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This paper investigates the characteristiCS . technology and the use of burnt palm 

kernel shells as a replacement for aggregates 1n light weight concrete The need to find . ' 

alternative sources to imported and expens1ve building matenals for construction led to 

the investigation of Qurnt palm kernel shells as a poss11;>1e substitute for some aggre

gates. 

Investigation into the physical and structural charactenSttcs of the burnt palm k.er

nel shells was conducted. The paper was used concrete mi.x 1 :2:4 design . Different 

tests were also performed on the wet and cured light weight concrete prepared by re

placing 0%. 10% and 25% of the fine and coarse aggregates with the shells burnt to 

1 00°C . 300°C , 500°C and thos€ shells burnt in the open air. 

The result indicated that compressive strength of concrete with burnt shells was 
lower than that of concrete with unburnt shells at the same percentage replacement. 
The compressive and tensile strength were found to be decreasing with temperature 

increase of the burnt shells up to 300°C but picked up tremendously with shells burnt to 

500°C 

The result showed that burnt palm kernel shells is a viable substitute for aggre

ga.tes for light weight concrete in floors . partitions. insulated panels and lawn tennis 

concrete floors. 

INTRODUCTION 

Concrete is one of the most important materials used in the building industry 

However. the high cost of its material components. their unavailability and the need for 

various types of concrete have called for the use of different materials as substitute for 

the constituents of concrete . 

"To whom correspondenCe be addressed 
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· LJghtWe1gh't Concrete ElemimfslioinBiimt Palm Nut She/is 
. 

Normal concrete is composed of cement. sand . gravel .and water. It has a unit 

weight of between 2400 to 2500 kg/m3 Heavy weight/dense concrete has density of up 

to 6000 kg/~3 ~nd aggregates u~ incl~de t>3~;es . st~; short~. steel ~n-chings . limonite 

and geothite . Concrete classified as light weight has less density than 2400 kg/m3 

Light weight concrete type is u'sed whe1fther'~iis · need for reduction in dead weight of 

structures. Materials' used as light weight c6ncrete elements include foamed slag . ex
panded or sintered clay. fly ash and ~w d~st . Lig~t'\~eight concrete is characterised by 

the ease of handling, worl'ing and reduced cost in formwQI'J( (1) . - . 

Palm kernel is a·product of oil palm tree is produced in abundance in Western and 

Eastern Nigeria . The shell has been economically under-utilised because a small per
centage ·is used eithe( as domestic fuel or by the gold and blacksmiths (4) . The rest is 

di~Posed as industrial waste in palm oil produc;tion industries. 
Carbo.nised shells are far lighter than raw palm 'kernel shells and the lightness 

increa5es with increase in temperature . Burnt palm nut shell would not ignite until a 

temperature range of 300-400DC . The weight of light weight concrete is proportional to 

its density but its resistance to weathering is about the same as that of the normal con

crete (3). when compared with the normal sand/gravel concrete it has certain advan

tages which include 

Savings in str~ctural steel support 
decrease in foundation size because of decreased dead load 

better fire resistance 
better insulation against heat and sound (2) (2) (4) 

The principal use of lightweight is in ~he construction of floors . parapet walls and roof 

slabs where substantial savings can be effected in decreasing dead weight. 
This paper qiscusses the phys1cal characteristics of burnt and unbumt palm but 

shells and strength characteristics of light we1ght concrete with l:)umt palm nut shells as 

aggregates . Palm nut shells were burnt to 1 oo0c. 300DC and SOODC and those burnt in 

the op~n air. The unburnt and burnt palm nut shells were employed to cast 150 x 150 x 
150 mm cubes light weightconcrete at mix 12:4 with 0% and 2S% replacement in fine 
and coarse aggregate alternatively. The results are herein discussed. 

