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ABSTRACT

Previous analysis showed that cavity size and number on one hand and combinations thickness affect the
compressive strength of hollow sandcrete blocks. Series arrangement of the cavities is common but parallel
arrangement has been recommended. This research performed a comparative analysis of the compressive strength
of cavities of different configurations. The test thin plate distributes the load on the block and the hollow block is
regarded as a two way slab. The results showed that at equal end-web to centre -web thickness (1:2) and total
cavity volume the stresses in the parallel configuration were higher than those in series configuration. The
minimum stresses in the series arrangement were lower than the corresponding values in the parallel arrangement
In addition, the maximum stresses in the series arrangement were lower than the corresponding values for parallel
arrangement. The implication is that at same volume and number of cavities and web thickness, the series
arrangement results induced least stress.

Keywords: hollow sandcrete blocks, cavity size, cavity number, series arrangements, parallel arrangements,

stresses

1. INTRODUCTION

Sandcrete blocks, moulded into different sizes [1], are
often used as wall construction materials for
buildings. Building industries in Nigeria often produce
two-cell hollow sandcrete blocks [2], [3], but it is
important that other configurations and sizes should
be investigated, especially as they affect the
compressive strength of sandcrete.

Some research work had been done on the
relationship between cavity characteristics, web
thickness and strength. The variations in cavity
volumes, cavity shape, shell thickness and web
thickness affect the compressive strength of hollow
blocks. Ezeokonkwo [4] determined the influence of
geometry on the compressive of hollow sandcrete
blocks Results showed that specimen geometry affects
the compressive strength of hollow sandcrete blocks
significantly.

Ezeokonkwo showed that centre-web to end-web
ratio of unity does not give hollow concrete blocks of
compressive strength. In addition,
investigating the strength properties of two-cell
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hollow sandcrete blocks, he stated that the size of the
block cavity would affect its compressive strength [4],
[5]- His experimental results showed that there exists
an optimum combination of cavity volume with
centre-web ratio that would give the maximum
strength. Not much investigation has been done on the
relationship between the size and number of cavities
and web thickness on one hand and their effects on
the compressive strength of hollow sandcrete blocks
on the other hand. The theoretical optimum cavity
size, web thickness and cavity number that would
yield the highest strength was investigated by
Agunwamba et al. [6]. The hollow blocks were
analysed as two-way slabs and the loads on the web
and shell determined. The stresses were found by
dividing the load by the corresponding areas. They
observed that for a series arrangement the least stress
(0.5N/mm?) was obtained when the cavity length,
number and end web thickness were 50mm, 4 and
50mm respectively. However, the total cavity volume
was not kept constant. The use of parallel
configuration has been suggested but has not been
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investigated. The essence of this research is to
perform a comparative analysis between the
compressive strengths of series and parallel
configurations of hollow sandcrete blocks at constant
cavity volume.

2. MATHEMATICAL ANALYSIS

The approach was to select the web thickness for each
configuration and number of cavities that will result in
equal total volume of the cavities.

2.1 Selection of End web Thickness

Consider the series (a) and parallel configuration (b)
for 1, 4 and 9 cavities shown in Fig. 1. Obviously, the
bigger the number of cavities, the smaller the web
thickness since the total volume is kept constant.

IO

ﬂ
b b 2t2;[
t | I I:l
t>
ta t ¥ s
P A e L, 2t |t
JZ A= A=
P A
(a) Series
T o]
b i
[ t;ﬁ

e

(b) Parallel

Nigerian Journal of Technology

J. C. Agunwamba, et al

A3 |- £2t3 jl,.— 2t3ﬂ[/‘ JI_/t3 %/
| L |-
gl I
(c) Series
74

00000

(d) Parallel

Fig. 1: Hollow sandcrete blocks with different number
of cavities and configurations.

Area of void for parallel and series arrangement are
equal for constant number of void.

