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<Notes and Disclaimers>

= This report is produced by the trust corporation based on the contract with JICA. The contents of this
report are based on the information at the time of preparing the report which may differ from current
information due to the changes in the situation, changes in laws, etc. In addition, the information and
comments posted include subjective judgment of the trust corporation. Please be noted that any
actions taken by the users based on the contents of this report shall be done at user’s own risk.

* Neither JICA nor the trust corporation shall be responsible for any loss or damages incurred by use of
such information provided in this report.
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B, BARNOIA LB E XX 2-6 0 Y, @b ERENE, o0& 1E6THD,
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2—3—2 BIMESVERRR (Bdfrm)
(1) AEWE ONMb7 v L) iR R
#2-2 AEWE ONMEz v L) WHABGR (L A ER)

gl VAR TES BREEHYE 5
(A)=> 27 U — | 017mg/L 2 A [E B TR IR
;! L7z alet

FEVEE R I (AARICF BIA R
DEFE)
0.05mg/L
LR
(B)— Kk | 0.06mg/L FRAEBARAT K
bt U 75kt
FEVEF IR (L, /K¥E 1 [[
%)
(C)HHE 4 Rt ZAICFEBIALT

R A LT
T — LN UKR
ol U2iE

(Lt R FAICFFBIANT
AR Z A L C
P RN N
FORE LRk

(A) ERRoREHOBEY | ARSI IREO a7 U — RIS IE, BRERMER O 3 58
EOAMM 7 v L ST,

SZ0aryr7 U — MUk, #ORLUICHHAINRTEY, 18 - i FKEGROFK LD,
(B)—RAgcA U 7= 5B (A AR T L7272 BEAFABEa I O BLR | 1 BIOKED A>T D) 2
bbb, BRIV A LA 5Nl o A R STz,

=X A ETIE, ZORBOMPSLITEROREM & LTI TR, a7V — Mio#

DR L & RRIC T8 - R KGR OREK L7225,

(CFRFEHAMIC L BE L HAETM O, AERAMMZ 2 MBS hierol,
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(2) B# o BB R

< F 230\
BEA 4 HEUE |

VEMEEIZEAERE M HICB W THEEEE | WAKRBENIC
ZEKL T\ 5,

FEHELI N TN DN,

« K 2-4 DS HLE OIS, AR AETERLZEa 7 ) — b b 8E L EFARE

M KO H IE IS ik D Type M 1T

fLEMNT NG,

APSN ﬁé*ﬁﬁ"ﬁ H X, #d T JIIS ik D Type H 12TV

WERETH D,

x THAMEM HI

BWTIE, Hanm e,
THH ., EFNICEIBEIZRD LAV TIE R0, ]

W K RAE N FEHEZ I TN B 08
Z < — b K5 Somnuk #7717

1 Bl RS R

- K 2-5 D IS HEE L O, AR A ETEHRRLEEa 7Y — b b 8E L FARE

AM1Z IS HLE O E#4 Type M 1

frEf I b,

C EEOMY , AL AECRR LS s Y — |
PLEICHS S 5 B ECh S,

N HERGE LU FAEMIEEAD JIS HE M

# 2-3 EMEERBREE AR (B A FIERD)
BAMEM | BAEREM | RWEM | BAEMEH | RRMEH E#E
M H Limestone River sand
fii oo i BLEESY A | RLEES3AR | WLEEAG - | RIS - | RIS - ASTM
MR b | HRIRE S | MR E S | HRRE D | HRERE G C136
Bikg N BikE N BikgE N Biks BikE
Mz B (gled) 2.43 2.483% 2.74 2.35 2.56 JIS
B (725 A ey B A5022/M
L E) JIS
A5021/H
We K 3.92 3.043% 0.55 5.09 1.12 JIS
(% m/m) & (FE%E:3.0 & = etk A5022/M
LLF) JIS
A5021/H
Hbm e & 0.0005 0.0005 0 0.0005 0.0005 JIS A5002
(%) X B B B B
B H) ERFE R 61.66 62.23 59.23 69.29 64.45 JIS
(%) = B = B B A5022/M
JIS
A5021/H
Woki 4y B (%) 0.06 n.a. 1.20 ASTM
Bk Bk Bk C117
ASR 130.0 115.0 252.5 122.50 50.00 ASTM
(Reduction in e fi pilige fi fi C289
Alkalinity:mmols/I)
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ASR 1.00 4.00 1.66 0.67 5.66 ASTM
(Dissolved piliae piiiges piiigess piigess piigess C289
Silica:mmoles/I)
#F2-4 FHAMEMO NS Hik L oxttl (B Z ~ P — b RFRBREE Ll H)
Ty : :i;é;ﬂ_;’}a_‘_i :ﬁ_i;ﬁ;}a_‘_! JIS A5023 ['3@'&5652‘ _'! JIS A5021
| M | H |  TypeL | TypeM | TypeH
Min. #8280 (gfai) 1 243 1 248 | - | Min.23 1 Min.25
Max. WK (% m/im) | 3.92 I 3.04 | Max.70 | Max.50 | Max. 3.0
Min. K f%f)E & B 6166 | 6223 | - | Min.55 | Min.55
(%) I i i i i
Max. ki & (751 m%) | 0.06 : n.a. I Max.30 | Max.20 | Max. 10
Max. H{b &t (%) | __9.90_0_5___L_9.9(10_5___i Max. 0.04 | _l\A_af._clgzt__i Max. 0.04
#2-5 FAMEMO NS Hik L oxtth (H : %~ ¥ — b RFERBREE Rl H)
B U EAmEA | JISAS023 | JISAS5022 | JIS AB021
| M | TypeL | TypeM | TypeH

