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The problem of spe¢
compaction under moving ;6
been addressed in terms of
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ification of input work for soill

lers, in the past, h;§ generally

empirical relatlonshlpé and

In this study the amount of energy required to

0 a certain density by means of rigid

‘rollers Is viewed Iﬁ—terms f the minlwum amount of input energy

required to produce no further éhange in soil- density, or roller
resisting force. The effect of roIle; surface configuration
on compactabllity of the soil is investigated, and the results
a}e compared with the results:of Proctor te;ts. The study shows

that the compagtaﬁillty of tﬁ% soil is only a function of the

compaction ehergy and Is independent of the method of compaction.
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CHAPTER 1
" INTRODUCTION ~~

N

f »~ .
1.1 Fleld Soi] Compaction . .-

K3

The p;srpose of field soil coppaction using towed rollers is

to provldé an.adé'quate resultant of the soil bearing capacity. Combination

. - ‘ y '
.of the reduced permeabllity and at the same time the increased densification

of the compacted soll produce higher combicted sol |l étre\ngths “to guard against

slope failure" bedring capacity failure, excessive settlemént, etc, for a

_long tjme duratlon.

-Soll compaction In the field is accompltshed by placing a loose
layer of sojl and compact!r!g it until it reaches the specified soil density
and .sofl ‘s'trquth -or nearly equal to the characteristics of the underlying
sol'l Iayers. pre\;lously compacted. The objectlv"e of soll compaction ls to
obtaln the deslred characteristics of the compacted soil ‘with @ mi n]mun
number of roller passes or with a mln?u.mn amount of roller input energy (work
d;:ne)i. |

Gemraily, the ’c;mpact!on of layers of‘ ‘so!] can be !ncrea‘sed
by lqcr;astng:the normal stfe‘ss fm'pc;sed on the rol‘ler soil inteyrface o;' by
d;g;:fcqslng the thickness of s'oH la;/er to be compacted. ;ioreover, the normal

stress can also be Increased locally h} p'rovldlng different types of lug “P

conﬂg'untlons on the roller surface. However, if the normal stress lmposdd

. on the soll roller Interface far exceeds the bearing capacity of the soil,

w
the soll will tend to extrude or flow undor the roller _Instead of compacting.

The Input émr.gy (work done) required by a roller for the

Y

. compactability of a given soil as proposed by Yorig and Fattah, 1980;‘15

r

a functlon of :

N .
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a)

b)

the following

.i\)

b)

}.2 .The.Objective of the Project

™

Roller type: towed, powered, rigid rollers, pneumatic

tire roller, number of tires in the rcﬁ?, arrangement,

load of roller, speed, degree of slip, €onfiguration of

-roller surfaqe . ‘ P

Soil: al{i—-the- factors whfch fafluence the soil mechanical
pi’éperttes such as Initlal §oll density, moisture content,

soll structure, confining pressure, etc.
¥

In this study, an 'analyth:al technique Is established for

purpose:

to calculate the amount of input energy required In
compacting the soil per unit volume, and

to deternine the total work done required ta produce a

.certaln soll density or permsnent deformation (I.e,,

compacted depth) of the soil layer. /‘

N}

v b

. a) the effect of roller surface configuration, roller load.
' on compactabll]typof the soll
b) the compactabili ty of the soll In terms of energy requi :eq
) to obtaln a certain soll density.
. The test rc;ults obtained from ‘the towed roller are compared
/ with those obtained from,tﬁc ‘Proctor tests..

The objective of this project Is to Investigate:




The soil data obtained from the soil bin test facility Is

the following:

¢
o [

A “‘. RT-11) digmty profile:o initlal (zero pass), Intérme&!ate (third °
‘ and sixth pass) and final (16th pass) densitiss.
2. Sinkage of the roller ' . o
3. Rolling r\g_s_t_rst;nce of the roller ,
k., Water content of”the soil -
5. Shear strengtl:\ of the soil measured by unconflned compressive
and vane shear apparatus.
. The data obtained from the Proctor testsﬂ is the following:
‘ 1. Total number of blows or input energy h ' />
2. Soll denslty L

3. Water content of the soil i w\i

From the soll-bin measurements, the rolling resistance, the
o dry denslty, the /calcullted resultant input energy.can be related to the \\
) ij, dry density. Hence, thls input enet:gy-dry density relaf‘:lonslﬂp can be compared
w!th those obtalnec! from soll compaction using the Proctor tests.
Fﬁ. | shows the flow chart of the report organization which s divided Into ~

i six chapters and an appendix, .
- . i
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- + CHAPTER 2

/ LITERATURE REVIEW .

