 x 18 - 14.02 x 19.76)

-3.57 (18 x 47.08 -

19.76 x 196.56)

+ 18.72 (14.02 x 47.06 - 6.86 x 196

-1956.29 + 10841.90 - 12890.97

-4005. 38
Aa -13.24
- —— T e e = _0-05
A 246.12
é&b 216.89
= - T ——— = O-BB
A\ 246.12

196 .56)

.56)



4.5 THE CALTFORNIA BEARING RATIO (CBR) TEST

The California Bearing Ratio (CBR) teast is an ad hoc
penetration test developed by the California State
Highway Department for the evaluation of subgrade
strengths and later extend to fill, sub-base and bhase
materials. The load required to cause a plunger of
standard size to penetrate a specimen of soil at a
standard rate is measured either before or after the
specimen has been soaked for some days. Therefore, CBR
is a measure of the shearing resistance of soil under
carefully controlled density and moisture conditions and
is used with empirical curves for designing flexible
pavements. Tt is expressed as a percentage of the unit
required to force a piston into the soil divided by the
unit load required to force the same piston to the depth
into a standard sample of crushed stone.

For test procedure, see BS 1377: 1975, Test 16 or
reference No.10. The soaking was done in order to
stimulate the soil or stabilized soil to the worst
candition which exist subsequent to construction.
Therefore the sonaking is done to assess, if the soil
will resist see page and upholds its strength whather it
will withstand water that lasts for hours or even days.

The results of the CBR test are presented in Tables
4.6 -4.8B and the result were also graphically
represented as shown in Figs. 44 - 4.8 for soaked and

unsoaked conditions.
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Table 4.8: Results of Average CBR (%),
air cured for 1 day

A i ey e e ke e o . e e ey . . e . . e L S A PIP P — — a ald m m — ——

¥ of Stabilizer 81tumen Lime Cemant.
ﬁf 0 18 15 13
L2 13 65 20
g 4 ‘31 83 . 23
E s | 20 A4 23
% 8 19 56 ' 18
10 4 93 23

—— —— ——— ———— T S s e} S

Table 4.7: Resulte of Avarage CBR (%),
air cured for 7 day

e e e e e A ——— e ———— T ——— T Tk 4L Ao P S s o

% of Stabilizer 81 tuman Lime Cement
0 47 47 47
2 A48 T8 E8
4 83 122 63
B o 44 152 82
8 . 27 119 124
o 18 100 96

N




R .
Table 4.8: Results of Avarage CBR (%), soaked 7 day

e A e e i e e e, e e e e . . L W T T W W e T T A T — T A P fa S A

X of Stabilizer Bitumen Lime Cemant.
0o 8 9 9
»2.' 10 43 102
4 14 53 162
e 10 T 201
. 9 38 214
§ ‘10 5 27 202

4.6 TRIAXIAL TEST
t The undrained test on partly saturatad cochesive soils
method was used, that means no drainage and hence no
dissipation of pore pressure was permitted during thae
application of the all-round stress. The procedure to
carried out the test.can be seen in the B.S8 1377: 18756
‘test 21 or see reference No.s 3, 11, 13 or 18B.
The results of the triaxial test are presented 16
Table 4.9 - 4.10 and the results were alaso graphically
represented as in Figs. 4.7 - 4.10. Air cured for 7

days and the Air cured for 7 days, then 7 days socaked.

P The change of spacimen length, .Jia found from
aguation /
| = a-b (.. e e 4.17
where a = movement of the top of the proving

1

K(in millimeter par revolution) x number
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SOIL(AIR CURED FOR 7DAYS)
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The axial

The averaage cross-sectional area,

equat ion

Where An =

The

where P =

strain,

of revolution._,

K 1s a property of the gear box,

found by calibrat.ion

compression of proving ring

nroving ring dial reading

proving ring dial readinag

.................

£ ., at any time is found from

the initial specimen lenath (76.2mm)

Note that-fis given in the table as

astrain dial agauge

Lhe

init.ial cross—-sectional area of

specimen with diameter (38.1mm)

A(38.1)7

4 [1000)*

apnlied stress

anplied force =

initial proving reading) x ring

calibration Factor.

16

and 1is
in mm - initial
in mm.
...... 4. .18
in millimeter.
A, at any time 1is from
.......... 4.19
P ouseavsmss s is 4.20
A
(proving rina readina -
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Tabie 4.9: Reselits of the effect of Tdays air curing on the streagth
. sf stabilized Soil

Stabilizer Ritymna . Liaa !:ananf
X Frictian tohacian Friction tohesion Friction <Cohanion
b . hngln hngle . angle
Qu (deg.) Cu (XR/d) Qu (deg.)  tu {eN/e?} Qe (dag.) e {XNjal)
I T | a5 14 6 Iy 43
oL
' L SR 9.5 54 . 27 86 B 1 . 1)
i k ‘. 8. "0 33 o5 AL s
i T I 2 o 7% W 1)
B 28 BT 28 90 Cw  1se
e 26.5 5¢ 2t | I L] 185
_ |
Yabla 4.10: fasuliln af the affsct of Tdays air cering and Tdays
e saaking an the stremgth af stabilirad Soil.
S
- Stabkilirzer tituman time Conant
% Friction Cohasien frictisn Cahesion friction Cohasion
I Angle _ angle - angle
Bu {dag.} Cu !IHH:QJ Ou (deg.) Cu |XN/a2)  Qa (deg.}) Ca (tlha)
° - -' - - - -
H . . s ¢ . ..
x f' L - o - i 50 2 " vt
4 4 " 1.3 (1] 22.5% 120
6 M TR M Y o
¥
rr 20.5 39 15 45 ' 3l 200
14 'L SRRY 0" "0 34 235

..............................................................................

* The triaxial sawples fzilad afler 3 days ol the 7 days scaking.
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EFFECT - OF BEARING

\

36

32,

W
<

s N
(#)) (#2]
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EFFECT OF BEARING CAPACITY PARAMETER ON STABILIZED SOIL
(AIR CURED FOR 7DAYS)
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1

CFFECT OF BrARINHG CAPACITY PARAME TER ON STABILIZED SOIL
(AIR CURED FOR 7DAYS AND 7DAYS SOAKED)
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EFFECT OF BEARING CAPACITY PARAME TER ON
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4.7 ARSORPTTON TFST FOR BITUMEN STARTLTIZED SOTL

The capillary water absorption (C.W.A) test was
devised at. the Road Research Laboratory for testina the
efficiency of water proofing stabilizers and was a
development. of the method standardized by the TInstitute
of Petroleum.

