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NITID SUPHAREE : STRENGTH AND PERMEABILITY OF CONCRETE
USING RECYCLED DAM CONCRETE AGGREGATE AS COARSE
AGGREGATE. ADVISOR : PROF. SUKSUN HORPIBULSUK, Ph.D., P. E.

This research aims to investigate the role of fly ash (FA) on the strength and
permeability of concretes using recycled dam concrete aggregate as coarse aggregate
(designated as RCA concrete). The influential factors studied are fly ash replacement
ratios of 10, 20, 30 and 40% and water to binder ratios (cement and fly ash) (W/B) of
0.3 and 0.5. Test results show that the RCA concrete has slightly lower strength than
the concrete using natural aggregate as coarse aggregate (NA concrete) when W/B is
low of 0.3. The strength of RCA concrete is 15% lower than that of the NA concrete
when W/B is high of 0.5. The FA replacement saves significantly the input of cement
for W/B = 0.3 as seen that the 28-day strengths of RCA concretes are essentially the
same for different FA replacement ratios. The FA replacement insignificantly
improves the permeability of the RCA concrete as the FA particles are larger than the
cement particles. The research output shows that strength of the RCA concretes
meets a typical strength requirement for a dam construction of higher than 240 ksc.
This implies that the recycled dam concrete aggregate and fly ash, which are waste
materials, can be used as coarse aggregate and replacement material respectively in
concrete for the dam construction, which is useful in term of engineering,

environmental and economical perspectives.
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Curing Time Required to Produce a Discontinuous System of Capillaries (Assuming
Continuous Moist Curing)
w/c Ratio Curing Time (day)
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0.60 180 (6 months)
0.70 365 (1 year)
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2.3 Jagiewlway
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o
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Mix Proportion of Concrete (kg/ms)
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Kp

= depth of penetration ,m

= Coefficient of permeability, m/sec

= time to penetrate depth d, sec
= pressure head, m

= porosity of the concrete in fraction (%)
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0.3540 18.58 8.81 1.65




41

1 BOE10 - 142810 | 50010

9.72B11  914F11  gg1p11
5.70E-11
] Ew/c0.5
1.00E-11 -

05N  0.5R  0.5F10 0.5F20 0.5F30 0.5F40
CONCRETES

Coefficient of Permeability
(m/s)

! a v o J o a ] g’
517 4.12 LlﬂugmlﬁﬂQﬂ’)?i]ﬁilWl!‘ﬁﬂlﬂ\iﬁﬂJﬂiZﬁﬂ‘ﬁﬂﬁ“‘I?llNTuuﬂuﬂﬂuﬂg@]ﬂl@Q

QU

Y
oasauideTagiszanumny 0.5

v Y
S ]

{ 1 o a 4‘{ )
ATTINN 4.5uazgﬂﬁ 4.12 LLﬁﬂ\iWﬁﬂTﬁﬂﬂﬁ@Uﬂ'lﬁllﬂSZﬁﬂ‘ﬁﬂWiG’l?ilWWuuﬁlﬂﬂ

G d' 9 o ] 2’ [ 1w 1 = d‘ Y a
ﬂﬁluﬂ‘iﬁ‘ﬂ1%8@]31ﬁ’3uu1@@’3ﬁﬂﬂ§$ﬁTL!L‘i/nﬂ“lJ 0.5 91PNANITNATDU wmm@uﬂmﬂ%wu
7

9
a Y 1 o [ (% [ Y Aa a
‘ﬁiﬁn%muaz1%ami1muummﬁ@ﬂizmummu 0.5 (ADUNTA 0.5N) UAduilszansns

1 31 [ Y 4 4 9 a a a
ﬁllw1uu'l"ll’é]\1ﬂ’é]uﬂ?i@]m1ﬂﬂ 5.7X10”m/s lﬁﬁ]i“ﬁll?ﬁi’)ll’ﬂU1U§1%Lﬂmmuﬂuﬁ‘iiﬂﬂ)’w}1u

S 1 a

' " o a & ' :} g 1w a
TIUNTY W“]J’J1ﬂ1ﬁ3\lﬂi$t’f1/l‘ﬁﬂ1§§llNWUHWI'EN?]E]uﬂ?N]iJﬂHWNGﬁu Tﬂﬂﬂ1ﬁﬂﬂi$ﬁﬂ‘ﬁﬂ15‘§ﬂ

a Q{ =

Y Y
AIHIUBIADUNTARINAT (0.5R) IA1dulszansmssuruiinluaounSamIND 14.2 x10

A

a I 1 { o [ ]
"m/s iFenaiilu 1.40 Mhvosneunia 0.5N Weldidassunuiyudmudludasidiuios
v s v
az 10, 20, 30 uaz 40 Tagrmiin woadulss@nsnsFuriuivenounIngIn
s v
ABUNTA 0.5N TasAmduilszdnimsdusiuiivesnsunsasananiauniny 12.9 x10™,
- - - a I 1
9.72x10™,9.14 x10" az 8.81 x10"'m/s vTeAally 1.44, 1.59, 1.62 Az 1.65 1M 1UD
a o w =] P Y v A a o o '
ABUNIA 0.5N Mud1ay wanisnageumiu ldnmslddassunuiudwualudasdin
Y Y [
fowaz 10, 20, 30 uaz 40 Taiwmiin ssarIsanamssuveRiEIuasUAsaN 19U
~ a 9 Y1 ow a QJ =< ] 2’ = d' 9 ~ a A 1
W3 ldala uddulse@nsmssudinihvesnouniainlduiasius lafatiaigani
[ < Y
WenansanansnageuMaidataznanIsnagauamdulsednsmsFur1uives
= < Y 9 ~ a a a 1 = 1
Apunse i 18 1¥uIasureus lafaunuiusssua lua KA NAUNTA dama

o v w : <] 4 [ 1 gl - { o
l¥iaidavesnouninanal seanauiisnantioodslddaaiminedaalszaiund



