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USE OF LIMESTONE DUST FOR CONCRETE IN XAYABURI HYDROELECTRIC POWER

PROJECT
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The Xayaburi Hydroelectric Power Project is a huge concrete structure
project which needs more than 4 million cubic meter of concrete. At peak
period, the concrete consumption went higher than 150,000 cubic meter per
month. The project located in remote area and limited with river sand
source. In addition, the river sand is too fine. This article aims to present
achievement on utilization of manufactured sand with limestone dust for
concrete works. The coarse and sharp manufactured sand has mixed with
fine and round river sand resulted well gradation fine aggregate. Anyhow,
the manufactured sand composes of limestone dust higher than prescribed in
ASTM (33 and the project specification. The washing method has been
used to reduce limestone dust to meet the Standard. In contrast, the resulted
of washing method had shown in adequate production rate, gap gradation,
time consume and compose with additional cost. In order to utilize all
manufactured sand, without washing, the physical and chemical properties
of limestone dust have been researched. The resulted shown that the
limestone dust equivalent as sand. Then, the concrete trial mix was
undertaken. As a result, the concrete properties were in the range of required
compressive strength, well pump ability, well water consumption. As of
present, concrete classes 25, 35 and 50 MPa, self-compacted concrete,
Roller Compacted Concrete, Precast Concrete, Backfill Concrete, Silica
fume concrete produced from the manufactured sand with high fine content
have been adopted without any defect in the concrete quality.

KEYWORDS: Fine Material, Manufactured Sand, Limestone Dust
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2. ABUNINVBILATINS

2.1 Saqildlusunounin
2.1.1 Yudiuud (Cement) Iuduuivsinuauddszian
#i 1 (Ordinary Portland cement) figaiaud@inusnsgiu
ASTM C150
2.1.2 \daee (Fly Ash) Tdid1asenanainlseluiluaimng
Jandadue dnaaudfniuunnsgiu ASTM C 618 Type C
WAz UeN.2135-2545 %uﬂmmw 2 o9im @
2.1.3 waswaztden (Fine Aggregate)

« meuii River Sand)

- ns1eiiléannnnsladiiu (Manufactured Sand)
2.1.4 43837Uny1U (Coarse Aggregate) YU 9.5,19 Lay

38 dadluns lnedvnanazdaanslugui 3-5
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g‘ﬂﬁ 5 Gradation of Coarse Aggregate 38 mm

2.1.5 thifldnaunounin (Waten) IWihusannsase uaz
a158un3saululsuiaiidusunsenensunia au
UIMIgIU ASTM C1602
2.1.6 ansuaNLY (Admixture) MIUNINTZIU ASTM C494,
ASTM €260 1o

« SIKA - Sikament 520N (Type G)

+ SIKA - Plastiment R (Type B & D)

« SIKA - Sika Aer (@5innszaeNBIINF)
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2.2 anaunanyesneunss (Mix Proportion)

A151991 dAAIUNANYBIABUNTA

c Fly Water Manufactured River Aggregate Aggregate Aggregate Admixture
ement
Mix Ash in Mix Sand Sand 9.5 mm 19 mm 38 mm (cc./cu.m.),Dosagelcc./kg.binder]
W/B S/A %Air
Code Sikament
(kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) Plastiment R Sika Aer
520N

P05/3 0.45 0.47 2.60 200 90 130 740 185 100 403 562 2,900 [10] - 406 [4.10]

P05/3PR 0.51 0.47 5.00 200 90 149 697.6 174.4 94 380 531 - 1,015 [3.50] 150 [0.52]

3. anutdunnveenisldnseld (Manufactured
Sand)