MATERIALS AND METHODS OF BURNT PALM NUTSHELL SPECIMENS 

The original intention was to burn the palm nut shells from oDe to 1200Dc but 1t 

was discovered that nearly all the shells turned to ashes at about 600DC. Temperature 

range of ODC to 500DC ~as then selected . Five samples of burnt shells were considered 

in all comprising of one sample unbumt (ODC) . 3 samples burnt to 100Dc. looDc and 

500~C and last sample burnt in the open air. 
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In the process of burning the palm nut shells various physical and chemical changes 

took place. When burnt to about 100°C whitish fumes were given off through the ex-

haust indicating the escape of moisture from the shells. Shells burnt to 1 oo0c had no 

Significant change in volume . The whitish fumes continued till about 250°C when red

dish brown fumes were observed At this stage the fibres at the ba·ck of the shells 

started to decompose . At about 300°C the shells had lost all fibres and had shown slight 

reduction in volume (about 15% J. At about 300°C the reddish brown fumes gave way to 

ox-blood coloured fumes signalling the ignitiOf1 of the palm nut shells . The ignition con-

tinued _till about 48°C when the ox-blood fumes started to give way to whitish fumes 

Indicating the beginning of the disintegration of the shells to ashes and subsequent 

reduction in volume . At soovc all the morgamc matters in the shells had decomposed . . 
with about 65% reduction in volume . Another sample of the shells was burnt in the open 
air. 

TESTS ON CARBONISED PALM KERNEL SHELLS SPECIMENS 

The 5 bas1c specimens of burnt palm nut shells are 

(a) Unburnt shells (0°C) 

(b) Shells burnt to 1 00°C 

(CJ Shells burnt to 300cC 

1 d) Shells burnt to 5002C 

te J Shells burnt in the open A1r. 
The phys1cal tests performed on the burnt shells spec1mens were to determme 

the gradation unit we1ght. absorption and abrasion 

Gradation Test: S1mple gradation of the burnt shells IS an Important phys1cal test as 1t 
showed the proportion of different s1zes of part1cles 1n each of the spec1mens. The test 
showed that presence of smaller particles 1n burnt shells mcreased with temperature 
increase . 

Unit Weight: Un1t we1ght of th~ palm nut shells burnt to different temperature . fine and 
coarse aggregates were determmed Unit we1ght of burnt shells were found to be de-

creasing with decrease 1n burning temperature from 1426 7 kg;m3 to 1 06 kg!m3. and are 

far less than the un1t wetght of fine and coarse aggregates 

W, 
Unit we1ght = -- kg •m; 

v2 - v. 
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w, = 
v, = 
v2 = 
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Lightweight Concrete Elements ,,d:T! L- u,·, I 

we1ght of sample kg 

Volume of sample 

•7 Nut .:;:,n~::: i;:. 

Volume of water to fill cylinder with sample . 

Moisture contents test 

:.,._ 

M,oisture content of burnt shells to be used in lightweight concrete production iS 
very important as thiS affects the rate at wh 1ch the shells absorb water . s;--.d 1n m1xmg 
concrete pnd consequently affects strength of the concrete. Moisture conten t 1s def1ned 
as weight of solid in. an element usually expressed 1n percsntage (5 ) Mo1sture coment 
of burnt shells were found to be decrec.Js1ng witr. temperature increase rr::;m· 3 34°·c to 
0.13%. 

Moisture content = W.3 - "'\ ·: 00 

where : 

w, 

w2 

w3 

w4 

w5 

= 

= 

= 
= 
= 

ws 

weight of contamer 

weight of contamer -<· sample 

weight of sample= w2 - w, 

weight of oven dry sample.+ conta1ner 

weight of oven dry sample = w 
4

- w. 

% of moisture content w 3 - w s = ·: 00 

ws 

Absorption capacity test 
Absorption capacity test was conducted on all the specimens as this deals with 

the porosity of shells burnt at different temperature Investigation showed that absorp
tion capacities of the samples increased <J:, t il e temperature mcreased from 8.83% to 
19.30% indicating that shells burnt to lowe. temperature would not absorb much of the 
water during concrete mixing . 