42

1 Y]

' ) A quo \ J = : Y v =
LLEW%3ﬁﬂﬁﬂﬂ@‘L!‘llNiJWﬂlwﬂﬁl%ﬂﬁiWﬁﬁuuWﬂ@?ﬁﬂﬂiﬁﬁ'lu‘VIi;;N mumﬂmmaemmuw

q

Y
=

o’c?/’ 1 a { 1 1 1
Yudmuariu wunsisdaesludsnaigadiuludiunauasunia ldawsogeld
o W w =S d‘ 9 ~ a [ S | -Y 0o w o =1 d' 9
frasdavesneuniai lduiasiunenys maaianaulinumiusididavesnouniai 1y
a2 aln Yy ! ] Yy 9 A =~ L a A d? 1
AUsTINA A 0613 l5faw mslddaesununyudmualulSmuigau ludiuwaw

a . = d a Aqy a a Y Y
ApuNTA dm1aFIvaamIFuvenihriuasunsanldurasiunerns ladala uid

Y] a = ] 3’ A A 9 ~ a A 1 < a
ﬁnﬂizﬁ‘wﬁmsmumuuwamaummw%mas’sm"lcvmammqqﬂmmu‘ﬁismm

d' = =~ = Ad' ~ % 1
13190 4.6 WSsuMeusIMABUNIANHENIN 1SINUNGUNUEIUNEL 0.5F40

AIUHNANVD I TINUNAN
ADUNIAUHIHT ONUUVAIUNANT '
AIUNAN 0.5F40
240 Kksc.
Ynadag | vy | v YSinadaq | simvmniie | um

Yudnug 300 kg. 24 720 222 2.4 532.8
Fly ash 148 0.7 103.6
Nn38 725 kg. 0.3 217.5 930 0.3 279
ﬁu 1290 kg. 0.35 451.5 860 0.35 301
17 170 Its. 0.01 1.7 185 0.01 1.85
1181 1.2 Its. 18 19.8 3.7 20 74

JIAMADUAIAND 1 ALY, 1,410 IABUNTAAD 1 ALy, | 1,283

d' = = = d' = = %
15199 4.6 LEAIMIIToVINEUTINABUNTANHALIIN TTINURTUABUNTANIUAY

a

1 o Y v = Y v =~ = s A
TIUNTY 0.5F40 %zmu"lmwmﬂ%masmwsts"l«mﬂa“lmma@mmuﬂﬂ,wmuum N

[

9 1
sasdrnihaeiaglszauiiny 0.5 Jaunulumswaaidind 128 v vesnounsan 1y

e

~ = Y < ' Y 9 A ~ o 1
ﬂ@uﬂiﬁﬁ]']ﬂi‘iﬂﬁ']uﬂﬁuﬂ@uﬂﬁﬂ uﬁm“lwmmwmﬂmmaammuwﬂ“ummuﬁiumuwau

apunialasldurasiunenys laaa ansoimnlFiinalss eyl laos




43

UNN 5

ﬁ§ﬂNﬁﬂ1§‘ﬂﬂﬁ§)‘U uazﬁﬁ'maummz

5.1 ajiUwanmisnaasy

= c?/’ a o dy = Yo 1 dy
NNAANITIANHINIHUAUDINTUIYU ’c’f']ﬂJ'liﬂﬁiq‘IJNﬁﬂﬁﬁﬂ‘H']llﬂﬂQﬁﬁ)llﬂu

5.1.1

5.1.2

5.13

9 =~ a a a 1 = 1 9
ﬂ'liﬁlsb'iJ’Jaﬁ’JﬂJﬁfﬂ‘Uﬁul“]flﬂﬂuﬂUWU‘ﬁﬁiiJGBWIGluﬁ'JuWﬁiJﬂﬂuﬂiﬂ danali
o v w = = I Y A Y v 1 g’ 1w Ao
ﬂ”lﬁ\if)ﬂ‘ll’f)\‘lﬂ’f)uﬂiﬁﬁﬂaQLWﬂQLaﬂuﬂfJL‘JJfJGlGD"EJﬂﬁ']ﬁ’JuuW]’f)’Jﬁﬂ‘lJﬁgﬁ']uVIﬁW

! Y A Yo I gy T o ~
(W/B =0.30) Llﬁ$%5aﬂﬁQﬂ@‘l:!GUNiJWﬂL‘JJ@1%”0@]31@1’3““1%@36’@‘]_]i%ﬁ”lu‘ﬂ’s:.f

F4 ]
s =2 A

P v
(W/B =0.50) mduilszaninisduriuihvesneuniaiinigadu ielduia

SAINIVT THAAUNURUTITUIA MU A IUH Y

[

Y 9 ~ ~ o [l = [l 1 Yo
s lfdaosununudmud ludiunduaounia ludwisoselisiads
V99A0UN3 AN 1FU1aIIWNEIVT IFAaNALIULA NN USIEI0AVDIADUNT A

