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ABSTRACT

Building materials and componentis constitute about 350 to &
per cent of Lhe total coss of a buildinge However, this high cost
can oe reduced by tihe use of alternative building materials that
are cheap, affordable and bring about a reduction in the dead weight
of the building as a waole.

The environment is becoming in undated with industrial and
agricultural bye-products. Some of these waste materials can be
gainfully used as building materials.

In this research work palm kernel shell is used as a substitute
to coarse aggrezate for the making of lirzhtweight concrete.

The physical properties of palm kernel are investigated for
both the crushed shell and the uncrushed mut.

Preliminary mixes of ratio 1:8 and 1:2:4 are made for each of
the crushed shell and the mute Farther mixes are designed using only
the crushed shell applying the CP 114 and AC I methods of desizn.

Cubes and cylinders produced are curcd in water at room

temperature ani pressures The cubes are crushed at 7 and 28 days.

The oylinders are used for the modulus of clasticity and split tensile

tests,.
From the results obtained it is found that the gtrenzth of
concrete made with palm kernel shell (0.5 H/mm2 to 22 N/um?) covers

the ranze of lightweight concretes for botlh gstruciural and non-—
structural uses. Indeed the strength is comparable to some categories

of dense structual concrete.



Topic
Pitle Pace

Declaration

viii

Table of Conteonts

Approval Statement

Dedicntion

Acknowvlcd semente

Absgtracte

Table of Contents

List of Tables

List of Pipurea

List of Plates

List of Appendices

Definition of Statintic:dl Terms

1.

2

Chapter One: Introduction

Te1e04
142404
1-3.0‘

1 -4.0-

Chapter
2.1
2e2e
24340,
2e3e74
2e3a24
2e3e3s
O PR
2e440.

Backsround
Objectives
Methodelogy

Scope and Limitationa

Twos Literature Review

Higtorical Back7round

Characterigtics of Lizhtwoi ht Conercte
Chemistry of Lishtweisht Concrete

The Process of Hylration in Lightwei tht Concrete
Pozzolanas in Li -htwei ht Concrete

Carbonation in Lizhtweight Concreote

Additivzes in Li shiwei bt Concrete

Curing of Liszhtwei~sht Concreote

ii
iit

iv

vii
viii

xiv

xvii
xriii

»ix

13
13



2o
2e4e24
2edele
245404
2+6.0.

2eTe00

271
24742,
2.T43
ZaTade
27450
24746
ZaTeTe
2.8,

2.8.1.
2.8.2.
2.843.
2¢9.0
2941,

2.9.2.

2¢94 30
2:9.4.
20945
2.9.6.
24947

ix

Air Curing

Low=Pressure 3teau=Curing

High=Proziure Stean-Curing

Drying 3hrinkace and Cracking

Oreep of Lishtwei~-ht Concrete

Punctional Properties of Lizhtwei~ht Con®frete
Thermal Inalation

Thermal ‘Expanainn/‘.‘.ontluntivity

Pire Resiztance/Protection

Durability of Livhieei~ht Concrete

Water Absorption of Lishtweizht Concrete
Acougtic Properties of Lizhitwei~ht Concrete
Rain Penetration of Li-htweisht Concrete
Acrated Concrete

Gas Concrete

Foamed Concrete

Uses of Aerated Concrete

Mo~-Fineg" Concreote

Dengity of "o-Fines" Concrete

Compaction, Placing and Elestic Modulus of

Mlo=Fines" Connrete

Shrinkase of No-Fines Concrete

Thermel Epansion of No~Fines Concrete
Porst Resistance of Mo=Pines" Concreto
Water Abaorption ol "ilo=Fines" Concrete

Reinforcement of "lo-Fines" Concrate

2.10.0! S&w Dust Concrete

2.10.1. Uzes of Saw-Dust TJoncrete

28
28
28
29
29

3

¥ ¥ ¥ X



2.10,2.
2,10.3.
2.11.0,
S § O
2.11.2.
21143,
2. 11,4,
2¢11.5.
2.11.6.
2:11.7.
2.11.8.
241204
2.12.1. 14
2.12. 1.2,
2.12.1.2.

2.12. 14 3¢

2:12.1.4,
2.12.1454
2.12.2.0.
2.12.2.1,
2.12.2.2.
2.12.3.0,
2.12,3.1.
2.12.3.2,

2- 12;-'1100
2‘12|4o1|

241244424

X

Properties of Saw-Dust Concrete
Other Organic Apgregate Lightweisht Concrete
Corle Lirhtyei~ht Concrete

Physical Properties of Cork

Uptimum Water/Gement Ratio for Cork Lightweisht Concrete

Compaction of Cork=Lichtwel -nt Conerecte

Methods of Curing

Compressive Stram;th of Corlr Liyhiwei sht Concrete

Bond Stren-rth of fork Li-htyzi-ht Concrete
Properties of Zork Lirthiwei-lt Concrete

Uses of Cork Lightweizht Concrete

Teating of Hardened Concrote

Pactors Affecting Tests on Hardened Conerecilc
Ihd Condition

Moisture Condition

Influence of Rate of Load Application

Effects of Characteristics of Concrate
A:e and Other Factors

Compreasgive Tent

Cube Test

Ratio of T~day to 28-day Strensths
Modulus of Elasticity Test

Mathois of Determinin- Moduli of Elasticity

Relation of Modulugs of Elauaticity to Stren=sth

Tensile Test
The Split Tengile Test

Relation Between Compressive Strengsth and
Tengile Stren~th

36
37
By
33
38
39
40

40
41
42
43

14

45
46
46
AT
49

50



3.

2.13.0.0
2+13.1.
201342,
2.13.3.
2:1344
2.14.,0.
2e11e1e
21442
241443,
2+ 1444,
241445,

20 ‘14' 6.

Chapter

3.1.0,
Jetele
¥ 102
%3
34240k
343404
3e4.0,
3.5.0.
3.6.0.
3.740.
3Tl
5:7:2:
3eTe30
3¢Telke

Threes

Palm Kernel
Tgtoric-1 Backzmround
Recent Research and Development
Production Potential
dvailability of Palm Xernel Shell
Other Uses of Palm Xernel
Palm 0il
Palm Kernel 0il
Palm Wine
Shells and Fibres
Leaves
Trunk and Bunch Refuse

Physical Properties of Pnlm Kernel A-:rrozate
S8pecific Oravity of Palm Kemel Aguresate
Proceture of Determining the Specific Gravity
Specific Gravity off Po1m lemel Shell
Specific Gravity of Palm Kcmel Hut
Bulk Deneity of Padm Keracel lizrerate
Voids Ratio of Palm Kernel Awgromate
Porocity of Prlm Xernel Az-rozute
Absorption of Palm Kernel & -rezate
Yoisture Content of Palm Koimel Aggrozate
Sieve Analysis of Palm Kernnl Azzrerate
The Sievinz Process
Oraiing Curves for Polm Xewmcol Ageresate
Trading Requirements

Mnaess Modulus of Palm Xernel

58
58
58

81



4

54

Chapter
Ja1.04
4.2.0,
4e3.0.
EPE TR
Ae3e24
Ae3ede
de3eds
de 350
4.3.6.
Ae440,
445.04
Ae5e10
445420
4e5430
4e5e40
4e5450
4e5e60
4e5eT0

Chapter
5e 1604
5e2400
503404
5e4e04

5edels

XI1

Pours Mix Desim

Introduction

Objectives of Mix Desimn

Faotors To 3e Connidered in Ilix Deni-n
later~Cemant Ratio

Cement Content

Gralinzg of A7sresate

Workability

Curinz Condition

Degin 3tren~th

Mixing of Palm Kermel Lichtweiht Concrete
Mix Desirm Procelure

Palm Kemel Shell "No-Fines™

Palm Kernel Nut "No-Pines"

Paly Kemel Shell Concrete

ralm Kernel Nut Concrete

Palm Kermel Shell Concrete 131383

Palm Ké&rnel Shell Concrote 1:2:4

Palm Xermel 3hell Concrete Desimel to ASI Standards

Mves Properiies of Palm Kermnel Conzrete
Introtuction

Workability of Palm Kemel Concrate

Slump Test on Palm Kernel Concrate
Gompactin s Factor for Palm Kornel Concrete

Compactins Poetor for Palm ¥ornel Shell Mio—fines™

83
83
83

&8
88
89

100
100
100
102
103

103



5¢442.
5443
5-4.4.

Selleie

XIIT

Compacting Factor for Palm Kernel Nut "No—-incs"
Compacting Factor for Palm Komel Shell Concrote
Compactin » Pacter for Palm Kernel lut Concrote

Compactin+ FMactor Ran:e

6. Chapter Sixs Properties of Hardened Palm Kernel Lizhtweisht

6.1.0

5
R
61434
6s1e4e
6e145.
6.2.0,
6:2. %,
6.2.2.
BeSeds
6+2.4.
643404

7.0,

Tels

Concrate

Comproggire Strensth of Inrilened Palm Kernel
Lizhtweisht Concrete

Preliminary Mix Desim Strenzth

Compreasive Strength of Mix 1: 131 3
Compressive Strength of Mixr 1¢ 25 4
Comprezsive Strenzth of ACI Mix

Summary and Analysis of Compressive Test Results
Modulus of Blasticity

Motlus of Wlasticity of Mix 181833

Modulus of Flasticity of Mix 1:214

Modulus of Elasticity of AGI Mix

Summary of Modulus of Elasticity Test Results
Split "Pensile Test

Conclusion and Recommendations
Recommendations for Miture YWork

References

104
105
106
107

109

109
110
111
114
17
120
122
122
125
125
127
128
131
132
134



Table
2.7

2.2.

2+3s
2- 10

2.5.

2.6,

3.9.
3+10.
311,
4ot

X1V

List of Tablen

4. 9. 7. H.C, 33n—-59 fr2dine Reatir2icnts for Li shtrei -ht
Arrra sates for Structural Concrete

B3. 379721964 Trclin~ Limits of Co u=e Li Mtoeiht
Arrresate

33.,379741964 Tralint Fones of Pine Li htwei-tt Arrovatex
Typical Proportics of Lishtwel it Zonoraleg

Soeffi~ient o Therm~l Tmanzion of Goneretes Male with
Li thtwei-ht Aggre-ztes

Estimated Ficure Hesistance of lollow Mazonry “lalls
Tmpical Data for 9.5 = 19mm lo~Mines Concrete
Relation Betwen flolulus of Elasticity anl Strensth
Piysical Praoperties of Zork CGramules . "
Propertios of Cork Lightweizht Concrete

0i1 Yield Componmt of Nifor Elite Tenera Combared with
the Improved ~nl himnroved Dure

Specific Jravities of Palm Kemeol

dpparent Specific Jravity o® Dif"erent Rock Jrouns

Blk Dengities of Palm Karmel

Percentabe Porosities of Palm Kerncl Argreacate

Porosity of Some Commen Rocks

Absorpiion Pulm Kernel Agsresate 72%ore Heatin~
Absorrtion of Pudm Kernel Arsremmto After eatin~
Yoipture Content ol P-lp Xemel Armrezate Befores Ieatine
Moisture Content of Palm Xemel Arirezate Aftcr Heatin~
Sieve Analy=is of Palm Kernel Shell

Sieve Analysis of Palm Kernel %

ppro:ximate Relal g % 3trenth of Li~htwei 1h
Ar imate Relationship Betweem Stren:th of Li-hiwei ht
Azzre-ate Conareie anl Zfement Contnt

10
1

12

63
63
69
72
73
75
75

86



4.2-

3&1.

p= 1
-
o
.

3.
Se4e
6.1s
6.2,
6.3.
6elfe
6.5,
6.6,
6e7,
6.8,

CP110:1272: Minimum Siren;gths of Soncrote for Tarious Uaes

Compacting
Compacting
Compactinz
Compacting
Summary of
Summary of
Sumnary of
Summary of
Summary of
Summarys of

Results of

Pantor “or Pulm
Pastor Cor Polm

Fator for Palm

Pactor for Palm
Prelininaey Nix
Results ror Mix

for Mix

Results

Results for ACI

Test Results

Kamal 3hell "log—-fineg

Kernel ut Mlo—-inegh
Kemel Shell Conercte
Kernel "'ut Concrete
Dezim Data

181423

1:2:4

Mix

Modulus 62 Tlasticity Test RBesults

Snlit Tencile Tests

Ratio of Tenzile Strangth to Commressive 3tren:th

&8

104

106
107
110
114
114
117
120
127
130
130



X1

List of Pigures

Pirmures

2+1« Typical Ranzes of Densities of Concrete Made with
Various Lirhtweirht A-:rerates

2+2, Relationship Between Strensth vl Density of Hish-
Pressure Steam ~Cured Aerated Concrete

2.3. Relationship Between Water—Cement Ratio and
Compressive otrength

2.4, Influence of Compaction Methods on Uompreszive
Strength

2.5« Influence of Water—~Cemcnt Ratio on Bond 3trenth for
Variouns Mixes

2.6, Typical Stresc-Strain Curve for Concrete and
Various Moduli of Elasticity

2.7« Split Tensile Test

3.1« Graline Curve for Palm Kermel Shell

3.2. Craling Curve for Palm Kernel Nut

6.1. Normal Distribution Curves Mix 1:1%:3 7 day Stren=th

6e2. Normal Distribution Curvet Mix 1:1%:3 28-day
Strength

6.3, Normal Distribution Curve: Mix 132:4 7-day Strength

6.4, Normal Distribution Curves Mix 1:2:4 2"-1ay
Strength

6.5. Normal Distrib:ation Curves ACI Mix 7-lay Strength

6.6. Normal Distribution Curve: AC Mix 28-Day Strength

6+7» Modulus of Elasticitys Mix 1s1}:3

6.8. Modulus of Elasticity Mix 1:2:4

6.9, Molulus of Flasticitys ACI Mix

36

37

48
51
76
17

112

113

115



Plate

8 ¢

III

v

XV1I

List of Plotes

Particle Sizes of Palm Keimnl 3hell
Particle Sizes of Palm Kermel Iut

Compressive Stren :th Test on Palm Kernel
Li-htuoi-ht Concrete

Hodulwe of Elasticity Test on Palm Korminl
Lightweight Concrete Cylinier

Split Tensile Test on Palm Kemel Shell Lisht-
weight Concrete

Crushed Polm Kernel Shell Lishtweight
Concrete Cylinders

Pare

79
72

109

127

129

129



X7IIl
List of Appendiczs
Appendix Pare

A Preliminary Desirn Mixest Cube Stren—+ih for
7 Days 131

3 Preliminary Desin Mixess Cube Stren-—-th for
28 Days 132

Statistical annlysis for Mix 1:11:3 133

g o

Stutistical A2l mis for Mix 1:234 136
3 Stotisticd Linlysip for ACT Hix 139
P Nodulus of Masticity for Mix 15433 142
3 lodulun of Wanticity for Hix 1:2:4 143

H Moiulus cof Hesticity Zor 181 IHx 144



ax

P Dafinition of 3t tinticsl Torms

I

x = averanze strenzth

=i

%
'; {is value of sirensth of 21l specimens
l

u = Arithmetic means

for = required averase strength

fcri = gpecified desipn strength
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CHAPTER ONE

INTROUCTION KASHIM 1BRAIIM LIBRARY
AHMADL: EFLLG URIVERSITY
y [ o S B‘ECkﬂrou.nd. ZARIA 5 MGERIA .

Nigeria has formilated various policies and programmes to jrapple
with the problem of shelter for the peocple from colonial era to date
with limited success. Many reasons can be adlduced for this dismal
failures One common feature of these policies is the low priority given
to local sourcing of tuilding materials.

Hitherto, all government and private sector designs lay heavy
emphasis on the traditional building materials (i.e. cement, stecl,
gravel, sani, ctc.), These materials are either imported or the
machinery to produce them is imported. The cost of these materials is
made exorbitant by the attendant imported inflation, handling and
hauling couts, over head charges, over invoicing, etc.

Another problem that has recently commanded the attention of the
various governments in the country is the deteriorating environment.
Due to the increasing industrial and a-ricultural activities tonnes cof
waste materiale are deposited into the environment., Some of these
materials are not easily decomposed and their accumilation is a threat
to the environment, BExamples of these waste materials are rice husks,
maize comb, saw dust, perm kernel shell, etc,.

To overcome the environmental hazards caused by these waste

materials they can be used as conatruction matcrials. Research work
done by Parker (1947) on saw dust, Aziz et. al. (1978) on cork, Slate

(1976) on coconut fibre and Aziz (1973) on rice-husk has shown that these

materials can be used to produce ligzhtwei-ht concretes.
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This research work is aimed at investigaeting the use of' palm
kernel shell as an aggregate for producing lightweizht concrete.

1e2.0. Objectives

The objectives of this research work are fto investigates

(1) The pogsibility of using palm kernel shell to
produce concrete.
(ii) The properties of palm kernel shell as an aggregate
for concretes
(iii) The properties of palm kernel shell lightweight
concrete,
(iv) The application of palm kernel shell lightweight
concrete in construction.
(v) The availability of palm kernel shell in commercial
quantities for concrete production.
1¢3.0.  Methodolozy
There is no publighed literature on palm kernel shell lighi~
weight concretes It is therefore ccnsiiered necessary to begin this
research work with the determination of the physieal properties of
palm kernel (the crushed shell and the uncrushed nut).

The following properties are determined: Specific gravity, wulk
density, voids ratio, porosity, absorption, moisture content and
sieve analysis.

Preliminary tests are carried out with the following trial mixess

(i) Crushed shell "no~fines"; 1:8 cement; shell w/e = 0445



3
(ii) Uncrushed nut "uo-fines"; 188 cements Mut w/b = 0.450
(iii) Crushed shell concrete; 11214 cement: SandsShell
w/c = 0.78.
(iv) Uncrushed mut concrete; 1:214 cements Sand: Nut

'H/O = 0-75.

The frcsh concrete mixes are tested for workability, slump test
and compacting factor. OCubes are cast. After 24 hours the cubes are
demoulded and cured in water. The cubes are crused at 7 and 28 days.

Further tests are carried out on only the crushed shell light—
weight concrete using two methods of mix design. The first method is
the CP 114 with which two mixes are male vizs 1311313 and 132t4. The
second method is the ACI committee standard 211.1-70.

The objective here is not to test the eflicacy of the two methods
of desizn. Rather the simplicity of the CP114 method and its wide-
Bpread use in Nigeria informed its use in the first two mixes.
However, the stren;th developed by th..e mixes was rar below the
strenzyth of structural lightweight coiicrete. Thereforse a third mix
was designed using the ACI methods With this method the stren;th and
other characteristics of the concrcte can be predetermined,

Thirty ocubes and six cylindera of cuch mix are caste The curing
is done in water at room temperature and pressure., The cubes are
crushed at 7 and 28 dayse The cylinders are tested at 28 dayse The
tests carried out aret! compressive stren -thy splii tensile test and

modulus of clasticity teat.



12440 Scope and Limitation

The scope of this study is limited to the determination of the
physical properties of palm kernel and the strength characteristics
of palm kernel shell li:htwei rht conocrote.

Due to time limit.tion the curiny of the concrete cannot be
extended beyond 28 days. It was therctfore not possible to monitor the
strength development at six monihs, one year, threc years, etc.

nly seven mixes were tested in this study. This is because of

the diff'iculty in the transporiation of the raw materials Trom Bendel

State to Zaria. 4s a result of this it was not po civle to try out
all possible mixes with varying water/cement ratios to arrive at the
most suitable mix.

