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Abstract

This research measures the feasibility of Rice Husks (RH) as additves in ce-
ment-aggregate mixture of a load—bearing Concrete Hollow Block (CHB). Re-
sults show that 4% of Pulverized Rice Husks (PRH) mixed with cement, and ag-
gregates at 1:3 mix ratio, plus water, gives a compressive strength of 10.72 MPa
(1,555 psi) and 11.39 MPa (1,652 psi) at age 14 and 28 days, respectively, of a
load-bearing CHB in conformity with the ACI, British, and Philippine National
Standards.

Concrete Hollow Blocks (CHB) containing PRH result to a higher compres-
sive strength compared to CHB's containing Unpulverized Rice Husks (URH);
1% and 2.6% by weight URH mixed with | :3 ratio of cement and aggregates, give
8.64 MPa (1,254 psi) and 7.30 MPa (1,059 psi), respectively, at age 28 days. A

mix ratio of 1:5 at 1% URH gives 7.05 MPa (1,023 psi).
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Introduction

] n recent years, there has been an increased awareness made by the e

partment of Environment and Natural Resources (DENR) on illegy)

quarry along rivers, streams and seashores. Aggregates arc noy, “mitged
making CHB expensive. Agro-waste products such as bagasse, rees and
straw, banana stalks and leaves, and rice husks in particular, can be used ag
alternative materials for masonry construction. Rice Husks can be adgeq to
sand in casting load-bearing CHB's. Rice husks as wastes are not essentially
connected with building or masonry construction; however, with special pro-
cessing and treatment, or in conjunction with other materials, they can eco.
nomically be a replacement to, or used to improve the quality of, conyen.
tional building materials. Other recycled matenals are those from demol-
ished buildings, which continue to serve as building materials in numergys
ways; and from industries and households however, they cannot be used as
additives to CHBs.

With the aid of technology, indigenous materials such as Rice Husks can
be studied scientifically and evaluated with the end view of utilizing these
materials in construction. The increasing demand of building materials plus
their limited availability and skyrocketing cost motivated some researchers
to look for alternative housing components which are locally available,
cheaper than conventional materials and of satisfactory quality. Some stud-
ies focus on the utilization of agricultural waste materials that result in the
development of particle boards, cement-bonded boards and hollow blocks.

With the current interests to find for alternative construction materials,
this research intends to study the suitability of rice husks and aggregates as
additive to load-bearing CHB’s for masonry construction.

Objectives of the Study
This study is conducted with the following objectives:

I. to reveal if rice husks, when mixed with Portland cement and sand, ¢af

reach the required compressive strength of a load-bearing concrete hol-
low block:

2. to determine the amount of rice husks and sand aggregates needed to Pre”
duce load-bearing CHB's;
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. 1o evaluate the effect of different levels of rice husks and sq i

" (othe compressive strength of load-bearing CHB's ang Sand agpregayes
4 to examine ifpulvenzedl Rice Husks (PRH) will have greater -
strength than Unpulverized Rice Husks (URH). mpressive

Review of Related Literature

Concrete ‘b!ock1 is another term for hollow load-bearing concrete ma.
sonry unit. Itis typically made from a low slump concrete mix. Manufactur-
ing methods vary from hand-made procedure in small production scales to
fully mechanized procedure in industrialized plants with large production
capacity. These units are generally used for reinforced, fully grouted bearing
walls and shear walls, but can also be used in cavity walls, confined masonry
and non-structural masonry (Yamin & Garcia, 1994), '

Indigenous building materials have two inherent advantages over other
materials — low cost and domestic availability. Developing countries. which
are particularly humid, continue to rely on indigenous maternials. These coun-
tries support the growth of plants and forests and a variety of materials such
as grasses, bamboo, timber and allied materials for home-building purposes
(Moavenzadeh, 1990).

Design of a sustainable agricultural, household, industrial and other waste
recycling scheme depends not only on the technical aspects, but also on pub-
lic health, environment, socio—economic and cultural considerations. Although
waste recycling has been practiced successfully in both developed and de-
veloping countries, a large number of people still lack an understanding of
the benefits to be gained from these waste-recycling schemes (Chongrak,
1996).