Aq ¥a any I v ' ] A Aq Y
ﬂi“]fﬂu‘ﬁiill%']@llﬂ @ﬂ’]\ihliﬂﬁ’lll lﬂ']aaﬂﬁ'lu’]iﬂﬁlf:]ﬂsl?iﬂ@illﬂ5@%1%“3'@5]“

a

H Y Y
w3 lafanloandruiae Jaqilsza iy 0.30 wag 0.5 Tanuiuih

annaounsanlgulrasaunenys lsaaluduwaun lunaudiassla ue la

E4

1 = o w d' 9 d' 9 Auv a4 [] 1
WINDYINUUYTINNY mmmmmaaEmGlﬂuqm’mﬂumummgmﬂslwmuﬂm

g

= J
YU
o v w A Aq Y ' 9 OBJ} g‘ [ Y 1 v
fasdavesneunianldlumsneadisrhenuiin smual3mdy 240 no/mu

4 1
aov v A

FINWAMINATO VNI AOUNIANNDATIdIUNAIuUITelTMddnd
1 2 o‘/ 1 o 1 =t =X dy 9
qana1 240 nn/ay’ duudashdunsothdunaguaounialuauised lu 1y
Y 9 1 9
Tumsneadadienuiinld Famsihdrunauaouniaainauised laldlu
a I 1 a o g 1 1 4
s azitlumsdaasumaduayasunsannmssensuremnugssive
I [ ] a 4 [
Ilunrasamneulumsneadisehelnildnailse Toad uazsreaanislsy

[

o a a yw o3| [l a 0 { d
NSNeNIHITNMIARE AN vonntiduilumsduasumsiiudiaseMiluiag
9
a a o a
wiaenan g liinalse Tenidnare aounsa 0.5F40 Hsmdunulunisnan
v a A = 9 & =
gnnneunsainauInlssnunauneuniatazamsnlniunounialy

Y 9
nursadarhenuild



44

52 YalaUaUU
Y

Y
mﬂwamiﬁﬂmﬁwmmawmﬁ ol

A

Y
Soddoiauatuzaine 11

=pvy

)

9
= =2 A Aqy a a A Yo o o
5.1.1 ﬂ']ﬁﬁﬂ‘]%l’lﬂ\Tf’f']uWﬁj\lﬂ'ﬁ]uﬂjﬁ‘ﬂGl"]fll:]a5']111’?EﬂjJihl"Mﬂﬁm'ﬁTlﬂiﬂ(lWﬂTaQ@ﬂ

~ 9 Y =2 ] g’ A o A A o o 9 4
AuNaeIns uaz lvamssurviinng) enausatinauu lsdse Towl
Tumsadierhelnla

~ 9y 9 ~ = :(3 [] Y = ] 3’

5.1.2 msnlsmaesununyuswudiuauso¥eInn1sFuHIUY0911v0
A Aq Y ~ a 9 Y I 1 Y
asunsanlyurasiune1us lomaanadld uaasldmuliudasea1u1n
o 9 a Y a Ia v A J = aov d‘ d‘ [ (% J
nlinadse Teni1a3e fAdvAainasimsiseseunsanumsianeouves

] Y Y
m3ldurasauvens lanaan ldanmsdesryaounsarenuiiiae 11



45

19NE1391909

Y

a Jd A A o = v v Y = ~ Y ) a
PAWIA (DDTANNTU. (2555). ﬂ'liﬂﬂ‘lel1ﬂ1@&ﬁ)ﬂ‘]Ji3ﬁEl‘llﬁ)\‘iﬂi’]uﬂ‘éﬂﬂal%!ﬂyﬂﬁ)uﬂiﬂ!!azlﬂiﬂ@ﬁ

U

I [ a a :(dyd [l =& = [ a
H3an !ﬂuiﬁ@]uﬂ]ﬂi)&l.”J‘VIEJ"I‘L!‘W'Ll‘ﬁ‘Ll!']J‘L!’GT’J‘L!‘H1!\1"IJE]\‘]ﬂ1§ﬁﬂHW]'IiJWE‘]ﬂ’QIG]ﬁJSiUU‘Q‘H

= ~

NI TUANAATUHIUNA 1V1IWIAINTTU 151 WM1INeaemna lu lagasuis

q

a 4

ﬂﬂ!$®1§ﬂiiuﬂ13ﬂﬂuﬂ§ﬂlla$§)ﬁﬂ. (2543). ANUAINUVBIADUNIA. WUNATIN 1.

gy

v

NTINNNMIUAST : Arnssuaouurslsema Ineluwszususglous,
an 1 aA = a a 4 3 ~ an 1 aA
A0 ¥0UBYT. (2544).A0UNIAUNAIUIAE. TUHATIN 9. NTUNNLHIUAT : A5.ITUATOUTYS.