For 4 voids

Area of void for parallel configuration

= (b-4ty) (L-4ty) =Ap (1)

Area of void for series configuration

= (b - 2tzs) (L - 8tzs) = As (2)

But A,= Asfor meaningful comparison

=bL - 4t2,(b+L) + 16 tz2p%2 = bL -2tz L — 8btys + 16 tos?
=4 tap[- (b +L) + 4 t2p] = 2t25 [8t2p - (L + 4b) ]

Let tzp =50 mm, b = 225mm and L = 450mm

—572500 = 81ty2 - (L+4b) tas = 8tz2- 1350 tz;

tzs = 50mm or 118.75mm
Select 50mm. The value 118.75mm is too high

For 9 voids

Ap=(b-61t3) (L-6t3)(3)

As=(b-21t3) (L-181t35)(4)
Following the previous logic,

Vol. 35, No. 2, April 2016 243



COMPARATIVE ANALYSIS OF THE COMPRESSIVE STRENGTH OF HOLLOW SANDCRETE BLOCKS WITH ....

bL- 6Lt3p - 6bt3p + 36t3p2

= 6tsp[- (b+ L)+ 6t3,] =2t35- (L+9b)]
Ift3p = 33.33 mm, b = 225 mm and L = 450mm,

Then the above equation simplifies to

18 t352 - 2475 t35s+ 47500 =0

= t3s=23mm

The values of the end web thicknesses obtained from
parallel and series arrangement are given in Table 1.

2.2 Determination of the Stresses

The stresses were determined by regarding the
hollow sandcrete block as rectangular panels freely
supported along the sides with load. This stimulates
approximately the condition of the hollow sandcrete
blocks during loading. Samples of the calculations are
shown below and in Tables 2and 3. The calculations
below shows the panels supported along one or more
edges while Table 2 and 3 depict the computation of
the stresses for end web to centre web ratios of 1:1
and 1: 2 respectively.

Determination of the values of R (Newton) for the
panels supported along one or more edges are shown
below. W is the typical load carried by the hollow
sandcrete block and obtained from Reynolds et al. [7].
The supports are treated as simply support and fixed
support and depends on the position of the cavity. R is
reaction at support. The value k is a ratio and how to
obtain it is given below.

ey

R2

225| R1 R3

R4
450

Y.
B Ly _ 450 _
T Lx 225
1
wlix? = Zx1.8469x2252

= 23374.8

1
R1=R3=Z

1 1
R, =R, = Z(k—z)wlxz

1 1
= 5 (2 = 5) x 1.8469 x 225
= 701224.5

(2)

Nigerian Journal of Technology

J. C. Agunwamba, et al

R R3 1125
R4
150 o
Ly 225
T Lx 1125
R, = 3 Ix? = 3 X 1.8469 x 2252 = 4382.8
1—16WX = 16 . = .

R —Sk L Ix?
4—8( Z)Wx

5 1
= 52 —3) x 18469 x 2257

= 97395
3 3
R, = =R, = — x 219139 = 13148.3
5 5
R, = > 12—5 x 1.8469 X 2252 = 7304.6
3—16WX _16 . = .
(3
R2
R1 d (D
R4
/’—_:LS.O—,{
_Ly_150_2
T Lx 75
R—3 Ix? = 3><18469><752—19479
1T eV T 167 = :
R, = > 12—5 X 1.8469 X 752 = 3246.5
3—16WJC _16 . = .

Re = 2 (k—2) wix?