Certain tests could not be carricd out Jue to financial
constiraints, time limitation and lack of necessary equipment. Such
functional properties of palm kernel shkell lishtweight concrete as
thermal insulation, fire protection, water absorption, rain
penetration, thermal conductivity, thermal diffusivity, coefficient
of thermal expansion and acoustic properties could not be determined

due to these constraints.
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CHAPTER THO
2.0, LITERATURE REVIEW

2¢1¢ Historical Backrround

Lightweight concrete is not a new uilding material per se. The
Romans were known %o have used 1lishtweli sht concrete as far buck as the
second century A.D. According to Short and Kinaiburgh (1963), the
43.6m diameter dome of the Pantheon in Rome was built using cast in
situ pumic aggreszate concrete. Clinker (cinder) concrete was first
used by the British and the Americans in the late nineteenth century.

During the First WHorld War The Zmer cency Fleet Building
Corporation of America built ships and tar;es using reinforced liht-
weizht concrete made rom expanded clay aggregate (Portland Cement
Associationy (1975).

dpart ‘rom the initial limited uces of 1i htwei ht concrete; it

was not until af'ter the S:cond HWorld War that the Europesns developed

intercst in it as a construction material. PFoamed blast furnace slog
was introduced into Britein in the mid 1930s. By 1929 the Swedes
were using aerated concrete in the manufacture of blockse With sub-
sequent improvement throuch research, reinforced aerated concrete is
now widely uged in Sweden. (Short and Kianiburszh, 1963).

In general the renewed interest in lizhtwei tht concrete in Burope
and America was engendered by the desire to construct cheap and afford—
able houses for the population resultin: {rom the post World War II
baby boom. In America and the Soviet Union, where construction
materials have to be hauled over long distunces, resort was male to
lightwei ht ag;resate so as to reduce the cost of haulwre.

(Short and Kinaibur h, 1963).



At the initial stagze, there was a reluctance to embrace lizht~
weight concrete in home construction. But this fear is aowlar-ely
allayed by the research efforts of scientists %doth in BEurope and
America, The Building Research Station of England has made
tremendous strides in t dis dircction,

Over the last three decades lar;e estates have been erected
using lightwei ht concretes According to the Portland Cement Associae
tion, the following structures were all madc up of 1i hiwei :ht
concretes

(1) The thin-ghell roof of the TWA terminal milding at Kennedy

International Airport, New York

(2) Floor slabs and beams of Marina Towers and Lake point Touer,
Chicago.

(3) The Broadmoor Hotel's International Centre, Colorado Springs.
(4) The Assembly Hall at the University of Ilinois, Urbana.

(5) One shell plaza, Houston.

(6) The park Plaza Hotel in St. Louis.

(7) The San Francisco—Oskl:=nd Bay Brid_:e.

2.2. Characteristics of Lightwei tht Concrete

Short and Ki:iniburzh (1963) describe 1i:htwei tht concrete as
concrate that has boen made light by one way or anothere There are
three methods of producing lizhtweight concrete (Heville, 1977).

(a) By the elimination of fine a sresate in the mix.

Normal coarse aggregate and cement are used to produce

the so=called "No—fines® concrete,
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(b) By the introduction of voids in the concrete matrix to

produce cellular, avrated, Joam:1 or gas concrete.

(c) Jy using porous 1i:htweisht assrasate of low apparent

specif'ic gravity.

Neville {1977) has suggested that lightwei -ht concrete can be
defined accorling to the purpose for unich it is to ve usel. Hence
there is structural 1i :htweizht concrecie and insulation 1i:htwei:ht
concrete,s It is howevar prefecrable to jeserive lizhtweight concrete
in terms of density and comprescive stren th.s The aCI COMMITTEE 213
on the use of astructural lishtwei ;ht aygregate concrute defines it
a8 the ooncrate having a 28-day stren;th of not less than 17 N/hmz and
air-dry unit weight of less than 1850 K _;/m3-

Insulating concrete generally has a density lower than 800
Kg/'m3 and a strength of betwecn 0.7 and 7 N/mmz-

In genoral, the strensth of lizhtweisht concrete ranges from
0.3 to 60 N/mm?. For a stren;th of 20 N/mn® lightweizht concrete
may require between 240 and 400 kg of ccment per cubic metre. For
a strenrth of 30 ]\I‘/mm2 the cement contnt is betwe n 330 to 500 K,_-;/m3.
Generally, the cement content of 1i;htweight concrete is several
timee more than that for orldinary co:crete of the same gtren ;th
(Neville, 1977).

Density ranges of concretes male with various 1i ‘htwei sht
sggregates i shown in Pig, 2.1. The:e are vascd on the ACI

classgification.
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Pige 2.1. Typical ranges of densities of concrete made with
various lightweight aggregates,

Sourcet Properties of Concrete (Neville, 1977),

| Neville {1977) has agreed that there is nc simple
correlation between the strenth of the agsregate a3 such

and the stren-th of the concrefe made with the given aggregate,
Requirements for i htweizht agiregates as prescribed by
A.S.T.M. standards C330-69, €331=69, G332-66 and by B.S.
3719731964 are reproduced in tables 2.1; 2,2, 2,3 and 2.4

respectively.,



Table 2.1

9

AeSeTelle C3W0=69 Grading Reguirement for Lirhtweight Areresates

for Structural Concrete.

S T

Percentare by Weisht Pasning A,5,T.Me Sieves

AeSeTalle =
Sieve Tominal Size of Oraded Zoarse Arrrerate
Size

25 M 2%5rm 19mm— 1 3mr—- 10mim— Tine 13mm 10mm

1 3mm Senm Srm S 2mm Axsrorate.
25, 95 95~ B _ . B N

4o 1 300 100 108
19:05m. | - - 100 100 “ - 100 | -
- i _ 95~
2 fs AR ] n 1 90~

9952[1151 - —_ 20-00 ..;D—‘.O 30100 00 - 100
4 +76mm - 0-10 0-10 0-20 540 85-100 50-80] 65-90
2 38mm - - e 010 0-20 - o 3565
1e19mm - - - - - 40--80 - -
29Tum - - - - - 10-35 5-20| 10-25
14%am - - - - - 525 215 5=15

Sourcect Properties of Concretn (Trvil]n, 13?7}0




T[ible 2ee
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BS379731964 Gradine Limits of Coarse Lirhtwei~ht Arsresate

Percentage by Weisht Passing 3.3, Sleves

BeS,
- Hominal 8ize of Oraded Jorminal 3ize of Sinsle=8ize
Sicve
Size Asgrepatho Anprepate

1 9 1w

Bram S 1g$$- 1 %uim 1 3mm 10mm
384100 100 - - 100 - -
19.05]‘:‘.1?] 95__'-]00 100 2z 85—-100 100 -
12.70 - 50100 100 - 85100 100
9.52mn | 25~35 408 80-100 0=20 0-30 £5-100
4.T6mm | 0=10 0w 10 5-40 0-5 0~10 0~20
2 6 4Ormm - - 0-15 —_ - 0-5

Souraze: Proporties of

Concrate (Neville, 1977).
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Table 243 BaSe 3797: 1984 Gradin-~ Zones of Fine Lishtusi-ht Arzresate

Percentase by Wel-hit Pasging B.3. Sieves
(rading Zone Grading Zone

L1 L2

5% .

9.52 | 100 100 azd

A de :ZE:

4« T6mm 90100 90-100 am%

M T
s
2-401.]111 55—95 60"'100 ? TC‘ -'-?;
[ i
23

1+ 20mm 35=70 A0=-30 ﬁ‘ %

— + -0 2
X

600wn 20--50 30-60 o

2
300um 1030 2540 '
150um 519 20~35
Note: Certain devartures from

a

zone are permitted,
Source!

Propertics of Concrete (Nevilie, 1977).
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24340, Chemigtry of Lizhtweizht Concrcte

Chemical reactionsc contrsl the scttine of c ment, the development
of strength anl the mjbsequent durability of concrete.

Portlond cement is made from limestone -nd claye These raw
materials are proportioned and heated ot a teuwper-ture of 1,40000 in
the kiln to form clinkere This clinker is composel of aluminates and
gilicatess The clinker ig fincly grouwnd to producsc cement.

The two main reactions that talic nlace in corere‘e are hydr:lysis
and hydration. The nroduct of theuaz ~cactions is free hydroxide of
lime which is kaline and is responsible for the protection of steel
against corrosion. It in also the componcnt that is vulnerable to
attack by acid, sug.r wnd very pure water (Short and Kinniburgh, (1963),
Acid diesolves caleium hydroxide, suz r nrevents its formation and
pure water leachez it from the concre’e mass.

Soluble sulphate destroys concrnie by attackines tricalcium
silicate, a component mineral in cenents Sulvhate rocisting coments

are made hy rod.ein~ the amount of tiricalsium silicnte,
2.3.1. The Pprocesns of !bmiration in Lj-hiwei~ht Concrete

Concrete consists of coment-wator paste end mineral particles.
4s hydralion progrosses, the gypface of the coment particles becomes
coated with sel. This zel zrows outward and mects with zel from other
particles hongs increasing the stron th of the concrete.

Accordin; to Toxell et. ale (1956), "..+ for a given dilution
of paste the {fincr the particlecs, the closer tozether they are
initally and-becaus~ of this ~preat r area of surface exposcl to the
water of hydration =~ the mopre r-pid the formation of 7el, Often

a So—callad
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high=early-stren -th cement is merely one which is ground finer than
the normal cement from a given supply of clinker",

The water needed for hydration is roughly equal to half the
water used. The excess is needed for workability. Curing
essentially cntails retaining water that is zlready present — (Toxell
el. al, 1956).

The basic reactions of cument with water as reported by Short

and Kinniburgh (1963) can be showm thuss

3 Ca0.8,0, + Hy0 X Ca0,y. 30, aq + Ca{OH),
Anhydrous Hydrated Calcium
Tricalcium Calcium Hydroxide
Silicate Silicate (S1aked Lime)

In the formation of aerated concrete from portland cement
aluminium pdwier is added to the mix. This aluminium powder reacts
with the calcium hydroxide (slaked lime) to produce hydrogen which

forms bubbles and is trapped in the concrete mass.

2 A1 + 3 Ca (OH), + 6 HO, 3 Ca0,Al50346H0 + 3H,
Aluminium Calcium Water Tricalcium Hydrogen
Powder Hydroxide Aluminate

Hydrate
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2¢3+42+ Pozgolanas in Lightweizht Concrete

Pozzolanas are a class of siliceous materials that lo not posses
cementing properties on their owne But when in finely divided form,
poxzolanas, when adlded to concrete, combine with lime in the presence
of water at ordinary temperature to fomm stable insoluble compounds
that posses cementitious propertiss. Short and Kinniburgh (1963)
found that most li:htwei:ht azgrezates posscs some pozzolanic
properties which enhance the gtren -ht of the resultant concreta,

2¢3.3. Carbonation in Lightwei ht Concrete

All products of portland cement, when expogel to the carbon
dioxile of the atmosphere, decompose to form calcium carbonate,
hydirated silica, alumina and ferric oxide. However, in dense
concretes, the penetration of air is so small that the rate of car-
bonation is neglizible. Lightweiynt concretes, on the other hand, are
particularly vulnerable to carbona ion due to their porosity. The
carbon dioxide decomposes the calcium silicate hydrates thereby
causing considerable shrinkage.

2¢3e4s Additives in Lightweight Concrcte

Additives may ve added to concrete to achieve some desired
effects, These adiitives may be diviled into "retarders" and
"acceleratora® reducing and incre.using the rate of hardenin : of the
concrete respectively.

An example of retarder is sugar, while calcium chloride acts as
an accelerator. If is normally alled at the rate of 2 per cunt by
weizht of cements If the amount o' calcium chloriie is below 1

percent by wei ht of cemont it reterds rather than accelarate the
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setting of the concrete, If the percentage is hisher than 3 per cent
it causes "flash set", 1If, however, ihe concrete is not well
compacted, calcium chloride has the ef 'ect of corroding the steel
reinforcement,

The workability of lijhtwei ht agzresate concrete is usually
very pocrs Additives can, however, e used to increuge the work-—
abilitys Juch adlitives include raw pulverized fuel ash,
diatomaceous earth, salts of sulphonated aliphatic compounds and
soluble derivatives of natural resins. These are used at the rate of
0.01 per cent by weizht of cement. These workability enhancing
agents are sometimes referred to as "plasticisers",

2.4. Curingz of Lightweight Concrete

The hardening of fresh concrzte is as a result of the hydrolysis
and hydration reactions between the mineral componcnts of cement and
water. These chemical reactions are accelerated by certain conliitions
of moisture and temperature. The maintenance of hardening concrete
under these coaditions is termed "ouring®.

Experiments carried out by Lea and others, and reported by Short
and Kinniburgh (1963), have shown th.t the rate at which concrete
developes stren:th ia greatly affected by a rise in temperature,
especially at the early agess However, the strength gain in later
ages is reduced so that the ultimate strength Jlevelopod may be less

than that developed by curing at ordinary temperature.
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It has been observed from cxperience that vetter stren:th
development is achievel if the fresh concreie ig maintained at
orlinary temperature for a few hours, usually three hours, before
gubjectins it to hizh temperature curing. This is lue to the fact
that hydrolysis, which is the principul reaction at the initial
stage is retarded by high temperature. Subsequently, hylration
reaction which is a accelerated by heat, picks up and predominates.

There are generally three methols of curings

(i) Air-curing,

(i1) Low-pressure steam-curin:, and

(i1i) Hi h-pressure steam—curinz.

2‘4n1r Air Gurin!

In thia method of curing the concrete products are stackel in

the open vard. Dependinz on the weather conlitions they may be
repeatedly watered if the situation is drys. Tdrpaulin, hessian or
polythene sheeting may be used to maintain the moisture condition

at ordinary temperature and pressure. This condition is maintained
for 28 days. The products are thereafter left to dry out before
being useds This is necessary so as to allow lrying shrinkage to
take place before the concrete products are useds This way excessive
¢racking is prevented,

2+s442s Low=Preszure Ste:m—Curing

Short andi Kinniburzh (1963) describe low-pressure steam—curing
as curin; in stcam at atmospheric presure with the temperature teing
in the range of 6&-;3(;00. This procuss can be continuous or
intermittent. In the continucus process the coancreste products ars

conveyed throuzgh a tunnel on bogzies,
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Saturated steam is then passed throu:h the tunnel.

The rate of travel of the bo:ies through the tunnel is
controlled in order to ensure that the coucrete proiucts recuive
adequate exposure to the steam.

The second methol, the intermitient methol, consists of kilns
into which the concrete products are stackad. Steam is then
introduced. Generally low-pressure steam—curing has no remarkable
effect upon dryinz shrinkagze.

2¢44 30 High=-Pressure Steam—Curing

In thig metiiod of curing the co.crete products are stucked in
autoclaves. A pressure of between C.CB9 Hﬁmme and 1,1 N/om? is then
applieds The antoclaves are cylinders 1.8 to 3.6m in diameter and
from 15 to 30m in length. These clyinders have doors that may be of
the quarter—turn or breach~lock pattern.

When the concrete products have been placed the doors of the
autoclave ure closed anl the steam preisure is gradually brought up,
usuzally over a period of 3«6 hours, to the maximum. The maximum
pressure is maintained for periods ran:in: from 4 to 18 hours depen—
ding on the type of concrete products and the gualities desired.

High-pressure steam~curing has gsome desirable advantages. It

initiates reactions which will not occur in ordinary coniitions.
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According to 3hort and Kinnibur:h (1963), in hijh pressure steam-curing,
quartz sand will react with the lime formed by setting ol the cement to
form a cementing material which coptributes to the strength development
of the product. This process, by hastening the curing process,
increases the turn over by liberating the moulds ani pellets quickly
for another btatch of products to be autoclaved. This process also
produces superior prolucts. High-pressure steam—curing also reduces the
drying shrinkage by about half wiat it will otherwise be under normal
moist air-curing.

Short and Kinniburzh (1963) gave reasons for this phenomenon.

The matrix of cement in the concrete behaves like g zels It Swells on
absorbing water and shrinks on drying. This swelling and drying is
responsible for the perceived shrinkage of concrete. However, in dense
concrete, the rigidity of the aggregate restricts these movements hence
givinz the concrete a low drying shrinkage.

In lightweight concrete no restraints is provided to check this
swelling and shrinkaze because the aggregate is less rigide This leads
to hizh drying shrinkage. High~pressure steam~curing checks this high
drying shrinkage by transforming the cemcnt matrix from a gel-like
structure to one of more crystalline nature and hence greater
dimensional stability.

Hizh-pressure steam-cupring has the effect of greatly improving

the resistancc of concrete to attack by sulphate bearing waters,
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2¢5¢ Drying Shrinkage and Cracking

Concrete products, on drying, undergo shrinkaze known as"initial
drying shrinkage". On subsequent wetting and drying these products
expand and contract respectively. This is known as "reversible moisture
movement", Initial drying shrinkage is by far ;re:ter than the
reversible moisture movement in ordinary dense concrete. But research
has shown that with lightweight concrete the moisture movement is as
hizh as the initial drying shrinkage. Generally, autoclaved concrete
products shoy low dryinz shrinkage while air-cured ones show hizh
drying shrinkage.

Shrinkage causes the build up of tensile stress in the concrete
member. If these stresses exceed the tensile strength of the member
cracking results. JSome of these stresses are, however, relieved by the
creep and the elastic extensibility of the concrete.

The British Standard for concrete blocks B,3. 2028:1953, gives
the following limits for movements of 1i:htweight blocks:

Initial drying shrinkage ... Class B 0,06 per cent

Class C 0.08 per cent

Reversible moisture movement .« Class B 0.05 per cent.

According to the Building Research Station Digest Noe. 6, "the
avoidance of cracking in masonry conastruction of concrete or sand—

lime bricks", the following measures cun be taken to reduce serious

cracking duc to shrinkage.
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(i) Storages Blocks should be storsd in a Iry site and must

remain dry until used. They should be stacked in such

a way that air circulates frecly throuzh the stack,

(ii) Wettingt Very dry bricks have to be wetted before bedding.

This is to prevent the brick f'rom absorbing water from the
Jjointing mortar, However, the wetting should be sparinzly
done.

(iii) Mortar: The mortar should be of weak type., Strong martar
exhibits high shrinkage. The following proportions are
recommendel for motarss
1:12:8=9 cements hydrated lime: sand.
1:11:15-6 cement: hydrated lime: sand.

1:83 cement: sande
(iv) Reinforcements Steel reinforccment may::sed in bed-joints
of blockwork close to window and door openingse The sieel
reinforc.ment prevents the cr cks from becoming pronounced,
{v) Designs The building may be desi mel in such a way as 1o
provide contraction joints at suitable intervals.

2.640. Creep of Li-htweizht Concrete

The ranze of creep in lightweight concrete is the same as the
range of creep in normal-weizht concrete. Creep is dependent upon
magnitude of stress, strength of concrete, age at loading, time after
loading, method of curing and moisture condition of the concreste,

2.7 Functional Properties of Lightweisht Concrete

2+To1e Thermal Ingulation

Temperature difference between the inside and the outside of a
wall causes heat flow from the warmer to the colder side, The

magnitude of this temperature difference is termed as Temperature

Gradient.
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The wall offers resistance to this heat “low bui does not completely

" stop thie flow. Theraal Insulation is thercore the Coefficient of
regigt-nmece to heat tronafer,

Heat insulation iz inversely proporti nal to the density of t'ie
matericl, Li ;ntueicht conerecten, with 4 .2ir hi-h porosities dxhibit

hizh velues ef thermal insulations To achieve mood thermal insulstion
it is advisable to usne wealter and lishitesr aitresbes or lenn mixes 7ith
hearior 1ishtwal Wt ar rosates
There are tiwrea motho s throush « izh hesad is trmnlerred.
(i) Conductions By this method heat travels throuzh a solid
material or from oneg naterisl to anctlier in intinnte
centast rrith ite Because of the norogity of li-htweinht
coneretes thoy coatain air in their pores. Air being a
poor con luctor of heat enhances the heat insulation
properties of lichtweisht concratas,
(i1) Convections Gascs, whan heai~1l becous 1i “t2c nl move
upwaels wiile cooler ond heavier gas moves down.
This sets up a current refer-~2d to as convection currents.