[ a v < \ : G Y
TVY gNFHITUNN. (2549). ﬂ3m'stﬁtﬂummmﬂmmﬂmmmmmﬂuﬂaunmwamau

)

lane nasdunseanszin. Inorinusimnisumaasumiafaa1vIvIIAINT T
Tes1na3nisnssulosauzimnssumaniaonfumaluladnszeoundinge
UATIHILD,

NN @vdn. (2547). mmammclumscﬁmhm%mmﬂaun%ﬁmmﬁ‘wu‘ﬁmnimmﬁm
witlaudiaanInIaanssu lesiaasIenssumans uInendsasvaiuning

Ann, K.Y., Moon, H.Y., Kim, Y.B. and Ryou, J. (2008). “Durability of Recycled Aggregate
Concrete Using Pozzolanic Materials”, Waste Management, Vol. 28, Issue 6,pp 993-999

Hansen,T.C. and Narud, H. (1983). “Strength of Recyled ConCrete Made from Crushed Concrete
Coarse Aggregate”, Concrete International, Vol. 5, No. 1,pp. 79-83

Kosmatka, S. H. iz A . (1995). Design and Control of Concrete Mixtures. 6" Canadian ed.
United State of America : Engineering Bulletin of Canadian Portland Cement Association,
c

Mindess, S., Young, J. F. and Darwin, D. (2002). Concrete 2 " ed. New Jersey : Pearson
Education, Inc., c.

Somna, R, Jaturapitakkul, C. and Amde, A.M. (2012). “Effect of ground fly ash and ground
bagasse ash on the durability of recycled aggregate concrete”, Cement and Concrete

Composite, Vol.34, pp.848-854.



46

MANUIN N
m1azUuaaInaEulAT INIZYe 9T INDINGI TN IANIATINKEILN 1010

Y = U o A awv
fﬂﬁﬂ]‘iﬂ@ﬂ!ﬁ‘ﬂﬂ@Hﬂiﬂﬂhﬂﬂuuﬁ’l‘l‘ﬂuﬂuﬁﬂﬂ



1 Y Y
A15199 0.1 Naﬂﬁ‘l/]ﬂﬁﬁ]‘]_lWWﬂWﬂ’Nllﬂ’NiﬂLW"l%LLagﬂﬁ@ﬂ“ﬁuﬁﬁl’ﬂ\iﬂﬁﬂlmfﬂ

Determination No. Unit 1" 2™ Average
WT.Sand (Saturate Surface Dry) [B] g 500.20 500.00 500.10
WT.Flask + Sand (SSD.) + Water [C] g 967.70 | 994.60 981.15
WT.Flask + Water [D] g 664.00 | 689.10 676.55
Bowl No. 1 2

WT.Bowl g 392.20 392.60 392.40
WT.Bowl + Dry Sand o | 88560 | 885.70 | 885.65
WT.Dry Sand [A] g 493.40 493.10 493.25
Bulk Specific Gravity (Dry). A / [B+D-C] 2.51 2.54 2.52
Bulk Specific Gravity (SSD). B / [B+D-C] 2.55 2.57 2.56
Apparent Specific Gravity. A / [D+A-C] 2.60 2.63 2.61
Percent Absorption. [B-A]/ A * 100 % 1.38 1.40 1.39

] 9
A1519% 1.2 Nﬁﬂﬁ‘ﬂﬂﬁﬂllﬁ?ﬂ?ﬂ?ﬂ’nuﬂ’NmLWWL!a$ﬂ1§ﬂﬂ“§ﬂﬁ1ﬂ]ﬂﬁﬁl&‘ﬁﬁﬁﬂ%1@]

Determination No. Unit 1 2" Average
WT. Container g 615.40 618.20 616.80
WT. SSD Coarse Aggregate [B] g | 2506.90 | 2504.90 | 2505.90
WT. Dry Coarse Aggregate [A] g | 2492.20 | 2489.30 | 2490.75
WT. SSD Coarse Aggregate in Water [C] g 1561.90 | 1574.10 1568.00
WT.Container + SSD Coarse Aggregate g 3122.30 | 3123.10 | 3122.70
WT.Container + Dry Coarse Aggregate g 3107.60 | 3107.50 | 3107.55
Bulk Specific Gravity (Oven Dry Basis). {A/{B-C} } 2.64 2.67 2.66
Bulk Specific Gravity (SSD Basis). {B/{B-C}} 2.65 2.69 2.67
Apparent Specific Gravity. {A/{A-C}} 2.68 2.72 2.70
Percentage Absorption. {{B-A}/A}*100 % 0.59 0.63 0.61
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v Y v
M50 0.3 KAMSNATEUMIAIANUDNUWIZHAZMsgaFivesius Imaan lannmisdes
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Determination No. Unit 1" 2" Average
WT. Container g 622.30 604.10 392.70
WT. SSD Coarse Aggregate [B] g 2504.60 | 2501.70 | 2500.50
WT. Dry Coarse Aggregate [A] g 2436.30 | 2424.00 | 2421.10
WT. SSD Coarse Aggregate in Water [C] g 1525.80 | 1549.10 | 1515.50
WT.Container + SSD Coarse Aggregate g 3127.40 | 3105.80 | 2893.20
WT.Container + Dry Coarse Aggregate g 3059.10 | 3028.10 | 2813.80
Bulk Specific Gravity (Oven Dry Basis). {A/{B-C}} 2.49 2.54 2.46
Bulk Specific Gravity (SSD Basis). {B/{B-C}} 2.56 2.63 2.54
Apparent Specific Gravity. {A/{A-C}} 2.68 2.77 2.67
Percentage Absorption. {{B-A}/A}*100 % 2.80 3.21 3.28
Gﬂi'l\?‘ﬁ .4 fﬂﬁﬂ§'$%'lﬂéh"llﬁNﬂJ’Jaﬁ?ﬂﬁ$1§ﬂﬂﬁhl@g1]i]']ﬂﬂi'lﬂllij‘1§’1
Cummulative
Sieve WT.Sieve | WT.Sample | Percent Percent
Sieve WT.Sieve Percent
Opening + Sample Retained Retained Finer
No. Retained
(mm) (2 (2) (2 (%) (%) (%)
4 # 4.75 511.0 511.0 0.0 0 0 100
8 # 2.38 485.7 495.9 10.2 2.414 2.41 97.58
16 # 1.19 414.4 500.5 86.1 20.38 22.79 77.20
30 # 0.59 388.8 470.7 81.9 19.38 42.18 57.81
50 # 0.30 357.3 507.6 150.3 35.58 77.769 22.23
100 # 0.15 341.0 398.7 57.7 13.66 91.42 8.57
PAN 374.3 410.5 36.2 8.57 100 0
Summation 4224 100.0 373.6
Finess Modulus = 3.73