The test procedure (see reference No. 7) and the
results are presented in Table 4.11 and Fig. 4.11 for

the agraphical representation.

Tahle 4.11- Result of Water Absorption Test
Ritumen Watar Absorbed in grammes
) day 3 days 7 days 14 days 28 days
"o 20.50  27.25  3a.5  43.0 45.0
? 13.00 22.00 26.75 32.0 32.0
4 9.00 1468 12.0 12.78 14.25
6 7.15 9.15 10.56 12.0 18.28
8 5.00 R.0 9.725 11.0 12.0
10 2. 00 Z2.78 4.0 4.5 6.25

4.8 STABTLTITY AND FLOW TESTS

This test 18 used for laboratory design and field
control of mixtures containing bitumen and aggregates
(example asphalt concrete). Tt is essentially a type of
unconfined compression strength test in which a

cylindrical specimen (soi1l1 - bhitumen) 101.6mm in
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g g s s

diameter and 63.5mm high is compressed radially at a
canstant rate of strain of 50.8mm per min. The maximum
load in kg which is sustained by the specimen is
recorded as the marshall stability value and the
deformation at failure in unit of 0.25mm is recorded as
the marshall flow valua.

for the test procedure (see reference Nos. 7 and 20).

"The results of the atability and flow value are

presaentaed at Table 4.12 and Fig. 4.12.

Table 4.12: Result of bituminous stabilization on
marshall stability and flow tests

St g iy A T Ty, ] T T gt iy e, Ot Ty o —— — — e ————— . — T — ——

Bitumen - Gauge Stability Gauge Flow vatlue

Reading ({KN) Reading in O.25mm

e e e i . e it i Pt . N S oy e e PR e v Bk e ALy i e Py o e B e T et —— —— -

20.5 0.9 370 - 18.3
25.5 1.12 410 | 18.0
26.3 1.16 460 - 20.2
21.3 0.94 535 23.8
11.4 0.54 640 28.2

e e v e bk -— —n e s e e e i e S ks . S e i Wl . s e sl W, s

*The sample failed during the extraction procass.

4.9 VOLUME STABILITY
The expansion of the soil is obtained from the soaked
CBR by placing dial on top of the immersed moulds and

monitoring their readings.
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Table 3.13: Preliminary Test Results on tha Basic
. : Snil Sample and the Recommended Values
from the Specification

e e e S e o —— —— A — T — T — Ty P T —

Tast carried Basic Sample ' Specification
aut

Results Subgrade Sub-basae base

— e k — o A e T T e et T k.  y = E—— PR = . R = = TR = > N —— = W — = — — ——

Tnitial moisture

content (%) 9.9 - o - -
Specific gravity 7.46 <3 <3 " ¢3
Liquid Timit o = = <40 <30 <30
Plastic limit > NP - : - -
Plasticity index - <10 I<12 <12
Ontimum moisture

content (%) 8.8 - L= -
Max dry density

(kMY 20.14 - | - -
CRR [unsoaked) (%) AT _ >0 230 >80
CRR {snaked) (%) 9 : »10 25-85 »>7%8

Results of the initial tests on the sample are
summarized in Table 3.13. These results confirmed that
the s0il was unsuitabhle for fill, sub-~-base and base
materials on account of strength measured in terms of

soaked C.B.R.

4.10 WEIGHTNG OUT THE BTTUMEN AND MIXTNG
The percentages of bitumen used is by waight. One of
the difficulties in waighing out the bitumen is that it

adheres to the container. With the s0il to be used

- Isti11 in the weighing balance, the percentage of bhitumen

by poured into the s0il as the hitumen 1is in a liquid

¥



form, so that it can sticked to the soil. Mixing was
done by hand for about 10 minutes. It was observed that
the bitumen was more fraaly mixed into the saoil and
hetter dispersed if the required water was mixed yith
tha so0il. Howaver, it could have basn more desirable to
use a system of labhoratory mixing that will give a
mixing efficiency close to that obtainad in mixing

procaesses used +in the field.

L7



CHAPTER 5
5.0 ANALYSIS OF RESULTS

5.1 PRELIMINARY TESTS ON BITUMEN BINDER

The results obtained from the preliminary tests
carried out and the specifications are showed in Table
. The resulits agreed with the traditional American
cutback MCO which is written in the binder container

supplied by a reputable petroleum company.

5.2 GRADING ANALYSIS

The particle size distribution of tha natural soil is
presented as curve on a semi-~logarithmic ptot. The mass
percentage of particles smaller than a given size D is
plotted against the legnrithm (base 10) of D as in
Fig. 4.1.
. It can be seen that the particles sizes.are wall
graded 1indicating that the particles be within a wide
range. Values obtained from the calculated coefficient
of uniformity and coafficient of curature (see Table
4.2), also give good insights of so0il classification.
With reference to the coefficient of uniformity and
coefficient of curature criteria, thae material ig a wall
graded soil consisting mainly of sand with si1t fraction
aof lass than 10%. Using unified So0il1 Classification
Systems, thae sail is considered to ba silty sand with

about 26% of natural so0il passing the N0O.200 B.S sieva.
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5.3 DRY DENSITY/MOISTURE CONTENT RELAITIONSHIP

~The results of modified AASHTGO compaction test with
various percentages of stabilizers are presentaed in
Tables 4.3 - 4.5 and also the graphical presentation of

loptimum moistura content (0.M.C), dry density agaiﬁst

stabilizer content are showed in Figs. 4.2 and 4.3

| respectively.

1 6.3.1 81ituman—-Stabilizer

The OMC showed an appreciable decrease with 0 - 2%,
then an increase at 4% bitumen and after it decreased
again with 6% to 10% bitumen with 10% baing the minimum.

Max imum OMC occurred at 0% bitumen.