The technology in CHB’s was developed in the Philippines some years
ago as a substitute/alternative to the traditionally commercial sand- ccmf:nt
mortar hollow block, the price of which continues to rise due to the growing
scarcity of sand and the increase in transportation cost resulting from the ‘:t
tnsis. The principal components of this type of hollow block are soil ir"
dish hill soil), rice husks and Portland cement. The averase compressite
strength of six tests with 1:2:3 ratio (cement, soil, and RH) was 1,367 kPa 07
198.2 psi o 2 of the block. (Philippines
‘urr:ﬂp[.’s; Zﬂf.‘r "4 dags based an.the gross arca.uf”t’ FPRDI).

[;ightz.r L!Cls Research and Develﬂ}:}mﬂm [nsntlflt inerals natural rock

cight aggregates are classified as those minerails,
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materials, rock-like products. and h_:-'-pmdt‘mi_ﬁ pl:: rﬂn;;n::iaclunring Processe.
used as bulk fillers in concrele building b|.'-‘-"~|"-*‘- “hlt ‘.bf.p.“ C1ght ageregyye.
and aggregate materials are bulky and low in umit va uL 5 'I-?{Ju"}' they canp,
be transported to great distances in t_heu‘ final ﬁ:r@. yetsull remain compg,.
tive with altermative butlding materials [ Mnavenzgdct}. I‘J*J?l‘.iz.

Rice husks can be used as additives in the fahr:_c:umn of CHBs contain.
ine soil and cement; or as the principal aggregates in the pl'ﬂducli_un of lighy.
w'r:"}ahi bricks and hollow or solid building blocks 1_11r L‘m'islmﬂmn of non
structural frameworks. Rice husks have low conductivity (K value) and, hyg,
are very good insulating materials for use n haqsc construction, tarm stryc.
tures. cold storage plants, etc. It can be fire-resistant after being soaked ip 4
solution of boric acid and borax (Lauricio, 1987). ‘

The compressive strength of Type I Class A load-bearing Concrete Hol-
low Blocks is 6.86 MPa (1.000 psi) for an average of 3 tests (PNS 16:1984),
UBC and ASTM standards provide the minimum compressive strength re-
quirement of 1,000 psi for an average of 3 tests based on the net area of the
concrete hollow block.

Methodology

|. Actual Samples Used in the Experiment

Rice husks are taken from Maranding, Lanao del Norte. These are
divided into two parts: one part is pulverized and the other part is
unpulverized. The sand aggregates are acquired from quarries of ligan
City. The mixing water is taken from MSU-IIT waterlines. Type-1 Port-
land cement is used (PNS 07:1983) for all mixes.

2. Pertinent ASTM Standards Used

a. ASTM C 140-91
b. ASTMC 29

c. ASTMC 128

d.

ASTM C 90-90

3. Method of Pulverizing the Rice Husks
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A volume of rice husks 1s passed in the funnel shaped contain
qected 10 the Hammer milling machine. The machine has ;
hottom part where the milled Rice Husks are sieved.

rCon-
Ascreen gt the

4 pata Sampling

Cement and sand are proportioned at 1:3, 1:5 and 1.7, respectively
by weight. Each batch mix produces 6 specimens of 1%, 2.6% and 4‘;_;
URH by weight of aggregates. A total of 54 specimens are produced out
of this mix. Another 54 specimens using the nix ratios as statzd above
are prepared; however for these specimens, PRH are added with the sume
percentages as stated above.

5. Concrete Hollow Block Dimensioning

A #2 size designation (390 mm x 150 mm x 190 mm) for concrete
hollow blocks size 1s acquired (PNS 16:1984).

6. Sieve Analysis for Sand Aggregates

Maximum size of aggregates used in this study 1s ?". OFf the total
aggregates used, eighty percent pass through #4 sieve and twenty pereen
Is the aggregates retained.