Min. Mz (gla) 2.35 I - | Min.22 | Min.25
Max. Wk (% m/m) | 5.09 | Max130 | Max.70 | Max. 35
Min. KIECHIEZEREE (%) | 69.29 i ] | Min.53 1 Min.55
Max. ks & (75 1 m%) | 1.20 | Max.100 | Max.80 | Max.7.0
Max. filb &t (%) | 0.0005 | Max.004 | Max.0.04 | Max.0.04

(3) =7 U — hogpEakBRs
a7 ) — bRERBRERIIE 2-6 0D, RREMEFEA Lo 7 UV —FEIFEALEEX
< o BEEGRE AR L TR Y A EoRMBEIZAR N,

#2-6 =V — FRERBEER (KL <P — bR R HREE)
B 2 A RIKEI 24 A
Grade 30 Grade50 Grade 30 Gradeb0

ZZ 7 (cm) 19.0 19.5 175 n.a.

Tlyvaili | oV —E5HE (%) 2.3 3.0 1.1 0.6
wWAkA 4 (kg/m) 0.048 0.055 0.044 0.055

s 7 A9REE (MPa) 29.7 43.4 27.2 46.7
AL 1% AR Fiin 28 HiRE (MPa) 35.5 52.7 31.9 53.5
i 91 HRE (MPa) - 36.4 55.7

Kt 180 Hi®E (MPa) 37.1 54.4 - -

(£ 1) Grade30, Grade50 /X, #1528 H 58 C 30MPa, 50MPa
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FRBREAR LT,

(F 2) REREM 2 Lo iBRiE AT, B4 & LT Limestone %, #iF#f & LT River sand %
Mo FHAEM M LR, e & L CHAEREM M 2, JEHE L CRAMEH
PR L, AT AL FEED, hoREESMEIIE TR ST oG L,

(4) =27 U — MipAMERER
O FEERIHE RS 2

a7 ) — b ORZBIHE I E T, MRSEFICL Y OVEINBAEICERLZBERTLH DL Z
ED, TISIZBWTHHEHAHBOMEX S EOREREIN TS,

Z 2T, Grade30 & U 50 DUKFIESIZAE 5 B CUHE K OVK 4y REIE A D R IRIHE 0O RFAG 21T
ST fER, BHOMERITHEAETM 27 U — b, EBRIGERIIRBEM 227 U — FAS, X
MENDR VR o7, (K 2-7, K 2-8&R)

O OVEN~D O K E WV RIHE T, X 2-8 (239758 Y 444 60 H T 400 p B2 IZIE L T
WhH, ZHIHEYT L AARTO LA, BEOHBICBIT 5 M2 A ABRIZIS VTt 800~
1000y MHEAECE H D D, HABM a7V — b L HoRliEEZAE L VD,

Time after demold (days) Time after demold (days)
0 T 04 T T T T T
! o
10 20 30 40 50 60 70 10 20 30 40 50 60 70
& so {U B 50 iy
xm N' B - -, E ; M
g R T £ N
= — -100 — A= - = -100 - -
£ ¢ “‘-——«H_h._ﬁ__ £ T A —mmmmm = A
- 2 T 4G .-
3.9 150 £ 5 -150 e
c E e E T .
-200 2 -
:‘é’ NAC-30 ) >
5 - - - = —_—.—- .
< -250 é 250 MNAC-50
= * =RAC-30 --x=-RAC-50
-300 300

2-7 Grade30, Grade50 FEAIZE T 5 H CUNAE (H#h : ¥ < — b KRB REHEE)

Drying period (days) Drying period (days)

0 T T T T T T 0 T T T T T T
E‘F 10 20 30 40 50 60 70 & 10 20 30 40 50 60 70

200+ 7w

-300 b .