5aﬁruaﬂﬂinmilﬂuﬁuﬂssLﬂwﬁuquWﬂLmﬁqﬁu?&
sgaglulasanis Ysihnisliiondnfiuuunnsiieg ua
n918 Fmsedildainnisiiezdanuveulneian Fineness
Modulus (FM) Usgana 3.14 waziiuSuial Limestone Dust
vioTanasifuniinunzunsauss 200 vievuadnn 75
lunseu Tuuunaugaseana 15% dsterfmunnu ASTM
C33 LazdaAINUAYBILATINIT ATNUAAT Fineness
Modulus 117U 2.5-3.0 uazUTuuianazideniiiiu
azunsaued 200 Titdu 3% luvarinsewiilvdaiion
n1sd1snlagazideaudinuindegededndaliiiivamese
YSuuaounInvedlasanis wasiainuazidendaudiegs
Tngden FM Uszunn 1.98 dusunnianazidensdiunzuns
LUe3 200 WU 0.7%

Tugasusnlasanisldviinisdrmsmeldineldindes

Sand Classification
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4. MIvagauAMENURfIUNEAWILAIAL
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iesananmnddyAeUTunatanaziduaiiniunzunss
was 200 dunninderinuadslanga1iuiuds n1sanduns
welildsumseusilinuanimnsgmunuauisiodng
nadsuAuaLTRFuAuY Rl

1. Organic Impurity Test

2. Specific Gravity Test

3. Atterbergs Limits Test
4. Sand Equivalent Test
5

Alkali Aggregate Reaction Test

4.1 Yswrada1sdun3e (Organic Impurity) (ASTM C40)
INNANITNAFDU WUI1 A1 Organic Impurity agjﬁ #1
Fauansimsedldainnislal (Manufactured Sand) fAana

av01AUAIINATBUNTEFoUU Ny ASTM C33 faguil 9

4

=
5
= e Manufactured Sand
' ———Spac
g River Sand
& River Sa
O 1 0-000-0-0-0-0-00-0-0-00-0-0-0-0-00-0-0-0-00-0-0-0-0-0-0-0-0-0-0iiiis
0
0 10 20 30 40

Sample No.

A19199 2 ANAWTUNIZVDINTY

Specific Gravity
[tem Description Bulk Specific Gravity | Absorption %
(spec. >2.60) (spec. <2.50)
1 Manufactured Sand 2.66 1.75
2 Manufactured Sand 2.65 1.74
3 Manufactured Sand 2.69 1.19
[ Manufactured Sand 2.65 1.86
5 River Sand 2.65 0.69
6 River Sand 2.62 1.27
7 River Sand 2.65 0.98
8 River Sand 2.65 0.98

4.4 Sand Equivalent Test (ASTM D2419)
NNANIINAFBY Sand Equivalent yomseildanns

T4 dA1R9mns19n 3

Max Sand Equivalent = 80.7%
Min Sand Equivalent = 63.6%
Average Sand Equivalent = 73.8%

Famudonuuaues Cement Concrete & Aggregates

Australia (CCAA) wugtiinlslmsdnnin 60% [4]

A15197 3 Sand Equivalent of Manufactured Sand

31]‘17; 9 Organic Impurity of Manufactured Sand and

River Sand

4.2 AUGNIUNIZUAZNITRATU (Specific Gravity) (ASTM
c127)

NANNSNAABUAIAINEITINIE (Specific Gravity) way
AN159Ad (Absorption) ¥emsedildainnisla dendau

NATIANLEINTEIN ASTM €33 TnafiArdauandlunisnei 2

4.3 Atterbergs Limits (ASTM D4318)
IINHANIINAGBY Atterberes Limits ¥8en5187 bea1n

A5t wuddu Non Plastic

Item Description Sand Equivalent (%)
1 Manufactured Sand 75.3
2 Manufactured Sand 71.9
3 Manufactured Sand 73.9
4 Manufactured Sand 70.4
5 Manufactured Sand 70.1
6 Manufactured Sand 75.3
7 Manufactured Sand 78.5
8 Manufactured Sand 70.1
9 Manufactured Sand 63.6
10 Manufactured Sand 80.7
11 Manufactured Sand 77.0
12 Manufactured Sand 69.4
13 Manufactured Sand 78.6
14 Manufactured Sand 78.4
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4.5 Alkali Aggregate Reaction (AAR)