-

- Mixing and Casting

Rice Husks are mixed with cement and aggregates using @ shovel.
Eighty percent of the total amount of water 1s added during the ipi?iul
mixing process, and the remaining twenty percent in the final mixing
process. The mix is then placed in the mould at one-thirds of its volume
fiﬂdllampcd, This process is repeated for the second and final third result-
" into a mound. Final leveling off is done by tamping stecl plate on the

. . H 11I
m“lliﬂd, The mould is removed slowly in a secured area away from direc
Sunlight,

% Curing

. i
Curing is applied to CHB samples. These samples arc positiontt
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rinkled with water allowing them 1o be wey 1, 7

W A L . nd 5
the curifg tank BT d to prevent the water nee oy

hours. Water curing after casting 1s require
for the hydration of the cement from evaporating.,

9 (Compression Test

Two of 1" thick wooden planks are used as capping of the ready 1o
test CHB, Apply the load up to one halt of the ._-xp-ccu-d. maximum load
any convenient rate, after which adjust the l.'ﬂ'l'l‘ll-'l‘t’il."i of the machine such
that load 1s applied at a umform rate and that falure occurs in not lesy
than one nor more than two minutes. The formula 1s as shown below:

Maximum Load Applied N
r MPa
Net Area of CHB mm’
Net Area (0.30)0.15) - ID0.05)° 003494 m’

Note: The Net Area was computed from the actual size of mould used

10. Research Design

11.

Two separate Three Factor Fixed  Effect Model experimental design
was used i order to scrutipyze the implication of each factor and the
Fnterautiuns among them. The three factors considered are the follow-
ing: Factor A - the cement-aggregate mix ratio, Factor B - the amount
of rice husks in percent, and Factor C - the type of rice husks.

Statistical Analysis of Data

W The Analysis of Variance (ANOVA) was accomphished using the
%-_tat'iefs.cx:: software downloaded free from the internet. The level of
sigmticance for the Three-Factor Fixed Effect Model is at 5%. The

Analysis of Variance (ANOVA) table is shown in Table 1. Statisticd
cquations are shown in Appendix A
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mnc/j,@_‘?,_--—-— )
fable 1. ANOVA Table for the Three - Factor Fixed Effect Mo del
———{Vanancc | Sumof Square Degrees of Freedom T
' — ] S | g

" SS. a-1| MS, w——_
e o L
U-E.""'_-_'_'_-_-_-_ SS¢ c—1 MS,. w_ﬂ
vﬁ""‘_—-___ SSan (a-Dd-1) MS.g w
ri&-—-——-— SSac @-1(c-1 ﬁ;‘——m_
B SSec b-D(e-1) L e
BC S8 anc (@a-Nmd-1)(c-1) MS e m—___
FROR o Abs (n- 1) MS, - BT

Abcn -1 £ Ses—
TOTAL SSy

Results and Discussions

I. Mean Compressive Strength vs. Cement-Aggregate Mix Ratio

Means Plot

: ‘ ﬂ;ﬁ.ﬂmm . - M m?s‘ﬂ:?mpa?m
St - 3 " 2 : : i
: : 79 I _'1
€ es} i C ggt 1
. .

s6 | ] 59 ]
;== : ! |
A e E v oasth ]
n L
T . ; I = ; 19 b E =
h 13 15 1.7 T 15 17

Cement Aggragate Mix Ratic T Cemant Aggragats Mix Ratia
(a) Means Plot at Age 14 days (b) Means Plot at Age 28 days

Figure 1. Mean Compressive Strength vs. Cement — Aggregate Mix Ratio.

T!“-‘ Variation of cement-aggregate mix ratio greatly affects the m"r
) cufn“‘ffﬂgth of Concrete Hollow Blocks (CHB’s) as shown in Figure .
ﬁﬁarcgm Prerss.wf.f strength of CHB’s is inversely pmpomnnal t.ﬂ cemen
ke CMIX Tatio, Likewise, for the same mix ratio, the compressive strength
4ge 28 days than at age 14 days.

Pressiy

Crat
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> Mean Compressive Strength vs. Amount of Rice Husks
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(a) Means Plot at Age 14 days (b) Means Plot at Age 28 days

Figure 2. Mcan Compressive Strength vs (%o) Rice Hushs

Figure 2 shows that the mean compressive suength of CHHE's con-
taining Rice Husks at 1% by weight gives higher value compared to CHB'
with RH at 2.6% and 4%, respectively But the compressive strength of CHB's
at 2.6% RH s less than those with 4% RH There 1s a corresponding increase
in compressive strength from age 14 days to 28 davs

1 Mean Compressive Strength vs. Type of Rice riusks

Means

.“ --“Lﬂmﬂ‘, — ™ ‘WH

| . S

€ &8 : "~ ! 1

- . - 62 . :
55 | [ {

s . : se |

b & Y |

" , - :-_ 80 .

