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4Bmwz 
The wd&g cost ofco~~ventiod building material has given rise to the naed to source 
for dtwmtive ona. Xn souring for such dtmmtives, the durability, availability and cost 

of the jmtential material should be considered. FWm kernel shell (PKS), a by-product in the 
prmm of* kernel oil e m a h  fbund in h n d m c e  in southern and grossly underutilized 
~ ~ 0 n s i M a f ~ W ~ a ~ e ~ ~ f a r ~ t w k g h t c o n e r e t e . I n o r d e r ~ c o n f i r m  
the assumed pohintid, it was considered mcasa~~ to determine the dasity  and compmsive 
sfmigtb ofconcrete cubes m a n u  &om PKS. 

Come aggregates made w of crushed p n i t e  and PKS mixed in varied proportions were 
wed to a t  150mm x 150 mm concrete cubes of 1: 3: 6 mix kt& by weight The cubes were 
removed &om moulds 24hr after wtiq and immersed in water for seven days to cure. The 
density md compnssive smgth ofthe cubes were lhea decreased. ExpectedEy, the density and 
mushing s h @  of& d d  with i n m a  in the amount of PKS in the cube but the 
demirty range of 1520 to 2234kg/m3 and strength values of 0.44 to 3.89~/=' obtained were 
good eaough for light weight concrete. PKS h great @ as a materid for mane 
aggregate in conweb WOrk, the we of which could wnsiderabIy reduce ths construction cost of 
building and promote environmmtal sanidon 

WORDS: &regah; Concrete, Comtnrchn, Kernel Shell. 

I. INlXODUCTrON 
The widening ggp between the demand and supply, and hence the increasing cost of 

conveniional building material such as concrete n ~ i t a t m  the s ~ c h  for suitable abmtive 
mce tbrrt would be d d y  ailable and at an affbrdable cast. Concrete is a mixture of 58114 
coarse a- and a cemmt~us material batch in appropriate ratio depending on the end-use 
and mixed with water. Because of ti18 high compressive strength and ease of b d h g  of both 
concrete and tha individual components; they are among the most popular convantiond d a i s  
of construction. They are used in the construction industry epecially for roads, urban and rural 
buildings, and farm structures. In h spuckrres, concrete is used for silos; floors of livestuck 
buildings, machine sheds, warehouse md worfrshop; % Irrigation cads ,  sewage merit 
p b b ,  bridges and advexis. The versatility of concrete as a material of construction has givm 
rise to a gat campetifion between the farming environment 'and other users for the limited 
availrtbb material and because of the poor economy of the nual farmers, especially in, the cost 
of the material is oRen beyond lhe mch of farmers who require it for the construction offamt 
structures. 
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Concrete will continue to play a dominant d e  ia the cwstrudm of fzm simctum and ifhis 
m t u s t b e ~ ~ a p o o r ~ s ~ a s f h a t ~ b l e i n t f i e n n n a l ~ c o ~ m ~ e s ,  
& m M b e & b p r o v r d e t h e d a t a p i i c e a f f d b b y b e d m h e  
~ i s o n e o f b ~ i m p O ~ t c o m p 0 a ~ o f 1 ; o n ~ a s i t k ~ e ~ p d d e r . h ~  
instances, d e d  granite is used as mme qppgaes but in view of the 'demand foe the gFanite 
s t o n e f o r ~ a s e s ; i t i s ~ t ~ ~ ~ ~ ~ i d a & h e r ~ ~ ~ ~ m ~ w o t k  
O o e o f s ~ ~ ~ k b e i n g ~ ~ i s ~ k e m e l s h ~ ~ .  

~ k ~ s t o n y ~ d ~ a f t h e o i T : ~ M @ ~ ~ ) w b i c h i s o b t a i n e d b y ~ ~ ~ . ~  
t h e n l r t t o ~ & ~ i n t h e w ~ d ~ g ~ k e a n e l o i l h m t f i e M ~ ~ i s  
ebin-&ltmcenterforhelitde&Iemhby-a 
n h ~ ~ t o b o i l ~ b & ~ ~ d u s e k a a t l W y h & d m f O T  
d o d c  w and in the fumms of the local blacksmiths. The wdd&& b b i h t y  as 
demmsk&d by long peaiad of ~e~ishmce's b i k y  is dumps and stteagth in d i d  by 
s u ~ ~ r e q t 6 n x n e a t  t o d & e n n t 9 n d s k ~ o f t h e s h e I I i n f n n n s t h e ~ ~ ~  
c o o s i d a t h e d a s a ~ ~ ~ ~ ~ ~ ~ f w ~ ~ c o n ~ . T B i s p a p a ~ t h e r e s ~  
a f a m ~ ~ n w u r i s a a u t ~ e t h e ~ o f ~ h l s h e @ a s a o a a r s e ~ f o r  
light wei@ c o n e  

2.2 ~ i t y o f ~ ~ s b e l l  
F o r ~ t o b e d a s ~ o a r s e ~ ~ ~ ~ t c ~ n ~ , t h e d e Q s i t y s h d b e  

inthemnge40Ofo 800kg/m3 (~kedohm, 1 9 9 3 ) . 1 t w a s ~ r e ~ t o ~ ~ t h e  
~ d ~ ~ ~ ~ a a i r r t o ~ ~ e ~ h e b u l k ~ t t y a f ~ ~ ~ w f o r m d ~ 5 2 5 k g l m ~ w h i ~ f a l l s  
wid& the wnge. 