Tuia proceecs of transfer of “eat from one »lase to anotler
in 331led nocscotion.
{ii1) Raliation: This is a process wheraby heat is emitted from the

surface of a material and trounsmittsd throush space as

enerTy.
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Radiant enerzy is in form of wave motion the wavelength depending on
the temperature of the radiating surfacec. Heat loas through a wall
is partly through radiation ani partly through convectione
Moisture content of a material has a marked effect on ihe thermal
conductivity of that materiale The higher the moisture content the
higher the conductivity. A4s a result of this rain penetration and
condensation throuzh the wall should be avoided if the insulating
value is not:%e lowered,

2¢7+2, Thermal Expansion/Conductivity

Lightweizht aggregate concrete has zenerally lower thermal
expansion than ordinary concretes. Because of this property, lisht-
weizht concrete exhibits reduced tendency to warp or bukle when the
two faces of a concrete member are subjected to different temperatures.
Lightweight aggrezagate concrete has a low thermal conductivity. In
case of fire this property reduces the temperature rise of the embelded
steels Neville (1973) has tabulated values of coefficient of thermal
expansion for various lishiweisht ajgresate concretes and are

reproduced in Table 245«
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Table 2,5 Coefficient of Thermal Expangion of Concretes lade

With Lirhtweight Ageregatcs

Type of Aggregate Used Linear Coefficient of

Thermal Exansion
(Detcrmined Qver a Bange of
—22°C o 52°¢). 107° Per °C

Punmice 9.4 to 10,8

Perlite ' T.6 to 11.0

Vermiculite . ' Bed to 14.2

Cinders About 3.8

Fxpanded shale 6.5 to 8.1

Expanded slag 7.0 to 11.2

Source: Proporties of Concrete (Weville, 1977)e

2.7¢3 Fire Resistancqurotcction

As reported hy Neville (1973), the fire regigtance of light~
weight aggregate concrete is greater than that of ordinary concrete.
(Typical values are ghown in Table 2.6). This phenomenon is o
bacause lightweight agpregate concrete has a lesser tendency to
spalls Ordinary donae concrete losses a greater proportion of its

original strength with rise in temperature (Bae Table 2.4).
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Short and Xinniturgh (1963) reported that the ability of a
structural eloment to regist fire i1s not 50 much a property of the
material it is made of as it is a funciion of the amscmbly of
materials stored ingide it. Though the combustibility of a
material may be important the severity of fire depends not s¢ much
on the fabric of the structure as from its contents. Thouzh a
material mey not be good in fire proteciion iis resistance can be
improved by suitable protection. An eaxumple ig by rendering with
gypesum plagter. Gypsum plaster is a noncombustible materiacl. It's
resistance to fire ig attributed to the large quantity of chemically
bonded water which it contains and which must be removel before
failure takea place. The temperature reached, the duration of the
fire and the nature of the unit and its intrinsic resisfance to
thermal damage determine the effect of fire on a structural element
of a building.

Table 2.6, Estimated Fire Rezistance of Hollow lasonry Walls

Minimum equivalent thickness for

Type of Aggregate ratings of's
Used

4h h 2h 1h

i form tm mm
Expanded slag or pumice 119 102 81 53
Expanded ¢lay or shale 145 122 96 66
Limestone, cinders or
unexpanded slag 120 127 102 69
Calcereous gravel 157 135 107 71
Siliceous gravel 170 145 114 76

Scurce: Properties of Concrete {Neville, 1977).
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The British Standard 476 prescribes test for the fire—
reaistance of buildings. The structural element is placed in
a furnace which reproduces conditions similar to an actual fire
and the period of time, reckoned in hour, which the unit can
remain exposed to the fire of stundard severity without funciional
failure is used ag an index of fire recistance.

2¢Te4e Durability of Lichtweisht Concrete

The ability of a material to withstund the efrfects of its
environment is called its durability. In buildings these effects
may be chemical attack, physical stress or mechanical assaulte

Chemical attack is usually caused by sulphate attack in
aggressive ground water, polluted air and spillage of reactive
liquids. Because of its porosgity, li htweirsht concrete is more
vulnerable to these attacks. As a result of this,lishtweizht
concrete is not recommended for use under damp—courses Attack by
air pollution is rare. It only cccurs under severe conditions of
air pollution.

Physical stresses are developel in lithtweight concrete as a
result of frost action, shrinkage and temperature stresses. Thege
actions adversely affect its durability. Lightweight concrete is
therefors not suitable for use below ground level in frost prone
arease Shrinkage and temperature stresses are not as disruptive

as frost action.
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Their effect is minimised by the provision of temperature reinforcement
and expansion jointse. Mechanical damajze may result from abrasion or
impact which might arise from excessive loading of flexural members.
Corrosion of reinforccment steel camses spalling of lichtweisht

concrete which adverscly affects its durability.

2075+ Mater Absorption of Lisntweight Concrete

Because of their porous nature lizhitwelight concretes have a
higher water avgorption than ordinary dcnse concrete. However, this
is no hinderance to their application in wet climates because they
are seldom used without adequate protection by the use of suitable
protective rendering. The thickness of the member may also be
increased to enhance the water exclusion ability of lizhtwei:ht
concrete elemonts,

2¢7+6e Accustic Properties

The sound reduction factor {dB) is defined as the ratio of the
energy of the mound gt its source to thait at any other location.
It is expressed in decibels (dB). Demsity of a material is the
major determinant of the materials sound insulation properties. On
this ascore lightweizht concrete elements are at a disadvantage.
Costly remedial measures are neccesgary.

However, lightweizht concrete has ;ood sound absorption. The

absorption coefficient of sound is about twice that for ordinary

concrete.
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2.7¢7. Rain Penetration of Lizhtweight Concrete.

A very important function of walls is te exclude rain-water. In
cavity construction the preblem of rain-water penetration is eliminated.
But when lishtwei~sht concrete walls are constructel in sinzle skin this

problem is very serious.

Rain penetration larzely occurs through carpillary cracks in the
joints. The more impervious the concrete is the more is rain penetration
throuzh these cracks. Limghtweicht concrete, inspite of its porosity,
renders good resigtance to rain penetration when built in sufficient thick-

ness and adequately protected by porous rondering.

Standard tests have been devised to anssess the resistance of walls to
rain-penetration. This test inveolves the sprayins of water on to the face
of the wall, either continuously or intermittently, at a prédetermined
rate. Artificially simulated wind presmure may or may not be appliei.
After a specified period of time, if moisture does not show on the other

face of the wall then its resiatence to rain penetration ig satisfactory.

2e80 Aerated Concrote,

Aerated conorete is a lightweight cocrete obtained by introducine
7as bubbles into the cement matrixe This procelure produces a material

with a cellular structure. Hence the name cellular or aerated concrete,

There are two basic metlols of producines aerated concretes

2.8.1+ Gas Concrete

This is achieved by the introduction of finely divided aluminium
powder, powdered zinc or aluminium alloy into fresh morter. The active
powder reactx with hydrozide of calcium liberating hydrogen. This hydrocen
forms a large number of bubbles which exnand the morter but do not escape.
To achieve this, the speed of gas evolution, the consistence of mortar and

its setting time must be carefully matched.

In certain instances hylrogen peroxide is used instead, This
liberates oxy en instead of hydrogen. In either case the amount of powder
added is of the order of 0.2 per cent by weizht of cement, as reported by
Neville (1973).
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2¢8¢2s. Foamed Concrete

This involves the adiition of a foaming azent into the matrix,
This introduces and retains air bubbles when mixing at hizh speed,
The foaming agents commonly used are usually made from hydrol ysed protein
or resin socap. In some instances, a stzble pre-forme! foam is added into

the mortar during mixing at ordinary speeli.

Aerated concrete can be structural or non-structurale Non-structural
aerated concrete is mostly used for insulation purposes, It does not

require coarse agaregates The density ronges betwesn 200 and 300 kg/m')’-

Structur: aeratel concrete has a density ranse of between 500 and
1,100 k-j;/m3. The strength and thermal conluctivity of aerated concrete,
like all other lichtwei~ht concretez, varies in proportion to density.
For example, with a density of 500 k"-f/m:si the stren~rth will be in the
rezion of 3 to 4 ;‘T/mz anl the thermal conluctivity Ca1 Jm/ma §%. 4nd for
a density of 1,400 k.g/m3 the strength rn-e ig betwemn 12 =2nd 14 N/mm'?

i 2
and the thermal conductivity 0.4 Jm/m $%. The conductivity of aerated
concrete is about 10 times lower than that of ordinary concrete. The
modulus of elasticity for aerated concrete ranges between 1.7 1o 3.5

2
GN/m°e Their creep is the same with ordinary concrete (Neville, 1977).

Comparedwith lishtweight azgregate concrete of the same strensth,
aerated concrete has higher tharmal movement, high shrinkage and moisture
movement. However, hich-pressure steam~curing increases the comperessive
sirength and reduces the thermal movementi, shrinkasge and moisture movement,
This relationship is sho'm in Pipge. 2.2.

2.843, Uses of Aeratel Concrete

Because of its low thermal conductivity aeratel concrete has a wide
application for partitions, for heat insulation and fire proofinge In
Tire resistance it performs better than orlinary concrete., Structural
aerated concrete is used for floor construction instead of hollow tile
floor. It is also used in the form of hirh-pressure steam—-cured blocks
and precast members. It is reasonably durable, c:n be sawn ani it can
hold nails, 1Itks rate of water absorption ic hizth. However, the rate of
water penetration is low due to the larvse vores which 1o not allow the
ingress of wat:r by carpillary actiocn. Hence when pronerly rendered, it

exhibits mood frost resistance and can be usel in wall construction.
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Fige 2.2. Relationship between sirength und density of high-
preassure steam-cured acrated concrete.

Source? Properties of Concrete (Neville, 1977).

When used with reinforccment special protection against

corrosion is neededes This is done by dipping the reinforccment
in bituminous solutions or epoxy resins, However, care must be
taken as some anti-corrosion egents affect the bond strength

advergely.

249.0, M"Ho~Fines" Concrete

No~fines concrete is produced by the eliminption of the [ine
zoregate in a mixes Coarse agsregate alone ig mixed with cement

paste to preocduce no-fines concrete. No-fines concrete has large

pores which do not allow movement of water by carpillery action.

Ho—-f'ineg concrete has lower strength than ordinary concretas
However, ite strength is adecquate enough to construct buildings
up to 20 storeys high, as was built in Dusceldord, Germany
(Short and Kimmibur %, 1963, Neville, 1977).
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249e1e Density of No-Fines Concrete

The density of no-{ines coacretc depends on the grading of the
agegregate. Thia is so becaunse a well graded aggregate packs more
compactly tosether than sinslo-size agsregate. The usual range of
aggrezate sizes is 9.5mm to 19mm. Vhen a well graded aggrezate is
used the density is 10 per cent higher than when a single-size is
used@eville, 1977).

The dcnsity of no-fines concrete made with normal aggregate ranges
between 1,600 kg/m3 to 2,000 kg/m3. However, when lightweight
aggregate iz used the density could be as low as 640 kg/m3o The data
for 9.5mm to 19mm no-fines aggregate as reported by Neville (1977) is

shown in Table 2.7.

Table 2.7« Typical Data for 9¢5=19mm lo—~Fines Concrete

zore=ate )
é‘;mcn '_,aRiI{iD H‘d.tQI‘/CCI.]Gl‘.t Dunsl't_y 28—]}3‘1{ Compressive
by Volume Hakio oy Strength N/mn®
Weisht Ke/m ngth N/

6 0.38 2,020 14

1 0.40 1,970 12

8 041 1,940 10

10 045 1,870 1

Sources Properties of Concrete (Neville, 1977).
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249,2, Compaction, Placing and Hlastic Modulus of No-Fines Concrete

No-fines concrete does not segregate and can be dropped from
great heights. Because of the absence of sand there is less surface
area to be cogted by cement paste. This means that less ccment is
required in no-fines concrete -~ about 70 to 130 k;/ma’ of concrete
(Neville, 1977)e This feature of no-fines concrete mukes it cheaper
than other li-htwei:ht aggregate concretes.

Rodding is not recommended I'or no-i'ines concrete as this caunses
high local density. The strength of no-f'ines concrete ranges between
144 to 14 N/hmz (Heville, 19??). The waner/cement ratic should be
carefully determined f'or each jiven aggrerate. If it is tco hi:h the
cement paste drains away from the aggregate particles. When it is
low the cement paste will not be adequatecly adhesive and there will be
no proper compactions The usual proportion for no-fines concrete is
from 186 to 1310 - Short and Kinniburgh (1963). However, lean mixes
of ratio 1:20 (cement/aggreszate) and a cement content of 70 kg/ha are
possible (Neville, 1977).

Typical values of elasticity for concretes made of different

strenztha are clhowm in Table 2.8,
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Table 2,8: Relation Betue:n Modulus of Flasticity and Strength

Compressive Modulus of
Streggth Elasticity
N/mm GN/mZ 5 f\
X
2%%
448 1043 DS
*Z z
s ~ b‘:‘
3.4 9.0 %
e
’V‘(.ﬂ"""
2.4 6‘9 l: -”
2%
%
Sourcet Propertics of Concrete (Neville, 1977). f,)‘
2.9+3. Shrinkase of NO-Fines Concrete /

The cement paste forms a thin coating over the aggregate
particless On drying, the cement contructo. But this contrzctien
is restraincd by the larze aggregate particles. This gives no-fines
concrete its characteristics low drying shrinkage. However, the rate
of shrinkage is hizh due to the exposur: of the czment paste to the
aire For example hulf the tot:l aarinka e tdies place in only ten

days while it is completed in about one month - Neville (1977).

2.9¢4e Thermzl Expansion of No-Fines Concrete

The coefficient of thermal expansion of no-fines concrete
depends on the type of aggregate useds The thermal movement is about
0o to 0.8 that of normal concrete. The coefficient of thermal
conductivity is between 0,69 and 0.94 Jm/mzsoc when ordinary
aggregate is used and about 0.22 Jm/masoc when lizhtwelsht aggrezate
is used - Neville (1977)

2¢9+5s Frost Resistance of No-Fines Concrete

No-fines concrete is resistant to frost action, due to the
absence of carpillaries, However, the lar e pores must not be filled
with wateras this leads to totul disiniesration of the concrete on

freezing.
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2¢9.6e Wator Absorption of No-Fines Concrete

The water absorption of lightweight aggregate no—-fines
concrete is as high as 25 per cent by volume — Neville (1977).
For this reason it is not suitable for use in foundations and

in areas where it will be in contzct with water. Extermal

walls have to be rendsred on both sidese However, this reduces
the sound absorption properties becaunc air permeability is
reduceds Therefore in cases where acoustic properties are of
pargmount importance, one face is normally left unrendered.

2.9.7« Reinforement of No-Fines Concrete

When reinforcement is to be used with no-fines concrete it
has to be coated with cement paste so as to improve the bond
strength. This is done by "gunitings" — Neville (1977).

2.10.0, DSaw Dast Concrete

Saw dust concrete is made by proportionin: equal volumes of
pPortland cement, sand and pine sawdust. Water is added to give a
slump of 25mm to 50mm — Neville (1977).

241041s Uses of Saw-Dust Concrete

Saw dust concrete is used as nailing concrete., Thig is a
material into which nails can be driven and held firmly. It is

used in some lightweight concrete and roof constructions that have

poor nailing properties,
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2¢10+2. Properties of Saw-Dugt Concretec

Saw dust concrate has a large moisture movement and should
not be exposed to moisture conditionse Chemical treatment is
sometimes applied to obviate adverse eifects on setiin: and hydration,
to prevent the rottinz of the sawdust and to reduce moisture
movement, Saw dust has a density range of between 650 kg/h3 and
1,600 kg/m3+

241043¢ Other Organic Azeresate Lightweisht Concretes

Neville (1977) reported that other wood wastes such as
splinters, shavings, rice husks and wheat have bezen used to
produce non-load bearing concrete with a density range of 800 kg/hjn
Synthetic organic materials, like polystyrene, have also been used
to produce lightweight concrete of good insulating properticse.

2e11s0¢ Cork Lishtweight Concrote

Aziz and his colleagues at the University of Singapore
developed the cork lightweight concrete in 1978. There is
abundance of cork granules in Singapore largely used as packing
material for imported fruits. So they decided to use it for

concrete.

2¢11¢1s Physical Properties of Cork

The physical properties as determined by Aziz et. al. (1978)

for cork are shown in Table 249
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Table 2.9, Physical Properties of Cork Granules

Specific Gravity 0172 to 0.175
Finess Modulus 4. 10 to 4. 30
Moisture Content % Oe 25 to O« 30
Absorption % 230 to 240
Density Kg rn3 68.50 to 70,50
Voids % 55 to 60
Grain Size mm 0,30 to0 2,35

Sourcet International Journal of Lightweight Concrete (1979)a

2.11¢2 Uptimum Water/Cememt Ratio for Cock Lightweight Concrete

Trial mixes were made of ratioz 111, 1:2 and 113 cements cork
gramules. It was discovered that the uptimum wa.ter/cament ratio
was 0,35 for mixes 111 and 132 and 0430 for mix Fig. 2.3 shows a
comparison of water/cement ratio and compressive strenzth (Aziz et,

ale 1978).
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241143+ Compaction of Cork—Lishtwei~ht Concrete

Methods of compaction were also investigated. Vibration
was found to be the most suitable method of compaction. PFig. 2.4

shows the relationship betwecn compaction methods and compressive

strength.
Py
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Fige 2.4. Influence of compaction methods on compressive
strength.

Sources International Journal of Lightweizht Concrete (1979).

2.11.4 Methods of Curing

All cubes were cured in water for varuous periods of time
Aziz ete al. (1978) discovered that continuous moist curing reduce
the strensth after 14 days. They also discovered a steady increase
in strenzth for cubes having 14~days.moist curing and dry air-curing
afterwards. This was explained as beins cansed by the rapid initial

hydration and setting of cement during the 14~day moist curing.
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Afterwards, when the cubes are kept in air, the moisture

present is sufficient to cause further setting of cement and

hence continuous gain in strength,.

Continous meist curing, on

the other hand, causes the sppecimens to be supersaturated after

14~days in uater.

2011050

This lowers the strensth.

Compressive Strength of Cork Lishtweishi Concrete

The compreszive strength of beth cubes and cylinders uere

alse compared.
to be in the ranc-e of 0,80 to 0.36.

2116,

Bond Strenzth of Cerk Ligh

The ratio of cube to cylinder strenzth was found

tueisht Concrete

At a fixed watnr/cement ratio

of 0.35 the bond stresses wecre

found %o be 0.4 N/mm?, 0425 N/mm® and 0.1 rr/:.r..mz for mixes 131 132,

1¢3 respectively. The relationship
bond stren~th, as determined by A2i

in Figi 2-5.

vetween wator/cement ratio and

2z ot al. (1978) is reproduced
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Fige 245 Influence of water—cement ratio on bond strensth
for various mixeg,.

Sources International Journ 1 of Lightweight Concrete (1979).