nrsneadeu Alkali Aggregate Reaction (AAR) 14

ASTM €227 Tagn1sl4Tan Cement, Fly Ash uagiiuain

- a = = ° ' |
LRUBINU i’m‘a\‘1‘1/1i’]&JVIIﬂuIﬂiﬂﬂ’]iuﬁﬂ’m’liwaaLLVN

a o ' = o ' a A
ABUNINAIDEN LaVAdaU AAR Tnadlag1saaunIniinig
USUdnsdusenIdimudauagzFly Ash ludnsiaiunngg @
HANIINAABY AAR M1UA151991 4 wudniuyuainmilesiy

NUTDNUATIANLA

A15197 4 wanadeu Alkali Aggregate Reaction ¥a4 Coarse Aggregate (ASTM C227)

Test Result
(% Length Change)
Specification
Item Rock Type Cement Fly Ash (ASTM C33)
0,
(% Length Change) 3 months | 6 months
Limestone
1 Cement 75 % Fly Ash 25 % -0.044 -0.065
(Quarry A2)
Limestone
2 Cement 50 % Fly Ash 50 % -0.037 -0.063
(Quarry A2)
Limestone 15t case
3 Cement 75 % Fly Ash 25 % -0.022 -0.041
(Quarry A2) Expansion < 0.05 % at
Limestone 3 months
[ Cement 50 % Fly Ash 50 % -0.111 -0.122
(Quarry A2) or
Fossiliferous Limestone Expansion < 0.10 % at
5 Cement 100 % - 0.017 0.017
(Quarry A2) 6 months
Fossiliferous Limestone
6 Cement 75 % Fly Ash 25 % 0.029 0.029
(Quarry A2) 2n case
Fossiliferous Limestone If expansion > 0.05 % at
7 Cement 50 % Fly Ash 50 % 0.025 0.025
(Quarry A2) 3 months
Fossiliferous Limestone Expansion at 6 months have to
8 Cement 100 % - 0.022 0.022
(Quarry A2) <0.10 %
Fossiliferous Limestone
9 Cement 75 % Fly Ash 25 % 0.024 0.024
(Quarry A2)
Fossiliferous Limestone
10 Cement 50 % Fly Ash 50 % 0.034 0.034
(Quarry A2)
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33 Fedamsioseaeslssianunay iy (Blending) 1y
L@ N&A196 U1 “Guide to the Specification and use of
Manufactured Sand in Concrete” ¥ ® ¢ CCAA [2] Tu
$nsndumae ilefiansan Gradation wagnuiniisnsndsu
n3ekaitn 20% waznselyl 80% Wudasdufivanzan
fsluFesUmaumousihiifogesnsdiia Suowinaly
é’mwdauﬁﬁaﬂﬁqm wazdanauU® LU Organic Impurity
Fineness Modulus ogludisausuld uddsiiuuaian

a P i a ] o
ATLRYANLANAIN 75 1Nﬂ§au Lﬂuﬂjqﬂqmﬁﬁunlﬂunm

Sieve numbers / Sieve Size
§ S 8 8 ¢ o B
§ g ® € 1 £ ¥ 3 X
100 ; | g —| 3
290 7 A7 103
W
280 : 7 20 S
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& 60 / e 40 8
550 / ’ 50 <
840 ! 60 5
230 /LA 70 0
© 7 g Spec g
020 - a0 £
B0 i 0 §
i A
0 e 1009
0.01 0.1 10
Grain size (mm) FM =1.98
gﬂﬁ 10 Gradation of River Sand
Sieve numbers / Sieve Size
Q Q
Q o [=] [=] (] g
S § & ¢ ¥ 2 31 35
100 1 1 1 1 = 0 &
R0 R 103
280 / - 20 £
= Spec. ——Hix A I
&0 . iV 02
060 a 0
= ¢ Q
a5 ' + Sample [ &
Y40 =i 60 ©
o] / Q
£30 0 o
c L7
820 7 g0 2
z Q
210 L 0 3
0 = 100Q
0.01 0.1 1 - 10
Grain size (mm) FM =34