2.1 Previous Work ' . '

Recent Hteratu?-e review shoms that some Investigators have

. : "" 4

done work on soil compdctlon arfd on the model ing of compaction process.

In analysl}\g the trafﬂcablllty of-vehicles over soft soils,

-~

Frelth (7) used slmllltude modeling to predict the complex vehicle-soll
lqteractlon. Even if the crit;;la for soil compactlon are dlffcrerﬂ: from

. ”
those of trafficability, similitude modeling can be applied to soH compaction.

&\ Waterways experruu.df station has performed many compaction tests
ulth'dvlfferent solls and compsctor types, Bergmann (8) made use of ‘the raw data

published by Waterways Experiment s;eFIOnAq construct a compaction model to

LY

.predict the CBR* and the density of the(sp‘}lﬂfer compaction. Bergmann

postulated that in generating a chr relationship, the mod,! uld be of the

., standard unit load ,
rd unit \ o
where : ” (4—’

. ~ 7
form: - » N
R CBR . '
w/br - K. "F Up-p-he-Re-sp . M
'» ' : ' " '
= <
% CBR = test unit load x 100 . ~

1 —

test unit load = unlt load (psi) required to penetrate a certain depth-
of the penetraélon piston into a compacted soil speclmsn
at some water content and density, and . )

staddard unit load = unit load (psi) required to obtaln the same depth™of”
. penetration as the test unit load on a standard sample
of crushpd stone.

o



-

where W -/é&npactor weight, kg
' b -(\indth of compactor drum, m

“+adlus of compactor drun, m

v
T CBR.= California Bearing Ratio, %'
4

k = cbnstant v
¢ )

T~
W = weight factor

%ﬁ = coverage factor
: UF = speed factor

We = frequency factor

@
2

! hF - "ft factor > * ¢
Rp = bearing factor

Ye = molsture} factor

. » o« . - .
Very accurate results can be obtalned If complete experimental data exists

for a given set of experiments. However, the model perform:d poorly across a
series of experiments reported in different documents. ~ Bergmann also

reported that the Inaccuracy of the model! is due to the errors lin measurement
. t
and part is due to the existing inaccuracy of the model at its stage of

development. A reasonable correlation “could be “talned using the CBR model to
predict compaction with different soll and compactor types. At thd same time

Bergamann (8) also formulated a dens | ty model {n the form:
Ve
ek U h. R \ (2)
WERK = K ¥ Np.op Up e Re g :
v /

. where all the parameters in cquntlon (2) remaln the Samn as those In equation (1)
sxcept: P] = dry soll density after compactlon. kg/«{3 Ggnerally, the density
model s more peculllr to .soll and compactor types 'éomplred r.o the CBR/model,

Therefors, the mode! needs some refinement b.efore & mmhl compaction modsl




o

- .

N t
B .
/ »
‘ R

can be presel"lted. However, for some types of solls theﬁ density model appc\a}i‘s
* to predict better Ehan the C&R model . )
| Weitzel and Lovell (9) used models developed from statistical
techniques to predict density and r‘stren’gths for a laboratory compacted clay.
The authors presented the ‘dry bd'ensli:Ay models as follows: .
Py ™ 1338.3' + 1284 .0 NR/W +0.32 \JZNR (dry-of-optimum equation) and
Pd = 961.8 + 15,564.6/W (wet-of-optimum eﬁuation)
wherel Py ™ estimated dry density, kg

VR = average work ratio, and

W = water content, % -

The strength modelsﬁpredlctlon were constructed as follows:

v

9. = = 1784.8 + 3.1 Pd /S‘/\l + 84,0 (I-S‘/loo)/cr3 (dry-of-optimum equation) and

Q

log ,(qc) = 1.70/e, (Wet-of-optimum equation)

whar!', q. = ;stlmted compressive strength (KPa)
Py = dry density (kg/m3) ~
Slw-vin'ttlal degree of saturation (%)
oy = confining pressure (KPa) and

ﬂ e, = Initlal vold ratle , , . . !

[ ' o
All the developed models were reported to have good to excellent gtltlstl;al
characteristics. However, it should be realized the restriction on the use
of laboratory compacted samples to predli:t fleld compacted conditions. . Work

on correlation between the results obtained from laboratory and field compacted

t

- [ 3

-—-\/ . / . - ‘

L)

samples. s currently underway at Purdue universiky.




e
. . .
‘ 8
¢ As most of the previous works showed that'empirlcal relationships
and techniques were used in developing the models for predictf;n of compactfon
process. Recently, an analytical model for a moving roller (rigid or
pneumatic) was developed by Yong and Fattah (10)w.. The finite element
method of analysis was used to evaluate the amount of compactive energy ° ////

required to produce a certain amount of permanent defqrmation. The soil
types ‘used in the .experiment were kaolinite for rigid.roller and a mixed -

soil consisting of fine silica and kaolinite for pneumatic roller.