100

90

80

70

&0

50

40

]

¢
/!
7 N

Percent Finer (%0)

30
20

//
A

10

/
A
¢

N

0.10

Loo

Particle Size (mm)

10.00

—&— RiveSand —F —Lower — A&— - Upper

JU% .1 MINTLIYAIVBINIATINAZIDEAINNI LN

A15199 1.5 ﬂ”l'iﬂi%’iJ”IEJgII’J“UfNﬂJ’Jﬁi?iJﬁfJ]iJﬁ“lg]JﬂTﬂﬁuﬁﬁﬁJ%Wa

v

49

Percent | Cummulative
Sieve WT.Sieve | WT.Sample Percen
Sieve WT.Sieve Retaine Percent
Opening + Sample Retained t Finer
No. d Retained
(mm) (gm) (gm) (gm) (%) (%) (%)
1" 254 7220 7240 20 0.40 0.40 99.60
3/4" 19.05 7320 7940 620 12.42 12.83 87.17
3/8" 12.5 7200 11020 3820 76.55 89.38 10.62
4 # 9.53 7220 7720 500 8.02 97.39 2.61
8 # 4.75 7100 7120 20 2.40 99.80 0.20
PAN 0 5560 5570 10 0.20 100.00 0.00
Summation 4990 100.00 798.80

Finess Modulus = 7.99




50

100

a0 'EI"’.JH
78
=20 * f
/7
g " ;{ ; ¢/
T 60 ~
2 5o . /
E 40 : i" //
£ ag - '.*'
20 Cal B
o =g 4
0 ﬂ/
1.00 10,00 100,00
P axticle Size (1o}
—@— Lower =--A---Lime 3tone — B— TUpper
31 0.2 MINITZNBAIVOINUTTTUFIA
A15190 1.6 MINTLMBAIVBINIATINNVN IdnArEALNTarhen LI
Percent | Cummulative
Sieve WT.Sieve +{ WT.Sample Percent
Sieve WT.Sieve Retaine Percent
Opening Sample Retained Finer
No. d Retained
(mm.) (gm.) (gm.) (gm.) (%) (%) (%)
1" 254 7220 7260 40 0.80 0.80 99.20
3/4" 19.05 7340 7850 510 10.26 11.07 88.93
3/8" 12.50 7180 9050 1870 37.63 48.69 51.31
4 # 9.53 7220 8650 1430 28.77 77.46 22.54
3 # 475 7100 7920 820 16.50 93.96 6.04
PAN 0 5560 5860 300 6.04 100.00 0.00
Summation 4970 100.00 701.81

Finess Modulus = 7.02
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Determination No. Unit 1 2™ Average
WT. of Measuring Cylinder [T] kg 2.82 2.82 2.82
WT. of Cylinder and Water kg 5.52 5.52 5.52
WT. of Water kg 2.70 2.70 2.70
Volumn of Measuring Cylinder [V] cu.m. 0.0027 0.0027 0.0027
WT. of Cylinder + Sample [G] kg 7.36 7.40 7.38
WT. of Sample Alone kg 4.54 4.58 4.56
Unit Weight of Sample [g] kg /cu.m. 1681.48 1696.30 1688.89
Bulk Specific Gravity [SSD.] 2.55 2.57 2.56
Percentage of Voids % 33.94 34.01 33.98
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st

nd

Determination No. Unit 1 2 Average
WT. of Measuring Cylinder [T] kg 5.26 5.26 5.26
WT. of Cylinder and Water kg 10.98 10.98 10.98
WT. of Water kg 5.72 5.72 5.72
Volumn of Measuring Cylinder [V] cu.m. 0.00572 0.00572 0.00572
WT. of Cylinder + Sample [G] kg 14.52 14.43 14.48
WT. of Sample Alone kg 9.26 9.17 9.22
Unit Weight of Sample [g] kg / cu.m. 1618.88 1603.15 1611.01
Bulk Specific Gravity [SSD.] 2.65 2.69 2.67
Percentage of Voids % 38.97 40.43 39.70

] 9 9 9
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Determination No. Unit 1 2 Average
WT. of Measuring Cylinder [T] kg 5.26 5.26 5.26
WT. of Cylinder and Water kg 10.98 10.98 10.98
WT. of Water kg 5.72 5.72 5.72
Volumn of Measuring Cylinder [V] cu.m. 0.00572 0.00572 0.01
WT. of Cylinder + Sample [G] kg 12.80 12.94 12.87
WT. of Sample Alone kg 7.54 7.68 7.61
Unit Weight of Sample [g] kg / cum. 1318.18 1342.66 1330.42
Bulk Specific Gravity [SSD.] 2.56 2.63 2.59
Percentage of Voids % 48.49 48.87 48.68
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Abrasion Resistance of Natural Coarse Aggregate by Los Angeles Abrasion Machine
Grading B WT. of Sample 5001.0 g Number of Abrasive Charges 11
WT. of Abrasive Charge 4584 g Number of Revolution 500 rpm