_____

-400

= & = NAC-30 —-&-- NAC-50

-500
-==RAC-30 [ — |} s RAC-50
-600 -600

2-8 Grade30, Grade50 HEARIZIS T B RN (Hih « 2 <t — R KRR BRE R 5 E)

Total shrinkage (micron)
w
3

Total shrinkage (micron)

@ LTS HBR
TR 2-9 10 R0 AR 2 ) — MR EREM D2 U — 1 L RS 8 <

7RV,
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16 16
= 14 13 -
£ 1 T 4
E n — E
- 9 .-~ =
o 10 e 2 a 10
s -=--* K]
8 e 8
c -
8 o 8
K] 6 T & 4
c [
o 4 =] a - — -
2 - & - NAC-30 £ ®-" --e-- NAC-50
S8 2 S 2 T 1
- =~ RAC-30 . a -k RAC-50
0 T T T T T T T T 0 T T T T T T T T
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 S50 60 70 80 90

2-9 Grade30, Grade50 FEAZ I3 1T B AL &

CO, subjection period (days)

O iz 25 VR
¢ 2-10, [ 2-11 (2R 95@ Y | S ) A A BRI REREMER 27 ) — MR THE
FA T RBUEDPE VKR L 2o T2, K 2-12 (R T Y Fly ash 2035 2 & Ciidt %
KT HZENTEDLZENE-TEY, ERAm CEHMEICR LR,

—WENZH A Da 7 U — NI Flyash M ESn Ty, EHEICHE-7-T — ¥ Th D,

CO, subjection period (days)

(it o &~ Y — b R R &)

w/b=0.6 w/b=0.4
14,000 14,000
- ® NAC-30 |12,069 - @ NAC-50
-g 12,000 | ,Rrac30 | A 10,568 -E 12,000 | aRAC-50
< 10,000 - A 2 10,000
5] High 8 High
~— 8,000 — 8,000 A 3
> 6,564 6164 > 6,899 6,088
2 5,383 ® ' @ A
o 6,000 + 4 A a 6,000 A A
a ¢ 4342 g 3,898 3,795
w 4,000 L o B,000 - s L3041 'A
g’ Medium g Medium [ 1,891
8 2000 4 £ 2000 A ®
© Low o Low
D T T T T T T T T T 0 T T T T T T T T T
o 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 e0 70 80 90 100
Age (days) Age (days)
2-10  Grade30, Grade50 FEAIZ I3 1T % 2ol LY A A B e B kG SR
(Hd 7 <H— b RFRBRR R e H)
18,000 =
= CORCARLI=0% [QRCARI=10% [MRCANL=25% 14,000
-E 12,000 | @RCANL=40 % [RCANL=100% £ ) oCind
4 12,000
K] > ' ECIORASD
g 10.000 High E 10,000 | BETORAZOLPIO _
S 3000 ﬁ High
k] = 8000
w 6,000 &
E g 6o
@ 4,000 &
» Medium o 4000 e )
] 2,000 [+ Il dlivom
8§ ° " ¥ 2000 :
0 aaa ﬁ o : Lo

w/b04

91

w/b0S

days

w/b 06

2-11 BAMEME AL LA o EEE
(il - & <t — b KRB RS E)

91 days

£ A2 MZXxT % Fly ash #0505
(HHHt « &7~ — b KRB RS )

2-12
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2—3—3 BiHEAVEMERREE ()

1—1— 2R LY, BREMEZHELEIC) A 7L LTV DI, 2 g Xz 58
B - BN EERLETH D, FAETH XIS BEREMPOBEFMELTIS A ILTEHZ L
WA B U CEMTREEO LB R S v, LA RS RS HARD JIS B ICHEIL L 72 A
MICEI3 % TISPHE O UCEIZHR Y AH A, K EKEE 28 T 2020 4= 2 A 28 H 2 blifT S iz,

F 2-TICHET TIS HME OF 12077, R HAD JIS H (JIS A5021,5022) #X—RIZLTHY .
HABRM ORI C CHEREL L C3MEOWEREELZR T AR ZHAM L T\,
I, BREFHINCRE LEHAEEBMEXAFENTHEAT S Z EXHERmN L 2 EKEN R

-7,
#2-7 A EBEEGMICET 2UET TIS BikkH 7 (T1S566-2562, 2563) (8L : A ERL)
W ER R PEE I H e
BB fn L 1 on B S 2 o B AL 3
Moz bt @ g/l | 24 LA 2500 F) | 2080k (23 BLE) 1500 F (—)
W% 7K %% m/m 3ULF (BLLF) 10 LLF (BLELTF) 20 LLF (7T LLF)
PR B e
AR B B EEYE 1 on ' FEYE 2 o AR YE 3
MRtk E g/ | 2500 F (2500 F) | 220 E (2200 1) 150k (=)
WAKE% m/m | 35LLF (35LLTF) 7L0LF (7L 13LLF (13 LAF)
MEDE % 70T (7T BAF) 8LLT (BLLT) 10 LAk (10 BA'F)
B E % 0.04 LL'F 0.04 LL'F 0.04 LL'F
() PIE. BAD IS Bk o LA 2 8T,
SREEEYE 1 JIS HIAS H AR, SLEIEME2 - JIS HiRE MAEY . SHEEEUES : JIS HIKR L AHY