%

2.2 Present Study .

. ) This stJﬁy Involved the compéctqbility of clayey sand usjng
rigid rollers. The data 6btainéd from the expgriments was analysed based
on the principal of energy conservation. These. results will be used for
an analytical model at a later time.
o The effect of rolier surface configuration on compactabllity
; of the soil is also }nvestlgated;'and’the results are compared with thﬁse -

obtained from the Proctor tests.
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: CHAPTER 3

¢ TEST SET UP AND PROCEDURE

3.1 Sotfl Properties

The soll used In the experiment is a mixture of "English ?apar"

Clay" (kaolinite) and Saint Jerome "Silica Sand' at a ratio of | to 5,

L2

respectively, | '
(A) Kaolinite ' SN p

The ‘clay, orliginall \Ln\giy/p)wder form, has the following,
propertlies: - . .

Liquid 1imit = 54 5% : .
Plastic limit = 37.5%

Speclfic gravity = 2.62

The grain size distribution Is shown in Fig. 'l with a chcmlc_:ll'

,analysis by welght as shown below:

$10, (Sl1icon Dioxide) 47.5%
Al,0, (Aluninum Oxide) -  37.5%
Fe,0, (lron Iyl Oxide) 0.42
X ,
‘TH)2 {Titani \Dioxi de) 0.05
‘ _Ca0 (Calctum Oxide) 0.2
A Mg0 (Magnesium Oxide) 0.2

xzo (Potassium Moqoxldc) 1.3
Nazo (Sodium Monoxide) | 0,06

Loss on lgnition 12.74




(8) Sand
The sand used for the mixture is a dry Saint Jerome silica

sand with the following properties:

Specific Gravity = 2.67 ~

" Void Ratio Range = 0.905 to 0.5% ) -

The grain size distribution is shown in Fig. 2.

3.2 Soll Preparation

In order to determine the sensitlvlty of oompactaglllty and.
workability 6f the‘so!l sample to be used In the.experiment, several mixtures
of sand and clay are made. As can be seen from the standard Proctor test
results, Fig. 3, the compactability of the mixture, wi%h resﬁeé; to dlfferént

ratios of sand and clay, increases #s the amount of sand in the mixture

¥

3

Increases. It does not make(a difference in terms of sensitivity of compact- ; f -
.abllity as to which mixture Is to be ‘used for the ekgerimggt., Hoon?r, éhe
sample of 80% sand - 20% clay is chosen for Its Qorkab!lit?.

The pure kaolinite, Inltga!ly avuli;ble tn dry fofm, is powdered
K &pd thoroughly mixed with sand, also in the dry state. Each 5 kg batch of

‘éiayuy sand s mixed with water (u-8,23j2) manually, The water con it Is
obtalned from the optimum moisture content of compaction test shown in Fig.
3.

c
]
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1.3 Testing Equlpﬁéht

» The detallsiof the-Hobithy Laboratory .testing équipment

~ e

_have lbeen extensively reported by Windisch (1966), Yong et al’ (1967), C -

4
S

and Webb (1968) _ ' . e ‘ . e
L P Fig. & shows the moblllty laboratpry testing equipment. v

Baslc%lly, for the purpose of this study' the testinq equipment conslsts

.-

of 8 éomponents and some of them are not shown in Fig. 4:

(Al The soil bin

(B) The dynamometer carriage R} ) o
A ¢ The flexure frame and test whee)
(¢) —~ A .
(0) The hydraulic drive unit.for the carriage
(E) The soil sample holder ’ : S
(F) The density samplers ] \ .
(6) The electronic clreuitry -r-
(H)  The motor drive camera -
(A) The Soll Bin . ‘ ' .

The purpose of the soil bin is to provide support to the
dynamometer carriage and to the sample holder.. Th; sample holder occuples
a small portion ?f tﬁ§\6 féﬁt wide, 4 ffet deep;pnq 32 feet long soll bin.

< ‘ : \&‘ “‘

~
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(8) Thq “Dynamometer Carrlgle ' . .

) & -

. The dynamome ter carrhge is used to provlde a mobkle anchor
to the ﬂexure framc of the test wheet and to support other equipment moving
aleng with it. Two Z-rails and two continuous chains are used to gulde
and to ’pull“the dynamometer carrlatge. The Z-ralls are mounted on ch;
longﬁtudinal walls of the soil bin and the ‘conttnuous chalns areh tocated
along each Z-rail.