Absorption capacity = (W .... W
2

1 x 100 

Weight of saturated surfaces dry sam ple = W 
1 

Weight of over dry sample = W _ 
. L 

Abrasion test: Abrasion test was conducted on the spec1mens to determ me the1r dura
bility by the use of Los Angeles abras10n mach1 ne The aDras1on tests showeo that 
percentage durability decreases with temperature mcrease from 95% to 66% 

I 
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Uniformity coefficient test: Uniformity coefficient of the specimen was also 
investigated and found to be increasing with temperature increase from 3.6 to 8.9 

060 

D,c 

Unifonnity Coefficient = 060 

D,o 

= shell diameter at 60% finer (mm)· 

= shell diameter at 10% finer (mm) 

Preparation of Light Weight Concrete with Percentage Replacement of Aggre
gate with shells burnt to varying degree of temperature 

The quantit1es of light weight concrete components to fill one 150 x 150 x 150 mm 

cube is shown in Table X_ These values were arrived at after allowmg 50% and 10% for 
L , 

shrinkage and wastage respectively 
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Table X~ : 
"' 

Percentage 

replacement 

QO/c 

10% Coarse 

25% Coa rse 

. 1 0% Fine 

25% Fme 

_, 

Quantitie s of Materials Used in Casting one cube (150 x 150 x 150 

mm) of light weight concrete mix 1:2:4 w ith burnt shells as <tyu ;-e
gates 

~- ---
Volume of Volume of fine 

burnt she lls agg regates (m 3 ) 

') 

1 592 X 10·-

I 3 184 x 1 o-<~ 1 592 X 10"3 

7 96 X 1 Q-L 
I 

1 592 x 1 o-::, 

1 592 x 1 o-4 1 .4328 x 1 o· 

3 98 .X 1_0 -4 
I 1 1S•4 x 10-:3 

Volume coa rse 

aggreg~tes (m j ) 

3.184 X 1_0-.: 

2 .865 x 1 o·3 

2 .388 x, 1 o·-= · 

3 184 X 10·3 

3 184 x 1 o-.: 

·- -
Voiun 

cem~ r 

1E: of J 

) 

7 96 X 1 

7.96 X 

7 96 X 1 

7 96 X 1 4 

7 96 X .~ 
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Preparation of Formwork 

150 mm cube cast iron moulds were used to cast the lightweight concrete cubes. 

the cubes were proper1y cleaned and oiled before usage to allow for easy removal of the 

light weight concrete cubes . 

A total of 210 cubes of 150 x 150 x 150 mm light weight concrete mix 1:2:4 with 

specified percentage replacement of fine or coarse aggregate with shells burnt to 

varying temperatures were produced . 

Strength characteristics of light weight concrete with bumt palm nut shells as 

aggregates 

The major experiments performed included the slump tests which was carried out 

on wet m1xes as well as density. compressive tensile and flexural strengths on curved 

light weight concrete cubes . as shown in the appendix 

RESULTS AND DISCUSSION 

Physical tests conducted on the burnt palm kernel shell on different aspects gave 

the following results : 

Sieve analysis of samples involved sample gradation of unburnt shells and those 

burnt to different temperature . fine and coarse aggregate Result of the s1eve 

analysis showed that presence of smaller particles m burnt shells mcreased 

with increase in temperature . 

Unit weights of burnt shells were found to be decreasmg with mcrease m burn-

ing temperature from 1443.36 kgtm3 to 968.25 kgt m 3 Unit weight of burnt 

shells were less in value than those of fine and coarse aggregates 

The specific gravity of burnt shells were found to be decreasing as the tempera

ture increased varymg from 1.44 to 0.917 The specific gravity for burnt shells 

were also found to be lower than those of fine and coarse aggregates. 

Mo1sture contents of burnt shells were found to be decreasmg with temperature 

increase from 3 34% to 0.3% . The moisture contained in the shells burnt to 

500:..;C which ignited and totally dismtegrated can be attributed to those absorbed 

from the atmosphere during cooling . 