FAHLE M o8 A &

1) WEEEIMEYY  2Toar s ) — MEEWICHIITE 5,
2B, LTOMBETHIVUE, SMEEE1HEY L35,
OHLEH D 2EB(100%) % ShVE HEE 1 OFAEM 261 L7284 (HEEL)
Q@KIREH 80% & (B ILYE 2 DFAEH 20%% i L7-54a (HEL)
@R BH 90% & B FENE 3 OFAEBM 10%%#H L-5E (EEL)

2) B2 OFEBMAHH LA  50MPa UL FOEAFRE 2 BRT L ka7 U — R
HHTED, (HL., HEPRMBIC LV RESEELZITLIRETTIE, +oZETLLLE
BT, HLRIHE DR B A 2T 2R L CH AT B A )

3) MEEEIOFEEMAMA LSS  EWUSOa 7 ) — b HBTaVIclATE D,

2 TIS Mk SoE D
[TISI  (Thai Industrial Standards Institute ) M ELZRA{ERkL] — [ TEANER] — [NSC (BIEA T/ L BIEA AT D
#7572 % National Standards Council ) 237&F )] — THNEBI KR — ERESXWHEZESNKR] — HRES
NAR] — A E LT (B8 TH A4 TR (TIS) OME LFEE~— 7 OREIC O\ T JETRO N 27
HHATE S NI 2018 /£ 3 A)
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AR A4 o {2
1) SEEAEL  2Toa vz ) — MIEATE %,
2) MEIEHE2  MIPHEEMIE TE 5, (HL., WSRO EZZ T2 L)
3) AWEREHES (B Car FOIEHEMHAa 7 ) — b (ex. T m v ) REIERATE S,

X ER O i B EAERAE R Lot be 45 &L FAMEMITITIFUET TIS B OB AEE 1T IZEK L T &
o=z ) — MEEMICHEHNTE S, £k, ﬁéﬁ MIS s EAEYE 2 IZ 68 L TR Y P sy ic
HTED,

2—3—4 3 HTF KGR R

T3 T AKOIBYLRIMERERE 2 R L L O & L7, FTRoBEAICI V#HE~OB T A
ERenrhhot,

OQTHIZEARMICEEOFTAEHTHY . BFRITTHAETE 20,

QMEBEOIERAEWEN D LN Z LD L, LHIOMIEN T2 5

ZORD, N AZICEELTRAL AV X Y M T (207 U — NEFOBTETSE) ot
MNaERET 52 LR TERD, HMTAE TOBRIHRTE 2hol, (R2:82H)

BHOOE SR, Xy PTHOBMITa 7 ) — MEM OO R LT3R <, —fRERED O
DMTHTH D ZENEZLND,

BHNGIT2 — 3 — 2BUTRT@E Y R AR5 A7 2 ARRIHEN TS Z Enb, Rips
A BENCIWT OB Y A 7 /WA K DR OB 12572735 b 0 LB 5,

#*2-8 BB MUTOKIGYSRARR (K 0 ¥ — PR AR RS )

A=A
+#  mg/kg 7K mg/L
P+ 7@ 13.30 i
AN PAIZO) 12.22 —
2 A [E N 640 LA T 0.05 LI F
H AR [E 250 LAF 0.05 LI F

2—3—5 HifieIF—obE
(1) & 1EENEIF—
R OMMEZRD D72, TR - BHEFHER KT — 2 L~ K& OILfE TR LT,
REHMCBE L SRR ER - BRICENZDb I, FUENEZIZY A TOMAOREENH 5 Z
LEBRLTHLOLRA DA LR VARER CTH T,
(] BIFBEMRE. ¥, RFELOFEER 60 4 L 2f/4 15 L FLE,
[7—~]
O a7V —=rEMOEXAEIBITDLY A 7 VA~OBHRIZONT (T —L 7 LUK
@ BEBEMarZU—MIonT (—F BV U4 u—hKRE)
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B 1R E I —

(2) %2 it I —

EWcbhb= s R edila a7 A4 LV AEGERK (O F 2 w7 : COVID-19) D 7= & BLHIEMHT 23

BAfE (at 7 — 2L LK)

1EZBZ TCRADLE LR o722 235 Zoom Webinar 5 2C TR L 7=,

Recycled Aggregate Concrete:
Fundamental Studies and Applications

11 May, 2021 (Tuesday)
13:30— 16:00 (150 min.)

By Zoom Webinar
Lznguage : Thai/lapanese{Tranzlation)

Guest Spealer

Dr. Somnnk Tangtermsirilul
Professor of SIIT
# Properties of Recycled Aggregates in Thailand
(Fundamental Studies, Standards)

Application for participation

Onganized by SAEZONE, Inc.
i BEEEE

ﬂ Faculty of Engineering, Ramkhamhaeng University
FTETPETIC N Propertios of Recyeled Aggregates in Thailand
(Fundamental Studies, Stand ards)
by Brof. Samnuk Tangtermsirikul ST