For the case of maximum dry density (MDD), the graph
.éhowed an increase with 0 - 2% bitumen, the decreased

with 4 - 10% bitumen. Tha MDD had the minimum at 10%

and the maximum at 2% bitumen.

5.3.2 Lfme—étabi1izer

The OMC showed a decrease with 0 - 4% lime, then an
appreciable increase with § - 10% lime. The minimum is
shown at 4% and the maximum at 10% lime.

From literature, it showed a decrease in maximum dry
density but the result of MDD increased with 0 - 2%
VTime, then decreased at 4%, thereafter increased to a
maximum at 6% lime. There was 8 decrease again with B8%

to 10% lime.
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5.3.3 Cement-Stahilizer

The OMC decreased with 0 -~ 2% cement, then increased
at 4%. It remained steady at 6% cement, then fell
slightly at 8% and finally increased at 10% cement which
had the maximum value.

The MDD graph showed a decrease with 0 - 2%. There
was a steady MDD from 4 - 8% cement, then decrease at

10%. The maximum MDD is between 4 — 8% cement..

5.4 CALTFORNIA BEARING RATIO (CBR) TEST

The results of the CBR tests for samples are cured
for 1 day, air cured for 7 days and soaked for 7 days
are presented at Tables 4.6 - 4.8 and for the graphical

presentation are shown at Figs. 4.4 - 4.6.

o A8 B1itumen-Stabilizer

The CBR values decreased when air cured for 1 day
with 0 - 2%, but idncreased to maximum at 4% bitumen.
Thereafter it decreased with 6 - 10% bitumen.

There was tremendous increased in strength when the
bitumen stabilized soil were air cured for 7 days. CBR
value increased with 0 - 4% bitumen. The 4% bitumen had
maximum CBR value and then decreased with 6 - 10%.

However, there was catastrophic losa of strength,
when the stabilized soils were soaked for 7 days in
water. Again, the CBR value increased with 0 - 4% and
the maximum occurred at 4% bitumen. The CBR decreasad

with 8 - 10% bitumen.
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5.4.2 Lime — Stabilizer

The CBR values increased with 0% to 4% when the
stabilized Soil were air cured for 1 day, decreass at 6%
Time and pick up again at B%¥ 1ime with the maximuT CBR
at. 10% lime, |
| An dincrease of strenght with 0% toc 6% 1ime whén cured
for 7days and thereafter decrease with 8% to 10% lime.
The maximum CBR was at 6% lime.

There was a decrease in shtrenght when the atabi1izéd
s0i1 were soaked for 7days. The CBR values ithcreased

with 0% to 4% lime then dacreased with 868X to 10% lime

with the maximum occuring at 4% Jlime.

5.4.3 Cement Stabilizer

The CBR valua increassed with 0% to 4% cement but
decreased with 6% to 8% and pick up again at 10% cement.
Tha maximum occured at both 4% and 10X when tha
stabilized So0il when air cured for iday. |

There was strenght increase when the stabilized soil
werae air cured for 7dayas. The CBR values increased with
DX to 8% cement but fell at 10%. Maximum value occurred
at 8% cement.

For thé 7days soaked, thare were vary high increase
at CBR values with 2% to B% cement and then fell
slightly at 10% cement. Maximum value occured at 8%

camaent.
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8.5 TRIAXIAL TEST

Tables 4.9 and 4.10 show effect of stabilized soil
strength when air cured for 7 days and also air cured
for 7 days then scaked for 7 days. The frictional angle
{Qu), cohesion (Cu) against stabilizer for both

conditions are presented Figs. 4.7 to 4.10.

5.5.1. BITUMEN STABILIZER

1t was expected that, in the presence of bitumen the
501l particles will increase in the cohesion and
decrease in the angle of shearing resistance, both of
which are strength, parameters of the soil. In this
case, the cohesion increased with 0% to 4% bitumen as
well as the frictional angle. Beyond 4% bitumen both
the cohesion and frictional angle decreased slowly. The
max imum cohesion and frictional angle were in 4%
bitumen.

The method of curing and temperature also affect the
strength. After the triaxial samples were air cured for
7 days and then soaked for 7 days, the samples labelled
0 - 2% bitumen failed after 3 days of the 7 days soaked.

The strength gain were very small but followed the
same pattern as that of 7 days air cured. That is,
beyond 4% bitumen both the cohesions and frictional
angles decreased with 8% to 10% bitumen. The maximum
value for cohesion and frictional angle occurred at 4%

bitumen.



5.5.2 LIME-STARBRILIZER

For the 7 days air cured, strength showed an
appreciable increase with 0 - 4% time for both cohesions
i and fricticnal angles. Thereaftar both the streng?h
parameters decreased and the parameters had the maximum
! value at 4% lima.
f"When the samples were air cured for 7 days and then
soaked for 7 days, there were slightly faill in strength.
Strength parameters increased with 2% to 4% lima and
decreased after wards. Tha maximum va]pes for both

strength parameters were at 4% lime.

5.5.3 CEMENT STABILIZER
. The strength parameters increased gradually when the
samples air cured for 7 days; with 0% to 10% cement.
Maximum value accurred at 10% for both the strength
parametars.. |

Again, there was hydration action takiﬁg pjace whan
the samples for the triaxial were air cured for 7 days
and then soaked for 7 days. Tremendous strength were
gain from this action, both strangth parameters
increased with 2% to 10% and the maximum value occurred

at 10% cement .

5.6 ABSORPTION TEST
The result is shown on Table 4.1 and graphical

presentation is also showad on Fig. 4.11, From the
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{ graph, it is obvious that 0% and 2% bitumen absorbed
| more water than the other percentages.

The water-proofing mechanism results from diffusion
of water through bituminous 1is slow, but finite. They
are not completely water barriers, the bitumens plugging
of the voids in the so0il thus removing channels for the
flow of wat?r and from the coating of the soil particles
and mo1ecu1és (in the voids) surfaces. The bitumen will
only delay them from the +incoming water by 1its
resistance and drying out in low humidity envoirnment.
Mixing procedures have influence on the absorption
; property because it alters "'tha pattern of formation of
the protective bitumen film. 10% bitumen had tha

greatest water proofing effect in this case under the

given test and mixing procedures but vary soft and can

easily fail under heavy load.