g‘dﬁ 11 Gradation of Manufactured Sand

Sieve numbers / Sieve Size
2 2 [=] [=} ©

5 3 2 g 5 % 1 %
100 1 1 i 1 = 0 R
290 : 107
/ o}
7 80 % 0 £
) Sample 5
o170 7 08
. 60 2 o
© 50 Al 50 ¢
240 80 ‘5
£30 +70 ©
[0} )]
S 20 ! Spec. || g g
2 10 e 0 9
0 aniENEs mog

0.01 0.1 o 1 Fm=280 10

Grain size (mm)

g‘dﬁ 12 Gradation of Blended sand
(80% Manufactured Sand +20% River Sand)

wEnfilddndrunisuanszninmselifunse

it mansanlugnsidiu 80:20 uds Tuneusoludenis
SR IUT UL NS UTUINAGZDILIATINALU
(Combined Gradation Coarse Aggregate) @svnslasenshet
¥1N1509NLUUSI9BTU Chart Tz Wen1dnsidau
Combined Gradation fiwsnzausisd

1. Coarseness Factor Chart [3]

2. Percent Retained Chart [3]

3. 0.45 Power Chart [3]

AadlgazdennuuN 13, 14 uag 15 Auaau

Workability Factor

20

100 80 60 40 20 0
Coarseness Factor

| * Optimum WF & CF 4 Actual WF & CF

3‘1]‘17; 13 Coarseness Factor
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Sieve Opening (mm)
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L 25%
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gﬂﬁ 14 Percent Retained Chart
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70 /

Combined Aggregate

200 3016 8 4 3/8" 4T A 2

212"

3Ufl 15 0.45 Power Chart

Fednndvesianimunvauniy Chart Mzl

[

v o X
lousazaunaiisail

N9 = 0.465
iU 9.5 1. = 0.050
iU 19 1. = 0.202
i 38 . = 0.283

wnewg nedunsiefivhiniswauuds (River Sand 20% +

Manufactured Sand 80%)

18997101989 51d7U Combined Gradation wa234

Iainlusinn1seeniuu Mix Design Lazyinn1snaana.

(Trial Mix) \itevnAnandfane vasreuninsialy
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7. MInAasINgy (Trial Mix)
wdsandldRnsunnmuaniinieg auildveasy
WisAudsldnanud wuiriandiuaziBendiiunzunss
\wo$ 200 n3eU3ura Limestone Dust fioglunselsidl
NansENuUAUAMAMYDIAUNIn Lasdulamantany
Filler [5] Tunsun3nainvuanasiieglugissming Cement
fumsne 3aldvinismaasswan Trial Mix (1l 16) Tnesia
N199DNULUUEIUNENADUNIAIUENI1@IUVDY Cement, Fly
Ash, Ageregate ag Admixture #1991 U Lﬁam@mamﬁﬁ
Ya9ADUNIATiF0IN13 1Wu Workability, Elastic Modulus
uag Strength MU 5 LAy 713197 6 wazldiansan
Fon Mix fmnzauinausludsimnsgaiuauau ieve
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i 16 Trial Mix Design
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19