Opening remarks fram SAEZONE, Inc.

sze:h fram

SAEDNLI . {ME Shibatani)

Speach from

Ministry of Interiar

Speech from

14:50 - 14:55 Break time

Prasentation

iin NS and

by Mr. Shibatani SAEZONE Inc. Chairman of ACRAC

l!d! 16200

Closing and Vating

X 2-13 2 [AIE it

N N
7V — b OSREERBRE R, AL

. RBRE A E L CBI a7 U — REEM B BE L 72T
EERBRAE R AT L. EEE OISV BRE 5

Flo, BEICISL > TO TR - BHEHHR ) [T — L0 L~ RZ] D HOREIZENT, ZOH
D#LZS 3 FH MOU ICEESWTOFRENTH D Z &, mrICITFREILZ BiF L“C:i’obxeélk BT
AN T

IF—0REN (L HEMERK)

BRORBEIZLAFEENORIEIZED T2 L. FO7-DIT3E O Z BT O]
Ll DHWEEERHARLY KREFAEFRCTHH- T2,
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[7—~]
OBt E s L BARM L ERER, o207 U — MERERBROMS RRE (X ~%— FK¥/
VAKX 7 HER)
QHKRICBITLEAEEM a7 ) — MK QIS Hkk) L HAEFHRIERIF OB (R2/EER)

(]

108 4 (LA - #fidtmfm, TIS M )m, EiE/F., WMHER, 2AEa> 27V —Mia, 347 584
VB XOBEES, BERESM. REREURE. F4E)

2 H Webinar O INEHIRDT=D A2 T A4 BINTE Z2ho 7= Ni, Bli& YouTube TOAREE ¢ 7 HE

e L7,

[7 > — hiARE R

O FREHEACH LHBRR 5 2 & OaE X AIEHE T 81% T, A ED 5 Z L Ak,

@ HBRFERITK LT 719% 1 FE Th D & DEIZE T, FHAEMREF I OWTOREHEM O #
Ptk - AR ED R 2R D 2 L DS HIK T,

@ WAEBEM, BEEM=2 27 ) —b2FATHICY 7o TROEERSEMAL LT, L0 Le
P MEEBRTTREEDO T NS oT, FAEDT Y —VBORMNRE L TV D8 & EEH
%,
(ks EARL : 23%, ZRAMEEM : 19%, SHEE : 40%)

@ 88NDEIZEHEMN, FUHEXAXITHETM NN EDRIZETH- T,

i / B
Bz EE
What is most important condition to use recycled aggregates or
Regarding the test results of recycled aggregates and recycling recycling concrete?
concrete, what do you think?

Not good 2
wot cuaity | 1
BES =
price
oot /i | - ‘ !
others [l 1
wers: N =
o I
0 5 10 15 ! » 0 h 4 0 2 4 6 8 1 12 1: 1 18 20
B/ EE M/ B

How was the video of technology of SAEZONE, Inc.? Do you think you would like to use the recycled aggregates if the
condition matches?

Good / Interesting - [ . o

az

[g]
DF
[

Average [ ©
“ Don'tknow [N &

X 2-14 7> — MRER (i FAERIER)

2—3—6 Az AIEH
FRARCTFI v s oI EL fk s LT,
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2 —4 BRI Bk AT Re

1B 1-1-2 B Tl 7 BRI 6 T D R R EAN IS KL 2 B E B ATREMEIZ DWW T BLTIZRER &
Do

(1) VEHIE., KO AR 2 BRI SR R o 5 ik

A BARD IS IS HE U= i AEF A I 72 TIS B SGT 3 i T Sz, 2o X9 IcH A H
(35 % EIEHIEOWEICER Y ALATE Y | VR A ARD TR ST AR HEE R A TR Y 31
I NAE] O XD RERFROEBICED O LEEIN D, TOBRICIE, AMNEKRMENLOT=0, CIP I
W LR A 7 NVICBT ORBIEAD I E TORBRE R AT 5,

(2) BRETVGYTER L BEFE AR AR B ke

AR EHEDOFER, ZAED 27 ) — FEMIDHEREEAED 3 (5L EOFELRANMM 7 v LD
Hanic, =, BEFINEZMEHL T OREMLEAELBAETM 2L IFMRE S, REHY
EFdfr e LTHETE 5 Z L GE S e,

BLRD 2 A EH D HHEH YT I T D810 7 v AT BARD X5 RiE BN (mg/ll) TiER<E
AEIEME (mglkg) &72->TEY ., AEMRORE W, Lo, RO EE=a 27 U — FMEM O
TRBEM ~OFIH 25D IE, BHETEYY - HUF KBRS ET DO ITREV 2, FREHANIC & 2
aEDDZ LK, Z oG - M FOKIGROBIEICHBA RETH D,