3 

23 &&sign 
Concreb can either be batched by volume or weight but bat&@ by we&t was  adopted in 

this w o k  Adam (1974) gave the formula fix caldafmg the mass of cement (Mc) in a concrete 
cube as: UNIV
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where C =Cement ratio in the mixture and is 1 

Vm =Volume of mould 

For fight weight aggr- the cement: coarse agpgate ratio of- 1 :6 and 1 : 1 0 is 
recommeaded (Adam 1974 ). A1:3:6 mix by weight was t b d o r e  chosen for this w o k  The 
components of d batch designed to fill thme moulds of 150mm xl50mm x 150mm was 
d d a k d  as 2.2kg of cemerllnt; 6.61rg of sand and 13.2kg of coarse aggregates. The coarse 
~ i n ~ h o f d ~ ~ d ~ i ~ ~ f i I ~ ~ m d & o f 1 5 0 m m x 1 5 0 m m x 1 5 0 m m  
WEIS d c u l a d  as 2-2 kg of cement; 6.- of sand and 13.2kg ofcome aggmg&s. The mane 
aggmptes in each batch was made up ofpalm kernel shell and crushed g m i k .  The pawnages 
of the palm kernel shell io w h  were 20,40,60,80, olnd 100, respeclively 

ZA ICubecasthg 
The relevant equipmant wmpkihg of a set sieves, trowel, curing tank, mouE& (1 50mm x 

1 5 0 m  x 15OmmX shovel, slump cone, wightiag b c e ,  tapping rod, spanner, measuring 
cylinder and ruler wmw got r d y .  

The k o u s  components were measured, mixed in a o c o ~  with normal canmete- 
p p m t i o n  @me and filled mto h e  moulds. The water I cement d o  for each batch was 
dtdmnined by trial mix until a wodiible paste was achieved .This was occasioned by the vlrrying 
p m t a g ~  of palm b e 1  shell which gave dBkrmt v o h e  for the coarse aggregat%s: and 
hence the m t E 2 r q - t  

C u k  were Ieft in the mods h r  24hr under shade which hey w m  removed and 
immersediuthecaringtanlcfurseven days 

2.5 Testing 
The cured cubes were tested for density and compressive strength. The compressive 

strength test was done using 15 -tome Compression Testing machine. - 

2-6 Obsemtion 
kt W o b s d  that the amount of oemalt and sand needed for e&&e mixing, the l& O V ~  

from a hatch d k  Hlmg three moulds and water/- ratio were thaxl what w s  obtained by 
cal~~latiw and they also increased with incmasing prcentag~ of PKS in the W h .  This is as a 
mult of the low density of PKS which requh more d u r n ;  of the material to a b r  for the 
substituted e g h i  of crwhed gmite. This increased volume demands more cement, sand and 

for I~WOU& mixing and expected leave more left over after Wing the moulds. 
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4. RESDLTS AND DISCUSSION 
The densities and c o m p ~ ~ ~ i v e  strength ofthe e o u s  cub= are presmted in Table in 

Table 1 and shown graphidly in fqp. 1 and 2. The density demases with increase in the 
pemtsrge of PKS in #he cube This &odd be s x p d  b w 6  the low density PKS 
prog~~~sively occupy a substantial v o h e  of the cubes ss the percenwincrease+ 

The Gompressive streagth d u e s  decreased with increashg percentage of PKS in the 
cube. Weight hw ( N d e  and BtooQcs, 1991). Some the a q m w h  stma@ of a 
~ & k a ~ o f f h e ~ ~ k ~ ~ m e o f P K S , a d o f h m  
s ~ ~ ~ g a r n i m e , t h u ~ e u b e a l o w e r ~ ~  

p o l s s l i t i r l i ~ a f * W ~  
W i d r s l l G b d h ~ W e l l s a o f ~ m a - ~ f b r ~ W ~ t  

~ t b s ~ ~ b s a ~ ~ b e ~  
(1) t h e ~ ~ ~ w i i l ~ s h e ~ o f ~ ~ f i o P s o p n e b u i l * ~ ~ .  
(n) I h e p e o d P e t s u 6 ~ h F a r m ~ e w e n P o r ~ ~ a s t h e l d s ~ d  

i s l l s d l y n o t w s y ~ .  ~ i s ~ t k i E s u s e f o P ~ ~ n m ' ~ t k ~  
walbP. 

(iii) B w U ~ ~ s d x t k a , a s ~ v a r i o r r s ~ b e g p s o f P K S d n o w  
h d  However some of the results &abed are above fie minimum value d0.7  ~ / n x r r t ~  
-frr t~goodusas.  
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Table 1 : M e s  and Compressive Strength of Con- Cubes fiom difkmit mixes of 
Cnrsbed m e  rand Palm Kernel She& 
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