Sieve No. Passing Weight

Sieve No. Retain Weight
Used
3/4" 2" 2500 2500.90
72" 3/8" 2500 2500.10
Total Wt. Used (W1) 5001.00 ¢ Total Wt. Retain No.12 (W2) 4052.50 ¢
Percent of Wear {(W1-W2)*100} / W1 18.97 %

1 Y Y Y
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Abrasion Resistance of Natural Coarse Aggregate by Los Angeles Abrasion Machine
Grading B  WT. of Sample 5003.5 g Number of Abrasive Charges 11
WT. of Abrasive Charge 4584 g Number of Revolution 500 rpm

Sieve No. Passing Weight
Sieve No. Retain Weight
Used
3/4" 12" 2500 2501290
172" 3/8" 2500 2502.30
Total Wt. Used (W1) 5003.50 g Total Wt. Retain No.12 (W2) 2989.50 g
Percent of Wear {(W1-W2)*100} / W1 40.25 %
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Compressive Strength (ksc.)

No. Slump
Sample 1 Sample 2 Sample 3 Average

0.3N 4.5 523.32 508.44 663.62 565.13

0.3R 5 522.56 539.44 476.07 531
0.3F10 5.5 533.97 453.66 513.66 523 81
0.3F20 6 521.57 532.78 513.62 52265
0.3F30 7 504.3 516.95 528.37 516.54
0.3F40 8 541.77 508.32 512.56 570.88

wneme druiusia liiunfaanunae

{ o w v A A ' [V 1 g’ 1 d 1w
GﬂiNﬁ 9.2 maﬁmmummﬂmmﬂauﬂim‘mmazasslﬁmuﬂlammaﬂ”u%mu@mmu 0.5

Compressive Strength (ksc.)

No. Slump
Sample 1 Sample 2 Sample 3 Average

0.5N 3.5 408.54 393.53 410.53 404.2

0.5R 4.5 344.71 330.08 358.72 344.50
0.5F10 5 352.61 333.08 348.75 344 81
0.5F20 8 293.56 295.24 277.12 288,64
0.5F30 10 281.73 305.8 343.34 31029
0.5F40 11.5 290.8 303.02 309.66 301.16
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Test Description

Specimen No. 0.3N

1 2 3
Mass of Over-Dried Sample in Air (g) A 2764 2721 2574
Mass of Surface-Dry Sample in Air After Immersion (g) B 2900 2855 2720
Mass of Surface-Dry Sample in Air After Immersion and Boiling (g) C 2905 2880 2725
Apparent Mass of Sample in Water After Immersion and Boiling (g) D 1694 1681 1589
Bulk Density , Dry (g/cm’) gl 2.28 2.27 2.27
Apparent Density (g/cm’) g2 2.58 2.62 2.61
Volume of Permeable Pore Space , Voids (%) 11.64 13.26 13.29
Average 12.73

1 Y
M350 7.2 kamsnadoumanuwguluiionsunia 0.3R

Test Description

Specimen No. 0.3R

1 2 3
Mass of Over-Dried Sample in Air (g) A 2128 | 3491.4 | 3410.3
Mass of Surface-Dry Sample in Air After Immersion (g) B 2270 3730 3625
Mass of Surface-Dry Sample in Air After Immersion and Boiling (g) C 2280 3740 3640
Apparent Mass of Sample in Water After Immersion and Boiling (g) D 1307.4 | 2151.2 | 2085.5
Bulk Density , Dry (g/cm’) gl 219 | 220 | 219
Apparent Density (g/cm’) ) 259 | 261 2.57
Volume of Permeable Pore Space , Voids (%) 15.63 15.65 14.78
Average 15.35
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Test Description

Specimen No. 0.3F10

1 2 3
Mass of Over-Dried Sample in Air (g) A 2608.8 | 2210.1 | 1914.5
Mass of Surface-Dry Sample in Air After Immersion (g) B 2795 2385 2060
Mass of Surface-Dry Sample in Air After Immersion and Boiling (g) C 2805 2395 2070
Apparent Mass of Sample in Water After Immersion and Boiling (g) D 1601.2 | 1361.8 | 11794
Bulk Density , Dry (g/cm’) gl 2.17 2.14 2.15
Apparent Density (g/cm’) g2 2.59 2.61 2.60
Volume of Permeable Pore Space , Voids (%) 12.82 12.73 12.70
Average 12.75

1 Y
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Test Description

Specimen No. 0.3F20

1 2 3
Mass of Over-Dried Sample in Air (g) A 2129 | 3442.3 | 1394.5
Mass of Surface-Dry Sample in Air After Immersion (g) B 2240 3600 1470
Mass of Surface-Dry Sample in Air After Immersion and Boiling (g) C 2245 3610 1475
Apparent Mass of Sample in Water After Immersion and Boiling (g) D 1282.7 | 2064.5 | 841.5
Bulk Density , Dry (g/cm3) gl 2.21 2.23 2.20
Apparent Density (g/cm’) 22 2.52 2.50 2.52
Volume of Permeable Pore Space , Voids (%) 14.46 14.12 14.20
Average 14.26
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Test Description