¥
(¢) Tha Flaxure Frame and §hé Test Wheel 1

‘The aluminium test wheel Jds mounted on the alumihium fléxure

frame Ehrough ball bearings. Two strain gauge instrumented flexure frame
-
s

) phmgs are used to connect the frame and the carrlage, Ihe deflection of the

plvots are used to measure the rolling reslstanc}. The size of the wheel
ls 13 5 inghes In dlameter and 3.75 Inches in wjdth, Fig. 5. Except for
the different types of wheel surfaces used, F! 6 the g\rall wheel
dimensions stay the same. ) ﬂ

¥

» (D) The Hydraulic Drive Unit for the Carriage

A hydraulic motor is used to power the chains pulling the
carriage, - The direction and speed of the carriage Is controlled by direct-

lonal vilves and flow control valves. e
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(E) The Soil Sample Holder o

A 6 foot lomg, 4 inch wide and 1 foot déeplrect;angu'lar box 1s

*

:;;d<as the soil holder. The rectangular box consists of an aluminium frame,

an aluminium cover and 2 pices of plexiglass, one for eac:h longi tudinal side

of the box, Fig. 7. One sheet of plexiglass is removable to provide easy access

-
:

to the soifl during any phase of the experiment.

s
-

"

(F) The Denslgx Samplenrs -
" Metal eyl inders shown in Fig. 8 are used to determine the

inftial, iIntermediate and final soil densitles of the experiment. One ;end .

of the sampler is bavelled to proéuce a sharp edge. The.inner and outer

surfaces of the samplers are coated with a dry fllm lubricant, to reduce

-thelr penetration friction upon insertion Into the soil.

(6) Tha Electronlc Circul try

*

Figure 9 shows the electronic clrcdltry used for measur the
torque, the draw bar pull (rlght and left hand flexure pivots) and (h:uwheel
sinkage. However, due to the 1imitation of this study, only the rol}llng
resistance circultry is used.

Two 6 'vc;lt.D.C. power supplies, the amplifiers and a six-channel

ultraviolet recorder are used to complete the circuitry..
N ~ ~ .

, e}
(#) The Motor Drive Camera \ ' \

-

‘In order to study the deformation of the sample under the same ’
wheel with four dlfferent wheel surfacés at two different loading cases, j.e.
heavy (45.8) kg) nnd light (31.75 kg), a camera (Canon, type A-l) equipped

1\»m!h motortdrive (31} frames/seoond, and 5 ffamas/sccond) adjusted to the

speed of 3% frames/second is used.. ' . ..
. v
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3.4 Testing Procedure ~

~

Figure 10 shows the flow chart of testing procedure. As

»

given in this figure the test procedure is divided into two sections.

The first part deals with the compactability of the clayey soil under the

\
towed roller using four different wheel surface configurations. The second

~a

deals with compactability of an identical clayey soll using the Proctor tests.

3.4.1 Soil compaction tests using towed roller

. The clayey sand Is placed loosely (YQ e ] ton/m3) in the sample

holder for a depth of 10" ot W Jependt‘ on. the wheel load, After place-

.
w3

2 o]
q:black paint sprayer, Flig. 11, Before the paint is sprayed, a thin lajyer

f

¥
mﬁﬂ% of the soil sample to the desired depth, the top opening of the sample

holder is closed using the aluminium cover. Then, the sample holder Is turned

on its side to remove the plexiglass wail. | - o
Three density samplers are inserted into th; soll sampla, onhe

located near the surface, oﬁe In the middle and one near the botiom (Fig. 11).

These density samplers will be. taken out at the end of each experiment.

A one-half inch grid network is mdde on the soll surface using

o} white pow?er Is sprayed uniformly on the surface.of the soil to be grldded;
so that the grid network can be seen c‘ear!y SfterlspFSyIng} After a slotted
plexiglass sheet is placed over the co;ted soil surface, black paint ts\iwrayed
over it. Once the paint is sufficiently dary, the slotted plexiglass Is
rotated 90-degrees. The black pain is 3prayed once more, completing the one-
half inch of the grid. .

After the laying of the grid network the vane shear tests, as

located In Fig. 11, are pcrformag to  measure the in{tlal soll shear strength.

P a

f

A~
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" Then the plexiglass wall Is remounted onto the sample holder

3

and righted to the position shown In Fig. 12. A one-half ton capacity

P

crane Is used to 1ift and lower the sample holder Into the soil bin, Fig.