2: 11475 Preope

ieg of Cork Lirhtweight Concretfe

The tensile strengths were found to be 2 N/mm2, 1 Nﬁ.—unz

and 0,65 N/m? for mixes 1t1, 112 and 113 pespectively, On

the whole cork lightweight concrete was found to exhbit bettier

nailing, shrinkege and thermal properties than lightweight

concretes made from organic eggr

ezates,s The properties of

cork lizhtweirht concrete are determined and represented in

Table 2410,

Table 2.10. Pronerties of Cork Lizhtuweisrht Concrete

Properties

Mix Proportion

131 132 113

Dry demsity 1<---/:--3

e i 870-820 590~640 475495
Compgeasi'-.fe strenth 11.00-12,00 €450-6,80 4420~4450
N /ram )
Tengile strength -
N/-.'.‘L"R
HWodulus of Llacticity
1 /am® 4,000~4, 500 - -
Dry Shrinkagefh 0.025-0.035 - =
wemal. Gonauekivivy 0+ 190423 014~0,16 |  0,10-0412
W/m deg C B

Source: International Journal of Lightweitht Concrete (1979).
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2.11.8, Uses of Cork Lizh tueight Concrete

Aziz ct. al. (19’?8) concluded by sugsesting possible arcas

where cork lightweizht concrete c-n be used, These include:

(i) Concrete £ill over buried nipe structures.
(i) Pi11 material behind retaining walls.
(iii) Improvement of embankment stability.

(iv) Improvement of safety of uatorfront ctructures,
(v) Pill materizl at bridse apohronch,

(vi) Pill over galvenigzed steel -nd concrote decks.

24120 Testing of Hardened Concrete

Properties of hardencd conercte depend on time ond ambient
temperature., There are various teats that could be performed to
assess the properties of hardened concretes Ordinarily, the tests
are classified into destructive tests :nd non-destructive tests,
The destructive tests include compressive test, flexure test, split
tensile test and penetration resistance test. The compressive test
is the most common ond the most importent. This is becase neerly
all properties of concreie are related to its compressive strength
in a qalitative sense,

2,1241s Factors Affecting Tests on Hardened Concrete
There are sevoral factors affectin: the results of tests on

hardened Concrete, Some of these frotors ares
(i) Bd conditions

(ii) Hoisture condition
(1ii) Influonce of rate of load application
(iv) Characteristics of concrete

(v) Aze and other factors.
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2e12.1.1 End Condition

The smoothness of the ends of test specimens has a great
influence on their strengthe When the rough surface of a

specimen is brouzht into contact with the platens of the
crushing machine,stress concentrntions ensue., These lower the
apparent strength of the conerete.

Accordinz 4o Neville (1977), lack of planeness of 0, 25mm
lowers the sirantth by one-~thirds Convex end surfaces cause a
greator reduction in strength thin concave ones. This is
becanse the former lead to higher siress concentrntions.

AeS.T.l1. standard C617=71 requireas the end surfaces of a
eylinder to be plane within 0.05:m as determined by &« straizht
edze :nd a feelor gauge.

The contact surface should be free from grains of sand
and other debris from previous testse The presence of these
grains of sand lends to premature failure and cven violent
splitting in some extreme cases.

The sido-effects of the uneven ond surface of the
gpecimon con be overcome by three alternative meanss Packing,
Capping and Grinding.

A bedding material is used as packing between the platens
and the specimen's surfaces, However, packing lowers the
apparcent mean strength due to the lateral strains induced in
the specimen by the poisson's ratio effect of the packing

material.
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It also affects the scatter of stren:ith results because it
eliminates the effects of defects in the planeness of cylinders —
main canse of the scatter,

Capping involves the applicatim of a material in a thin
layer over the cylinder's surfoccs. Jhen a suiteble material is
used, capuvinz does not affect the sirenzth and the scatter of the
strength results. However, the ceppinzy material should heve
strength end elastic properties similor to those of the coucreote
being testieds A comuon capping matorial is neat cement applied
in thin leyers,

Grinding involves polishing the bearing surface of the
specimen until it is plane and squarce. It produces satisfactory
results but becanse of its cost it is rarely used (Neville, 1977).

2.12:1.2. Moisture Condition

Moisture influences the strength of test specimens. The
modulus of rupture, for example of a dry specimen is lower than
that of a saturated specimen., When ithe specimen absorbs water it
makes the cement rel to dilate. This decreases the forces of
cohesion of the solid particles, On drying, the wedze action of
water decreases ond the strength increases. This variation in
strength due to drying is a reversible pheonomenone.

The British strndard B,S, 1881:71970 prescribes that cubes and
flexure specimens should ve tested imaediately on removzl from
waters This is bome out of the faet that it is easier to maintain

the moist condition than it is to maintsin the dry condition.
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2+12.1,3 Influence of Rate of Load Application

The rate of spplication of load greatly affects the apparent
strength of the concrete. The lower the rate of application of
stress the lower the recorded strensthe This is caused by the
increase in strain with time due to creep. Applying the load over
o period of 30 to 40 minutes canses failure at 84 to 88 percent of
the ultimate strenzth obtained when the load is applied at the rate
of 12N/Im12/min. Increasing the rate of application of load from
0.0ml/mzfmin to 4 x 106N/m2min doubles the apparcnt strensth of
conerete - laville (1977).

The magnitude of the observed sirains and the curvature of the
stress-strain relationship in a modulus of elasticity test is partly
determined by the rate of applicaticn of stress. 'hen the rate of
application of stress is rapid {in les: then 0,01 second), the
gtrains recordcd are rreatly rediaceds The curvature of the stress -
strain curves becomes extremely omalles Increase in the loading tine
increases the gtrain.

There is no clear demarcation between elastic and inelastic
deformation. MNowever, it is senerally as-umed that deformations
that occur when loaling are considered elastic, Subsequent
increases in strain are regarled as creep (Neville, 1977).

The standard rates of applyins load have been prescribed by
BeS. 1881:1970 as 1.6M/mm°/min. The A.S.T.M. standard C78-64(1972)

prescribes a specd of 1.03N/mm2/min.
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Slater and Glanville have shown that the curvaiure of the
stress = strain diacram becom~ss sharpor the slower the rate of
loadingz. The computed modulug is alco lowe. A loaling of over
10 to 20 min period produces a secant modulus of about 15 percent
lower than for a five scecond lealins~ poriod (Troxell et al, 1956).
However, chanzing the loaling time from 2 minutes to 2C minutes
has no gignificent effect upon the modulus et allowable stress.

2¢12:.1e4e Effccts of Characteristics of Concrete

The cheracteriastic features of concrote greatly affcet ita
compressive stren~th, tonsile strength ond modulus of elasticity,
amonz othercs The hizher the modulus of elasticity of the
ageregte with which the concrete ig mede the higher the modulus
of* elasticity of the concrete. HModnlug also increases with
fineness modulus, This is due to the decrease in water - cement

ratio with increase in coarsencss of .raling.

2¢12+.1¢5+ Aze ond other Factors

The modulus of clasticity incroanes with nge. The richer
the mix the great r the increase in molulus with aze.

Hirher values of water = cement rotio tond to reduce the
value of the modulus. The properties of the testing machin<t also
influcnce the features of the siress — strain curve.

2,1242.,0, Compresuive Test

The compressive strength of concrete is its most important

property. Compressive fests can be carried out in cubes, cylinders

and prisms,
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2412.2,1 Cube Test

The cube monld is mnade up of c¢ast — iron of dimensions 150mm x
150m m x 150mm. The mould and its basc are rigidly clamped together
g0 as teo reduce leskages during castin:, The sides of the cubetare
thinly oiled before casting so as 1o pruvent the development of bond
between the concrete and the mould.

Accordins to the standard practicc preseribed by B.S. 138131970,
the cube igs filled in three layerse. @&ich layer is compacted by 35
strokes of a 25mm square stecl punner, The ramming is done
efficiently to ensure full compaction.

The cube is then cleaned of exces:s concrete by passing an iron
rod in a sawing motion over the top of the cube. The surface is the
finished by means of a trowel. The cube ig then stored for 24 hours
undisturbed at a temperaturc of 18¢° to 22% and a relative humidity
of not less than 90 percont. Afbtcr 24 hours the mould is striped and
the cubes arce stored in water for further curing at 19 to 21%. This
ig the specification of the British stndard B.S. 188131970,

At the aze of test thecubes are crushed with the cast faces
in contact with the platens of the testins machine. The B.S. 188131970
prescribes that the loai on the cube should be applied at the rate
of 151‘1/mrn2/min. The rate of increase in strain is progressively
increased as failure is ap-roached. This ig due to the non~
linegrity of the stresa/ostrain relationchip for concrate at hizh
atrescess The strensth at failure is reported to the nearect

0. R/m® (Worille, 1977).
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2.12.2,2, Ratio of 7 - Day to 28 ~ Day Strenzth

The 28 = day stren~th of concrete made with ordinary port—
laend cement is roushly 1.5 times the 7 - doy strenzthe However,
the British code of practice CP114 (1969) accepts o T—day
strength equal o but not less than two = thirds of the required
28 -~ day strencth,

The ratio of 28 = day to 7 — day strength for ordinary
concrete lies within the range of 1.3 to 1.7« In hot climate
this ratio ie lower than in cooler climates This is also the case
with lightweight aggregate concretes. In either cagse the
difference is due to the fact that in hoi climate the early
strength sain is hich (Newman, 1971). Lightweizht agaremate
concrete alse develops high early strensth (lrcville, 197?).

In Zermony the relation betweon the 28 = day =nd T-day
ptrength is taken between

228 = 1,437 +* 1.0
andd28 = 1737 + 5.9

Where 828 and 37 are the 28-lay and 7-day strength in
N/mm2 respectively,

2:12.3.0, Modulus of Blasticity Test

Modulus of elasticity is defined s the chan re of streass
with respeet to elostic strain {deformation) and may be computed

from the equations
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unit stress
unit strain

Hodulus of Elasticity =

I¥ is the measure of the stiftness or resistence of the
material to deformation. Modulus of olasticity is used in the
analysis of reinforced concrete sir.ctures to determine stresses,
moments, and deflections in both simmle and compliocated structures.

2¢12:.3:1s Hethods of Determining MHoduli of Elasticity

The modulus of elasticity iz letermined using the standard
cylinder and extensometers or strain rauses.

The astendard cylinder has a diamcter of 150mm and a heirht of
300mme It iz mule of pteel or cast iron. The cylinder is cast in
three layers and each layer is rammel 25 times usin~s a 16mm
diameter round-nosed rod.

Strains encountered within the elastic rangeof streas in
engineering materials are in the region of 1 part in 1000 (Ryder, 1969).
Extencometers are used to measure these small linear movements.

The extengometler is clampel round the cylinder and placed under the
testing machine,

There are three methoda of determining the modulus of
elasticity (Troxell et al, 1956).

i) Initial tanzent moduluss this is represented by the

slope of a tangent to the stress - strain curve, drawn

b 1

throu;h the orizin.
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ii) The tansent moduluss this is represented by the slopegof
a line dramn tangent to the stress—otrain curve at any
point A on the ocurve,.

(iii) The sccant modulus: this i reprecentel by the zlope of
a line drawn from the ori=in to any point B on the
CUIve,

Piure 2.6 shous stresc~sirain dig~srans for concfete
and the various methods of determinins moduli of

elasticity,.

TANGENT
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) ——t STRATN
Pige 2.6 Typical Stress-Strain Curve for concreote and various
Moduli of elasticity.

Source: Properties of Conorcte (7 ville, 1977).
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The initial tongent modulus is used only for low stresses.
The tangent modulus cannot be determin 4 with accurancy. The
secant modulus is the most practical =nd the most widely used,

It represents the actual deformation at the selected point
(Troxell et al, 1956},

There is, however no standard mothed of determining the scent
modulus (I'Ic!ville, 1977). It is zonerzlly messured at stresses
reprosanting 15, 25, 33, or 50 percent of the ultimate strength of
the concrete specimen. The secont (etatic) modulus decreases with
increase in stress. Therefore the stress at which the modulus is
determined must always be statel,

2412.3.2, Helation of Modulus of Elasticitv to Strength

The increase in strensth causes an increase in the modulus of
elasticity of concrete thoush not in a clearly defined manner., The
ACI code for reinforced concrete desirm states that the modulus
shall be taken as 1,000 times the compressive strensth at 28 days
(Troxell et al, 1956)e¢ The modulus approximately inoreases with
the square reot of its strensth,.

The British code of practice for structural use of concrete
CP 110; 1972 relates tanrcent modulus of elasticity in @I/m2 to the

cube stren-th in 121/u° by the followins relationships
. BT e (1)
yhen the density is between 1,400 to 2,30Ckg m3 the British
expresaion for modulus of elasticity is
Ec = 0.85 PG~ X 1070 ..u(2)
For lirzhtweight concrete,; the comite Buropean du Beton

recommends?
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=4 1.5
1 x10%p Vie vea(3)
1.8

Eo

Wheres

Ec = tfangent modulus of elasticity, ’}N/m2
U = cube sirenih, ;.;;7/,_.,2
P = density, }:;.-_-/m3

fc = cylinder strength MN/m%

Table 2,8 shows the moduli e¢f rnlasticity of concretes of
different strensths,

2.12.4.0- Tensile Test

There are many methods of determining the tensile strength
of concrcte. Seons of these meihods include medulus of Tupture
test, direct tezaile toot pad aplit tensile tests

Split tensile teat is vory simnle to performe It also gives

more wniform results tham the other testis,

2.1214'10 The Split Tmai&a Test

This test -ms suggested by a Brazillian named Fernando
Cameiro.

That is vhy it is sometimes called the Brazillian test.

The test is carried ont on the stondard cylinder (See article
2.12.3.1.). The concrete cylinder is placed between the platens of
the testins machine. Its axis should be horizontal between the
Platems. A narrow strip of packins matorial is nlaced betweon the
cylinder nd the platens (See figure 2.7).



51

EAWRARIRA

Fig 2,73 Split tensile Test,.

Sources Properties of concrate, (Neville (1977).
The A.3.T.M. standard C496-71 prescribes the usize of the

strip to be 25mme The load is rradually increased until failure

tnkes place by splitting a2lonz the vertical diameters

Mn eclement on the vertical diameter of the gylinler

experiences a horizontal tensile atress ofs

2P where P = compressive load on the clvlinder
LD L = lencth of cylinder
D = diameter of cvlinder,

2¢124442.¢ Relation between Comprescive Strensth -nil Tensile Stren~th

The tensile ctrength of concrete is very small comparad to
its compressive gtrenrths The increase in tensile strencth of
concrete slow down after one month. Inadequate curing affects the

tensile astrenrth more than the compressive strensth of concrete,
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The ratio of tensile to compressive strenzth of air-cured
concrete is lower then that of concrete cured in water and tested
wet. Intrained air lowers the compresnive strength more than the
tensile stronsth of concrete. Incompleie compaction has the same
effect as entrainzd air.

The relationship between temsile strensth and compreacive
strensth for normal concrete is the same for liszhtweisht concrete.
This value “or lijhiveight concrete ranges between 0,16 to 0.07.

However, ™in vicw of the numerous factors influcncing the
ratio of the strentthe it is not sur rising that no simple relation
is generally applicable" — Neville (1977).

2.13.0. Palm Kernel

2413.1. Historical Backrround

It is pertinent to take = lock at the subject matter of this
studve The genetic nome of the palm comnonly rrowm in Nigeria is
ELAEIS and its specific name is GUINEQISIS.

01l palme are grown in the rain forcet zones of Nigeria. The
major producing states are Ogzun, Bendel, Imo, Anambra, Rivers, Cross
River and Ondo. Other minor producin~ states are Lagos, Oyo, Benue,

Gongola, Kwira and Niger States (Orewa, not dated).
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The ratio of tensile to compressive strenzth of air-cured
concrete is lower than that of conecretc cured in watecr and tested
wets Intrained air lowers the comprescive strength more than the
tensile strength of coucretes Incompleie compaction has the same
effect as entrainzd air.

The rclationship between tensile strensth and comprensive
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This value “or lizhtueight concrete ronges between 0.16 to 0.07.

However, "in wiew of the numerous factors influencins the
ratic of the strenyths it is not sur rising that no simple relation
is generally applicable" — Neville (1977).

2413,0. Palm Kernel

2+13.1. Historical Backrround

It is pertinent to take = lock at the subject matter of this
studye The genetic nome of the palm commonly prowm in Nigeria is
ELAEIS and its specific name is QUINEIISIS,

0il palms are prown in the rain “orcst zones of Nigeria. The
major producinsg statcs are @zun, Bendel, Imo, Anambra, Rivers, Cross
River and Ondo. Other minor producin; states are Lagos, Oyo, Benue,

Gongola, Kwira and Nizer States (Orewa, not dated).
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The oil palm tree grows to a heiiht of over 10.me Short stem
verieties are, however, available., The o0il p~lm tre: ig a monocot-
yledonous nlant. It has a fibrous root system.

The fruits are borme on short stalked roundish dense bunches
about 40cm across. A bunch weights up to 27 kize There may be up
to 1500 fruits in a bunch. The frmitc are a deep violet turning
orangered uhen ripe. The fleshy outer layer (the megocarp),bears

the oils Benecoth it is the shell which cnecloses the kernel (Comcr,

1966).

0il palm trees were first thou~iit to hrve been brought to Africa
from South America., But studies have slown palm pollan in
zeolozically ancient mud in the Niger Delta. This confirms that oil
palm ig indicenous to Africa {(Corner, 1966).

Vizeria used to be the larsest vroducer mnd exporter of oil
palm with the avera-e of 162,000 tonnes per annum or 21% of the total
world production. Howover, by 1985, llalaysis had overtaken
Nigeria as the major producer of oil pzlm (NIPOR, Highlishts of
Activities and thievern?ts, 1985) «

Due to the fa.c‘f:?:he rate of production of palm oil has failed
to kecp pace with the rate of population growth it ig predicted that
there will be a shortfall of over 400,000 tonnes of palm oil for

domestic uze by the year 2000 {Nifor, 1985,
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2.1342+ Recont Research and Developrnindg

0il palm exists in nature predominantly as the DURA fruit

form. Thin constitutes over 95% of the wild population. There is
however the improved variety, the elite hybrid TENERA, developed
by researchers at the Nigerian Inatitute for 0il Paim Research,
Nifor, Benin,

The DURA fruit has & thick shell, large kcmel and a thin
mesocarp, the oil bearing part, On th: other hani the TEVERA has @
thick mesccnep, thin shell and small kemel. The components of
these two varicties hwe beoon analyssl and a comparison made. Table
2:11 shows the oil yicld components of Nifor elite THVERA compared

with the improved ond unimproved DURA (Nifor, 1985).

Table 2,11, 0il Yield Qomponent of Nifor Elite Tenera Compared

With The Imroved and Unimproved Dura

Unimproved
0il Yield Compon:nt ifor HElito Improved DFr@ in the
Wild
Tenera Dura
Wezn PPB Fresh Fruit 15--18 Tonnes/ 1518 3 Tonnes/ha/
ha/year Sonn s/ ha/ycar.
ff ] i
% Pruit/Bunch 60=70 | 6575 5015
% Mesocarp/Fruit 80-85 30-60 20-50
. Shell /Mruit >15 30-50 30-~65
% Kernel /Pruit o—13 =20 7-20
g.lly‘ggl d in Tonnes/ 4~5.-tonnes 2,2 tonnes 0.5.tounes

Source: NITOR, Highlights of Activiiies and Achicvsuments (1985)a
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2¢13¢3s Production potential

The oil palm production potenti-l of Nigeria is very high
inde~d,

is 6,460,818 tonnes of the fresh fruit bunch (£fb) per annum.

of this amount DURA accéunts for 4,800,000 tonnes of the ffb per
annune

The remaining 1,660,818 tonnce of £fb is contributed by
the TRIERA.