5.7 EFFECT OF BITUMEN STABTLIZER ON STABILITY,
FLOW AND VOLUME STABILITY

fhe results are shown on Table 4.12 and the graphs

are presented on Fig. 4.12. The stability curve showed
stability of the mix went on increasing with increasa in

.j bitumen content, but it achieved its maximum value at
about 5.6% bitumen content and thereafter rapidly

decreased. The bitumen stabiltized scil exhibited

maximum stability between 4% and 6% bitumen. The flow
for the marshall stability max. value was 19.5 x 0.25mm

and the corresponding flow range was between 18.0 x
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0.25mm and 20.2 x 0.25mm respectively.

The volume stability results for all the stabilized

8011 showed no expansion (swell) that is the dial gauge

did not move.



CHAPTER 68

6.0 CONCLUSION AND RECOMMENDATION
b
6.1 Conclusion

The general specifications for Federal Republic of
Nigeria (Roads and Bridges) stipluate the minimum
strength of various pavement componants determined at
maximum dry density and optimum moisture content by
either Wast African Standard compaction or wmodified
AASHTO compaction test after at least 24 hours soaking,
to simulate the worse-condition, (7days)} have been shown
ﬁin Table 4.13.

The natural soil had satisfted the percentage passing
the N0O.200 B.S. sieve, hence it could not be rejectad on
this bhagis. One.shou1d baar in mind that from
literature, sandy soils can be stabilized using mainly
bitumen and cement.

Rased on 7 days air cured conditiocon, bituminaous
stabilization had shown appreciable increase of the CBR
value at 4% bitumen. Due to this criterion, the matarial
'qn}ay' be used for fill, sub-base and base materials whila
lime and cement had good CBR value at 2% of the
stabilizers, because successful roads have baen built of
material with a minimum CBR of 50%. In tropical
countrises, the soaked CBR is used for design and from
this aspect bituminous stabilization at 4% bitumen is

. suitable for Fill material only while at 4% lime, the




materials are good for fil1l and sub-base materials. For
the case of cement stabilization with respect to soaked

CRAR, there was tremendous strength increase dus to

hydration with 2% cement on wards. Therefore tha
materials are good for fill, sub-basae and basge
. materials. Although TlTime stabilization showed satrength

increase, the so0il aasily disintegrated into a loose
granular mass on touching. This is the main reason why
1ime stabilization is not recommended for sand. The

triaxial strength test also takes the same pattern aa

' the CBR test and also these percentages of the

stabilizers have good volume stability.

in gengra1. the amount of water absorbed with
ﬁncrease in bitumen content and the change in strength
relative to the scoaked, strangth dacraase. From
econaomical point of view, 4% bitumen is adequate because
fncreaée in bitumen percentage watarproofed the watar
absorption rate better. Bitumen stabilized s0i1
exhibited maximum stability at range baetween 4 and 6% by

weight of dry soil.

6.2 Recommendation

Under the soaked condition, the range of percantages
Htested, only cement stabilized soil is to be used for
base construction. Lime is not an effectiva means of
stabilizing silty-sand as previously noted.

However, the following recommendationg can be mada,

silty sand group of so0il can be effectively stabilized
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] ﬁith 42.Situmen fbr fili material, from 2% cement should
ba usad for fill, sub-base and base materials. High
percentages of cement, should be avoided becausae it can
cause cracking, and deformation of the stabilized
matarial into a loose granular mass.

Rituminous stabilization shouild be ancourage in

Nigeria just as 1in far East, eapacially for light and

1t meditum traffic roads. Nigeria 1is a poteantia)l and

supplier of bitumen from her petroleum resarves. 1f
these resources are well tapped, it will make bitumen
| immaediately available and cheaper. This will halp to
{ Tlessan the demand for expensive cement.

Again, similar research should be done, on differant
types of s0i1ls because tha existing empirical strength
criteria for stabilized soils that were develcoped in
- tamperate countries should be examinad caraefully whan
being applied in Africa. Effect of small amount of
' cemant and bitumen, lime and bituman shall be
investigated carefully so that the stabilization

criteria shall be established based an tham.
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Data Sheet I ...

Determination of moisture content of the Soil

Container No. | 158 135 137 | Average

Wt of
Wt of
Wt of

Dry weight of soil ""”2%-M3'26.& 300 1| 38 4

Wt of

Moisture content m = M, - Mo

container + wet soil Mq| 37.2 | 37.7] 50.5
container + dry soil Myl 34.5 | 34.9| 46.6
container seseees2s M§ 8. 1 4.8 8.2 9, 9%

mOiSture 4 s pada M1“M2 207 208 309

M2 - M3

Determination of Specific Gravity of Bdtumen

wt of
Wt of
Wt of
Wt of
Wt of

Wt of

Wt of

Wt of

bottle + water (full) Wh .......... 1595. 7g
bottle w o+ water W3 PR N NI A 1599g
bottle + Bilitumen W2 R R R IR R N 72h02g

bottle W1 s s s s s et L e 557.2g

water (Wa- ¥q cetsteeacassaa. 1038.5g

water added to Bitumen (w3- w2) .. 87h4.8g

Bitumen W,= W, ceeess 167

N EEEE L

water displaced by Bitwnen Wy~ Wo FWe163.7g

Specify gravity of Bitumen Wo- Wy/w .... 1.02
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Data Sheet 2

DETFRMINATTION OF TH™ SPECIFIC GRAVITY OF SOIL PARTICLFS

(Standard Laboratory method)

OPTRATOR: ATUEGBU JOB: M. Sc PROJWCT

TIME OF TEST: 23°C

Bottle No.1 1 2 X
Wt of bottle + water (full) W4 352.6 | 336.9 34,7
Wt of bottle + soil + water W3 386.2 | 362.8 369.5
Wt of bottle &+ soil w2 156.9 | 132.1 137.6
Wt of bottle W1 104 88. 5 95.7
Wt addit. of water (W4 = WL) 2L4B. 6 | 248. 4 249
Wt of water added to s0il(W3-W2) 227.% 1 230.7 231.9
Wt of water displaced by soil 52.9 | 43.6 41.9