12, T;xe sample holder Is carefully placed into the scil bin so thdt the
}uinted grid network is cle;rly visible from the bin window. After a motor
driven camera is set In front of the window nto photograph the soll deforma-
tibnsﬁduring the progress of the experiment, the aluminium cover of the
sample holder Is removed. The roller is positioned on the soil sample holder
and subsequently loaded with dead weights (heavy or light welghAt qase).

Fig. 13 shows a typical set up of the loaded towed roller. The experiment,

is completed when 16 full passes of the roller are performed,

Due to the short travel distance of the roHer, the speed of the
carriage 1s set at 17.27 on/sec, taking appéoxlmately 11 seconds to complete
'c;ne pass. 'Durlng the compaction, the wheel‘ is always’pulled In one direction, M
j.e. after each pass the wheel s brought back to Ehe initial starting position
until 16 total passes are complieted. X

The accumulated rolling reslst.ance s e'l-ectronically ‘recorded'wl'nﬂe
the wheel sinkage is VI ally measured per pass. For the first 4 pasu;s, .

photographs of the soil d,eformatlon (i.e. grid deformation)”are taken.
Since the soll sample showed little deformation after 4 passes, there were
nc pictures taken thereafter. @ p

¢

a Besides the initial placement, 3 densltw} samplers are inserted Into

the compected soll sample after each sixth, twelfth, and slx'teenth passes
of the roller. The sampler Installation procedure is the same as that

described earlier, with the sample holder first 1ifted out from the soil bin,

-
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As soon as the fulpl compactive effort Is completed, the sample holder is
lifted out from the soil bin, placed ilat on Its side, and the plexiglass
wﬂ( removed. Thé-3 samplers from the sixth, mlfth and sixteenth roller
pass as well as the 3 original saml;‘rs (1.e., twelve total pleces) are
carefuily removed, The soil retained within the samplers of known vol ume

Is welghed to- determine the soil's wet &er;sjty‘i .Two representative soil
sanbtgs are taken to determine the moisture content so that dry denslt'y' .
can be determined: Vane shear tests are pe:"formed on the undlstﬁrbéd portion
of the soll stlli in the sample holder to obtal‘n the final results of the vane
shear strength after compaction. Fig. lio shows t'he final location of t‘he test.
‘Two sampl'es, 3 inches in height and 15 I"nches in dlameter are taken frém the
conpaé.ed sol1 um;;le fm;_ the mccmflne'd compression test. The locations of

>
the samples taken are shown in/Fig. 14,

To prepare for a n \ set of experiments, the compacted soll Is
taken out from the sample holder and remoulded manually.i ln order to compen-
sate for the lias.'. of molisture durtn? the remouiding, te,stln§ and storing
phases, water is sprinkled into the soll during reubddlng.' The remoul ded

sofl is stored In two separate plastic bags, ready for the next test,

»

As mentioned earlier there are 4 types of wheel surfaces used In
made from commercially

the expériment. The ’lugs of the various sur}’aces ar
avﬂlgple rubber sheets and glued to the.s.mooth roll;r surfacs using Contact
cement. Each wheel type used for the soll compaction is tested under 2
different normal loads,. 45.81 kg and «Ji;ﬂ kg (l.e., 'heavy' and "light",

1

respectively). . ' y -

/ .
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v
i 3.4.2 The Compaction Test Using Proctor Mould and Ram
- -~
\ \\l .-/ -
— .In order to relate the number of blows or input energy with the

dry densities, the same type of clayey sand.at the same water content as In

.

part A |s used again In compaction tests using the Proctor mould and ram.

The detailed procedures of the Standard Proctor Test can be found in method

.

\ "A'' of the ASTM D1557.; A brief description of the test is given below:

In order to evaluate different input energ; and different dry
' 7
, densities, a series of tests is performe®using various numbers of blows,
| \ . . by

so that the resultant input energy applied Is related to the associated dry

density obtained. The dry density is obtained with the following relationship:

v, <
Y4 "3
where 3 )
Yy = dry density {tomfa?)
Y, " total density (ton/m3) and

. w = water content in % ' o
' The initial density with respect to zero blows applied is obtaine
by filling the mould loosely with the soll and recording the weight. The
testing proce?g(e exactly follows that of the Standard Proctor test, except

-

, for the number of applied blows which is.yaried from trial to trial.