= > 2 ! 1.8469 752
—g( —E) X 1. X

= 9739.5

, 3 3
R? = Ry = T x 219139 = 58437

R4

*__m_,{

_ Ly 150

T Lx 75
R, = 22> 12—5(2 5)><18469><752
s = g-gwhk® =3 8 '

= 164889

5
Ry = Ry = 7 wlx® = == x 1.8469 x 757

= 3246.5
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3 3
Ry = cRy = T x 164889 = 98933
R2
75| R1 R
R4
,’__159_,[
Ly 150
k = — = — = 2
Lx 75
1 1
Ry = Ry = wix? = 7 X 18469 x 752
= 2597.2

11,

—12 L x 1.8469 x 752
_2( 2) '

= 7791.6
R2
75| r1 R
R4
*___lL,r
_Ly_150_2
T Lx 75
R—3 Ix? = 3><18469><752—15583
T T = :

1 2 )

= 1(2 2)>< 1.8469 x 752
2 5 :

83111.

1 1
R, = 1 wix? = 7 X 1.8469 x 75% = 2597.2

(4)

R2

56.25] R1 R3
R4

p—1les o

o _ Ly _ 112501

" Lx 5625
R, = = wix? = S x 1.8469 x 56252 = 1095.7
LT WY T 1T e0n = :
R = 2 wix?= > x 1.8469 X 56.25? = 1826.2
3T 1YY T 167 Le0T = :
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R —5k L Ix?
4—8( Z)Wx

_ 3 (2 1) X 1.8469 X 56.252
- 8 2 . .

= 5478.5

3 3

(4)

R2
56.25 R1 R3
R4
§ = Ly 112.501 B
"~ Lx 5625
R, = 3 Ix? = 3 x 1.8469 x 56.25% = 876.3
1= 20Wx = %0 . . = .
1 2 5
1 2
= 5(2 - §) X 1.8469 x 56.252

= 4675

1 1
R; = 7 wix? = 7 X 1.8469 X 56.25% = 1460.9

56.25 R1 R3

R4

—12201

_ Ly 112501
“ Lx  56.25
5

R, = kslz
=glk—gwix

78
5 5
g2 — g x 18469 x 5625

= 5021.9

5
Ry = Ry = Towlx® = - X 1.8469 X 56.257

= 1826.2

3 3
Ry = Ry = T x 50219 = 3013.1

R2
56.25 R1 R3

R4

p—12201 4.
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Ly 112501

" Lx  56.25
1 1
Ri=R; = 7 wix? = 7 % 1.8469 X 56.252
= 1460.2
1 1 ,
1

1
=—(2-=]x1 x 56.25%
> (2 2) 1.8469 x 56.25

4382.8

(5)

45 R1 R3

R4

¥ 90.001 A
Ly  90.001
k== m T
— 3 2 _ 3 2 _
Ry = s wix? = == x 1.8469 X 56.25% = 7012

5

5
= — 2= -
R; = 16WlJC 16 x 1.8469 x 45 1168.7

R—5k1 Ix?
4—8( Z)Wx
5

1
=_(2 = Z 2
=3 (2 2) X 1.8469 x 45

= 3506.2

3

3
=R, = 5 X 3506.2 = 2103.7

R2=5

R2

_Ly_90.001_2
 Lx 45
5

R, = —(k > Ix2

4—8( 8)Wx
—5(2 5)><18469><452
8 8 :

3214.0

5
Ry = Ry = owlx? = = X 18469 x 457

= 1168.7

X
N
|
|
=
NS
Il

3
T X 3214.0 = 19284
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R2

R4

*__QQ.Q_QJ-—,[
k_Ly_90.001_
T Lx 45
R—3 Ix? = 3><18469><452—5610
1—20WX—20 . = .