(3) WIEZR U YA 7 WITAR D BH S AR RE MR DR B R

FERBANIT 1 TR AIZI@Y | 27 U — FEMD 87 S A T 2580 2 1EI2 55 L
Tetk D=7 ) — NN BE VSV 5y e R - IEEACALEE U RS A RS OB M & LT IHERIL]
EREETLIENTE LN TH Y 2 A EHP BIES [BREEWLE - B O IE] ORE L 25,
TR B THEE S DB A Z AT, BEEA Y MEBRZEREEM & LTEIRIHTE S
e, BEERLEICE L2 X Mdeheh [HERIE) ICX VBT E 272 OE8R/LV— 7 D3 RAL
Hllbit, a7 V—bFEMO [ZRPOFRRIFA I N] RETR L LTHAY LD,

Flo, MEEMCL2F R ZED L Z LITXY ., BFOBOR E L TH# - AR SN EFREIGE
TV INA - JFERT - 7Y —(BCG)REH | (2T 2 RGN (CRAHA) OfBHiIEic b w57 %
ZENTED,

26



75 3 T ODA H3&5T M/ 1HE 5 nTREM:

3—1 ODA FHDNE/ HHE e

(1) ODA FENE

FEILREZE LT, BEHNN X A HTH DL RINERFEM Y A 7 VEIRTHD & LTE
FFBIfRE . KFERMRE . REEENOREEMSL Z LN TET, L@%\$%m_ﬁﬁk@ﬁiﬁﬁ
FIANCRES 2 SRS & 2 ORI OV T O TIS B SET B AT A LI F oAt S, Tk
TRENIR e ole, L LEMERAETIEI = BRIC L 2EHABR L) TE TN &b, E
AEMEES TR AR L WL 2oITiX, ki Sz TIS B @Abtﬁiﬂﬁ%ﬁﬁm
FEL, SBREELTWIT A Z & 25RE L, EFHINIC LV RE LB EEM O ’iﬁ‘éﬁﬁﬁf&@"ék
RHAAENORERER, KOBENDELIZEDBVATHD,

AARIZEBWTE JIS BRI EZ L L LTI, AR EE~0 I L v BEE2REA BFCE
FEL TV BRNMETHo72, ZOZLITXAFHIZBWTHRILTH D,

ZOEH, MREOHREEM A - Rt T 3 - BME T T AR L, BEERBEM U A 2 v
N—T NN A ZERTRNLT D2 L B EET D20, LFTORNETE R, « FEiE - BV % 2L HFEITH
D LA TZ N,

FEFERSRIL, RETT 0 F—RE2NBE LA - WlEHmEICGEE T 5, R, EE IR
ZIERALTY YA 7 Lvofgt, REBUR~DRS @71:_&)0)7*“&%*5\%. UIN %of&%fll%fﬁz
R EBORO RIS ZRE BIET B TH 5,

BEA

Fr=2> 27— MHBEEMEES AT 2K DR FEM OB &R - BIRTER/LV — 7L O 72D D%
R R S (=
AE

— BRI (L35S O @i — iR BERE R O EEH CTh 2 NBAE TR - # i Et s
DOHMANICHABM O LML RE L, YA ETHRAETLIEBREMD>OHEATMZRIEL T, 2
V=6 a7V — b ~DIVH AT NV—T P TEXDHZ L EGET A, o, BRI L
CUGETTISHDOEIET — F LA XET L L LB, EVRRAEHOEH Y ZiHT,

O & J?»EHO)Wﬁﬁ o, BAEEGMELE, BAEFMEZEHA L2 ) — MEEoOREE To—
WA= e VEM a7 V- ERENORE - HERED B - BEICES T 5 Z L0,
a7y — M‘%L%O)WR PEREZMRAE L. AEFTMDR VA 7 vk TEx s L 75:9%.&?‘75)

@ HEBMEMEH L7 ) — MEEMOT—2DERE L. AFRE~OFAEEHR A
CET TIS B D EFLEZ B L, BV RBEOE#HM0 2oL 5,

@ FEFERMIC L2 Ea X O RMDIC LY, BAEGMEEEXEOFEAGEZRET D,

(2) FEIREMY A b
NEA T - #iatE R4 T35 % Urban Development Training Institute O #ciod —#j, (X 3-1)
(AR - #THFHE R TR e 55 2 LA BEF )
FF{EH#1 : Phahonyothin Rd.