\ * ‘ ’

C]

’
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T \C\HAPTER 4 s ‘
CONSIDERATION OF THE PRINCIPLE OF ENERGY =~ . 7

Ny
The principle of conservation of energy Is used to analyse the
test results obtained from the roller compaction tests. Fig. 18 shows the

”

energy conservation principle as applied to the roller-soil system. It

: . ¢
Is assumed. that the ldput energy or puyll energy required to kéep the roller
at a constant speed for each pass is equal to the sum of the following °*

» 4
parasitic energy components’ (Yong and Fattah, 1980):

a) " The enérgw” required for compacting the soil

.b)  The energy dissipated at the roller-soll interfa;e

c) The tire distortion energy d'lsslpatdd. Howeyer, in the
.case of rigid roller, this parasitic energy Is negligibly

smal] and can be fgnored.

L4

Since the roller used in compaction is relatively wl%a plane
straln analysis can be assuned where all the calculations are pgrformed per

unit width,

PR
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*” CHAPTER 5 /
. EXPERIMENTAL RESULTS AND DISCUSS 10NS

Py -
B

.

3

The resul'ts and discussions are divided into ten seétlons, according
to the type of Pparameters observed from both the exper imental And the calculated
values. Moreover, each section con_g.lsts of two wheel load.lng cases, I.e.,'

45.81 kg and 31.75 kg each with four di fferent wheel surfaces.

S.K Wheel Sinkage versus Number of Passes

Figure 18%shows the effect of the number of passes on sinkage for

. : 4 .
the four-different types 02 roller surfaces with the two loading cases, As
\ ,

was expected the linitlal s_!%ge is large, decreasing with an increased number

of passes to a polnt where the sinkage is relatively low. ‘ LT

~——
—

tn compa ing' the amount of sinkage between the four types of roller
surfaces, it seems |that the total sinkage for r‘o!ler'surface Type | is higher.

Thls mary be due to Lhe fact that thy sample soil beneath the smooth roiler
L ¢ < \ Qj

surface sxtruds mor easny; than those of the rough‘surfac'e rollers, {.e.

@

, { .
roller types |I, |1l and IV. Moreover, sinkage for the various rough surface
rollers is almost similar. Co i

5.2 Soll Sample Deformtion | : .

L3

+

Figures 17A and B show typical deformations of the solil sample due
to towed roller. The| pictures are takeg at the speed of 3.5 frames/sec, thus,

each plcture shows the deformation of the soll sample at dlf}orcnt roller

]
travelling locations . .
\ N , h

“\
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Fig. 17A ¢ B Deformation of the Soil.Due to Towed Roller )
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; 5.3 Dry Density Versus Depth

°

Figure 18 shows the initial and final soil density profile (before

"and after compacting). The results for light and heavy rollers after 16 passes

+

are also presented. |t appears that the resultant densities obtained aft f

» .

16 passes decrease with respect to the depth of the compacted soil sample.

5.4 Vane Shear Strength Versus Depth’ ~ e

N Y
Figure 19 shows a typical distribution for vane shear strength versus

depth for the initial soll conditions (before compaction). Also shown are the

results after 16 passes of the two rollers (light and heavy). It appears

‘that the results obtained after 16 passes inltially decrease rapidly reaching

s : .
a point-'at which the vane shear strength shows small relative change.

! <
5.5 Dry Density Versus Number of Passes

Ffbyres 20 through 27 show the dﬁxxdenslg; versus number of passes
for wheel surface Type'l through Type IV, respectively: The soil samples are
taken froméop, middle and bottom parts of the Foil sample. |t appears that
the soil densities measured at various locatlons of the compacted soll sample -
increase rapidly for the first few passes, reaching ; point where the change
in density Is relatlveiy small, -

In comparing the dry density ohtained from varlous fypes of‘whepl
surfaces at differept depth$ and number of passes, it shows that whe;l surface
Type | produces the highest density. Whereas: dry deqsity obta(ned from wheel

surface Types 11, IIl and IV is almost similar,

~

”

5.6 Dry Soll Density Versus Wheel “Surface Type

"Figure Zg,shows the dry soil densitles obtained from 3 different.

locations (top, middle agd‘bottom) of the comﬁacted soil sample after 16 passes..

-
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From the test results shown, wheel sqi‘face type | consistently produced t?/
Soil

highest final\ s,oilddensity regardliess of location within the soil samplé.

} densi}:&es for the other types c;f(‘ﬁheel surfaces show little &lfferences,.
ﬁo‘reovgr, the same effects are noticed for the soil dry density, as desc;’ibed
aboveg irrespective of théroll

' ~.

r¢( !
MUnconfined Compressive Strength Vérsus Wheel
' 1

/.
)
obtd{lngd after 16 roller passes for different roller surface types., Both

elght (i.e., heavy or light).

5.7

Surface Type .