12
RZ = R4 = E(k_g)Wlx
1

= 2 2 1.8469 452
—E( _§> x L %

= 2992.0

1

1
R; = 1 wlx? = 7% 1.8469 x 45%2 = 935.0

R2

R4

,_ﬂl.QQl_,
L = Ly _ 90001
T Lx 45

1

1
R, = Ry = 7 wix? = 7% 1.8469 x 452 = 935.0

11,

1 1
= E(Z - E)x 1.8469 x 37.52

= 2805.0
(6) R2
375 R1 R3

R4

—0—
_Ly_ 75 _
 Lx 375

3 3
R, = — wix? = 16 x 1.8469 x 37.5% = 487.0

16
R, = > Ix? = > x 1.8469 x 37.5% = 811.6
3T Y T 160 27 =8l
Ry = 2 (k- 5y wix2?
—5(2 1)><18469>< 37.52
8 2 ' '
= 24349
3 3
R, =§R4=§><2434.9= 1460.9
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R2 5 5
R4 = g(k—g) Wlx2
5 5
37.5| Ry 3 = —(2 - —) x 1.8469 x 37.52
8 8
= 2232.0
R4
t 1 R R > L3 5><18469><3753
Ly 75 ! 7 16 16
=1z 375 " 2 = 811.6
3 1 2_ 3 2 R, = SR, = > x 2232 = 1339.2
R1 = %Wlx = % X 1.8469 x 37.5% = 389.6 2 — 5 4 = 5 - '
R, = R, = ! k 2 Ix?
2 T Ry = E( g)Wx R2
! 2 2) 1.8469 x 37.52
=—2--)x 1 X 37.
2 5 375 R R3
= 2077.8
1 1
R; = 2 wix? = p X 1.8469 x 37.52 = 649. R4
R2 ,__15_,
L 75
k = —y = — =
Lx 37.5
375 R R3 1
Ry = Ry = g wix® = 7 x 18469 x 37.5’
R4 = 6493
I ! R, =R, = ! k ! Ix?
) Ly 75 , 2 SRy = 2( Z)Wx
=== — 1 1
Lx 375 = 5 (2 = 5) x 18469 37.52
= 19479
Table 2: Computation of stress for 1:1
SIN | Cavity volume T Dimension No. of Stress, o
A B support
01
225
I
/]
405 g, 04 _ _ 934993 _
g1=03= =
405x 22.5
74 10.26055
1 225, 225 | 405 | 405 2
A _ 934993 _
g3 027 04= cox225
9.23450
22.5 405 22.5
y I/ k
A/ 7
» 450 p
/]
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Dimension No. of
A B support

SIN | Cavity volume T Stress, o

17531.1 )=
202.5 x 22.5

ol = 2(
g1 7.69541

o= 2( 17531.1 ) _
04 2 225x22.5)

191.25 6.92587

225 | 19125 | 191.25 0 ore
o o3 05 4(105x 22.5) >1.30272

24933.2
191.25 04= 2 (105x 22.5) -

0 27.16020

s 05= 02 = 6.92587
i S - 06 = 04= 27.16020
o7 = 01=7.69541

[ I\
™

I~

8186.1
131.25x 22,5
=7.29857
13643.4
153.75 x 22.5

=9.64233

ag1=a12 =2(
5625.5
142.5x 225
02=011= 2
5625.5
- 01 142.5x 22.5

)

)

_ 12751.2
03= 0172
120 131.25 x 11.25
2 5625.5

131.25x 11.25)
9375.9

450 120 14252225
a a — =" )=
6 7 142.5x 11.25)

3 T 10 225 120 120 9 47 44845

8186.1
120 x 11.25

)= 15.50911

04= 5= (
12751.2
— 120 x 11.25

120 03 J9

g6=07=(

5, 120 p25)s 9375.9 9375.9

i 71 | +
120 x 11.25 120 x 11.25

450 5 13.89022

):