{58 s 2 . : "I

Type of Rice Mushs . v “_':_
ype of Fice
(a) Means Plot at Age 14 days (b) Means Plot at Age 28 days

Figure 3. Mean Compressive Strength vs. Type of Rice Husks
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The means plot shown in Figure 3 implies that CHB’s containi
pulverize Rice Husks (PRH) have greater compressive strength than ur:-l;g
antaiming URH. The mean cOmpressive sFreng!h of CHB's with PRH a e
-on oss than that at age 14 days, while the observation made at agtea%:

-\h" da}-}r is 1 0 E] - .
ays for compressive strength of CHB’s with URH increased at age 28 days

tion Plots of Factors A, B and C

4. Interac
;I e 3 e
e e B\ j! e
¢ N N . s
: »: -.N.‘.:-.__ .1‘ " s B3] .\I_\ ~ 1__.-*“" _,"'-'I
W e | \ e
5 'sl. -f ._\'. i Is 83 \'._:! _.."'f'
: I \. : I- ' | "" 1
A i A n =
] ; J ] r 3L . E :
r i1 b = — h 13 15 W
Comni Aggeegate Miv Rabo - o

(a) Interaction Plot at Age 14 days (b) Interaction Plot at Age 28 days

Figure 4. Mean Compressive Strength vs. Interaction of Factors A& B
gnificant interaction between cement-
his is signified by the non—parallel-
CHB’s at 1:7 mix ratio is less

This plot in Figure 4 shows a si
aggregate mix ratio and amount of RH. T

ism of the lines. The compressive strength of
than those at 1:3 and 1:5 mix ratios, respectively, as shown in Figure 4(a). In

Figure 4(b), CHBs with 1:3 mix ratio bears the highest compressive strength
o those with the other mix ratios. CHB’S containing 4% RH at 1:3 mix
falio give the highest compressive strength at ages 14 and 28 days.
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5 Interaction Plots of Factors B and C

Interaction Plol
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(a) Interaction Plotat Age 14 days  (b) Interaction Plot at Apc 28 days

Figure 5. Mean Compressive Strength vs. Interaction of Factors B & C
Figure 5(a) shows almost no difference between the mean compres-

sive strength and the interaction of Factors B and C from 1% to 2.6%, but
differs from 2.6% to 4%, Figure 5b shows that Concrete Hollow Blocks
(CHB’s) containing PRH has an increase in compressive strength with an
increase in the amount of PRH. However, compressive strength of CHB's
containing URH decreases with an increase i the amount of URH.

6. Interaction Plots of Factors A and C

" Interaction Piol " interaction Plol
] e ¥ o e - —i P
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0 | ’ : i
R ] u 09} T,V |
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(a) Interaction Plot at Age 14 days (b) Interaction Plot at Age :

Figure 6. Mean Compressive Strength vs. Interaction of Factors A & C
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_ ificant difference in compressiy -
¢ 6 gives the significan , Pressive strength CHB'
l-"IE:'nIrlr URH and PRH. (LHBI s containing PRH provide greater L‘t}mpre:
"ﬂmim::th than those containing URH The interaction also characterizes
qve SITEHE mpressive strength with respect to Factor A from mix ratios

rease 1n €0 ,
:ﬁji_ 15, o 1:7 for both observations at age 14 and 28 days, respectively,

- Residual Probability Plot

mehhmw Hﬂﬂﬂmnlhc#mh
-l:-_-_"___ 1 34 =
o} ‘ A 2
: :_ 1 E = 4
i f 1 1 : = ]
O J ol 5l
+ ] i
I-] [ i ] # o ll‘ l-I!"’ 3 [ ] ] ]
T S g e g
(a) Normal Probability Plot at (b) Normal Probability Plot at
Age 14 days Age 28 days