AbsorptiOn capacit1es of the samples mcreased as the burnmg temperature in

creased from 8.83% to 19.90% Th1s 1s an mdicat1on that palm kernel shells 

burnt to lower temperature would not absorb much of the water during concrete 

m1xes 
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Lightweight Cdr:rcrete Elements from Bu/nt Palm Nut Shells 

Abrasion tests performed on the burnt shells showed that their percentage du

r~bility increased with temperature increase . 

Uniformity coefficient of burnt shells Increased with temperature . 

CONCLUSION 

This project has described the influence of replacing certain percentage of 

aggregates in concrete with palm nut shells bumt to different temperature . The following 
conclusions are drawn~ · 

Density of light weight concrete cubes" decreased with increase in temperature . . 

of burnt shells. 

Substantial decrease in the densities of lightweight concrete occurred with 

changes in the percentages of burnt shells . 
substantial decrease in the densities of lightwe1ght concrete occurred with 

increased replacement of coarse aggregate with burnt palm nut shells . 

the compressive strength of the lightweight concrete increased with curing age 

the compressive strength of the lightweight concrete decreased with increase in 

the percentage replacement of burnt shells 

The compressive strength of the lightweight concrete decreases with increase 

in temperature of burnt palm· nut shells up to 300°C in the same percentage 

replacement . 

The comprehensive strength of the lightweight concrete with burnt palm nut 

shells replacement in coarse aggregates was more than that of the fine 

aggregate at the same burnt shell percentage replacement for_ the same 

temperature and curing ages 
Considering the gradual reduction in unit weight. specific gravity. moisture 

cont~nt . absorption capacity . density. compressive strength with increase in 

temperature (up to 300°C to which the shells were burnt) it was·conclud.ed that pa_l_m nut 

sh~lls burnt to 300°C can be used as light weight concrete aggregate . It can ~e 
especially used in place of coarse aggregate . 
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APPENDIX 

ExptlrinHHits on the strength characteristics of the concrete specimen 

Slump test 

Result of the slump tests for the light weight concrete cubes shown in Table X 

showed the slump value decrease with temperature increase but picked up for shells 

burnt to 500°C and those in the open air. This is due to the_presence of smaller particles 

in the samples as could be seen in the sample gradation test . 
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. Lightwetght Cpncrete Elerrents fromBpm.t.Palm_Nut Shells.,: , . 
": ' .. ~ 

Table X
3

: Slumps characteristics of wet light weight concrete with different 

shells (burnt, to different temperaturerpercentage rep~c~ment 

.Tempera~ure to w~ich s~lls % of aggregate~ _repla~. \V~h SJu~p (mm) 
were burnt burnt shells 

- ~ ·" ... 

"· 

Unbumt 0% 14mm 
I 

10% coarse 12mm 
! 

25% coarse 7mm 

10% fine 8mm 

25% fine 9mm 

100% 10% coarse 10mm 

25% coarse 5mm 

10% fine 7mm 

25% fine 9mm 

300°C 10% coarse 3mm 

25% coarse 1 mm 

10% fine 1 mm 

25% fine 2mm 

soo0c 10% coarse 67mm 

25% coarse 42mrn 

10% fine 56mm 

25%fine &Omm 

Burnt in the open air 10% coarse 55mm 

25% coarse 38mm 

10% fine 48mm 

25% fine 52mm 
---

--
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Density of concrete with different shells (burnt to different tem