8186.1

os=09=(—mm
8 S (120x11.25

12751.2
T
120 x 11.25

= 15.50911

01

25

/]
400 (o)) (o]
_ 934993
01=03=
350 x 25

=5.3428

L
—
4 25 P 25 400 400 _ _934993 _
A= 03 02= 047

25 400 25 Btiod
, ) v
A7 7
_ 450 P
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SIN | Cavity volume T Dimension No. of Stress, o
A B support
01
s -
1 a5 7]
B
H
T4 o _ 5,175311, _
187.5 g1=a7 = 2(200x25) -
7+ 7.01244
-
02| 225k 03 Os - ge= (7L
5 1875 25 | 1875 | 1875 02205220559 =
P T¢ 6.23328
L > T 29218.5
7 T 07 g3 = 4'(200;512.5) =
\32.5, 1875 ,225 1875 225 46.7496
A 7 7l |
| 450 |/
1 7
o1=012= 2(
8186.1 ) + 5559.9
129.1667x 25’  141.667 x 25
= 6.66745
g,=011= 2(
13717.5 )
154.1667x 25
55599
— 01 141.667 x25
23 L 8.668812
g2 Os
11667 13717.5
[ep) - = -
%/257 o a3 =2 129.1667 x 12.5
s 12787.9 )
129.1667 x 12.5
450] 191.2f
0 o 9266.6
6 o 57‘ oo 25 116.67 | 116.67 141.667 x 12.5
Tk 9266.6
L1667 o5 o 141.667x 12.5
43.29829
42'357
7 7 012 0,=05=
35 11667 25, 11667 25, 11667 4 25, 82305
17 T A A (116.667x12.5
L 450 3 12787.9 )_
I | 116.67x125)
14.41261
0-6 = 67
_ 9266.6
"~ 116.6667 x 12.5
N 9266.6
116.6667 x 12.5
= 12.70848
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SIN | Cavity volume T Dimension No. of Stress, o
A B support
010
_ ( 13717.5
- "\129.1667 x 12.5
N 12787.9 )
129.1667 x 12.5
N 9266.6
141.667 x 12.5
+ 9266.6
141.667x 12.5
= 43.29829
_ __ 934993
o1= 03 =
375x37.5
a> a4
= 6.64884
7 37.5 375 375 2
P _ _ 934993
3 02=04 =
37.5 375 37.5 450x37:3
[P P
/1 T =5.54070
Lo 450 |
g1=071 =
17531.1
— g1 2 (187.5 x37.5) -
373 4.986624
[}
168.75 _ _ 175311 | _
02705 = 2(5;0-50) =
g>|37.5 a3 as 4.15552
8 168.75 37.5 168.75 | 168.75 | 2
Ts - 420185\
75 g3 = (187.5x18.75) -
7 33.24416
L}?,Sy 168.75 L 37,5V 168.75 l}?j
17 A 7 04= 06
| 450 | _ ( 29218.5 ) _
4 4 " “\16875x1875)
18.46898
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SIN

Cavity volume

Dimension

No. of

A

B

support

Stress, o

74 7£
375

100
7

B7.5
¥

450 | 100
37 .5 7

100

5

g3

T10

Ps

o]

7
75
s

273, 100

a2

=

G750, 100
A el

450

y.il 100
A

Y75y
il |

b

/I

37.5

100

100

8454.4 )
187.5x37.5

) = 481286

o1= 012=2(
5237.7

* (e

1375 x 37.5

8454.4 )
187.5x37.5

) = 5.82542

02= 011 = 2(

5237.7
* (raaars

137.5x37.5
14090.7

03 =2 ——r0
3= 2 118.75 x 18.75

12919.6 )
118.75 x 18.75

8729.5
(

137.5x 37.5
8729.5

137.5x 37.5

)
=21.31942

8454.4

04= 05= (—m—
5 (100x18.75

12919.6
100 x 18.75

) =11.39947

8454.4
100 x 18.75

)

08= 09= (
12919.6
100 x 18.75

= 11.39947

14090.7

o1 =2 ————
0 =2 118.75 x 18.75
12919.6 )

118.75 x 18.75
8729.5

+
( 137.5x 37.5
8729.5 )

137.5x 37.5

=21.31942
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Table 3: Computation of stress for 1:2