Figure 7. Residual Probability Plot

.1" Figures 7(a) and 7(b), the points are lying very close toa straight line.
This condition implies that the distribution is very normal. However, there
“€two points in Figure 7(b) that are far from the group and cannot be judged
f"t'af basis of the problem. This may be due to human factors such as inaccu-
'#les and approximations made during the experiment

Conclusions

The result of this study drew the following conclusions:

Ric .
| .*HTUH usiu., when mixed with Portland cement and sand, can ac.hui; eh?l':
ImI "®quired compressive strength of a load-bearing cor* re

low b, _ iy Cene
“k a5 stipulated in ACT, British, and Philippine Nationa! >
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5 CHB's containing PRH has greater compressive strengths than those ¢y,
taining URH. B

3. Different levels of rice husks-aggregate mix bear significant nflyey,.,

on the compressive strength of CHB’s, both for those at age 14 y4n 15
days, respectively.

The mix ratio of cement and aggregates and the percentage of RH needeq
to obtain the compressive strength, fe, value ot at least 1000 psi can be
tabulated as follows:

CHB's containing PRH at age 14 days.

' Mix Ratio % RH ¢ MPa(psi)
i:3 4 L 10.72 (1.555)
1:5 K 19,70 (1,407)

1:S |4 7.20 (1.043)

CHB's containing URH at age 14 days:
No CHB's containing any of the mix ratios nor any of percentages
of RH's have f¢é > 1,000 psi.

CHB's containing PRH at age 28 days:

'Mix Ratio % RH | fé MPa(psi)
13 |4 | 11.39 (1.652)

D. CHB's containing URH at age 28 days:

]"r!ix Rlli_ll__*___?n RH - f¢ MPa(psi) .
13 |1 |8.64(1254)

‘__l_;_a_ 2.6 17.3001.059)
1:5 I | 7.05 (1023)
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Recommendations

\fter i thorough analytical and experimental review, this study |
) ! H

e up with (he following recommendations

Percentage of Pulverized Rice Husks may be inereased 1o value greater
than 4% when mixed with cement and aggregates ata ratio of 113 10
determine the maximum amount.

Rice Husks may be used in pre-cast conerele decorative blocks and non-

load bearing hollow block units.

Rice Husks may be burned to produce reactive ash, which can supple-

ment Portland cement requirement.
Rice Husks may be used as additives or major aggregates in the produc-

lion of bricks, blocks or particle boards.
Rice Husks may be used as insulating materials in house construction,

farm structures and cold-storage unit.
Rice Husks may serve as lightweight aggregalcs.

APPENDIX A

Statistical Equations for Compressive Strength

Sum of Squares Formula :

S8 = Ef,_...“hcn Y!--- Jaben
S5y = E.yl ,Jacn }.3___ b
=X =¥y \/abn - y'... Jaben
‘.fﬁlm = E'I}':.,-...-"Cn - }I'J... Jaben - S8, - $Sp
‘ﬁ“ =X Xy’ . /bn -y ... faben - S5, - 85¢
::m =f£ ?I-ul;-fﬂl'l y*... faben — S8p - SSe 3 -
"ih,llm - & fz rlulf 3 }::r: Jfaben — S84 — 55a §S, - S5an 5§54 SOw
s, _i:z_)‘»,.;*'n—y,.,.fahcn
-LELEyly -y, Jaben
th'an Square Formula )

§Sac/ (a-111E

hai 58 {(a- d
My H‘iﬂ#:: 1) Mf?:m S ac) A Ne-1)
M, o/ b-1) M S Som AT
My, S5/ (e-1) MSanc © SSan [
“ : o atye(n-1)
'."n"l.w,p..n' (a-1 :":h-i] h“H] - H"‘I ,.H[l“,{h.
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F Statistics Formula -

\
A

I
b
I
I

L1518

The value of I statistics is significant if Fy, is less th

MS,  M§, iy
MS MY, Fan
hl:‘i“ thl l'Hl.'