(Wa-WL) - (W3 =-W2)=W 21.3 177 17.1

Specific gravitv of Soil particles
e (Wg - WL)/X ’ P 2. 48 2. 46 2.45

Averape of Gravitv Soil Particles 2.46

Vadues of X fae Lise in Fauarion for Computing Dismeter of Particle in Hydrometer Aualysis °

1"2‘."'“‘ Specific Gravity of Soil Particles -

¢ 2.45 250 295 2.60 265 2.70 275 | 280 288
16 0.01510 | 0.0150% | 001481 | 001457 | 001435 | 001414 | 001394 | 001374 | 001355
17 ODISIY | DO1488 | D.01462 | 0.01439 | 001417 | Q01396 | 001376 | w)I%6 | 0.01238
] 0.01492 001467 0.01443 001421 0.013%9 001378 0.013% 0719 0.01311
19 G01474 | 001449 | 01425 | 001403 | 001382 | 001361 | 001342 | 001323 | 001305
20 0.01456 | 001431 | 001408 | 001386 | 0.01365 | 0.01344 | 001325 | 001307 | 0.01289
21 0.01438 | 001414 | 00391 | 001369 | 0.01348 | 001328 | 001309 | 00I291 | 0.01273
Py 1 o042t | 00197 | 001374 | 001353 | 001332 | 001312 | 001294 | 001276 | 0.01258
b | 001404 0.011%1 D.01358 0.01337 001317 001297 0.01279 001261 0.01243
24 001388 ' 00135 | N0IM2 [ 001321 | 001301 | 001282 | 001264 | 001246 | 001229
25 008372 001347 - 001327 | 001306 | 001286 | 0.01267 | 0.01249 | 001232 | 001218
16 1 001387 00134 D012 0N GO ; DOIQsS 001233 o0I21d 0.01201
21 001342 | 001319 | 001297 | 001277 | 0.01258 | 001209 | 001221 | 001274 | 001188
" 001327 ) 001304 | 001243 | 001264 | 001244 | 001225 | oot208 | 001191 | 201475
by 001312 | 001290 | 001269 | 001249 | 0.01230 | 001212 | 001195 | 001178 | o162
£ 001298 | 001276 | 0.012%6 | 001236 | 001217 | 000199 | oousz | ootes | ootag

unit of K = e (minye
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Data Sheet 3

Sieve Analysis on Basic¢ Soil

Gross mass of Soil(M,)= 200gm

Mass passing 2mm Sieve(Mq)= 190, 45gm

Mass retained on 2mm Sieve= 9.55gm

Mass used in Sedimentation Analysis (M;)=100gm

~ Student Name ATUEGBU

Date 16/01/91

mver | BT | Tekaiita) US| ative ferac-
(mm) tained :éin finer
tained

7 2,411 955 0.1158 | 0.1158 | 0.88
14 1.204 4.79 0.0570 | 0.1728 | 0.82
25 0. 699 20. 85 0.2525 | 0.4255 | 0.57
26 0. 422 13.10 0.1588 | 0.5843 | 0.42
52 0. 295 10. 60 0.1285 | C.7128 | 0.29
72 0.211 10, 00 0.1212 | 0.8340 | 0.17
100 0. 152 7-50 0.0909 | 0.9249 | 0.08
200 0. 076 6. 20 0.0752 | 1.00 0. 00
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Data Sheet &4

Sedimentation (Hydrometer) Analysis

Gross Mass of Soil (M,) = 200gm

Mass passing 2mm Sieve (M) 190.45gm

Mass use 1ln Sedimentation analysis (Mp)

Elapsed | Hydro- Temp- |Effec~ |Pully Frac-
Time meter tive corrected| tion
ety | | LRI {rentine”| cuner
20secs 14 23 15.6 12.3 0.1%
Lo n 12 23 16. 0 10. 3 0.12
1+ Omm 10. 5 23 16.6 8.8 0. 11
imin
20secs 7.80 23 17.68 6.1 0. 07
Tmin
LOsecs 6.5 23 18. 2 4,8 0. 06
2.0mins 5.50 2% 18. 6 2.8 0.05
2.5 n 5.00 23 18.8 3e3 0. 04
5.0 2.8 23 19. 68 161 0.1
10 0.8 2% 20.48 -0.9
15 o 0.00 23 | 20,80 1.7
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- kN/cum

DRY DENSIT

-

ﬁ_J: Datﬂ Si{ee_t 6_; Basnasn e —— S RS .
DETERMINATION 'OF THE MOISTURE/DENSITY RELATION OF SOIL

3ob. M8 i, Sample j.??.t?.".’.4’3.‘:ﬁf::?::g..‘f.Operator...ﬁI“.ﬁﬁﬁ-H.....'.'

Bliiicsinesssssmmamnnsrsrebotein DD e kil susssssierssr DM csoosnpranessrmscssersscsnte '-
Amount retained on3/4" B.S. Sieve.........g..... Total weight of sample.........c.ccee.fornal’

BLEY JC.BOR® Mouldssisssinsas RTINS R PR *Delete the Inappropriate word

Wt of mould and wet soll .o W) ieinsnniiend ;,lf,{} ‘_'3.'1’0 65!;:} bs o:ﬁ L!?-{?
Wt. of mould (W1)ecrsesnss 244 B0 4 43 4q20l443 0| 4420 LS 243
Wi, of wet 80Ll.useeerennns W2 = Wi iesnenenseBones] .’3,2 O f‘;"éo 21’35 L2075 /765