By 1986 the wild sroove DURA veriety covers an area of
approximately 2.4 million hectares. The improved TINERA variety
covers a hecterase of 170,000 ha (Oreva, 1986)

2.13.4. Availability of Palm Kernel Shell

From the production potential and the information given in

table 2011 an approximate idea of the quantity of palm kernel shell

available in Nizecrig can be obtained.

IURAs

Total potential

% fruit/%unch =

Totaly yiecld of fruis

4,800,000 tonnes of ffb per annum.

65-75 (aversge 70%).

= 0.7 x 4,800,000

= 3,360,000 tonnes of fruit per annum.
& shell/fmit = 30-50 {averaze 40%).
Amount of ghell = 0.4 x 3,360,000

1,314,000 tonnes of shell per annum.
TENERA:

Total potential

% fruit/bunch

= 60=70 (avera-e 65%)

= 1,660,818 tonnes of ffb per annum.

Total yield of fruit = 0,65 x 1,660,818

= 1,079,532 tonnes of fruit per annum,

Azcordin: to Orewa (1986) thc total exploitation potential

Out
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% Shell/fruit = 5-15 (averase 100)
" Anount of shell = 0.1 x 1,079,532

= 107,953+2 tonnes of shell per annum.

The total outout of shell from the two varieties of oil palm
per annum ig 1,344,000 + 107,953.2 = 1,451,953.2 tonnes of

shell per annume

2:14.0. Other Uses of Palm Kornel

According to the Information Bulletin No. 5 (1925) of
the Nigerian Institute for Oil Palm Research, oil palm
products cun be categoriged into two broad groupss the
primary products and the secondary productse
(1) Primary products includes

(a) Palm oil
(v) Palm kernels
(¢) Palm wine

(ii) Secondary products includes
(a) shell

(b) Fibre
(o) Leaves

(a) Trunk



2.14.1. Palm 0il

Palm oil is a very important source of foode It is the main
cooking o0il in Nigeria. It contains corotene, the component that
givesfits characteristic red colour. This carotene contains
vitamin 4.

Palm o0il is also used for the manufacture of margerine, short-
eninzes used in meking bread, cakes, cream and sweets. Manufacturers
of livestack feed use it as an additive.

Palm oil also has other non-edible uses. For example it is
used extensively in the manufacture of soap. It is also used in the

tin platinz industry. Due %o the readiness with which it is absorbed
by the skin, the cosmetics indusiry uses it extensiv:ly in the
manufacture of creams, ointments and lotionse Before the advent of
petroleum palm oil was used as diesel znd lubricating fuels during
the industrial revolution. It ig still usad as a component in the
making of lubricating oils, greoases, plasticizers, candles and poligh -
Nifor (1985),
2014.2. Palm Kernel 0il

The kernel inside the nut is erushed and palm kernel oil is
extracted from it. This ¢il is used in cooking, confectionery,
bakery. It is also used to make ice cream and mayon aice.

Other non—edible uscs of palm kernel oil are in the
manufacture of soap, pomades, deterrents and zlycerine. The palm
kernel cake, which is the residue after the extr-ction of oil, is

used as livestock feed (Nifor, 1985).
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201403. Palm Wine

Palm wine is tapped fron the inllorecsconce and the trunk
of the palm tree. It ig very nutritious and contains suzars,
vitaming, oroteins and miner=als.

Palm wine is now bottled in commcrcial quantities in
distillaries and is being exported in larpe quantities to
neighbouring African countries, Earope anl America, Palm wine
could algo be distilled to produce ethanol (Nifor, 1985).

2-14-41. Shall and Fibres

The fibres and shells are mostly used as fuel for firing
boilers to generate steam in oil mills. "The shells are zlso
used as aggregates for flooringts (Nifor, 1985).
2.14.5. Leaves

The leaves of p2lm oil trees have gpplication in many ways.
They are usad as thatch for roofing houses. The rachises are used
for fencing and reinforeing mud buildingse. The midribs.of:the-~
leaflets are used as brooms. The cebbase from youns tender
leaves found at the apex of the stom i: used as versinble in making
many delicacies.

2¢1446. Trunk and Bunch Refuse

The trunk is mostly used as timber in building construction.
Bunch refuse, the material left after the frunits have bemn
removed from the fresh fmit buneh (£b), is used in making
traditional soaps It is also usel as a fertilizer. It is a good

source of potagsium (Nifor, 1985).
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The p:lm kernel shell used in thic research work wams obtained
from Ughelli, in the delta area of Bendiel 8tate. The crushed shell
was obtained from a native oil and soap menufacturer. It was
transported in sacks to Zaria by bus.

The palm kernel nuts were obitaincd in two batches. The first
batch was obtained from Sokoto and trancport to Zaria., The second
batch was obtained locally in Zaria.

The Palm kernel shell was bought at six Naira (1#6.00) per
45 kze The palm kemel nmat was bousht at the rate of twelve

Naira (¥12.00) per 50 kgz.
Altogether a total of 350.7 kg of palm kermel shell and

243.8 kg of palm kemecl nut were bouzht for this research work.



CHAPTER THREE

3+.0.0, Physical Propertics of Palm Kemcl Azsrevate,

Azggregate was initially seen as a material that only increases
the volume of concrete and thus eff:zcts come savings in cest. But
it is now known that aggrezate influences the strength, durability
and structurzl behaviour of concrete. It also constitutes three-
quarters of the volume of concrete. These influences of aggregate
on concrete are attributed to its physical, thermal and even
chemical properties. Hence, the importance of the determination of
the physical properties of palm kemel ag regate cannot be more

underscored.

3e140c Specifioc Gravity of Palm Kemel A-gregate

Specific gravity is defined as the ratio of the weight of the

material tec the weight of an equal volume of water. The specific
gravity of a material depends on the amoint of voids, porosity and
the specific gravities of the minarals of which it is composed,

For concrete purposes, calculation of specific gravity is based
on the saturated surface -~ dry condition of the agsrepates

32141 Procelure of Determining the Specific Oravity

The specific grevity is determined using a pyonometer or

cylinder. The weizht of the cylinder is determined first.
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The cylinder is filled with water and wishtd. The water is
poured into a container and the cylinder is filled with the
material and then weishfds The cylinder, with the material, is then

topped up with water and weighed.
P P g

If the weizht of empty cylinder =D
Weight of saturated surface - dry sample = G
Weight of cylinier full of water = B

Weight of cylinder with sample topped up with water = A
The weight of water occupying the same volume as the
gample ig given bys

B - (AC)

Whence the specific gravity = _C
B-A+C

3¢%142. Specific Gravity of Palm Xemel Shell

D = 420 gm
C = 1685 — 420 = 1265 gm
B = 2720 - 420 = 2300 gm
A = 2985-420 = 2565 gm

" The specific zravity of palm kemel shell = . 1265
2300-2565+1265

= 1-26

3e1e3s Specific Gravity of Palm Kernel Nut

= 420 gm

= 1907 = 420 = 1487 gm

= 2720 - 420 = 2300 gm

= 2915 = 420 = 2495 gm 1487

= W Q o

The specific gravity of palm kemel nut = 2300 - 2495 + 146]
= 1.12
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Table 3.1 shows the specific gravities of palm kernel shell
and nut,

Table 3.1 Specific Gravities of Palm Kernel

Palm Kernel | Palm Kernel
Shell Nut
Weisht of Empty Cylinder (D) 420 gm 420 gm
Weight of Cylinder + Sample (C) 1685 gm 1907 gm
Weight of Cylinder + "later (B) 2720 gm 2720 gm
Weisht of Cylinder + Sample + Water (A) 2985 zm 2915 gm
Specific Gr .vity V463 1415

Prom the results showm in Table 3,1 it is found that the
specific gravity of palm kernel shell is great r than that of the
nut, This con be explained as a result o the hi~h voids ratio and
potogity of the palm kernel shell compare? with the mat (zec articlen
34140y 3+3.0 and Table 3.4).

The specific gravities of palm kernel arc relatively low
compared with the range of wvalues for 4iff:ront rock zroups. Moat
natur~l aggre :ates have a specific gravity of botween 2.6 and 247~

Neville (1977).
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The specific gravities of different aggregates are given in
Table 3.2 for comparison with the vilues in Table 3.1.

The specific gravity of asgresates is uwscd for the
calculation of quantities of material in mix desismm. It is however
not a measure of the quality of the aggregate.

The specific gravity of palm kermel shell is between 46 to 48
per cent that of natural aggregate. That of palm kernel nut is
betwen 42 to 44 porcent the specific gravity of natural aggregate.

Table 3.2. fpparent Specific Gravities of Different Rock Grouvs

Average Specific Range of Specific

Rock Group Gravity Gravities

Basalt 2.80 2.6 - 3.0

Flint 254 2.4 = 2.6
Granite 2,69 246 = 340
Gritstone 2.99 2.6 - 2.9
Homfels 2.82 2.7 = 3.0
Limestone 2.66 2.5 = 2.8
Porvhyry 2.73 2.6 = 2.9
Quartzite 2.62 2¢6 = 2.7

Sources Crowm Copyright.
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342.0s Bulk Density of Palm Kernel Azgregate

The bulk density of a material is the weight of the material
that would fill g container of unit volume. The dezree to which
the aggregate is densely packed determines the bulk density. I%
also depends on the size distribution and shape of particles.

This can be demonstrated by packing larze Bingle size aggregate in
a container, The bulk density con be increased by packine smailer
size particles to fill in the voids botween the lar-er particles.
The bulk density of a material is used in eonverting qeantities
by weight to quantities by volume, The higher the bulk density of
an aggregate the fewer the voids to be filled by sand and cements,
Bulk density is larrely influenced by the nature of compaction
employed. B.S. B1231967 specifies two de-reecs of compaction; loose
or uncompacted and compacted.

For the loose bulk dengity the mateorial is carefully placed
into a container to overflowing. It iu then levelled by passing a
steel rod over the container. On the othor hand, in the compacted
bulk density the material is placed in three layers. Each layer is
rodded 25 times with & 16mm diameter round-nosel rod.

The net weight of the material divided by its vol\.xma zives the

bulk density. Table 3.3 gives the bulk densities of palm kernel.



65

Table 3.3. Bulk Densitite of Palm Kernel

Dimensions | Uncompacted Uncompacted Compacted Compacted
of Teirht Bulk Weight Bulk
Container | g Density Ke Density
K r."'mB s K.fz/m-)’
Palm Kernel 0.15 x 2,61 T
3hall 0415 x 24135 632 459 e e
O.15 m
Palm Kernel 0.15 x 24220 65777 24669 T:8474
0.15 x
Mt
" 0,15 m

From Table 3,3 it can be seen that the bulk density of palm kemel nut
is greater th.n that of the palm k- rnel shell.

"The shape of the particles gre-tly affects the closeness of packing
that can be achieved" — Neville (1977). Since the shape of the nut is
spherical, the particles tend to pack densely together. This explains the
disparity between the two bulk densities.

The bulk density of natural aggrecatec is wenerally t=ken to be
1600 kg/m3. This indicates that the bulk density of palm kernel shell is

48 per cent that of natural aggregate, while that ot palm kernel nut is 49

percent.

The uncompactel bulk density was used in this research work.
This is because, in practical application, the material will not be

compacted before used in mixes.
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3e3es0. Voils Ritio of Palm Kemel Anrpeente

A azgresate that is well prated wit! a minimm volume of voils
will require only a moleratc amownt of corunte It will 2170 proluce
a concrate with someyhat emall drying shrin'tace anl thermal movenent,

It is tharefore necensary to determin- %2 voids ratio of an
arrrerate,

The voids ratio i5 defined as the ralio of volume of voids to

volume of solilds. It is detcrminecl from the following relationship:

Voiis ratio = 1 - bulk density
Specific sravity x Unit wei-ht water

Voils ratio of palm korel shell = 1 - 632.59
2065 X 1000

= 0-16
Toids ratio of palm kermel nut = 1 - 657,79

= 0,420

— -

Prom thc remults obtained it is sho'm that palm kernel nut has a
lower voils ratio than nalm kernel shell, 13 explaincl in article. 3.2.0.
palm kernel nu¥ tends to pack closely togzethar due to ite apkerical
shape aal its porticle listridution thersby axhibitin~ a lower voils ratio.
This means that palm kernel nut requires le:: sand ani cement in

concrete mix.



3e4e0e  Porosity of Pulm Kernel Agere-ate

decordins to Heville (1977) the porosity, permeability and
absorption of an aggregate influence such properties of the
aggregate as the bond between it and the cement paste, the rasis_tance
of conerete to freezing and thawing, chemical stability and
resistance to abrasion. -

The porosity of an aggregate efftctively contributes to the
overall porosity of the concrete. The aggregate is said to be
« Saturated surface -~ dry when 2ll the pores are full with waters
| From the results obtained in the bulk density test the
percemtase poronity can be determinal from the following

expressions

Percontaore porosity = (1 - B) x 100
5

Where B = Uncompacted bulk density.

S = Compactad hulk densitye.

Table 3.4: shoms the percentacse porositics of palm kemel.

Table 3.4, Percentz~e Porositics of Polm Kerael Axmresate

o P —

Sample 4 Porosity (1 _g) x 100
Pulm Kernel Shell 18.2
Palm Kernel Hut 1646

When comparel with the porositics of some comion rocks
(s:ee Table 3.5) palm kernel exhibiin a rather hich percentage
poresity. This property of pulm kemnal will muke it vulnerable

to frost actions - e
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Yhen used as an aggrosate it ic sdvisable to et it prior to
being used in concrate makins.

Table 3,5, Porosity of Some Common Rocks

Rock CGroup Poroaity, Percent
Gritstone 0.0 ~ 48.0
Qartzite 1.9 = 1541
Limestene 0,0 = 37.6
Gronite 0.4 - 3.8

Source: Properties of Concrete (Neville, (Neville, 1977),

3¢5.0. Absorption of Palm Kernel Azrrezate

The water absorption of =n az resste is very important in
determinine the water/cement ratio “or a given mix, The workability
of the concrete mix iz sreatly aflectzi by the absorption of the
asrresate.

To obtain the water absorption of am agsrerate it is first
neceasary to dry the sample in on oven at a temperature of 10000
for 24 hourss The sample iz then soskel in water for24 hours.

It ig then surface - dried and wei-led.

The ratio of the increase in -rizht to the weirht of dry

samrle expressed as a percentazge gives the absorption of the samplee

Absorption represents the water cont~ined in an ajzregate in a

LY

saturatol surloce - dey condition,



In this regearch work two tests were carrisd out.

test the gbaorption wes Jdetermined without heatins the sumples.

69

In this Tirst

Tha
results are ghowm table 3,6,
Table 3.6, Absorption of Palm Kernel Assresate before Heating
sa'mples container Dry -"l'rf'mple Soked in 'r."el-.fht absorp'tion
N (A) sanple (b-4) gm .
~ - (1) fem #
Palm Kerael 420 1265 1292 27 2.134
ghell
Palm Kermnel
Nut 420 1487 1550 63 4.237

In the sccond test the samples were hsateld

degeribed above.

The results are shown in table 3.7.

Table 3.7s Absorption of Palm Kernel Agmrresnte affer Heatine

and goskel in water as

) . Increase
Weight of Wolsh i . -
Sample Weiaht of Wolsht of :ﬁiﬂ&ﬁ of in weight Perc ntare
container Dry samplé Bfl,;..flp]je (B~ a) ahsorpliion
7 (4) enm (B) zm &m
alm Kemel
. 8e 1 .
nall 410 11885 1366 31 15, 3%
alm Xernel
4 410 1385 1505 120 8. 6%
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From the results obtained it is found that palm kernel
aggregate aboorbed more water aftior heating thn it did before
heating. After bein: heatel 2t 100°%: for 24 hours the moisture
containel in its pores was driven off. That is why when it was
subsequently soaked in water it show:l a high percentasze absorption.
The low vilue obtzined before heating was because of the moisture
alre-dy present in the samples,

Generally the palm kernel shell has a hizher percentare
absorption thon the nut. This is as a result of the lar»e surf-ce
arca of the palm kemel as compared with pzlm kernel nut. It's
hixh porocity is zlszo a conitributory f-ctor.

The absorption of prlm kernel arjrezate is hivher then for
mineral aggregates. The ranze of values for different aggregates is
0.20 to 4,53 percent (crown copyrizht).

This high absorption will make p-lm kernel concrete dry due to
the absorption of water by the azgrerate. grerezates with absorption
hizher then 10% should be soaked in water before use., (Sec article
4¢3¢1e)s Mt :matively, adjustment in the w-ter content of the

concrete mix iz made.

The results obtained in the g cond test (See tuble 3.7 above)
were used in the design of mixez in this ressarch ork. Adjuetment
wag made to the weisht of water used 80 as to take carc of the

ageregate's absorption.
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However, in practical appllication, it ias rccommendel that
use be male of results obtwinel in the first test in which the
aziregate was not heated. This tect roflects the naturnl cond=
ition of the aggregate which iz more likely to be encountered in
the sgite,

1.6.,00 loisture Content of Palm Kemel Az»recsate

Argregate exposed to rain absorbs water in its pores.
Further wettingz causes it to be sirrounded by a film of moisture.
This surface or free moisture is very important in the design of
concrete mixes, The free moisture tends to off -~ set the work—
ability by altering the water/bomant r.tio and hence the water
contents It iz therefore nececzuary to determine the moisture content
of an aggrezate and adequate allowance made in calculating batch
quantities.

The moisture content of an aggregate is determined using the
pycnometer or cylinder.

If the weight of the cylinder full of water = B

the weight of cylinder with moist sample = C
the weisht of ecylinder with sample topped =
up with water = A

Therefore, the moisture content of the aggregate is given by the

following expression:



Moigture content =

Wlhere P =

A-B

specific gravity of the aggregate.

72

(P=1) - 13100
C _p

Two separate moisture content teste were carcied out on the

aggrepate.
the oven.

Table 3.8:

In the first test the

ample was

The results are tabulaiel in table 3,83.

not heatel in

Hoisture Content of Palm Kermel Assrerate before Heating

{ Weight of

) Weirht of Weizht of : Percent—
2a g B alon ercen
Specific Cylinder cylinder | cylinder wgg;;tloft agze
il gravity full of moigt moist water moisture
anpie water sample sample + ( - B) content
- water
e |@em | - £
Falm Kemnol | 4 26 | 2720 1410 3070 350 -16
shell
Palm Kernel
_— 1415 2720 1470 2520 200 141

In the second test the oven—liried samples umsad in the

absorptio
were used in the saturated surface -

obtained are sh

test were used,

They were soskel in water and

om in table 3.%

1ry conditions

The results
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Table 3.9: Moisture Content of Palm Kernel Azrrezate after Heating
Specific ] Weisht of | Weisht offteizht of Eq§ivalcnt Percent—
.. .:is. | oylinder |{cylineer |cylinder weizht of
Gravity | p11 of moist mois water agze
Sample water sampl e sample (4 -) moisture
(ﬁ) gm water water an cattent
G) - :
Palm Kernel . s 58
1305 2580 =104
shell 1.26 2200 305
Palm Xermnel
nt 1.15 2280 1440 2480 200 ~6.08

The values of moisture content for the palm kernel

aggregnte are all negative.

is to be expected when the agzrezatc is oo dry and has a

Accordines to Teoxel elal (1956) this

relatively hi h degree of absorption (as showm in the absorption

tests

above),

This mcang that the aggregate will absorp high amount of

water

compensate for this absorption.

from the concrete and additional water has to be added to

The negative percentage moisture

content represents the amount of water that will be absorbe! by

the azrregzate.