MS N T hh1H|

APPENDIX B

: --._!"'fr'il_ XV

MSy / M,
MS i / MS§,
M8y / MS,

an I+

0]y}

Mix Computation for CHB’s With Rice Husks

Gross Vol. CHB

Vol. of 1 hole
Net Vol. CHB

a) For Cement - Aggregate Ratio of 1:3

= (0.15x 0.19 x 0.39)
= 3.1416(0.05)%0.19)
= (0.011115 - 3 x 0.00149)

® (@ 1% Rice Husks by Weight

0011115 m!
0.00149 m?
0.00664 m’

From Appendix A: Volume of One CHB = 0.00664 cu.m.

* Mix proportion by Weight:

Cement - 40 kg
Coarse - 8x3
Fine = 32%3
Water - 40x 0.3

e Absolute Volume of Materials

Cement = 40/ 3.15
Coarse - 24 /2.68
Fine = 96/ 2.64
Water - 1271
Total

| 46

Il

24 kg
96 kg
12 kg

0.0127 m*
0.0089 m'
0.0363 m’
0.0120 m’

1

0.0699 m



Total Vo

(Cement

(Coarse
Fine
R.H
Walter

The pro

will vary from 0.01
of computations 1sta
values of Loads applied in

unis.
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Materials Required per Batch miy
Jume Required per batch mix

40 (0.03984 / 0.0699)

24 (0.03984 / 0.0699)

96 (0.03984 / 0.0699)

0.01(13.678 + 54.715)

12 (0.03984 /0.0699)

Total

Il

t‘a[ll,llﬂﬁfﬂ] m'
0.03984 1!
22.798 kg
0678 kg
54715 kg
0.684 kg
6.839 kg
98.714 kg

cess of computation is repeated, but the amount of rice husks
to 0.026 and 0.04 of the total aggregates. The summar;r
bulated in Tables2, 3, and 4. The equivalent result of the
Tables 5 and 6 are shown in Tables 7 and 8 in MPa

Table 2. CHB Mix Design at 1% Rice Husks by Weight of Aggregates

(Components Cement — Aggrepate Mix Ratio
1:3 I:5 1:7
Cement 22.798 15.904 12.230
Coarse Aggregates 13.678 15.904 17.122
Fine Aggregates 54.715 63.616 68489
Rice Husks 0.684 0.795 0.856 '
| Water 6.839 4771 3669 |
Total 98.714 kg 100.990 kg 102366ks |

Table 3, CHB Mix Design at 2.6% Rice Husks by Weight of Agregales
i il i

r—

Componerts Cement - Aggregate Mix Ratio [
:’CH 13 1:5 IZ?___ _
Coarse Ap 22.798 15.904 - -
ot Ay 13678 T S I
Rt S4715 Gaol6 | 634
Wager ———+ 1.778 2067 2,225
I-,:;T 1 68¥ 2| 36009

— 99808 kg 102262ke i 103,735 ke
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Table 4 CHB Mix Design at 4

L 'mnwnwnl:i

L ement
ll,'.;. s ‘h:EF :'Eaiﬂ
| Fine Agpregates
Rlu:' Husks
"Ju_a_lsr B
{Tn:al

Cement  Agperegate Mix Ratio
b3 Ly 17
T22.798 15904 i
Hh?ﬂ 15904 17122
54715 6lolo 08 48
‘ '.I”H ’ __\I”.',| 4‘4 |
h_H]'-J -!-'T?l i669
100,765 kg 103.376 kg 10493 ke
APPENDIX C

Loads Applied in kN

Table 5. Loads Applied at age 14 days

o, Rice Husks by Weight of Aggregates

Table 6. Loads Applied at age 28 days

Cement- Aggregate | CHB's Contamning URHL_ | CHB's Contaming: PRI
Mis Ratio 1% 2.6% 'ﬁi 4%, 1% | 2.46% KU
177 2225 165.5 240 5 T T
l3Ratio | 178 | 2285 | ias | 2 s | wm
1833 3275 157 215 224 1
EE 104 vs. 1285 2215 o8
1:5 Ratio B 108 86 I A
s 180 104 5 1o 317 551 o
L6 B 72| 2085 | 232 1588
17 Ratio 126 I T 187 S a0 128
126 425 02 97 | 225 s

s E i s . - )

'-'""l;::‘:x -Lﬁﬂ‘:b-ﬂf CHB's Containing URH CHB's Contaming PRI
1%0 2.6% 4% 1% 2.0% 'I'a‘f“__._-