Chiang RakNoi, Bang Pa-in District, Phra Nakhon Si Ayutthaya. 13180
27



—— D e A s
M AT ST nﬂl!rbaniDevelopmenhm yr

A ,(_: Urban Development Training Institute %

e i

& Wat ThamnawaiSchool KL - =
B i e o

- L 3

PR RED

SEREY S

o iy
-"'. | : ‘ i ’ by ] *
\‘ 1 - Valaya
iy Alongkorng

A e L Rajabhat

—— Universit

3-1 FEXNLEMY A b (HHL . Google Map)

(3) CIP feAifitk B
- WA A - #HEHE R
HEREFEY 2 Sl REEME O TERMTH Y . EREM YA F ORBEETH S,
REEANOE VX AREANLEZD L CIP L LTRIETH 5,
NN NN =
ZAENSOWE J « FFEIS T an BAHE - 58 RHM O FINRISES T 2RO b s, FifiaH o
#fE & LT CIP AL BT %,

(4) CIP & ORI
BEE 2 BERE L TBEIC 3 EM oW IR E (X 3-4) 2ZbLTEY, ZOREIE>THIILT
W ZETREBERATHLD,

(5) fh ODA F3 & O [ HEME

- BURE R CHIEERREMED & D ODA FHEITR M 726720,

A A ETE, TELEBEAREREL LT/ e —XT7 v 7 ENTWS, TEETHR, KR
BIFRBRBEA AFEEHR 2T OIEIN2RHAPMTbATEY  RBEORERICHLIHHE
R EINTVWD, NEIZLLTD®EY,

- AADBREEA & ¥ A FRREFRBRIEA 1T, 1980 41t JICA BEPIZEIRIE LLKER 2 7203 B T 1
AT TC&E, ZTNETOWMNZ LV UFEMICEIET 2720 % A B 5 OZEFEIZ LY | 2018
5 HICHEREMT IAARERES & ¥ 1 FERREFRES L ORESH CTORE) I2F
% LT,

W FIIREE S~ OIS, EEDEIENO KR - KE - LEBE ROV IEEEBRICELET
FHEFIZIREWSEIZE STV D,

ZOWN 5 - MR KIB YR RICEE LT, BRI E STV D AETWN IS b B KEE DS
HY ., HTOBRENN - av P Z o b T3 - R ARG RIS R D 2 it 2
2019 fFEE 2 [/ ¥ - SDGs B VR A EFE TRINS N TV D,

AH5%Z OS5 TO ODA ZERHIE, HEL TWITDAAREELRH Y . HEDNELHETE S,
28




(6) PDM
#3-1

PDM (Hi8i : FE#A M ER)

HA -
0 A CHEM L.
THIEEEIEL T,

N ayfTRAET D a7V — MEM ORI~
AEVWENEE( TSI LOMRGEEE, BEFMAHEEN =7 ) — MIES
a7 V= EMOU YA 7NN =T WHET 5,

AMBE~= 7 ) — MGz EiE - H

R

G

RER L N a s {TRET LA
7V — MEM OB T LD
Tanbd,

1-1 =227 U — MM OSRHIINE - FAE A TS A Al
ERAR

1-2 CIP DWW IIO T, @EEBEMMNSG a7 U — NEEM % 555

T D,

1-3 FRUNETFIEL S LI LT, FEMROGHINEET L
EMET D,

RE2 a7 U— MEMMND IS B
M ZL— R EICHY T 5 54T
MotlE X b,

2-1 HAEFMELEREZRET D,

2-2 HEEOEIIVEREE B, K EERERT D,

2-3 HAFMERIET S,

2-4 BIE L 7B OMEN, ISHK M 7 L— R ETHD
L EERT D,

2-5 BB CRATATAXALEB LOFEEMNL . F
EWVEOWH NN & HkRT 5,

R 3  BLE SN BAEM 2o
THEM= 7 ) — MR RESH
60

FNBELHAEAEM AL THEN =27 U — h 2 iliE
ERAR

32 fEINLZay IV —FOWENEERICEAT D Z

LR D,

33 flEax hERFET D,

R4 a7 )= NEMDY YA
TN —T PNREE S, FEEE
() WREIND,

4-1 BR 1705 3 E TORR, FERIEAN DL - Bih s iz
FEFUTRRIF S T K T,

4-2 FEALFE () 2RET D,

(7) BA
[ AR OFTANE]
DOEBNE

FU R - KA R~

FIFRETO OIT HE R Y)
kB —,

CEEAEE (R) ORE

T ~ gk ~ B A ~ G R - L B o — B 7R ST
< N - SEREHE O ERFEIT X D AR B
« R FEAMSEIR cHERFE ) O D N T AT 7 — (KEWHME TOEMK T T M

B D EEE
BT 5 HHE,

A L BRI K D H i o0 KT

29




@ EGIH
# 3-2 ODA Rt FEiIcH T 2 EEEFE (L FRAERERK)
¥ - Hk4 & K 4 12 3%
JORBE | B EL Y R AR
SRR — | FEFITHRERE K - FEFEEB) O ARG E
& 5 Lefis 0 B & W R - SEFERS A ~ 2~ B A~ 3
Ma gL, snow | TRET L e
BRAREE S psroevasm | TS LY Y 7 — T R
Mt aEET 5. | | e
VERRM 3% | BERRBEM 23 ISR 7 VAR SR R 52 ABHE
WRET | EGREIAIZ AHE
WK - FEREEFEENR I . SN FEB AT S K - EREFRE O FT R
N g W E N | EE SR DM 8]/ 45 R S R AR
;;j;g%& i ;;321 ztg f;g — VL - FFRRATICAR 2 RIS AR
£R 2 SBRIFERE -« % RIS E) SR
21T 9,
W e o FEFELEFT I~ Rﬁﬁﬁg‘gﬁ-iﬁ%% [PSENONiREFE IR =2 (A
EFIicRBT & E = TE] SR 18 R i T SR
KB Y =7 |\ vv=T )Ty 9T - AT [ R - 3 - T
Vsl et | IcE s mRoRtEs | THERE T
X OV AL E R E
e T ey L | W - FEFAEHESL b SR R 2
O DR - ik
B NT DEEM OMERR . i s L O EM R (R) 2% 331277,
F 33 BAT DM OfTER, ikt KO EMER (L FIERERK)