Specimen No. 0.3F30

1 2 3
Mass of Over-Dried Sample in Air (g) A 2474.6 | 1897.6 | 2800.7
Mass of Surface-Dry Sample in Air After Immersion (g) B 2660 2045 2975
Mass of Surface-Dry Sample in Air After Immersion and Boiling (g) C 2665 2055 2985
Apparent Mass of Sample in Water After Immersion and Boiling (g) D 1527.3 | 1174.8 | 1798.5
Bulk Density , Dry (g/cm’) gl 218 | 216 | 236
Apparent Density (g/cm’) g2 2.61 2.63 2.79
Volume of Permeable Pore Space , Voids (%) 14.55 14.80 14.50
Average 14.62

1 Y
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Test Description

Specimen No. 0.3F40

1 2 3
Mass of Over-Dried Sample in Air (g) A 2190.4 | 2079.7 | 2466
Mass of Surface-Dry Sample in Air After Immersion (g) B 2335 2215 2630
Mass of Surface-Dry Sample in Air After Immersion and Boiling (g) C 2345 2220 2635
Apparent Mass of Sample in Water After Immersion and Boiling (g) D 1340 | 1273.1 | 1505.2
Bulk Density , Dry (g/cm’) gl 2.18 220 | 2.18
Apparent Density (g/cm’) ) 258 | 258 | 2.57
Volume of Permeable Pore Space , Voids (%) 15.38 14.82 14.96
Average 15.05
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Test Description

Specimen No. 0.5N

1 2 3
Mass of Over-Dried Sample in Air (g) A 2357.6 | 2833.5 | 3039.7
Mass of Surface-Dry Sample in Air After Immersion (g) B 2490 2985 3205
Mass of Surface-Dry Sample in Air After Inmersion and Boiling (g) C 2495 3000 3220
Apparent Mass of Sample in Water After Immersion and Boiling (g) D 1448.2 | 1740.6 | 1871.8
Bulk Density , Dry (g/cm’) gl 2.25 2.25 2.25
Apparent Density (g/cm’) g2 2.59 2.59 2.60
Volume of Permeable Pore Space , Voids (%) 13.13 13.22 13.37
Average 13.24
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Test Description

Specimen No. 0.5R

1 2 3
Mass of Over-Dried Sample in Air (g) A 1753.5 2404 2311.8
Mass of Surface-Dry Sample in Air After Immersion (g) B 1890 2575 2505
Mass of Surface-Dry Sample in Air After Immersion and Boiling (g) C 1905 2590 2525
Apparent Mass of Sample in Water After Immersion and Boiling (g) D 1078.8 | 1495.7 | 1429.6
Bulk Density , Dry (g/cm’) gl 2.12 220 | 2.11
Apparent Density (g/cmS) g2 2.60 2.65 2.62
Volume of Permeable Pore Space , Voids (%) 18.34 17.00 19.46
Average 19.46
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Test Description

Specimen No. 0.5F10

1 2 3
Mass of Over-Dried Sample in Air (g) A 2514.1 | 2313.4 | 2205.6
Mass of Surface-Dry Sample in Air After Immersion (g) B 2720 2505 2380
Mass of Surface-Dry Sample in Air After Inmersion and Boiling (g) C 2735 2520 2395
Apparent Mass of Sample in Water After Immersion and Boiling (g) D 1543.2 | 14309 | 1353.5
Bulk Density , Dry (g/cm’) gl 2.11 212 | 2.12
Apparent Density (g/cm’) g2 2.59 2.62 2.59
Volume of Permeable Pore Space , Voids (%) 18.53 18.97 18.19
Average 18.56
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Test Description

Specimen No. 0.5F20

1 2 3
Mass of Over-Dried Sample in Air (g) A 2580.9 | 2315.4 | 2852.6
Mass of Surface-Dry Sample in Air After Immersion (g) B 2810 2505 3080
Mass of Surface-Dry Sample in Air After Inmersion and Boiling (g) C 2825 2515 3105
Apparent Mass of Sample in Water After Immersion and Boiling (g) D 1515.8 | 1413.3 | 1742.9
Bulk Density , Dry (g/cm3) gl 1.97 2.10 2.09
Apparent Density (g/cm’) g2 242 2.57 2.57
Volume of Permeable Pore Space , Voids (%) 18.64 18.12 18.53
Average 18.43
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Test Description

Specimen No. 0.5F30

1 2 3
Mass of Over-Dried Sample in Air (g) A 2046.6 | 1938.4 | 2539.9
Mass of Surface-Dry Sample in Air After Immersion (g) B 2210 2090 2715
Mass of Surface-Dry Sample in Air After Immersion and Boiling (g) C 2210 2095 2730
Apparent Mass of Sample in Water After Immersion and Boiling (g) D 1260 | 1183.6 | 1542.1
Bulk Density , Dry (g/cm’) gl 215 | 213 | 2.14
Apparent Density (g/cm’) g2 2.60 2.57 2.55
Volume of Permeable Pore Space , Voids (%) 18.87 18.73 18.50
Average 18.7
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Test Description