1 298.5 268.5 194 165.5 208.5 ans

I:3 Ratio 282 231 141 191 3035 | 1985
e 33;5 200 161.5 249 ws | )
| 2 44 102 2245 wos | A
1S Ratio 2025 135 5 1475 245 08 | 29
o zis % 1135 21 00 |0

: : ol 84.5 2495 395 | 1%

117 Ranio AR 48 795 "I—.l- 180 5| 1

e L8 673 775 | 2215 l‘i‘l '8 1505
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Tuble 7. Equivalent fae in MPa at age 14 days
—.::-n.‘:ﬂ_" Apgeniie b CHB's Containing URH CHB's Contaiming PRH

AMix Rano 1% 2.6% 4% 1%% 2.6% 4%
| —— S 07 6.17 4.74 f 88 684 013

|:3Ratio | 30! 6.37 4.15 6.35 673 4 |

5§25 651 449 6,72 641 1062 |

ia [ 471 | W 273 940 634 7.67

; - R 101 246 10,64 6 6,51

i 1. g

I:5 Rato 518 299 115 907 6 I8 741
332 094 206 597 664 154 |

17 Ratio 161 0.94 203 2L 630 179

‘ 361 1.2 1.77 S.tnd Had 458

Table 8. Equivalent fee in MPa at age 28 days

( ement-A ggregate CHB's Contaning URH CHB's Containing PRH
P o 1% 2.6% 4% 1% 2.6% 4%
8.54 7.68 5.55 474 597 066 |
1:3 Ratio 8.07 6.6 40 547 582 1026
- 9.32 761 462 7.13 811 13.25
H16 4.12 292 643 37 64
1:5 Ratio 6.65 388 4.22 701 774 627
6.34 395 125 633 59 611 |
501 .77 242 714 6.85 435 |
1:7 Ratio 492 137 228 612 517 452
4.58 1.93 2 6.34 549 448
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Analysis of Variance
Table 9. Analvsis of Variance for Compressive Strengt h at age 14 days
. 9
source of Vari Sum Degrees Mean _ '
Source of Vanance of of Square F-Ratio P-value
—
MAIN EFFECTS | Squares | Freedom | L
[ A Mix Ratio 75.4551 2 37.7276 | *284.30 | 0.000)
= L]
R: Amount of RH %.10055 2 4.05027 30.52 | 0.006] |
[ C: Type of RH 157.389 | | 157.389 118602 | 00001 |
[ INTERACTIONS B
AR 31.0741 4 7.76852 *5K 54 0.0001 |
AC 561498 2 250749 *21.16 0.0001 |
BC 595858 2 297929 *22 45 0.0001 |
ABC 35.5051 4 887628 *66.59 0.000]
RESIDUAL 4.77733 36 0.132704
TOTAL(corr.) 3123875 53

#Pp Significant at a = 0.05

Table 10. Analysis of Variance for C ompressive Strength at age 28 days

Source of Vanance Sum Degrees Mean
of of Square F-Ratio P-value
MAIN EFFECTS Squares Freedom
A: Mix Ratio 89 2881 2 44.6441 *63.99 00001
B: Amount of RH 17.5773 2 8.78867 *12.60 0.0001
C: Type of RH 40.1073 1 40.1073 *57 49 0.0001
INTERACTIONS -
AB 16.5042 4 4,12604 *5.9] 0.0009
AC 4.88044 2 2.44022 *3.50 0.0409 |
BC 47.4963 2 23,7481 *14.04 0.0001
ABC 431.1620 4 10.7901 *15.47 0.0001
RESIDUAL 25.1144 36 0.697623 in
TOTAL(corr.) 284128 53 -

*P Significant at a = 0.05

Tables 9 and 10 presents the analysis of variance for compressiV¢
strength results from Tables 7 and 8. All Factors A, B, C and their interac

tions AB, AC, BC, ABC, have P-values below 0.05, and thus, statistically
significant at the 95.0% confidence level. This means that, the presence of
the mix ratio, amount of RH and type of RH, significantly aftect the con
pressive strength of the load- bearing CHB's. The results on Tables 9 an i
were computed using the Statlets.exe softw Are.,
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