perature) percentage replaced at different curing ages 

Curing Ages (Days) 
Same Day 2 days 

% Replacement 
Weight Density Weight Density 

kg kg/m 3 kg kglm3 

0% 8.25 244.4 8.38 2483.0 

10% Coarse 7.75 2296.3 7.95 2355.6 

25% Coarse 7.56 2240.0 7.74 2293.3 

10% fine 8.16 2417.8 8.29 2456.3 

25% fine 7.86 2328.9 7.99 2367.4 

10% Coarse 7.69 - 2278.5 7.85 2325.9 

25% Coarse 7.44 2204.4 7.59 2248.9 

10% fine 7.99 2367.4 8.15 2414.8 

25% fine 7.88 1334.8 8.06 2388.2 

10% Coarse 7.79 2308.2 7.94 2352.6 

25% Coar,;e 7.57 2243.0 7.65 2266.7 

10% fine 7.91 2343.7 8.01 2373.3 

25% fine 7.76 2299.3 7.89 2337.8 

10% Coarse 7.83 2320.0 8.03 2397.3 

25 L,, Codrse 7.76 2299.3 7.89 2337:8 

1 Qu,t f lilt' 7.83 . 2367.4 8.11 2403.0 

25% f1ne 7.89 2337 .8 7.95 2355.6 

10% Coarse 7.84 2323.0 7.96 2358.5 

25% Coarse 7.60 2257.9 7.74 2293.3 

10% fine 7.96 2358.5 8.04 2382.2 

25% fine 8.25 2444.4 8.36 2483.0 
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f em~r.tture 
Curing Ages (Days) 

21 Days 28 days 
% Replacement 

Weiqht Density Weight Density 
I 

I kg kg/m3 kg kglm3 

Unburnt QO' lo 8. 15 2444.4 8.30 2459.3 

10% Coi1rse 8. 05 2385.2 8.05 2378.2 
I 

25% Coarse! 7 80 211 .1 7.80 2311 .1 

I 10% fine 8 30 2459.3 . 8.30 2459.3 I 

100°c-t 
25% fine 8.10 2400.0 8.05 2414.8 

10% Coarse I 7.90 2240 7 7.90 2340.7 

25% Coarse 7.65 2266.7 7.70 . 2281.5 

10% fine 7.85 2325.9 7.90 2340.7 

25°16 fine 7.90 2340.7 7.90 2340.7 

300° C 10% Coarse 7 90 2340 .7 8.00 2340.7 

25% Coarse 7.65 2265 .7 . 2.70 2281 .5 

10% fine 8.10 2400.0 8.05 2385.2 

25% fine 7.00 2370.4 8.00 2370.4 

soo0c 10% Coarse 8 25 2444 .4 8.20 2439.6 

25% Coarse 7.65 2266 .7 7.70 2281 .5 

10% nne 8.25 2444.4 8.15 2414.2 

25°/c fme 8.30 2429.6 8.20 2429.6 

Burnt 1n the ! 10% c <1rse 8 00 2370 .4 8.05 2385.2 

open a: r l 25% c arse I' 65 2266 .7 7.65 2266 .1 I 
I 
I 

1 O"tc f:r> 8 10 2400.0 8.10 2400.2 I 
l 25'i·c f1nt: 8 45 2503.7 8.50 2518 .5 

Compressive Strength 
The compressive stre'lgth obtained from crushing the lightweight concrete cubes 

;:.:·:' sh m·r 1r1 Table X" ft,t> resu lt obt amea showed·.t,j)at compress1v.e strength was 

rJec:reasmg w:;h mcrease 1n bu rnmg temperature of burnt shells up to 300°C while the 

:;t! >.1'gth c1cked up aga111 at 500°C It also shows that compressive strength of con

crete with burnt shells ar the same temperature increases with curing age . 
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Lightweight Concrere Elements from Bumt Palm Nut Shells 

Curing Ages (Days) 