Specimen No. 0.5F40

1 2 3
Mass of Over-Dried Sample in Air (g) A 2068.8 | 2108.2 | 21454
Mass of Surface-Dry Sample in Air After Immersion (g) B 2240 2280 2315
Mass of Surface-Dry Sample in Air After Immersion and Boiling (g) C 2250 2295 2335
Apparent Mass of Sample in Water After Immersion and Boiling (g) D 1271.4 | 1293.7 | 1313.8
Bulk Density , Dry (g/cm3) gl 2.11 2.11 2.10
Apparent Density (g/cm’) g2 2.59 2.59 2.58
Volume of Permeable Pore Space , Voids (%) 18.52 18.66 18.57
Average 18.58
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Specimen No. 0.3N
Test Description
1 2
Depth of Penetration (m) d 0.051 0.052
Volume of Permeable Pore Space , Voids (%) v 12.73 12.73
Time to Penetrate Depth (s) T 86400 86400
Pressure Head (m) h 50 50
Coefficient of Permeability (m/s) kp 3.83x10™" 3.98x10™"
Average 3.91x10"
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Specimen No. 0.3R
Test Description

1 2
Depth of Penetration (m) d 0.063 0.066
Volume of Permeable Pore Space , Voids (%) v 15.35 15.35
Time to Penetrate Depth (s) T 86400 86400
Pressure Head (m) h 50 50
Coefficient of Permeability (m/s) kp 5.65x10" 5.69x10™"

Average 5.67x10™"
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Test Description

Specimen No. 0.3F10

1 2
Depth of Penetration (m) d 0.056 0.057
Volume of Permeable Pore Space , Voids (%) % 12.75 12.75
Time to Penetrate Depth (s) T 86400 86400
Pressure Head (m) h 50 50
Coefficient of Permeability (m/s) kp 5.60 x10™" 556 x10™"
Average 5.58x10 "
M54 7.16 wamsnagemmdnlszansnisaurimilunsunia 0.3F20
Specimen No.0.3F20
Test Description
1 2
Depth of Penetration (m) d 0.05 0.049
Volume of Permeable Pore Space , Voids (%) v 14.26 14.26
Time to Penetrate Depth (s) T 86400 86400
Pressure Head (m) h 50 50
Coefficient of Permeability (m/s) kp 5.44x10" 5.48 x10™"
Average 546x10™"
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Specimen No.0.3F30
Test Description
1 2
Depth of Penetration (m) d 0.056 0.057
Volume of Permeable Pore Space , Voids (%) v 14.62 14.62
Time to Penetrate Depth (s) T 86400 86400
Pressure Head (m) h 50 50
Coefficient of Permeability (m/s) kp 538x10™" 5.42x10™"
Average 5.40x10™"
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Specimen No.0.3F40
Test Description
1 2
Depth of Penetration (m) d 0.055 0.056
Volume of Permeable Pore Space , Voids (%) v 15.05 15.05
Time to Penetrate Depth (sec) T 86400 86400
Pressure Head (m) h 50 50
Coefficient of Permeability (m/s) kp 535x10" 539x10"
Average 537x10™"
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Specimen No.0.5N
Test Description

1 2
Depth of Penetration (m) d 0.062 0.06
Volume of Permeable Pore Space , Voids (%) v 13.24 13.24
Time to Penetrate Depth (s) T 86400 86400
Pressure Head (m) h 50 50
Coefficient of Permeability (m/s) kp 5.89x10™" 5.52x10™"

Average 5.7x10™"
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Specimen No.0.5R
Test Description

1 2
Depth of Penetration (m) d 0.08 0.079
Volume of Permeable Pore Space , Voids (%) v 19.46 19.46
Time to Penetrate Depth (s) T 86400 86400
Pressure Head (m) h 50 50
Coefficient of Permeability (m/s) kp 1.44x10™" 1.41x10™"

Average 1.42 x10™

69



' o v
ﬂ']'iN“ﬁ .21 Waﬂﬁ‘ﬂﬂﬁ@‘u“I’T"Iﬂ']ﬁiJﬂigﬁﬂ‘ﬁﬂﬁ“?llWWUHﬂUﬂﬂL!ﬂgﬁ 0.5F10

Specimen No.0.5F10
Test Description
1 2
Depth of Penetration (m) d 0.078 0.77
Volume of Permeable Pore Space , Voids (%) % 18.56 18.56
Time to Penetrate Depth (s) T 86400 86400
Pressure Head (m) h 50 50
Coefficient of Permeability (m/s) kp 1.31x10™"° 1.27x10™"°
Average 1.29x10™"°
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Specimen No.0.5F20
Test Description
1 2
Depth of Penetration (m) d 0.068 0.067
Volume of Permeable Pore Space , Voids (%) v 18.43 18.43
Time to Penetrate Depth (s) T 86400 86400
Pressure Head (m) h 50 50
Coefficient of Permeability (m/s) kp 9.86 x10" 9.58 x10"
Average 9.72 x10™"
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Specimen No.0.5F30
Test Description
1 2
Depth of Penetration (m) d 0.06 0.062
Volume of Permeable Pore Space , Voids (%) % 18.70 18.70
Time to Penetrate Depth (s) T 86400 86400
Pressure Head (m) h 50 50
Coefficient of Permeability (m/s) kp 9.13x10™" 9.15x10™"
Average 9.14 x10™"
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Test Description

Specimen No.0.5F40

1 2
Depth of Penetration (m) d 0.063 0.065
Volume of Permeable Pore Space , Voids (%) v 18.58 18.58
Time to Penetrate Depth (s) T 86400 86400
Pressure Head (m) h 50 50
Coefficient of Permeability (m/s) kp 8.82 x10™"" 8.80 x10™"

Average

8.81x10™"
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