LBtk denstty Ve MM KLU 20| /5,200 2742 |R0-5A1 T 44
vPor ‘B.SI Mould x = 101.7%. = - ' ] : '
MOISTURE 'CONTENT DETERMINATIONS

w

Container No 198 | 7/ [29'132 [193]185]30 126 |16 | 1S
Wr. of wet soll and i 3721321947131 8|40 a[42:4147.0 50 |63 21650
Wi, of dry soil and container .. onurnieons (367|127 7] 40 2691381129.9142-1 |40 7|54.9,55'8
Wi, of ¢ 2 8.6 19415417418 6 |55 9.0 |54 07 |97
| W of dry ot (W, g | 283128-337.1|27- 5129503 4| 33 113/ S g4/
WL of molsture (Wmd..oowoscerivessrnsnsssareslionse | (- 3 0.5 l2lo7 - G125 4.9 Yoo f §-3 ’1*2
Melsture conrent 100 Wa/Wa,..ccovvcvnerenn B [0 ky )o{,386 3376'%?'-3}?’&/3@/8"7 ”—?6
Average molsture content (M), w.eeceecne seas b 4 f. 06 5 v ér’ 6 - 8_§" _/_'j{, az !7.,?3
Dry denstry¥a = 10097100+m........ kN/cu m| 17-72 | 18-72 | 19-7€| /800 | /4¢-64
C.B.R. (mean of top and bottom)....eeeaess T, —
TR i Max. Dry Densttyeeemeesceceeeermereee. KN/ CU_ T
HiH : 1 Opttmum Meisture Cantent %
R HH] C.B.R. ar Opr. M.C
22 T T
T : HH
4 1 . g : L ] i
T LH T
5". i 33134850 i HEHHHHH TR 1 § ‘3
At T HHHHEHENG |
A T R
T HEHEHH §
1] . H 1 T o
1o i HE
11| i - 5 I 14 41
T H HHHH 1 H
- 4 RHEH i : i
- - . (T 2 & 20
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Gross Mass of Soil (M,)

Sedimentation (Hydrometer) Analysis

Data Sheet &

200gm

Mass passing 2mm Sieve (M1) 190. 45gm

Mass use in Sedimentation analysis (M)

« 100gm W = 82.50gm

E%ﬁpsed HY%TO- Temp. %{320- Fully Frac-
i T ted| ti
1 N | N oo o Bt

(g/IS? a) cm) (Re)

20secs 14 23 15.6 12 3 0. 15

4O n 12 23 164 0 10. 3 G.12

1+« Omm 10-5 23 16.6 8.8 0. 11

min

20secs 7. 80 23 17.68 6.1 Q. Q7

1min

40secs 6.5 23 18. 2 4,8 0. 06

2.0mins 5. 50 23 18.6 3. 8 0. 05

2¢5 n 500 23 18. 8 3.3 0., 04

5.0 n 2.8 23 19. 68 141 0. 01

10 » 0.8 23 20. 48 ~Ca G

15 " .O! OO 23 20. 80 "'"1. 7

A
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Data Sheet 5

Combined Particles Size Analvs1s
Gross mass of Soil(M,) = 200gm

Mass passing 32mm Sieve(Mq) = 190. 45 gm

Mass used in Sedimentation Analysis (M M) = 100gm

Particle ' Percentage Smaller

size

(mm) Sieve Analysis Hydrome ter Total

out of Mo- M1 out of M1 out of M4

2. 00 100 100 100
2. 00 88 88
1. 00 ' 82 82
0. 60 o 670 57
0. 40 42 42
0. 3 _ 29 29
0. 2 17 17
Q. 15 8 8
0. 096 | 15 15
0. 076 0 ' 0
0. 057 | 12 12
0. 051 11 11
0. 046 ' 7.0 7.0
C. 043 5 5
0. 038 _ : 4 4
Q.03
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APP"NDIX B

991 « 48
S.81

Note X = = 101.1

Where V = Volume of the mould -991.-’48cm3

Gravitational Acceleration

(g) = 9. 81m/52
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FECES——

v (EBR faan of 50 OOt %\
- : — — i ——
1 .] i : '[.,‘ g b 88 T Max, Dry Density, .o esrecoeessenrens k /cu m
443 e rt' t Optimum Med & Content 5
- 455 1 _‘ ¥ t 1] C.B.R.at Opt. M.C [
1z

DRY D

NSITY = kN/cu'm _

-

"__:ﬁ_-ﬁat_a—gi{eet 6_—.( LECTT CEEE T reAe s SR iavAR LTI .
DETERMINATION 'OF THE MOISTURE/DENSITY RELATION OF SOIL
USING STANDARD®*/HEAVY * COMPACTION '~

LYW 0 | N— SampleMe.. 272444/ 28X Operator.. ATHEGRY. ...

BitBavsvassseisnsisiviseiinabonyosss ENEREL s suis I MWsasassisenoinnins EMBBssensassiusneas RO, '-

Amount retained on3/4" B.S. Sleve.........f..... Total weight of sample................ Biaeitt
B.S.‘/C.B.R.' Mould....oicraaios besenasnansatinen sessnmnae wanwen dansanes se"Delete the l.uppwpruuwrd

We. of mould and wet 80Ul ceeedW8)oorvnmbed 5 £ 00| L2 G668 6S0H L/ 25
Wt of mould AW )ewrssssensleod g DO 4 430 42004430 | 4420|4452 43
Wi, of wet soll (W2 - W1) 8| /82 0 |/ FAO|21355 |2075]/ 765
Lk denatty T MM KNS D 2001 /7,200 2 142 205217 44
+For B.51 Mould x = '}0_1.13. T > +-7i] - -
MOISTURE 'CON'I'EP}_T; DETERMINATIONS
Contataer No e 38 | 71139132 |193]185130 36 |4 | 1S
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W, of dry soll and CORALnessen..oremmseneterne 360 7|27 7| 40436 71381 129.9142-/ [40-7154.9,55°8
We. of contal e |66 17417. 417 415 6 |55 9.0 74|07 |97
We. of dry 80l (Whecoresecemncrssssnconss | R D8 Y311 1R7-5129 513 44| 33 )3/ € g 746!

We. of wet aotl and

 Motature content 100 Wy Wa...coooooeonec- B | 06| 106 86 [3-R716-44|1 2H #4- G323/ ¢4/29,
_iv_:_lilinoffm_r:c?ﬁl:u_(m} .................. ; 1 f. oﬁ 5- 51 _._.6._._.3.§._ /‘}(- 02 f‘?..?s
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DETERMINATION 'OF THE MOISTURE/DENSITY RELATION OF SOIL

L R L L

USING STANDARD* /HEAVY * COMPACTION '’

...................... Operator... ATHEGRN......