Same Day 2days 
Temperature % Replaceme1,1t 

Weight Density Weight Density 

kg kglm 3 kg kglm3 

Unburnt 0% 8-;-30 2459.3 8.25 2444.4 

10% Coarse 8.00 2370.4 8.00 23704 

25% Coarse 7.07 2281 .5 7 75 2296 3 

10% fine 8.30 2459.3 8.30 2459.3 

25% fine 8.00 2370.3 8.05 2385.2 

.1 oo0c 10% Coarse 7 85 . 2335 .9 7.85 2325 .9 

25% Coarse 7.60 2257 .9 7.65 2266 .9 

10% fine 7 10 2400.0 7 90 4340 7 

25% fine 7.30 2459.3 7.70 2381 5 

300°C 10% Coarse 8. 00 2370 4 7.90 2340.7 

I 
25% Coarse 7 65 2266 .7 7.60 2251 .9 

10% fi ne 8.00 2370.0 8.01 2400 .0 

25% fine 7 90 2106.7 7.00 2370.4 

500°C 10% 'coarse 8.00 2370 .0 8 15 2414 .8 

25% Coarse 7.75 2296 .3 7 60 2251 .8 

10% fine 8.10 2400.0 8.20 2429.6 

25% fine 8.00 23704 8.20 2429.6 

Burnt in the 10% Coarse 8 00 2470 .4 8.00 23704 _, 
";= ,--

open air 25% Coarse 7.75 2281 5 7.65 2266 .7 

10% fine 8.10 2400.0 8.05 2385.2 

25% fine ·8.35 247.-1 8.40 2488.9 

.. 
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Percentage 

rep.lacement 

0% 

10% Coarse 

25% Coarse 

,10% Fine 

25% Fme 

Quantities of Materials Used in Casting one cube (150 x 150 x 150 

mm) of light weight conc rete mix 1:2 :4 w ith burnt shells as dy'.J i e
gates 

·- ~-- ·-
Volume of Volume of fine Volume coarse Volum E. of 

burnt shells aggregates (m 3) aggregates (m ' ) ,.em'i!nt 1m-
4 

) 

'") 

3 184xl0< 7 96 x 1 o-2 1 592 X 10·-

I 

I 3 184 x 1 o-4 
1 592 X 10·3 2.865 x 1 o-3 7 96 X 10 

I 7 96 .X 1 0_,: 1 592 X 10- Cl 2 .388 X' 10-: . 7 96 x 1 o-4 

1 592 x 1 o-4 1 4328 x 1 o- 3 184 X 10-J 7 96 x 1 o-4 

3 98 .x 1_0-4 
I 1 :::,4 x , o· 3 3 184 x 1 o· 3 7 96 X 10 -A 
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Lightwetght Concrete Elements from Bumr Palt;FJ Nut Shells 

T.tMe Xf Compressive strength of light weight concrete with burnt shells in N mm2 

Temperature % Replacement Curing Ages (Days) 

T 14 21 28 

. Unbumt 0% 21.24 29.42 32.53 27 .96 

10% Coarse 18.43 23.38 24.67 28 .00 

25% Coarse 15.48 20.80 23.56 24.00 

10% Fine 16 .53 ,2 1. 33 2276 24 .98 

25% Fine 13.16 16.80 20.89 23 .47 

100°C 10% Coarse 12 .18 16.71 17 16 21 .69 

25% coarse 9.02 11 .38 . 11 .64 14.67 

10% Fine 11 .82 15.64 16.09 20.36 

25% Fine 8.18 10.40 10 67 13.42 

300°C 10% Coarse 10.40 14.22 15 04 17.96 

25% Coarse 8 18 10.31 11.29 12.98 
-

10% Fine 9.50 12.62 13.87 15.91 

25% Fine 7 :02 8.89 9.69 11 .11 

. 500°C 10% Coarse 14.41 17.02 18.31 20 .98 

25% Coarse 11 .04 11 .56 13.78 15 78 

10% Fine 13 00 14.93 17 51 20 .09 

25% Fine 9.40 . 9 82 12.62 14.49 

Burnt in the 10% Coarse 11 21 13.42 17 60 14.20 

open a1r 25% Coarse 10.21 12.80 16 76 18.31 

10% Fine 10.55 13.24 17.33 18.93 

25% Fine 9 98 .11 73 15.38 16 80 

Tensile strength: 

The tensile st rengths obfained from compress1ve strength are shown in Table x
6

. 

The tens11e strengths were calculated from compress1ve strengths us1ng the formular 

where . fer = 0 375 (0 3 + 0 7) ~-~ 
0 oc 

f ct = Tensile strength 

D
1
c = Air dry density of light we1ght concrete 

D = Air dry dens1ty of Ordinary concrete 
?C 

L 
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Tensile strength of li~ht wei~ht concrete witb burnt shells in 1' mm2 

calcul»ted fmm compressiw s-trength 

% Replacement Curio~ Ages (Da~s) 
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