Flgure 29 shows the unconfined compressivwe Strength of the soil
~  heavy and light rollers are considered. The uncogflned compress!oﬁ testy are
i “carried on 1.5 inch 3iameter by 3 inch height soll samples cut from the top

. of the compacted soll_after the final roller pass. It appears that wheel

surface type IV produces the highest unconfined compressive soil strength

- A

regardless of the roller weight used (i.e., heavy or Hgf_\t). fntermediate
> unconfined ‘c:o;npresslve ;O)I' strength are obtained fron'; wheel surface. type I,

with types 2 and 3 resulting In the lowest values.
L R ) ' o LY
™ : [y
5.8 Vane Shear Strength Versus Wheel Surface Type -

! oo Fl_gure 30 shows the vane shear stre'ngth‘measu‘red'at the top, middle

- aﬁ?bottom barta of the compacltéd s;l 1. after 16 passes for heavy and light
V7 ri:;llers. As the test results show the soll sample from whe% surface type 1V

yletds highest vane she;r strength. The test res;ults show that rapid decrease

. ' vof '3‘ane shear strength occlurs between top and middle layer of the compacted

sol‘ljsample and gradgall; thereaf_ter.’, %4 - -
S » ‘» ’ '
- - 4
VS.‘S Rolltng Reslstance Versus Number of Passes S .

f -

Flgureg 31 through 3% show the rolling rcsista/uge meas_ufed from

{ﬁk . every roller pass and each graph shows two curves obtalned from hela_vy and

, light rollers. . \

. ~ ©
™ .
R
.
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As expected, the initlal rolling resistance for the first few passes
are high, this Is due to the fact that initial sinkage is high and causes
higher rolling resistance. However,‘ after a number of passes the rolling

resistance, remains constafit. Because the sinkage is less and the energy

°

required by the roller to travel is less. The results also show that the
rolling resistance for compacted soll, wheel surface Type IV, is higher than

i
those obtained from different wheel surfaces. This may be due to the large

v

contact area of the lugs mounted on the wheel surface.

A
5.10 Input Energy Versus Dry Density

Figure 35 through 42 show the Input Energy versus Dry Density curves
obtained for four different wheel surfaces from heavy and light rollers.
Each graph shows average soll densities obtained from the towed roller and

within the same figure a curve obtained frém the soll compaction using Proctor

test Is also presented for the purpose of comparison. )
~ L3

The Input energy per unlt volume for soll compaction using Proctor

mould and ram.is obtalined :f\‘bllows:

E.'MxL xNBXNL.
v L3
where £ = Input energy per unit volume s

W = weight )of hammer

L = helght of hammer drop

Ija = number of blo:s per layer r

NL = number of layers = 3.0 ~-

V= volume of mould
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The Input energy per unit volume for the towed roller is calculated as
¥ "

E’ follows: % , .

* N R )

N ~r E bd vl

| s x

, where E = Input energy per unit volume

' N = number of passes

i . - ) . »

§ V', » yolume of acted soll at pass | ‘

§ . R“ - rolling resfstance at pass | x unit distance travel - :
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CHAPTER 6 ’ : - .

CONCLUS IONS

Experimental results (Sections 5.1 and 5.5) have ngtj»that
s
in order to obtain effective compaction with the given soil used in the
L

experiment, rigid rol\e;;ﬂ@ith smooth surface (Type |) should be used. X

?

Due to the lntr;nslc'properties of the soll used in the
vexperlmehts, the results showlthat regardless of thé methods used In
‘compacting the soil, it should yL;jd the same density with a given input
energy per unit vc1;me. Thus, the difference in the results obtfined
is due to the diff;rence ;n the energy intenslties‘produced by the towed
roller and that of the Proctor tests. In order to obtain efq!ctlve
cbmpactlon, the intensity of the Input energy has to be larger than the

threshold energy of the sofl. “
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SOFTWARE

Nine programs are w:%tten to reduce the data obtained from the
experiment. The data for the glrst eight programs is stored in the computer
while the developed programs manipqlatg.and plot the results on the Calcomp
Blgital Plotter‘. The programming language used Is Fortran with many‘plot
routines Incorporated.