This amount of water was alicl over the caloulated quantity

in all mix calculations in this study.

3740,

Sieve Analyesia of Palnm

emel Agrrerate

Sieve analysias simply means the separation of an agzgregate

inteo fractiong.

gpecific limits.

sizes.

Each fractions comprises particles between

These limits are

the openings of standard sieve
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Sieve analydis is carried ocut usinz standard sisve sizes.
The openinzss of these sievas are prescribai by the British
standard B.S. 4108 1969 and the Americn standard A.8.T.1M: E11 - 70
The sieves are mounted in frames one atop the other in order
of size., The lar-est sieve is at the top while the smallest is
at the bottom. The agzregate should be air-dried in order to
prevent the clogzing of the openings.

3.7+«1. The Sievinz Process

The asgregate to be sievel is thoen weiched. The British
stendard 3.5. 812: 1967 gives the minimum weight of gample for
sizve analysis based on the maximum size present in substantial
quantitien.

The sample is placed in the top sicve and shoken either
manually or mechanically. The material retainel in a given sieve
represonte the fraction of aggresate coa¥zer than the retaining
gsieve but finer than the sieve above.

Tables 3.7 and 3«3 show. the results of sieve analysis for
pelm kernel shell and nut respectively.

All sizes above Smm are coarse avgregate, Sizeg smaller
than 5mm are fine aggregate. These results are shown on plates

3¢1 and 3.2 for the palm kernel shell and nut respectively.
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Table 3.10) Sieve &nalysis of Palm Kernel Shell. Total weight sicved = 50kg

B.8 g Percentage | Cumlative | cwmulative
Sieve Retained retained Percmtaze | Percentage
m (k.g;). T Pao %i_r_;g Retained
20 0.225 0.45 99455 0.45

10 26,0 52.0 47.55 52.45 s
5 16.8 33.6 “3.95 | 85405
2.36 2.9 548 8.15 91.85
1.18 04 0.8 Te35 92465
600w 0.9 1.8 5455 94445
300um 1% 22 3.35 96.65
150um 0.9 1.8 1.55 98.45

Pan e 1.0 0.55 99.45
Total 49.725

Table 3.7118 Seive Malysis of Palm Kermel Nut., Tot~l Y“Weirht 3ievedsiOksz

g;i;o g:i;bt Percentaze | Cumlative Cumilative
4 baineq Retained Percntage Percentage
— (k) Passing Retained
20 18.3 3646 6344 36.6
10 29.6 5942 4.2 95.8
2.36 0.3 0.6 3.6 9644
1.18 0,62 1424 2:16 97.84
600um 0,105 0.21 1495 98.05
300um 013 0.26 .69 | 98.31
150um 0.165 0.33 1.36 98.64
Pan 0.05 0.1 1.26 98.74
Total-




100

390 ]
»
vy
*:'i‘_

8o
Wy
3
<
&?170 i
O
O
|
Ql

A 60 ZONE C.

ZONE B ___
LY/} ZONEA __
40 | /
A -\ __.-‘“'/
30. ~ \ s
-

r L " b
V4 it
P

"q. 3 é.! !l Tt 8 ' | A
50 00 ag - 18 L38 5
0
UM M uf 1 3t M i mim %;? "

e 3 B43 SIEVE Si1zE
FIG 31 GRADING (URVE 10= PALNM KERNEL SHELL



5 PERCENTAGE PASSING

77
100
g2
80,
10,
&0,
ZONE C ﬁ_,_\ : )
/
50 ZONED__ / / /
ZONEA_ / )
A\ ry

/
/r\ NUT CURYE

Pl ] " bl ]
150 3060 600 e 238 5 2 20
um thin um , 7 ! B nm mm min

e B0S . SIEVE SIZE

FIG 322 GRADING CURVE FOR PALM KERNEL NUT



78

3¢7e2s Gradinz Curves for Palm Kerner Azrrezate

Grading curves are.‘::;raphiosml means of reprosenting the result of
sieve analysis. The cumlative percenta:e passing ig plotted on the
ordinates anl the sieve sizes on the azbscissa.

Azgregatee do not ri,{’;idly conform to particular grading curves.
The aggregates found in a locality will hove to be used, anyway, so it
is not possible to specify a particular ~rraling curve in a given job.
However, srading curves fall within certain 2zonez referred to as
grading zZones.,

Reference graling zones cormonly usel are tliose of the Road
Research Note No. 4 on the Design of Concrete Mixes and the one prepared
by MeIntosh and Emtroy of the Coment and Concrete Xssociation.

The ourves of the Road Research Note No. 4 have bern super imposed
on the gr-dins ocurves of the palm kernel shell and nut end are
reproduce in figures 3.1. and 3.2. resprctively.

Though the Rend Resenrch Note curveg are meant for only natural
aggregates a comparison could be made with the curves of the palm
kemel aggregate.

In the 20ad Research Note No. 4, curve No. 1 represents the
coarsest grading, This is suitable for mixes with low water/cement
ratio -'-nrl/or rich mixes. Curve Yo. 4 reprrgents a fine gradine which
makes cohesive mixes that are not vory worksble., Curves Nos 2 and 3
are the intermediate of the two extremes.

It is observed that the p:lm kernel or o linv: 211 completely out
of the Road Research grading zones. As cxplained above the gralings
are not for li~htwei+ht aggregate. But 'rom the locition of the palm
kemel gradin«: curves it can be seen tla’ the latter are scoarser than

natural aggre-ates.
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It is also observed th-i the curves sullenly steep up as they
approach sieve Nes 10 and 20. All these indicate that some size
fractions {i.e. 10mm and 20mm sieve - size) prelominate to the
virtusl exclusion of other size fr-ctions,

This results in pp gradine which is 1:%inel as a srading in
which cne or more intermediate size fractions are omitted. The
horizontal part of the curves over sieve sizes 15Cum to Smm
represent the gap grading. The sieve sizes 150um to 5mm are the
range of sizes that are omiitted from the asgregate.

Test by Shacklock have indicated that the hirhest workability
is obtainel with a lower sand contont in the case of 7ap = graded
aggrezate than when continuously graded aggregate is used; for a
given ag.;;regate/aement ratio and watzr/cement ratio.

This will mnke palm kernel azrrogate produce a workable mix.
However, there is the danszer of sesregaticn.

The general requirements for lishtweisht ageregate have been
covered by A.S.T.M. standard €330 - 69, €331 - 69, €332 - 66 and
BeSe 379711964+ {(Chapter two). It can be seen that palm kernel
agzregates conform to these requirements (See Chapter two Tablex
2.1, and 2,2).

3e7¢3s Grading Requirement
M important factor affectin: the er=ding of m ajgregate ic the

qurface area. It dctermines the amount of waler neccessary to wet
all the solids, the relative voluns occupiel by the asgresate, the

workability of the mix and the teniency to seggregation.
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4 good grudingz should produce a workable concrete that can
be compacted to maximum density usinz a reasonable amount of work.
4 good gradin; chould give not only a reasonable workability but
also minimum segraration. The voids in the combined aggrezate
should be suflicicntly small to provent the cement paste from
prassing through and thereby segregatine out, For sufficient work—
ability the grading must contain an alequate amount of materials
smaller *han 300 um sieve. It is, lcuever, important to note that
a richer mix requires a lower content of fine zand than lean mixe

I% has beam found out that the sre ter the amount of
azrregate that can be packei in a mix the greater its atrength -~
@oe.-‘l Research Note No. 4)« Howevepr, this should not be done at the

expense of the required cement content.

3+7¢4s DIineness Modulus of Palm Kdrmel

Fineness modulus is defined as the sum of the cumulative

percentaze retained on the sieves of the standard sises, 150um

300um up to the larszest sieve size persent., The fineness modulus
is sometimes viewed as the weighted averaze size of a sieve on which
a material is retained - counting the sieves from the finest.

The calucated fineness modulusz of palm kemmel is shown below @
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Pineness modulus for palm kemel shell = To12

Pineness modulus for palm kenael nut = 8,16

Prom tha results obtained it cwm be seen that the average
sizes for the palm kernel shell ani nut are the seventh and
eighth sieves respectively.

The higher the value of fineness modulug the coarser the
azgregate. This indicatesthat the palm kermel is a coarse
azeregate, Fineness molulusz is not 2 tool for deseribing the
grading of an aggrezate. But it can bLe uged as a guide o check
slizht variations in the aggrezate from a particular source on a
day-to—-day basis. It also gives an indication of the probable
behaviour of concrete mix made with aggregnte of a particular
grading,

Prom the results obtained in this chapter it can be seen
that the physical properties of palm kernel aggregate conform to
all known propertiecs ef lightweicht agereg=tes Thig

effectively makes it a lightweight azsregate.
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CHAPTER FOUR
4400, MIX DESIWN

4e1.0. Introduction

The lesign of a concrete mix ic defined aus the selection of
the most suitable materials and the most economical preportions of
czment, water and the various sizes of sggregate to produce a
concrete having the desired physical properties - Short and
Kinniburgh (1963).

Economy of concrete mixes depends primarily on cost of
materials rather than cost of labour and other relatel fictors.
Therefore, in proportionin~, attention is directed primarily on the
cost of materials.

4.,2.0. Objectives of Mix Desim

According to the requirements of B.S. 1882:1954 "Coarse and
Pine Aggregates From Natural Sources for Concrete", the two main
properties for which concrete is desimed are workability and
crushing strength at 28 days. A good mix should therefore aim at
achieving a good degres of workability and hi-h strength at 28 days.

For many years concrete mixes have been desisned as nominal
volumetric proportions such as 132:4 cemnnt/hani/boarse aggregate.
But the modern method of desisn now ic to specify the coment content
in kilograms per cubic metre of frash concrete (Builiing Research

Establishment Digest No. 244, 1980)
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The cement content should neither be inadecquate nor in excess.
Inademate coment produces a weak concreie. An ercess of cement
increases cost, dryins shrinkage, greater susceptibility to water
percolation =nd attick by aggressive wators ~ Toxell et.al. (1956).

443.0s Pactors To Be Considered In Mix Design

The desisn of lisntueight conerete ig diff-2rent from normal
structural concrete., Each azzregate (i.e. lightweizht) has to be
separately considered — Short and Kinniburch (1963)e

The various factors to be considered in the prorortioning of

concrete mix are:

(i) Water-Cement ratio.
(ii) Cem~nt contente
(iii) Grading of aggregate.
(iv)  Workability.
(v) Curing condition.
(vi) Desisn strensth.

4.3.1. Water—Cement Ratio

Lightweizht aggregzate has a hizh percentaze of absorption
- up to 20 per cent. It is difficult to determine how much of the
total water is absorbel by the agsrezale and how much goes into the

paste. The net water/cement ratio is therefore lepenient on the

rate of absorption and moisture content of the agzregate.
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According to Short and Kinnibur-h (1963), "the desim ocurves
correlating the cube strength andi water-ciment ratio of dense
gravel concrete do not apply to li:htweight azsregate concrete.
Due perhaps %o their porosity ant inferior workability, the latter
genarally need a higher water coni-nt Tor the same strensthh,

If the absorntion of the az rezaie exceeds 10 per cent, it
should be so-ked before use. If the moisture content of the
aggregate is hizh, the water content of the mix should be adjusted.
However, the ACI methol of mix desirm can be used for aggregates
in any condition of moisture.

The palm kernel shell anq nut have absorptions of 15.3% mna
8.6% respectivelys. During the mi« desimm adlitional water was
added to compenzate for this hizh absorption.

Ae3e2. Cement Content

The strength of concrete iz lirzetly relatel to the coment
contents The coment content usel in this study was calculated
using the abgolute volume methodl of desisn in accorimncs with
CP114, In tho ACT design method the cement content was read from
Table 4.1« In either case the maximum cement content was used so

as to avoid cracking due to temperature movement and shrinkage.
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Table 441. Approximate Relationship Between Strength of Lightweight
Apsrepate Concrete and Cemeont Content

Compressive Stirength of Standard | Cement Content
8ylinders N/;rzmz Kg/m2
14 230 to 3%0
21 280 to 450
o8 330 to 510
V) 390 to 560

Source: Journal of the American Concrete Institute (January, 1968)

4e3¢3. Grading of Aspgrepgate

Grading of the aggregate is one of the most importgnt factors
in the selection of mix proportions.

"A well graded amereg-te with minimum volume of voids will
require only a moderate amount of c mernt =nd is likely to produce
concrete with a comparatively small drying ghrinkage and thermal
movement® - Neville (1977).

The coarse argrezate used in this rescarch work (palm kermel
shell) haa a hizh percentace of the 10mn size fraction. About 80%
of the aggrigate wos made up of this fraction, which will make it
produce a harsh mix, To prevent the formation of a harsh mix a high
percentage of quartz sand was usede (Sce article 3:7+2, ficures

J.1e and 302).
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Quartz river sand when umed to renlace part of the lihtweight
ageregate in a mix increases the compressive strensth and the bond
strensth of the resulting concrutes. Sand in liczhtweisht concrete
also improves the durability, enhances protection againat corrosion
of steel, improves workability, reduces cement content and drying
shrinkage. Indecd, resezarch at the British Research Station shows
that for various types of lightweight concretes and various mixes,
the cement requiremants were reduccd by as much as 13 to 25 per c¢'nt
by weight, if half the lizhtweight fines by volume was replaced by
river sand,.

The send used in this research w3} confarms to British Standard
B.9. 882:1965. The sand content wac higher th'n the agzregate content
for reasons expounded above.
4+3.4. Moriability

Por improved workability a hirh proportion of fine aggregate is
requireds Accordinz to Short anl Kinnitursh (1963), the tota2l
aszgregate proportion should consist of 50 per cent fines and 50
per cent conarse aggregate.

In this research work the proportioning of fine/coarse
aggregate was done in such a way as to give a workable mixe. The
percentage was not strictly fixed at 50 per cont. The percentage of

sand was betweon &0 and T5.
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4¢345. Curing Condition

The strength of concrete increases with age under fnvourable
conditions of curing, both of temperature md humidity,
The B.S. 1881¢ Part 3 specification for the standard conditions of
curinz were adhered to in this research work.

4¢e3e6s Desim Stren~th

Design strength refers to the desired strength of concrete that
is specified at the sttt of mix proporticning,
The British codle of Practice for the Structurzl Use of Concrete
CP110:1972 epecifies minimum strensth of concrete lor various uses.

These values are ~iven below:

Tabld 4.2¢: CP110:1972¢ HMinimum Stren--ths of Concrete for various uses

. 2
Types of concrete for various uces Hinimum Strength ?I/:nm
Flain Concrete 7
Reinforced Concrete with lirhtweizht 45
J
azgresate
Reinforced Concrete with normal 20
_agprerate
Post—~tenasionel Concrete 30
Pre—tensionzd Concrote 40

Source: Propertics of Concrete, Meville (1977).
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Compreozive strangth is an impori-nt indicator of the
various properties of concrete. The mean compreasive strength at
28 days dctermines the wnter/cement r .tio of the mix.

Stren;sth iz normally specified in term: of the characteristic
strengzth of the concrete which is defined as the strength exceeded
by 95 per cent of tect specimens, Variations could arise in the
strenxth ol concrete due to inaleguatec mixin:, insufficicnt
compaction, irresular curinz and variztions in the methodu of
testinye Variatioas in the moisture cntent of azsregate could
geriously affecte the strength of concrete. Compensation has to
be made in the amount of water adled (Sec article 4.3.7.)

4e4.0. Mixin~ of Palm Kernel Lirshtwei-ht Concrete

Lightweizht concrete requires more mixing than normal-weirht
concretes The azgregate is firat churged into the mixer. About
threo-quarters of the required water is alded znl then mived for
sevaral revolutionz. Cement and more water are thon ad'ed and the
mixing continued for about 60 more ravolutions -~ Waddel (1962).

When this procedure was not adhered to on the first mix the
aggregate floated to the top. The miver had to be stopped and the
mixing partly dene manually beforc it was continued with the mixer,

Thereafter no more problem was encountered,
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4¢5400 HMix Desim Procedure

During the preliminary trial mix design the specific gravity
(volwnetriu) method of batching was employreds Four trial mixes were
designed,

(i) Palm Kermel shell ™o-fines" usinz ratio 1:8 cemontishell.

fii) Palm Yernel nut ™o-~fincc® uzing ratio 1:8 comants nut,

(iii) P-lm kernel shell concrete using ratiol:s2:4 cements
gandtshell.

(iv) Palm kernel nut concrete usiny r-tio 1:2:4 cementisand:
n‘l.'l.tc

A wnt r/c ment ratio of 0.45 was uield for ithe first tvo mixes.

vere used reuspoctivolys

The sclection of thesge wa,ber/c:zmmt ratios was basel on the
range of wa.ter/uemmt ratios for ™o~fines" and lishtweisht agzreszate
concrete as sugzestedl by Short and Xinniburch (1963).

After the preliminary mixes, threc other mixes were designed,
produced snd testel for compressive strenzth at 7 wnd 28 days,
modulugs of elasticity 'nd split tennile tost.

The mixes uged are!
(i) 1:1—;;—:3 ond a \-!a.tcr/cc;mont ratio of 0.85.
(ii) 15244 with a wn.’cer/cement r~tio of 0,53,

(iii) This mix wos designed in accord-nece with ACI 211.1-70

stondard of the Americzn Corncrete Institute.
No proviszion was mude or wastare in the caleculaiionns Thigz

was die Yo the seorcity of the matarial viich acde wmataze intolerible,
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4¢5.1« Palm Xernel Shell '"No~Fines!

Ratic 138, w/e = 0.45

il e e F O B
Density of shell = 032:5 kg/m
Specific gravity of shell = 1.26
Density of ccoment = 1440 1:,9;/::13
Specific gravity of cemmt = 315

ABSOLUTE VOLUME

1.26
Cemant « 1 x 1440 = 457 L
3.15

Yater = 1440 x 0.45 = 648 L

1
Total Absolute Volume = 5H5e121 :;-.3
Volume of 1 cube = 0.003375 m3
Volume of 6 cubes =  0,02025 m°
QANTITY OF MATERIALS FOR 6 CUBES
T
Shell = 8 x 632.5 x 2,025 x 10 © = 20 kg
5e121
Cement = 1 x 1440 x 2.025 x 10-2 = 247 kg
Ba121
Woter = 1440 x 0.45 x 2.025 x 10 > = 2.6 kg

50121
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ADJUSTMIIT FOR ABSORPTICH

Weight of shell needed
Percentare absorpticn of shell

Amount of water absorbed by shell

Anount of water calculated

Net amomnt of wabzr needed

de342, Palm Kernel Nut "lNo-~Fines"
Ratio 1:8; W/l = 0445
Density of aut =

ABSOLUTE VOLUME:

- 20 kg
- 1535

= 0,153 x 20
= 3-06 KG.

= 2.6 Kz
= 2.6 + 3.05

= ?o 66 Yo

657,77 Ka/n

Inerushed nut = B8 x657.71 = 4576 I
Ccment == 1 x 11;1‘!0 = 457 ! i
Water - 1440 x 0.457 = 648 I

Total absolute volume

1

= 5681 1

- 5.681 m3
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QAITITY OF MAT'RIALS POR 6 CUBES

Unerushed nut = 8 x 657,77 x 2,029 x 10-2 = 18,7 Kg
601
24001 =2 = 5 01 Kz
Cement = 1 x 1440 x 2,025 = 10
5681
-
Water = 1440 % 2,025 x 10 - = 2.5 X
54681
Anount of water absorbed hy nut = 0,086 x 18.7
= 1.608 Kg.
Net amount of water needed = 2.5+1,6 = 4e1 kg

4¢5+3 Palm Kernol Sholl Concrete

Ratio 1:2:4: W/o = 0,78
Density of s-nd = 1570 Xg/m>
Specific grovity of sand = 2460

The densities and specific gravities of other materials remain the

samd.