A157199 5 dRdIUN1INENVDINITNAADT Trial Mix

Sika Aer - - - - - - - 434 [1.40] 406 [1.40] 150 [0.52]
Admixture (cc. /
cu.m.),Dosage Plastiment R - - - - - - 1500 [4.84] - - -
[cc./kg.binder]
Sikament
2880 [8] 2822 [8.30] 2822 [8.30] 2988 [8.30] 2988 [8.30] 2700 [8.71] - 3100 [10] 2900 [10] 1015 [3.50]
520N
Aggregate
(kg) 479 495 267 264 261 387 392 552 562 531
38 mm
g
W Aggregate
9 (kg) 178 227 371 330 326 232 235 98 100 94
£ 19 mm
O
£
=
el Aggregate
o} (kg) 811 809 758 805 796 760 766 909 925 872
153 9.5 mm
a
X
=
River Sand (kg) - - - - - 380 383 182 185 174
Manufactured Sand (kg) 811 809 758 805 796 380 383 727 740 698
Water (kg) 169 146 163 162 169 161 155 127 128 148
Fly Ash (kg) 130 110 110 130 144 80 80 80 90 90
Cement (kg) 230 230 230 230 216 230 230 230 200 200
% Air 1.35 1.40 1.30 1.30 1.25 1.50 1.30 3.50 2.60 5.00
S/A 0.43 0.41 0.40 0.43 0.43 0.40 0.40 0.47 0.47 0.47
W/C 0.47 0.43 0.48 0.45 0.47 0.52 0.50 0.41 0.45 0.51
Class C25/30/D38 C25/30/D38 C25/30/D38 C25/30/D38 C25/30/D38 C25/30/D38 C25/30/D38 C25/30/D38 C25/30/D38 C25/30/D38
Lab no. CMD/402 CMD/408 CMD/430 CMD/431 CMD/437 CMD/592 CMD/633 CMD/642 CMD/647 CMD/648
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A157199 6 HaN1SNAABY Trial Mix

Compressive Strength,
Slump Loss (cm) Modulus of
Cube Sample (MPa)
Lab No. Class Elasticity
30 a5 60 3 7 28 MP
Start (MP)

(min) (min) (min) (day) (day) (day)
CMD/402 C25/30/D38 15 10 9 8 40.7 50.5 58.6 32,778
CMD/408 C25/30/D38 8 7 6 5 38.2 43.9 61.4 33,688
CMD/430 C25/30/D38 9 7 7 5 30.1 34.9 a7.6 28,807
CMD/431 C25/30/D38 15 15 14 13 27.1 34.6 51.4 30,252
CMD/437 C25/30/D38 15 14 13 12 23.2 334 47.5 28,785
CMD/592 C25/30/D38 15 12 10 8 28.6 35.0 46.5 28,389
CMD/633 C25/30/D38 15 10 8 6 30.4 39.8 47.5 28,770
CMD/642 C25/30/D38 15 12 10 9 39.3 453 55.8 31,798
CMD/647 C25/30/D38 15 13 11 9 357 43.0 54.8 31,447
CMD/648 C25/30/D38 15 12 11 10 22.2 299 41.1 26,197
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wdanildsueysifainimnsgaruauanulild
AOUN3ATILEIIN1588NLUU Mix Design wag Trial Mix 119
Tasanaslévinisudnaeundnain Batching Plant finsaglu
1A59N13VUINAIRINIIHENTIN 480 AUL/BH. 90 4 mixer
Tnslassaframdnifunsunin Class 30 MPa (Cube) a7y
28 Ju ﬁa‘luwmmf‘jﬁnauawaaqﬂﬁuaﬂ Strength 91u7u
2 mix code fldulassadrmangvadlasinis lnedsnsm
mouniald Pump WWudiulug Ae Mix Code P05/3 wag Mix
Code P05/3 PR Intuansnindiogns degudl 17 n1sm
poun3nseiluilsdlifi sUf 18 mameeuniniinieszune

Wi JUN 19 n15imABUNIAT Intermediate Block 3U# 20

% r"‘_' 3 il S—
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Summary of Concrete Properties
Class: C25/30/D38, Mix No. P05/3
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Summary of Concrete Properties
Class: C25/30/D38, Mix No. P05/3PR
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