Sample{zy: JBilapen

SR . 0nmannnnnsssannesnes rrnnrerneeDEPL ey I ereee e DALE e ST .
Amount retained on3/4" B.S. Sieve.........§..... Total welghtof sample......cc.vinrnnBunass
B.S5.*/C.B.R.* Mould...... AR AT AR AR AR B AR P A +*Delete the tnappropriate word

W of mould and et $08lucrreses WA )enseseren 345 6540|6690 [6ETo 6 6o

We. of homda A 4 4 20 | 45 20\ 4420 |4 430 |4 420

WE. of wet soil (W W) el 775 12170 (2268127601 /730

-

Bulk denlty T'-m.;?m-.--m--------' kh/cu ) /8 -1\ R OEN 2228 R(-24) /7. 4/
'._For B.51 Mould x = 101,79~ ! ' :
MOISTURE ' CON'J

LA

"ENT DETERMINATIONS

Contalner No

Pre=m

7 177 130 YRS |54 |42

¥3

32 /73

£

22-2(32-21 3¢ 2129-6|43.7| 43 7

615

We, of wet soll and ¢ P 46-3|5/- 224
Wi of dry soll and g (32061377 |35-3128- 3. [10-0[42-5[#6 41557, 50%
W of ¢ g |16 19: 219054173 |54 |9-6 | 74|8-€|ES

Wi, of iy SOU(WE e ireresencenns

Sreminansane

K3 01225P¢ 212291312 135 ¢

2292147/

#7

| Mk
Molsture content 100 We/We

Wi af 1 e (Wm)

oslo-slr3lezle 27

3-8

-6\ 7

7/

...................

2:6/12-22 47415 48(8 18| ).

/- Q2.3

/679

Average molsture content (m)

..................

3| g2

$:37 | 788

176 [ /8-

&5

Dry density Jd = 100871004 m.......

ai/eu n| /8-49| /782 |R0.72
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DETERMINATION OF THE MOISTURE/DENSITY RELATION OF SOIL

................................ ...Sampleﬂc?.‘.f.gf./.‘."l’??.f:'?.....OPerator...ﬁIﬂ.ﬁ%H......'
L S o IO Depth........ 0. TR O, DRt inniimeniva
Amount retained on 3/4" B.S. Sieve.........g..... Total weight of sBample..... .....cccur. Eaess

B.5.*/C.B.R.* Mould...osernens

FEssssssasssnsanans

sssssssnssasrnnstssnssssss®Delete the Inappropriate word

W of mould and wet 50iL..rsn.. {W1) #6350 | 655D 66 25 58S L 470
We of mouldve.e. (W) -4 4430|4430 4430|4430 4430
Wi, of wet soll W2 -W1) 11920 [2120 |21 95 |2/45 (2640
L ety ¥ g e SV B e 9 (20971 20 71| 2722 2045
TIFor'B.'Ex Mould x = 101, SEETY ’
MOISTURE CONTENT DETERMINATIONS
c No w32 |29 5% |92 3¢ |42 |71 |/60|55|57
Wi of wet 800l and COMBINET, voismrnraness B 373 358 &6 33-2 40'4 57-( 52-L983 5¢-& 5??
Wi, of dry 30ll 80l COMALNET veuemirimains g b6 12¢.5 27.821.7128-1 298 4?-3'4\!«;3 {:0,&-3
Wi. of contal g [T |74 |36 B-6|72|5¢ |74 |8 5 2.2
Wi. of dry soll (W), cereeneeenelone |2 T-2R5 1 189 231 |29.0 l‘?-? 238352 88 8194-1 !
WL 0f motBIure (Wem)....cu.visnesssrssiones g0 2|10/ 1 115 [2-2 (204 |47 |93 | 88|64 e
Molsture content 100 W/ W, ..o nernnnnes 4 {_57 3??5'82 4"? ?51 7’82 /2 '-2-’»)242 ’3'&“‘9
Average mnlltul'lfl_)_n_":i [ ) PPPRR—— ;3 3- .28 6 /5 7' ?/ /2 22 e A .&5
Dry density¥d = 1008] 100+m.,...... kNfcu n| /1§39 | /9-75 | 20- 16770077 66 B
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DETERMINATION OF THE MOISTURE/DENSITY RELATION OF SOIL
USING STANDARD® /HEAVY * COMPACTION * '

Bl T B sssissimiininihas Sumple{ﬁzi.f.é.{.{f!’.’?’..ﬁt?..%ersmr...ﬁlﬂﬁﬁﬁﬂ......'

7 . A, =TI . RA—— b 5
_ Amount retained on 3/4" B.S, Sieve....vueu.fen ...Totalweight of sample.......coereveeafenner
Y B, 5.%/C.BIR.Y Mould.oiiaiiiaseies SR A SR R 22ssns*Delete the Inappropriate word

; [ We. of mould and wet SlLvvveeeeWaorerrseonorede 235 | 6220 6610 | 6580|6305
! W 0f M0Wsueusansncrsusssimssesns W eeersrnen oo d 4 430 14 4 30 4 43D t,wﬁg 243D
Wt of wet S0tbu.snccresssmd W= Wihooonneionn/ 7O S |2 090 (2/8 85 (20701 (935
I | Bulk denatty T= Wa = Wi oo sesssenseene KN/CU 0 15 53] 20482/:5820.61 (9.7

——— e - x
'-;*or B.5i Mould x = 01 PEETETE
- MOISTURE CONTENT DETERMINATIONS
1 Contalnes No, 20 126 115128164 (1T {408 241/

Wt. of wet soll and tmﬂm..; 29.3 g2 37/ SO{ 526 |4 1“9 5"2 ¢ L ﬂﬁf S10
Wi of dry 5ol and COMANET . covvsecverscnBe e o 4 O 8125 614 701413144 1965 |64 S W T 146G