AB3OLUTE VOLULE:

Crushed shell = 4 x632,6 = 2008 1
1.26

Sand = 1570 x 2 = 457 1
2.6

Cement = 1440 < 1 = 457 1
301'5

Hater = 1440 x 0.78 = 1123 1

i
Totnl Abgsolute Volume = 4796 1

= 44796 m3
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QAITIT? OF MATTRIAL FOR 6 CUBES

Crushed shell = Ax632,6 x 2,025 x 10°° =107 Kz
4-796
-
Sad = 2x 1570 x 2,025 x 10 = 13.2 Kz
4796
Cement = 1 x 1440 x 2,025 x 1077 = 6.0 Xg
4,796
Water = 1240 x 0,78 x 2,025 x 102 . 4,7 'Kz
44796
4.5.4 Palm Kerncl Nut Concrecte
Ratio 132343 We = 0475
ABSOLUTS VOLUNMT:
Uneruched nut = 4 x 65777 = 2283 1
1.15
Sand = 1 x 1570 = 1207.6 1
B
Cement 1 x 1410 = 4571 1
3415
Hater - 1440 x 0,75 = 1080 1
7
Total absolute volume - = 5033 1
=  5.033 m°
QAITITY OF 1:\TERIALS FOR 6 CUBES:
Uncrushed nut = 4 x 65777 x 2,035 x 1072 = 10,6 Xg
5,033
Sand = 2 x 1570 x 2,025 x 1072 = 12.6 Kg
5.033
Yater = 140 x 0,75 x 2.025 x 1072 = 4¢3 Kg

54033
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Amount of waler absorbed by nut = 0.086 x 10.6
4.3 + 0.912
5.121 Kg

i

4455 Palm Kerncl Shell Conerete 1:ti:3

e = 0,53
ABSOLUTE VOLUME:

Cement = 1 x 1 = 457143 1
3.15
Sand = 2 x 1570 = 905.769 1
2,6
Shell = 4 x 6}2.6 = 1506.191 1
1426
later - 1 % 1440 x 04,53 = 1224 1
1
Total Absolute Volume = 4.093 m3

QANTITY OF MATTRIALS POR 30 CUBES:

Cenant = 1 3 1440 x 34375 x 10 °x 30 = 35.622 Kz
440 93

8and = 1«5 x 1570 x e 375 X 10-3 > 30 = 584256 Kg
4093

Shell = 3 x 630.6 x 3375 x 1072 x 30 s 464916 X
44093

Hoter = 1 x 1440 x 0.85 x 3.3/5 x 10 ° x 0 = 30.278 Kg

4093
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QAITITY OF MATZRILLS FOR 6 CYLIIDIRS:

Volume of 1 eylinler = 54301 x 10-3 m3.

3

Cement = 1 5 1440 ¥ 5.301 x 1079% 6 = 11,18 Kg
4.093

Sena = 1.5 x 1570 x 5,301 x 1077% 6 = 18.3 Kg
4.093

Shell = 3 x 632.,6 % 5.301 x 1073 x 6 = 14.747 X
1.093

5 S T~ oy ""3
ke = 1 x 1440 % 0.05 5,301 x 10 ” ¥ ¢ = 9,5 k-

dmount of water absorbed by shell

-
, Het amount of water needed

-"_- lO?’)

s
9:

4.5¢6 Palm Kernel Shell Concrete 1:2:4,

153 x 1843
5 x 24799

ABSOLUTE VOLUINE:

Cement =

2 x 1440
3.15

2 x 1570
2.6

Sand =

Shell = 4 x 632.6
1.26

Water = 1 x 1440 x 0«53
1

Total Absolute Volume

u

|

i

457143 1

= 2,790 Kg»

= 12.299 Xgz.

1207.692 1

20084254 1

763.2

4.436 i

3

1
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GUANTITY OF MATERIALS ¥OR 30 CUBLS:

_ | .
Cement 120440 % 3375 %90 7 = 0 =

4,436 T
Jangd = 2 x 1570 x 3.375 x 10—3’3& ] =
44336
Shell = 4 x 632.8 x 3,375 x 10 x 30 ~
. ‘1-436
Hator o 1 3% 1440 x G452 x 3375 = 107> T
44436
QANTITY OF HATERIALI POR 6 CYLTNDERS
Cement = 1 % 140 x 5.301 x 10—‘3 x6 =
_ 4.436
Sand = 2 x 1770 x 5.301 x 10_3 x 6 =
44436
Shell = 4 % 632.6 x 5,301 x 107 x 6 =
44436
Water = 1% 1240 % 0,53 % 5,301 x 10_3 * 6 =m
4.436

Amount of watar absorbed by shell = 0,153 x 18.143

. Net amount of wuatsr noeded GAT2 4+ 2,776

I

32,887 e

714669 ¥ir

57755 Kz

=

17.419 Xn

22.7314 X

18,143 Ko

5.472 Xg

2,716 Kg
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4e5¢7¢ Pelm Kernel Shell Concrcte Decirmel to ACI Stondards

g 5 . : 3 :
Wror Table 4.1 cemont content is taken as 500 K:-;/m corresponding

o]
to a stren-th of 29 I.','?::m" and clump of 50 mms

Haximum size of aggregate = 10mm
“ater content is teken as = 205 l{.v,-/m3
anl entrapped air conient = 3

The wa.ter/cemt ratio is tokm az = 0,59

W/c = 0459 where ¢ = 500
/500 = 0.59

flater contant, w= 500 x 0.59 = 295 Ka/m3.

The bulk volume of coarse asgregate por unit volume of concrete
is 0.480

: Woisht of palm kernel shall per H3 of concrete = 0,48 x 632.6
= 303.6 K3/
Abgolute volume of mix inzredients per m3 of concrete:

Cement = 500 500 0.159 m3 (1000 = density of water)
3-15 x 1000

Hoter = 295 = 0.295 m

1000

Palm kernel sholl = 303,6 60 = 0241 m

1.26 x 1000

3

Btrapped air = 0.03

0.725m3
1=0.725

Totzl Absolute Volume

L}

Volume of {ine aggregatse

Weight of sand = 0.275 x 1570 43175 Kge
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Qantity of materials per m3=

Cement =
Send =
Palm kermel shell =
Water a
Density of the concrete =

Volume of 30 cubes =

Volume of 6 cylinlers =

QATITY OF MATWRIALS FOR 30 CUBES

Cement =
Sand =
Palm kernel shell =
Water =

500 kg
432 kg
303.6 kg
295 kg
1530,6 Ke/n>
0.10125 m3

0.03181 m3
0.13306 m>

1D 6 CYLLIDERS:

500 x 0.13306
432 x 0.13306
303.6 x0.13306
295 x 0.13306

6653 kg
57+48 kg
40,39 kg
39425 kg

No adjustment for water was m-de in this mix desism because,

with this method, the aggregate can be usel in any condition of

moisture (Se- Article 4.3.1)e

This gave a mix ratio of 1.6:1.,4:1 Gement:Sand:Shell.
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CHAPTTR PIVE

5¢0e0.2 Propertics of Fresh Palm ¥ernel Concrete

5:1:0; Introduction

The properties of fresh concrete are very vitsl because they
affect the ultimate sirensth development. The degree of compaction,
for example, seriously affects the strength of concrete. The
degree of compaction of conecrete is measured from its workability,

slump test and compaction factore

In this research work, tests on fresh palm kemel concrete
were only carried out on the four preliminary mixes, Subsequent
mixes were not tested for workability, slump test and compactin-

factor.

52,0 Workability of Palm Kernel Concrete

Glanville, Collins anq Matthews define workability as the
amcunt of useful internal work necossary to produce full
compaction,

When concrete is beines compacted Ly rammine or vibration,
part of the enersy is usel to overcone internal friction between
the particles and the surf-ce friciion betyesn the concrete mass
and the alls of the mould, This is the us=ful intemal “rork Jdone,
However, part of the energy soes in shokine ths monld and part of
the concrete that has already be'n compactel. This forms the

wasted work done.
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Workability, as a measure of the degree of compaction of
conorete, plays an important role in the ultimate strength of
concrete. Therefore, the consistence of the concrete must be such
as to allow it to be tramsportedl, placed and finished sufficiently
easily without segregation

Hovever, in choosing o particular workability for a ziven mix
consideration shoulld be givon to the means of compzction available.
If the compaction is to be donc manually a higher workability
should be aimed at. This means, in effect, increasing the water
content of the mixe. ©Othery factors that influ~nce =workability are
the water/cement ratio, azgrezate/c-ment ratio, maximum size,
grading, shape and texture of the azsresate.

It is worth noting that the aim of achievinz good work-
ability is to minimise the amount of voids in the concrete on
placement. 2 percent of voids can lower the strongth of concrete
by about 10 percent. Spercent of voiin reiuces the sirensth by
as mch as 30 percent(Neville 1977).

Care was therefore taken in thig stuly to arrive at a2 mix
that was workable and compacted by hanl without the use of
mechanical vibrators. However, in the ocasa of palm kernel nut
concrete some 1iffielty was encountered durinz comp-ation. The
nut exhibited some degree of buoymncys As it was being tamped

it kept poppinz up.
213R2%
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5¢3.0 Slupm Test on Palm Kernel Concrete

Workability is not directly measured by the slump test, The
slump fest provides a useful way of detecting variations in the
wniformity of 2 mix of ziven nominzl proporiions.

The anparatus is made uv of a cone 300mm hizh. The cone is
held down azainst its bage with the muzller opsning at the top.

It is than Cillel in "our layers. Bach layer is tamed 25 times
with a standard 16mm diameter stell rol rounded at the end,

The level i: gtraclk off +Ath a trowel, The spilt concrete around
the base of the cone is clearel off, The cone is then lifted
slowly. The slump is then measured to the nearest milimetre,

For Lightweizh® concrete a slump of 50mm te 75mm is considercd
high. A slump above 75mm is very high and the mix may segregate.

The palm kernel nut "o-fines” produced a slump of 135mme
This indicated a hizh workability which would mzke the mix

suitaoble for sections with congested reinforcoment. However, no
vibration is required as this may leal to segregation.

The palm k~rnel shell "no-finaz" znve a collapse slump. Three
further teusis produced the same result. This was as a result of
lack of cohesion within the mix which was due to the absence of
fine. azerezate.

The palm kernel nut concrete gave a slump of 25mm « This
indicated 2 very low -orkability. In the event of its use in

consiruction powar vidbration may, howover, not e neaded.
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The palm kernel shell concrete slumped to 15mme This iz still
a very low degree of workability. Howesver, this is not to suggest
that these concretes will always yield a low workability, Certainly
more trial mixes ghould be carricd out “o achieve the deaired work—
ability,

5¢4.0. Compactin: Factor for Palm Xermel Concrete

The compactinz factor test zives the nesrest indieation of the
degree of workability of a concrete mixe The degrec of compaction,
isees campnctinzy factor, is the ratio of the density actually
achieved in the teost to the density of the same conereie when fully
compacted (i.c. withont voids).

The apparatus concistiz of tw0 Com-ft:l‘.ape'l honpers one above the
other, The upper one is slizhtly lareer. The hopnera, whose sur-—
faces are polished to roduce friction, lave hinged trap doors at
the bottome At the baze of th apraratus is the cylinler into which
the concrete drops from the twe upper honners,

The upper hopper is zently filled with concretes, Thiz is done
80 as to prevent premature compactions The bottom ioor of the
upper hopner is then rcleased so that the conerete falls into the
lower hopper to overflowins. The bottom lcor of the second hopper
is now releasel zo that the concrete falls into the cylinder below.
Excess concre'e is then wiped off the cylinder and its weizht is

taken. The campacting factor is ziven by

HWeizht of partially compacted concrete

Weight of concrete to fill cylinder without voids,.
5¢4¢1 Compactins Pactor for Plm Kernel Shell "Mg=Tines"
e =0.45

Tolume of crlinder 9543001113

Height of purtially compaciel concrete = 3, aske.
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Compacting Factor for Palm Kern

1 Shell Mo-=finosg"

Wairht Proportion doecifis Proportion by Wei~ht
¥t by weizht |gpavity Specific fGravity
Weight of Cement} | 547 1.0 3.15 0.32
Weisht of Yater 2.6 04459 1.00 0.456
Total 4,965 3561

i

Weizht of conerete to fill cylinder without voids =

4:965 x 5450 = 7.597kg
34561
Compacting factor = «45ka
T+597kg
= 0.454

-
.
o
.

Compacting Fector for Palm Kermel nut "mo-fineg"

We = 0.5

Volume of cylinder

Weight of partially compacted concrete

3

= 545cm

= 3,8ke
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Table 5.2: Compacting Pactor for Pali Mut ™io~fines™

Welght Proportion | Specific | Proportion by Weiths
kg by welrht Grovity | Specific Cravity
Weight of Cement 5.1 1.0 3,15 0.317
Weirht of Water 2.3 2.3 1.0 0.451
3.956
Total

Weitht of concrote to 111l zylindsr without voils =

T 5117 x 5450 = 7.04%g
3.955 :
T Compacting fuctor = 3.

Sefe3s Compreting Pactor for Palm Ksrnel Shell Concrete

We =

Volume of c¢ylinler

D-TB

545Ccn

Weight of partlally somacted convrete = D.C8kyg
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Table 5.3s Compactin~ Factor for Palm Kernel Shell Concrete

N i i - -
Proportion by
Weizht | Proportion | Speoifio weight

kg by Weight Gravity Specific Orvity
1{'31"}115 of CC f‘f.’lt 5.0 1.0 3013 0‘31?
Weiht of Sand 30 242 2.6 0.846
Weisht of Shell 10.7 1.723 1.26 1.415
Weight of Water 4.7 0.783 1.00 0.735
Total 5eT66 3363

Weizht o concret- to fill aylinder =—without voids

= 5.766 x 5430 = 9.3Mke
3.363

N Compactin;s f=ctor = "'g.g = 0.631

S5efedst Compactinz ™ictor for Palm Kemel nut Zoncrete

W/e =  0.75

Velume of cylinder = 5450-3:03

Weiczht of partially compacted concrete = 7.4kg
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Table 5.4.: Campactinz Factor for Palm Kernel Nut Zoncrete

Wei-nt | Proportion | Specific {;ggg;gfioﬁ by

1 by Weizht | Gravity R

kg ) Specific Oravity
Weizht of Cemmt 5.8 1.0 315 0317
Weirht of Sand 12.6 2.172 2.6 0.835
Weizht of Nut 10.6 1.828 1.15 1.589
Weizht of Water 4e3 0.741 1.0 0.741
Total 54741 3.482

Weirht of concrete to rill eylinder without wvoiis

= 35741 x 5450 = 8.985kg
3.482

Compacting factor = 7T.4 = 0.824
g.gss =messes

5e¢4.5.¢ Compactine Mactor Range

The ranse of compacting factor for lirhtweight concrete is
smaller than for iense concrete. AccordinT to Thort =nd Kinnibursh
(1963), the r-ngze of compacting factor for structural lichiweisht
concrete is 0,80 to 0.85.

The "no-fines" concretes have rel-tively low compacting factors.
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This is as a result of the fact that no fines concrete do-s not
flowy anl it ldoc= not serrernte. It c:n easily be dAropped into
place (Sec article 2.9.2.). Therefore the 1ifference between
the degree of compaction actually achievel in the test and the
full compaction is small. That is why the twwo no—fines concrete
produced low coempacting factors.

The compacting factor for pzlm kernel shell concrete falls
below the rancze of compacting factor for struztural Lightweight
concraotes This was as a result of the ptiftness of the mix as
can be sern Trom its low slump (Ses article 5.3.0.).

The cempactine factor “or the nalm kernel nut concrete
falls seguarely within the r-onge for stmctural hizhweirht concretes,
Its slump of 25mm ( See article 5.3.0.) is also reasonable.

This concrete po:ses mood workability. It does not serregate.
It is not too stiff and can be place! easily with minimm
effort. It doeoz not require vibration., In fact vibration or

tamping causes the nut to float to the top (See article 5¢2404 ),
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The regults of the investiration carriei out on the
properties of hariened palm kernel lightweight concrete are presented
and discussed in this chaptere.

The tests carried out weret

(i) Compressive strength teat
(ii) Modulus of elasticity test

(ii1) Split tensile test

6.1s0. Compressive Strensth of Hardenei Palm Kernel Lizhtweirht Concrete

The compressive test was carriel out on cubeg cured for
T days and 2% days respectively., All tests were carried

out in accordance with the British staniard of practice
. ; ) ,
BeS. 1881311970 (See article 2.12.2.1.) Plate TIIT shows

a cube beinr crused.

Plate III: Comopeaszive Stren:th Test on Palm Kernel Lirshtwei~rht Concrete.
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6efele Preliminary mix Desisn Siren-th

The desisn calculations of the preliminary mixes have been

treated in Chapter four,
respectively. The 7—day and 28-day strensth results are presented

in appendices A and B respectively.

summary of the results.

The cubes were crushed at 7 and 29 days

Table 6.7+ bBelow shows the

Table 6.1.: Summary of Prelimin.ry !Mix Desisn Data

1 3+ 8 1 ¢+ 2 3 41132134
Cement 3 Cemomt ¢ Sand | Cement: Sand
Shell Shell Nut

T = day strength

28 = day < xs .

strength N/mm2 0.770 51 3.44

Ratio of 28-day

to 7-gay strength 1.08 1.05 1.02

Since only 6 cubes of each mix proportion were testeil no statistical
analysis uas undertaken.

does not appear in table 6,1, lisinte rated on igmoulding.

The palm kernel nut "no-fines", whose data

duc to the lack of formation of bond betwe n the c ment paste ani

the nut because of its smoothnes=s anl the absence of fine aggrerate

in the mixe.

This was



m

Tne ratio of 28~day to T—-day strenzth for the palm kernel
shell "no-fines" is 1.08., Its aver.;e strensth is 0.074 N/mm2-
This is not strong enouzh for structural uses., It c:n however
be uged as fill material around sewuge pipes, over concrete
d~cks and behind retaining structures. It compares favourably
with cork lightweight concrete (See article 2,11.8).

Palm Kernel shell concrete on the other hand exhibited
remarkable strenzth. The strength of "(N/nu'n2 devaloped by this
concrete will make it suiteble for use as material for load -
bearinz walls. The normal range o7 strensth for load -
bearing materials is 7Nﬁm12 to 21II/mm2 (Sroka, undated).

The strength developel by the p=lm kernel nut concrete
is 3»4N/!ru712. It will be suitable “or non-load bearing purposes.
However, it may pose a problem when used in wet conditionse.
ATter crushing it was found that some of the nuts had started
to rot - a process that may lead to their actual germination.
For this reason palm kernel nut concrete may have little use

beyond the research laboratorye.
6.142s Compressive Strenszth of Mix 1: 1 3 3.
The results of the 7 - day mnl 28 — day strengths and the

statistical analynis are presentel in appendix ce The results

obtained are summarised om page 114.
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Table 6.2¢

114

3

Summary of Regullbsz for Mix 1 : 15

T 3.