Program one is listed and documented in Appendix I. The resul ts
of sinkage vs. number of passes for both heavy and llght rollers for wheel
surface types | through IV are éts{sd in the flle. Program two is listed
and documented in Appendix 11, The results of rolling resistance vs. number
of passes ror heavy and lbght rollers for wheel surface types | through {V
are stored in the file. Program three is listed and documented in Appendix
111, The results of dry density vs. wheel surface type for the for, middle
and bottom parts of the compacted soil sample after sixteen passes for heavy |
and light rollers are stored in the file, Program four is listed and documented
{n Appendix (V. The results of unconfined compressive strength vs. whee |
surface type taLen from the compacted soll sample after sixteen passes for
both the heavy and the light rollers are stored in td& file. Program five
Is listed and documnnte& In Appendix V. The results of vane shear strength
vs. wheel surface type for the ;op, middle and bottom parts of the compacted
soll sample after sixteen passes for the heavy and light rollers are stored
in the file. Program six is listed and documented In Appenalx Vi, The results
of energy vs. dry density for the roller and the Proctor Mould and Ram are .

¢’

manipulated and stored in the file. Program seven is listed and documented

o

in Appendfx Vil. The results of dry density vs. depth for the Initial and

the final conditions for both heavy and light roliers are stored in the file.

LN

4
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Program eight is listed and documented in Appendix V1il. The re lti/ﬁf vane
shear strength vs. depth for the initial and the final conditions for both 4
heavy and light rollers are stored In the file. These programs ar;)used to
read and to plot the data stored in the assoclated flles.

Program nine is listed and documented in Appendix IX. The developed
program uses the micro computer HP85 to plot the results on the HP72258
plotter. The programming language used is Basic with many plot routines

El

incorporated. The dry density vs. water content obtalned from the Standard

P L

Proctor test Is plotted using this p}ogram.
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APPENDIX 1X
STANDARD PROCTOR TEST
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DO DOOON— OO

NN
- Vo
o0 O

NN
N
o0

240
258

260

278
, 280
290
200

318
228

330

340
3350
260
376
360

Zs8

490
410
420
430
440
459
450

PLOTTER 15 785
FRAME

LOCATE 29,120,15,80
SCALE B,48.1,2.85
FXD 2 @ DEG ,
LAXES -5,.15,0.1
FOR J=1 TO 6 ..

FOR I=1 T0 6

READ X.Y

PLOT X.Y

NEXT I

X=_ 3

-IF U232 THEN X=3 °

LINETYPE J+2. X '

PENUP

NEXT J

DATA 6.1.83.,8.1.2:02,9.5%4, 2;
11.9,1.93,13, 02 1.87 '

DATA 16.66,1.72-

DATH 6.26,1.84,8.79,1.97,10.
49,1.99,11.62,1.95,13.5,1 .87
DRTA 1€.66,1.78

DRTA 6£.25,1.82.8.24.1. 8? 9.74

»1.92,11.78,1. 94 14.88.1.87

DATA 15, 35,1,

DATA €. 68 1. r? 10.81.,1.84,14
16 1.82,15.94.,1.8.19. 61 1.6

QDRTH 21.a% 63

DATA 9.12,1/68,10.47,1.77,11
.94,1.82,17.12,1.76,20.26,1.

63 -

DATA 28.64.1.45

DATAR 8.46.1.62,11.86,1.76.,16
28 1. ?2‘23 S&, 1. 51;26 72, 1

4

DATR 33.33.,1.36

MOVE -5,1 .4%

LDIR 98 @ LORG 5

CSIZE 4

LABEL “DRY DENSITY

")a . fid
MOVE 26, .83

LDIR & @ LORG 5 .
LABEL "WATER CONTENT (%)*

MOVE 35,2.2

LABEL "LEGEND'

LINETYPE i

MOVE 35.2.85 @ LORG 5

CSIZE 3 & LABEL "THE FOLLONWI
NG IS THE %"

LABEL "OF $AND AND CLAY" @& L
ABEL “RESPECTIVELY : *®

PLOT 36,1.8 @ PLOT 33,
LINETYPE 3,.5 @ MOVE 48 1 8
LABEL * 88 AND 2@"

PLOT 38,1.75 @ PLOT 35&1.?5

(TON-/CU.

LINETYPE 4,.5 @ MOVE 40,1.7%

LABEL_" 7@ AND 30"
PLOT 20.1.7 @ PLOT 35,1.7

s

470
480
49@

500

sie

520

S3e
931
S4@
S41
542
3Se
368
S7e

A

1]

9%

LINETYPE 5,3 & MOVE 406.1.7
LABEL * 60 AND 48"

PLOT 30,1.65 @ PLOT 3%5.1.65
LINETYPE 6,3 & MOVE 48,1 Gu
LABEL * 5@ AND Se"

PLOT 38.1.6 @ PLOT 35,1.6
LINETYPE 7.3 & MOVE 40.1.6
LABEL " 49 AND e0"

PLOT 320.,1.35 & PLOT 35.1.33
MOVE 40.1.355

LABEL " 39 AND ?B'

DISP "END OF PLOTTING"
END