R e il

[ 903 6 GO emssssssismamaasismsins e |T1:0|24|7- 7|88 |92 |9:2 |19 [ro2| 7L l0-D

Wr. of dry aoii{'W B 1?"{_5{! Zi -25"; 42 ,2 1{0‘0 I35 7 5‘;‘- &?5!33, 6

WE. Of MOLSIUre (Woh..esosssssscssscoresen g 09|70 (1S |2:4]|20]30(4:7 40|58 |64
Melsture content 100 W/ Wi, ...... WP % 509 35 T4 547ig s rﬁ#b-"l-? 766 7-20 14
AYErAge MOLSIUTe COMONE (M)ewrseerssnisre sane % 2 o 42Y _‘_5_174 E 33 | /2.351 17-5¢
Dry densityJd=1003)1004m...... kN/cu ml /8:24, | /2-55 b9-90 |/&-40|/629

C.B.R, (mean of mp_![-ihouum}...‘......... &

w

=

S —

T j R R T Max Doy Denstty.cvve o, XN/CU m
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1] # 11 f] P AT L CP.R e Opr Mo ¥,
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PALE r? 2 Lih E.— H-L"H‘ i
L - 5 2 ® 20
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DETERMINATION OF THE MOISTURE/DENSITY RELATION OF SOIL '
USING STANDARD* /HEAVY * COMPACTION '

10b. P85 e Sample[ 8 Th. 2. B4 147 ¢0perator. ATHEGRA. ...

T T NPIRROR . LI 3OS | AT N, ; . ORI, L
Amount retained on 3/4" B.S. Sieve.........g..... Total weight of sample........cc.ocruforee. \
BB S IO BB MU, ivssaiiciasisrmivaiorisaniiuatiaiobas CeRsiiaviI VeI *Delete the Inappropriate word

WE of mould and et 808kursrresss (W2 )oeraronscined 270 ia/,rﬁs ES4D by |62¢4D]
Wi, of mould (Wierioonrennfored G 30 |G 4 30| #4204 4 3004 420
| We of Wt SOt e cenne e {WE = W) 2|/ &0 |/ 7925|8220 |2060/6/0
| Bulk denstry Tsm;u-._..........,.‘ kii/eu {&.40 /973 20:8] 2048[17-?'0

“For B.51 Mould x = 101.1%. "

MOISTURE 'CONTENT DE’TE{?MINATIONS
[rm—— ety \taq V75 |268] 70 | 24|45 1135132 [39
fooue |90 2|33 3618 |54-2|155 ¢ |50 T |46 0 |39 T3 bl94
We, of dry 3ol And CORMNE voecsraversencestins (1B GY| 261G 8|52 |51.9 WT- 7 |4y -0 3¢9 (575,398
o [1-02 |97 |85 | B-600 0| 9:6|2-T|5-5 |9-4|F 4]

Wi of wet soll and contAIner. oaeesnns

Wit of COMAINET.cuicarenisesnssstasisnsnrosines:

Wi of dry soll (W), g (34023 S 1/ 303 S|44. 9138 4 B4-3 26 4|304/13 0-
Wi of matsiure (Wo..... g 008 10°712:0|2-/(35|3-24-0|2-04(]14-3
Motsture content 100 WayWa,........coor % 12-3812 9814 ly-82|8:35 [B-q o) 1/ 64|//.34/3 434 4
PTIER RS mO WIS COm e i) sniatestrayiiees %l 267 | 464 | 838 /154 /588

T;:, dm;;ﬁ'da lfn?!llmcm....... kNfeuw | /7-72 | /882 19 -2, fsig 1572

o+ | C.B.R. (mesn of 10 and BOROM)uesrusnrneais .4

B e A ' -

H +1] HHHE H MX, DIY DSty .ovsesssesessessesesse. SN/ CU M
SEESSRASRRRRANEN L 14} Optimum Molsture Content k3
R T cp.R. et op M.C
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DETERMINATION OF THE MOISTURE/DENSITY RELATION OF SOIL

USING STANDARD*/HEAVY * COMPACTION !’ .
Job. S8, Sample (0%, 81741622, Operator.. ATHEGBY. ...

Amount retained on 3/4" B.S. Sieve......... §..... Total weight of sample............ cisleaid
B.S.‘/C.B.R.‘ M(Jl.lld...........u-n.........-.........-...........-....--...‘Dclﬂmlnlwrop‘l.lnwrd

[ We. of mould and wet soll (W) £ 6235 454;(60 LSY R 16465 4255
We. of mould. K Yernnnnrnn B Y2 0 |4 43 O Y4204 43014420
W Of Wet S00L.ovcvrrsssnwd( W2 = Wikl S5 O 5 | 19 TR/ 3 RO2E|/ERS
Dulk mm‘f-‘-ﬁ;m ............ KN/eu gl )7, 8 /f’,?fﬂ:{b—?ﬂ 204/:1/8-85
‘For B.S1 Mould x = 1(_)‘1._'1‘.3. = SERETE : i
MOISTURE ‘CONTENT DETERMINATIONS .
Consatner No 5% |47 132 WO 130 |26 13 ¢ 4SH]42)/50
WL of wet 5011 And COMAINET vvvensermssensores [0 7 2K W is- 4‘.{é45:§ 5_5-')_ SQ-:S.Q? 52”&4’7
Wr. of dry soil #nd CONtRIRET...ooussnsscnierss {45 A/S ke .5 s §2-4 5/‘[ ’{?d‘?&&" k‘g‘élsa’?
| WL Of COMBIRET wsrereraoe e searecrnsasraascucns i?, ?2 (_QE ?‘? 20T ?} Igé S"(; @8
|| W of ary son(w. g0 B30 52:5182-343/.233 6w 2-08 0 D38 A0 447 3
_W_l_d mcllmro_(_\‘i'_-)_._:_.: .................. A /;2 }‘3 {‘7 /5 2? 3‘8 S/ 5/ 73_ 8'0 ,.“
Maolature content 100 Wey/Wd ..o 0rnveeraenins 4 3-_3/ 2??‘5'86 48} 9 G?‘OSJ)’!@%/‘{& /6 -?d
Aversgs moimars cmisot i i) £ B 1535 | 884 14208 | 17-48
lbryamuy'a‘d-lmi!)lwam....... KN/eu ml /7. 2¢ /550 f’?lg _‘_’_?_:_ﬁ/ /537"
C.B.R, (mean oftlz&f_nﬁéoﬂom! ............... '! /R S—— o
§ ;f E E{ f 5 T HR R H TR Max Doy Denstty.ee e kN/cu m
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