Twday Stren»th § 289%-day Strencth
o X 2

Mean Strencsth N/gm 8.1 11.5
Standard Deviation N/mme

o T 0.56 1.26
Coefficient of Variation % 6.9 10,9

_ . 3
Avara-e Denaity ke/m 1621 1718.5

The normal curves for the mix at 7 and 28 days strensths are shwm in

figures 641. and 6.2 respectively.

fs1e3. Compressive Jtron-th of Mix 1: 23 4

The results obiained for the 7-lay mnd 28-2ay strensgths and the

statistical analveis are presented in appendix D. The resultis obtained

are gummarised below:

Table 6.31 Sumnary o Remultn Tor Mix 1 @ 2

T-day Strength | og_gay strength
Mean Strength M /mm® Ae3 6.9
Standard Deviation M/mn 0ud7 0.71
Goeffigient of Variation % 3.1 10.2
Averare Dannity l:;’;/mB 1633.6 1620




FREQUENGY

S——
-

FIG 63 NORMAL DIST- CURVE MIX 1.2:4
7-DAY STRENGTH



FREQUBNCY

e—

8 85

~ s STRESS' Njmm?

FIG 64  NORMAL DIST CURVE MIX 1:2%4
28-DAY STRENGTH



17

The normal curves for T—1ay and 28-day strensihs are shown in

figures 6.3, ani H.4 respectively,

60144 Compressive Strensth of ACI Mix

The results obtainel for the T-day and 23-day strensths and the
statistical analysis are presentel in appeéndix ®. The results are

summarised below:

Table 6.43 Summary of Rerults for ACI Mix

T«day Strengih 2h=day Strength
Wean Strength N/mm2 15,8 20.5
. 2
Standard Deviation T'T/mm 0.3 0479
Coefficient of Variation % 2.1 3.8
. 3
Avera-e Density kz/m 1833 1863

The normal curves for the 7=lay and 2B-day strengths are

shown in fisrres 6.5 and 6.6 respectively.
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6s1.5¢ Sumnary and Analysis of Comprescive Test Results

Table 6.5.: Swamary of Test Resulta

i:2:4 ACTI mix
Jensimm mix
7=day | 28-day | 7-day | 2B day
Hean Compressive d.43 6.9 15.8 | 20.5
strength I fum®
Stan;laz‘:l Devigtien 0.47 0.71 0.34 0.79
N finm”
Coeficient of 3.1 10,0 5. 3.8
Variation %
Ratio of 28-dny
1.6 1.3

to T=day ctrensth

From figures 6.1 and 6.2, the stendard doviations obtained

werce smgll, The coel igientn of variation were alszo smell.

indicate bLebter contral,

deviate much from the mezp of the hintorram.

The 28-day strenzth is 1.4 times the 7-1lay strength.

These

The normnl diztribution curves 1o not

Thia

indicates normal strenzth develeopment and good curing methods

(See article 2.12.2.2.).

The standard Jdeviations ond the coefficimts of wvariation

for mix 1:2:4 a1l indicate rood quality control. Howewver, the

norm;l distribution curves (figures
from the maximm strensth obhainel in the tocot,

curves do not Fit perféctly into the hinto :rams.

3 end 6.4) skew slightly

cubes were cast from the gome mix nol cured under -

'ITth iS,

the

Since thesa
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the same condition, the only reason that could be givin for this
skewness is differential compaction. Some of the cubes (i.e.
those outzide the ourve to the 1o7t) were more umiformly

compacted thm the resat.
The 2%day strenzth is 1.6 times the 7-dny stren=th.

The standard of quality contrel was therofore goods So alwm was
the curing conditions (See article 2,12.2.2.).

The ACTI mix produced the smallest values of stondard
deviation and coefficient of cariation. The hizh cement content
could be responsible for this. AMdther fact is that it was the
lagt mix to be desirmed and cast. Therefore, by this time,
adequate experience must have ben acquired with regards to
proportioning, mixing, curing and othep general qality control
procedures.

The normal curve fopr the T-day strensth showel a perfect
fit with the higtosram. Thig is a measure of the zood
quality control exercised. The cubes were hishly congistent

There was 1little or no serreration =and the degree of
compaction was cdequate and uniform,

The 28—day stren=zth curve “howed the historrem shooting
well over the normal curve. Since the cubes were made from
the same mix with the T-day cubes, it follows that the
disparity could likzly be due to the rate of strength
development cased by asceleratel chemicnl reaction.

The 28-day strength is 1.3 times the T-day strensth

(8ee article 2,12.2.2.).
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From the analysis so Tar made it con be seen that palm komel
lightweiht concrete has developel enou~h sirensth to satisfy the
British cole of prictice for the Structur-l Use of Zoncrete
CP110:1972 (Sce article 4+3e64 )

The concraete of mix 1t11%13 developed strensth requirel of load-—
bearing materials for wall consiruction. The 132:34: mix developed
lower strensth but, it may be useful as plain concrete for mass
concreting ani strip founidation for li-ht buildlingzs.

The ACI mix developed the hizhtest stren~th., It could be
uged for reinforced concrete structures,

6e2.0s Modulus of Elasticity

The modulus of elasticity of the three mixes wna determined
uging three cylinders of each.

The sccant modulus of elasticity wnms calculated at 35 per cent
of the ultimnte eylinder strensoth of the spccimens. (See article
2.12.3.1.)e  Four readings were taken at four dif”erent loadinga in
each cylinder.,

To obtnin the curce the stresses were plotted on the ordinates
and the strain on the abscissae.

6+2.1, Modulus of Elasticity of Mix 1:17:)

The results obtiined are presanted in appendix P The stress—
strain curve is shown in fisure 6.7. Yrom the curve the modulus of
elasticity was caleulateds

3% of cylinder strength = 2.8N/n|rn2
HoE, a 2,8 - 6.4!GJ/mm2
4400 x 10~4

Using the Comite Ruropean du Beton's expression, the modulus iss

B =1 ¥ 10‘*4 % 17191-5 = 8.0 (3ec article 2.12.3.2.).
T8
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>
= 111987 /mm®

€e242 JMolulue of Tlasticity of Mix 1 ¢ 2 s 43

The results obtained are presentel in sppendix Go The sireso-
strain curve is shom in figure 648 FProm the curve obtnined the
meduluvg iy determinel Shis:

35‘,:. o cylinder utrength e 2.0N/mm2

I'ECED = 2-0

. —e—— 2
4450 x 10~% = 4.5 ¥ /mm°

——— e —

Using the C,E.B, formula the modulus iss

B o= 1 x 10% x 1620"7 5.7

6e243¢ Modulus of Elasticity of ACI Mix

The results obtained are pre::ntel in appendix He The stress—

strain curve is shown in fiure 649 Prom the curve, the

modulus of elasticity is:

395 of cylinder strenzth = 3.7 N/mm2
” - 2
& H- o = E. E = 13}3‘:/171[7[
2900 x 107

from BCB formulas

B =1 x 10 %x 18637 10.5
.5

= 14.5 mr/mm2
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ta IV shows a cylinder underzoins molulus of clasticity test.

o
[
p'-

N

Plate IV: Yowmlus of Wlasticity Test on T-lm ¥Xemel Li~-hiweisht
=

2.4 Summary of Modulus ¢l Maaticitr Teat Results

w in the summary of results ol moiulus of Tlasticity

Tabla 6.6: BSumnary of Moiluw of Blasticity Test Results

o s 2
Mix Compressive Strmazth I.',/:.;.-.2 Modnlus of Elasticity ¥ /mm

12 #5353 11,5 644

1123 4 6.9 4e5

ACT Mix 20.5 13.0
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From the recults obtainel it ¢ n be seen that the modulus
of elasticity increases with increncze in compressive strength.
Compared rith t:ble 2.8, it is foun! thwt the ratio of modulus
of elasticity to compressive strencth of ordinary conorete is
hizher than that of palm kernel lightweight concrete.

6¢3:.0+ Split Tensile Test

The split tensile test was carriel cut on standard cylinders
Cured in water “or 28 days. They were tested dry. (Refcr to
article 2,12.4.0. for details of experimental procedure. From

article 2.,12.4.1, the forrnula for tensile stress is given as:

2P

LD
Where:
P = Compressive strength on cylinder
L = Lenzth of cylinder = 300mm
D - Diemeter of cylindc. = 150mm,

Plate V shows the tensile splittineg test, Plate VI shows
the aplit cylinders. It con be se n from Plote VI that the palm
kemel shell agsrezate did not breske Only the comont matrix
4id, This is an inlication of the strongth of palm kemel shell

aggrogate,



Plate VI; Crushed Palm Kernel Shell lichtweicht

18

oncrete cylinders,

Neote the aggregate is not hrcken,
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The results of the split tensile tests are presented in table 6.7.

The ratios of tensile strength to compreszive stroneth for palm kernel

shell lizhtwei-ht concrete are precented in table 6.8.

Table 6-7- H

Results of cpli

t tensile %esis

¥IX 14 4% 323 11214 61 Hix
Specimen Loal Tarnsile} Load | Tenile Load g:’“‘ile
Ta i stregs i Streas XN re;.,
e I.’/I?L‘:x' -.'I/!i‘.”'-.’? :‘T/mm

1 % 0.64 63 0445 120 0.85

2 96 0.68 72 0451 120 0.85

3 72 0451 63 0.45 110 0.78
LAvera';a 86 0.61 66 047 116.7] 0.83

i‘able 6.‘(}

o :'r.ji'l @

Stren~th to Conpreszsice Strean=th

Jompresiive Tensile Strentth Ratio of tensile
MIX Strenath N/hmz strensth to
1 fom Stipecytive
13 43 1.5 0.61 0053
1:21¢ 4 649 0.47 0.068
ACT MIX 20.5 0.83 0.040

It con be seen that the tensile stron th of pulm kernel lishtweiszht

concrete is between 4 to 7 percent its compressive strenzth. The
percentace for ordinary concrete is between 8 to 12 ver cent

(leville, 1977).
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7.0, ONCLUSIONS AND RECOMMENDATIONS

Having carried out the tests and investigations on palm kernel as
presented in the various sections the following conclusions are made
based on the results obtained:

1. That palm kernel pogges all the properties of lightweight

ageregate:

a) Its specific zrovity ranges between 1,15 and
1.26. The correpponding values for dense
aggregate are betieen 2.5 to 3.0,

b) It has an avernce bulk density of 640kg/n’, the
densities of e:xpunded clay, shale, perlite and
slate, which are known lightweight aggregates,
are between 350 ond 900kg/m3. The densgity of
universal ageregate is generally taken as 16001{4;/::13.

e) Lightweight aspresates are known for their high
porosities. The porosity of palm kernel is betwcen
16.6 and 18,2 per cent,

The porogity of dense aggregantes is between 0,0, and
3.8 per cent,

d) Due to its porosity it has a high percentage of water
absorption, The absorption is between 8,6 and 15.3
per cent. The water absorption of some artificial

lizhtweight aggregates is from 12 to 34 percent.

e) Its moisture content is very amall due to its high

porosity and percentege absorption,

f) Its grading choracteristics satisfy both the British
and the American recuirements for lightweight aggregate.

g) Palm kernel ip = very strong aggregate, This cen be
gseen from the cylinder crushing and gplitting tests.
The cement matrixz broke tut the palm kernel sggregate
did not break (Sece Plate VI).
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It can therefore be safely concluded th~t palm kernel is a

lichtweizht aggregate.
That it is possible to use nalm kernel to produce lightweight

concretes The properties of the Cresh concrete are excellent.
It is very workable, consistent anl easily placed. However,
the pzalm kernel nut proved not {o he 2 suitable material due

to its tendency to rot in wet environment,

That hardened palm kernel lightwei ;ht concrete developedld
enough stren th that will make it suitable for a wide range of
uses, The variouc mixes testel proluce a strensth ranrse of

2 fos N4 2 sy a %
O.SN/m to 20.).-{/m « This rance of atrensth covers sunh uses

a3 nailins conerete mans zoneretin - -ndl stractarsl conerete.

That t . cre is aountant supnly of nidm koarnel shells for use
in mdking 1ichiwveisht concrste. There in an annu~l production
of 1,451,953.0 tonnes of ahell in the country. The use of
this material in making concrote will help:  in removing

ovér 1 million tonnes of wrste from the environment annually.
RECOMM®N DATICONS FOR FUTURE WORK

Due to obvious inalequacies end constraints certain tests could
not be carried out in %this research work. It is, however,
recommnde? thod the following taztis be carried out on palm
kemel 1i-htweirht coneretes

Flexure test: To determine the beheviour of pilm kernel shell

lightweisht concrete un ler bending.
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Bond stress teat: To determine the strensth of bond palm
kernel shell lizhiweizht concrete forms with steel reinfor—
cemant

Fire protection tests To determine the reigtance of palgy
kemel shell lightweight concrets to fire.

To build an experimental house using palm kernel shell lizht—

weisht concrete.
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APPENDIX A

PRILININARY D=3I3N MIXE3: CUBE STREITTH 0 7 Dav¥
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- 3 ization mowmﬁbw gensni Sondi- cube rom of of cube data size of P strength
Crpe of Mix mark ratio tion cute.. ve \..w azzrazate () ¥ \Bsm.
T o nE 7
Danid |
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data S50mm x
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: . _ {Cursi 150m x 53239 7/2/¢ e . o
Tines 1 18/2/27) 0445 {7 4.7 | 150mm x ’ 2o 20 C.289
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" 3 " 0.45 2.7 0.00 " " 12 0.533
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shell conc— 1777, 18 f12 / " R
rets ’ 11/2/87] ©0.78 s | 1TT7-TIO| 1871287 160 1 7.711
" 5 " 0.78 5.6 11659.25 " " 140 54220
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APPEDIX C

Water/Cement Ratio =

Mix Proportion = Ts1k23 Max Aggregate sire = 10mm
Curings Condition = Water Size of Cube = 150mm x 150mm x
150mm
. 20-day
Specimen Density T—dqy' ‘ 5 Specimen| Density e th
No. S strength I/mm®[ No. kg iy
1 16593 Ted 1 LA7184% 11.0
2 165943 8.0 2 1689.0 12.0
3 1748.1 844 3 1718.5 1.4
4 1659.3 8.0 4 1818.5 12.3
5 1689.0 8.0 5 1748, 1 11.0
G 17483.1 9.0 6 1718.5 11.6
7 1689.0 8.0 7 1748.1 9.0
8 1659.3 T3 8 1818.5 10.6
9 165943 Ba2 ? 1689.,0 11.0
10 171845 Ra2 10 17481 13.3
11 171845 9.0 11 1718.5 9.0
12 1689.0 9.0 12 171845 1264
13 1689,0 B+3 13 1689.0 13.3
14 1718.5 7.3 14 1718.5 12.4
15 1659, 3 Te5 15 1718.5 12.4
Nean 1691 B, 1718.5 11.5
?gggndard
Deviation
H/hmg 0,56 1718.5 11.5
Coefficient
of ' 649 10.9
of variaiion_%
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APPRIDIX C (cont.)

- L. » . 4
llormal Curve Hquationn lor Fix 1stis3

28~DAY

STRINTH ¥ = ordinates

- ‘ B
x = Mean stron th = 11.5 1-;/111::1
n = lo. of specimen = 15
3 . ” ?
= Stondard deviation = 1.26 }I/rmn
. = 2
[ = Cell cize = 1.5 I /mm
o |
it = = 115 N/me”
X

¥y o= 0.39991nc = T

at .i :{- = + 12.?{: II/.'.‘;L\Z
¥y = 0524? 1'_'1_{5_ = 4l3
at =+ 2 =+ 14,02 2 fem .
Y = Oa053 ne = 1.0
11 2 ™
Cell (1.5 ;./Inm ) Frequency
8 ey '7-5 2
9.6 = 11

11-1 - 12-6

127 - 1442 2

- e —




7w DY

STREIGTH

2] |

n =

U

o
v
cr

e
1

al -+ =

¥ -
Yy =
at - + 2
x
v =
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APPEN'DIX C CONT'D

3.2

s 9.22 X/om°

De72

Gell (0.5)

. —

Frequency

7-0 - 7&5

4

TIG . 3.0

8.1 = 8,6

5

?'O? bt 9.2

—

L=

The normal distribution curv~

strengths are plotted on fiwures 6.1 and 6.2 respectively.

; Tor the T - day ond the 2 - day
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APPEIDIX D

Water cement

Ratio

.53

Mix proportion = 1:2

curing condition = In Water

»ate = T0mm
Size of Cube = 150mm x 150 mm x

150nm

Max. aize of Arcre

Specinmen

o

Density

Kz mz

x X
7 - day Specimen Denagity 28 ~day
stran 'th . | ¥efmd Strenaty
2 O : . 2

-

1629.6

3e7

rno

16593

4ed

—— ._.-I-.- — e w e

i 1.1629.6
1600,0

64
6.8

il

of variation
o

3.1

3 160040 3.7 3 1659.3 8.0

4 | 1689.0 5.0 4 1600.0 6.2

S 1689.0 4.8 5 1659 .3 8.5

6 16593 47 é 1540.7 602

7 1600.,0 443 7 1570.3 6.2

8 1659.3 446 { 8 157043 6.0

[

9 1629.6 440 9 165943 71
J2 1 o160.0 f 38t 2 | 1600.0 6.8 |
13 {1600 | 40 i 13 | 1609.6 Bt
I T S T R

15 | 1600.0 A4 )15 | 162946 146
Mean | 1633.6 | 4.3 - 1620 a0
Stondard
Deviation o 0.47 0.71
Coefficient

10.2
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APPEDIX D CQNT.

N
Normal Curve Bguations for Mix 1:2:4

23""‘ J;i‘f
STRIIGTIL
- 660 I.'/:ru.12
n = 15
iy 2

= 0471 N /mm
c = 0.5 H m@'?
= = 6.9 N /mm
X
v = 03989 ne = 4.2

N -
% + = i‘ 7061 I'a/m.m

¥ = 0.242 nec = 240

2 = + 8,32 1/m®

B
I+

Vg = 0,054 ne = 0.6

Cell {0.5} Frequency
6= 65 6
6e6 = Tl 5
T2 = Ta2 | 2
Te8 = 843 1

8.4 - 8.9 i
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APPRIDIX D Ci™'D

T = DAY

STRENGTH
e e et

$ = 4¢3 Ilftm
n = '1r}
= 0«47 ",fmm2
w05 H/im>
= 4e3 :I/mm

b |

4.77 1 /rr.m2

1+
"

x
y = .9
} 2
- + 2 = He2d Ii/mm
4

3 = 0.7

’7{:{111 (005) F‘I‘G{f.l-iil"};‘r' |

The normal distribution curvea for the 7 — duy and |

ciren -ths are shown on fiares 6.3 anl 6.4 respectin
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APPENDIX E COHT,

28 - DAY

STRATGTH

at

at

at

. = 2045 N/om®
n = 1'-}
= 0479 1/ma”
c = i 0.5 Ii/mmz
; = 2045 l:’/mm2
b 4 - 0. 3989 ta =
-
-S-C i = = i ?_1.29 J/mm
y - 0.242 _nc =
- 2 = <+ 2211
x — ——
y = U-O 54 _11-9__ =
Cell (0.5) Frequency
[ 19.5 ~ 20 3
20.1 ~ 20.6 5
20,7 - 21.3
213 ~ 21,8 1
21.9 = 22.4 2

3.8
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c =
ﬂt - =
- A
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at - =
Y =
at - + 2 =
X -
N =
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APPARIDIX E CONT'D

15.8 W /um°

15

0.3 1/mm®

0.5 l‘-I/nun2

15.8 ﬂ/m:n2

8.8

16,14 M fin®

Ded

16,48 ?I/mm2

1.2

Cell (0.5)

Ppaouency

L

150 = 1545

1"!.6 L 1!:.1

16.2 b -1_—607

The norm-l

| . S |

jistribution curves for 7 = da

md 28 - day

stran~ths for the ACI mix are shown on Tigures 6.5 and

6.6 recpoctively.
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HODULUS OF ELASTICITY MIX 1
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APPEDIX C

NOULUS CF ELASTICITY ¥IX 1352 : 4
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