Dimensio
n
a

Cavity Volume t

b

No. of supports

Stress, o

01

100

1 100 25

03
250

N

_ _ 233748 _
01=03 = =
225 x 100

1.03888

70124.5

02= 04=
250 x 100
=2.80498

50

02

4382.8
112.5x 50

o1=03=(
+ 4328.8 )
112.5x 50
= 1.55833
02=04=(
+ 13148.3)
175 x 50

=3.00533
o5 =
o 2(21913.9)+

175 x 50
50 A ( )

01

13148.3
175 x 50

04

12.5

a3 Js

29218.5
=10.01778

150 x 25
7034.6

T 12.5x100
470346

12.5x 100

=23.37472
06 = g7 =23.37472

125 125 50

|/

450 |

3. RESULT AND DISCUSSION

3.1 Effect of web thickness on stress (End-web: Centre -
web thickness of 1:1)

The effect of web thickness on maximum stress is
shown in Table 2 for 1, 4 and 9 cavities in parallel
arrangement. The highest maximum stresses at
22.5mm, 25mm, 37.5mm and 50mmweb thickness
51.3N/mm?, 46.8N/mm?2, 33.2N/mm?
26.7N/mm?2 respectively and occurred when the
number of cavity was 4. The corresponding lowest
stresses were 6.9N/mm?2, 6.2N/mm?, 4.2N/mm? and
3.1N/mm?2 respectively and also occurred for 4
numbers of cavities. The best configuration was the
one that induced the lowest maximum stress in the
system i.e. 5.3N/mm? when n =1 and t = 50mm (see
Fig 2).

were and

3.2 Effect of web thickness on stress (End-web: Centre -
web thickness of 1:2)

The least maximum stress 2.81N/mm?Z occurs at tym =
100mm and n = 1. This configuration also yielded the

Nigerian Journal of Technology

lowest stress of 1.04N/mm?2 in the system (Table 3
and Fig. 3).
Hence, with respect to parallel arrangement, where
the total volume of the cavities are equal, the least
stress was given when the number of cavities is lat t
= 100mm.

Table 4: The lowest and maximum compressive stresses
for Series and Parallel Arrangement

No. of O'Iowest(NN/mmz) O'maximum(N/mmz) o
cavities series  Parallel  series  parallel
1 1.039 1.039 2.805 2.805 100
4 1.266 1.558 7.013 23.375 50
9 1.144 2.182 6.242 14139  33.33
9 1.4103 7.695
t=225 t=3333 t=225 1t=33.33
16 0.612 2.805 13.523  23.375 25

3.3 Comparison between the Stresses Induced in Series
and Parallel Arrangements

The lowest and maximum stresses induced in the

series and parallel configurations at different equal
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end web thickness and ratio 1:1 at equal total cavity
volumes are shown in Table 4.

The stresses in the series arrangement were always
greater than the corresponding values obtained for
parallel arrangement. Hence, the series configuration
is better. In addition, the series arrangement gave the
overall least stress (0.61N/mm?) at n = 16. However,
the maximum stress is 13.5N/mm?2 and as argued
previously by Agunwamba et al. [6], this configuration
that is also associated with high stress, even though it
yielded the least also cannot be the optimum. It will
still result in a collapse since one of the members is
highly stressed. In summary, the least maximum
stress was obtained at n = 1 with a value of
2.81N/mm?2.

4. CONCLUSION AND RECOMMENDATION

The study has shown that hollow sandcrete blocks
may be analysed as panels supported along one or
more edges under the assumptions that it possesses
similar characteristics with concrete. While this is
obviously not accurate, this approximate analysis can
give some insight into the configurations that would
induce the least stress in hollow sandcrete block
members. The study has shown that series
arrangement is better than parallel arrangement. In
addition, there is no structural advantage in using
more than one cavity provided the sum total of the
cavity volumes is kept constant.
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However, more research is needed with respect to
investigating these findings experimentally. In
addition more configurations and shapes should be
analysed and compared with the results of this
research and experiments.
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