Bept4 R SSERONEY 4 filfi k& (F A )
BAEMRERE | BMRERET) 5 /D 94,000,000
1. RALBREEE il (17) ARy /8 (1AH) (15,700,000)
2. PEGLHE A= (1HR) (19,100,000)
3. LRESERIE 74—4 (17w EikE 1r) A27V—r 1A) (33,300,000)
4. KAEEEEE sk (LR) BERAKRST (2H) (9,500,000)

» v &FlE (1 50)
5. ka7 | K—=F7rar¥ 34H) (8,100,000)
6. hilfEEE HilEE (2 i) ECARAEE (1 20) (8,300,000)

Z2ZL LTHRATOIMMAZRE L

e DO—DARr =M LT T haRET D,

30

SHEDT T v MEEE X 3-2 1287,

KENIpEZET 7 > N OEEFHEIXTH D, ODAFHETIE, ZOEETS 7 b EFRL 7 vt X CTULERE




35m x 35 m (1225 m2)

4 3-2 B AFEM AR (H L G VERR)

[C/P MIDEANE]
OEBNE

C K - FERERRER BT D SR~ AR E S AT O fR

c K - EREE OB T O R~ BR - KFLE—T 4 U T 4 — O B I OEREHES

DR

c B K - FEREME OERS - HEFFE P~ VERERRGE - BR R LUK

s B I B RFERBEIC X D8 KIS SR

@A

bRLE K - FEEE OEIRE BB 25 0 41 O ODA RIFFEITIEE Tk o LxiEd 5,

(8) i Al [X]
C/IP Z & 1= ODA IO E AT () 1ZK 33 DE@h Tho, (BEHFH)

A EEPTRE '
+R-ErhstEs 4--hﬁ¥$A]

1

i i
i i
i a
NEDTR A : :
; L | mmamen :
. ; !
; R i | Brm A !
=Y T - e !
1| RREAEEES | U TeshiuiEmss R e |
I TIHEEATIES I || GBIV FULS RS | )
: i W o . 1 .
1 1

X1 3-3 ODA ZEfFHEMARRIN (HisL « FHAMERL)
31



CIP KO BAMREBI DR ENILL T D@ v
CIP &%, ﬁiﬁﬁ&:%‘é#éﬁ MOLFEEM a7 ) — MNULETHOREE COMITREEZR
DLTEY, ZTOREFEIZULE>THIL TN ZEEEELTND,
Omﬁﬁiﬁ-%m%@%@m
- BRSO, 1 v T TR
- RSN B T O RS - AR P
© FAEBM O KA D FEREISE) - W RIS B KT D A /)
® 5 — L9 A~ RE(CIP)
cBAEEMOar 7 ) — h~OFIA - B RATK D A SRS
A2 v LEEHEAE, B SEREHG, 27 Y — MR REAM)
& U a T HBREER
- W RIREN~D AIRIER L LT OEKEE
REEANFEER
cHAEBMDOar 7V — F~OFIH « BRI D RETBUR S O SHE
& [ERTSR
» THAEICHE S THRRE T T E R EE BT 2 3%
& 27 ) — e
s a7 U — NMERRRHIIC KT B SHE
cBAEEMAEER L2 U — ME | FAEM S RICxET 2

adnquazaadiily
1. —REM . .
dannasanudrlaadvilladmunveviavestoiavativafuunuiuaiusuile
msdvinsfiseinaissaniutunnfiauie ffeanasioaduioanasildlumailasims
anuiudofanssudnensdn 9 funminedesiudum Tnaenzniuasuninginnasin
laiAia (Recycled Agaregate Concrete)

COTRERAORER. =& CRHT 62 RBAHBE~DRRPRAOREEED. <
DTRBHEE, S—LhLALALLOERBEERHD Y U— MRecycled Aggregate

Uufindeanasanusandomdeims Concrete) DHRGHBOBAERERET S1-HDTREATHS.
sewis . Anquszasdiduamdauile
unieaeswdum nsulusdnsuasdudlos 2. WhoBn
uay o.e MaAnu M33dy Anous duwun uargau HavnsRmuIEngastinauy

uism weleu i

F=LALAVRE LX-BHHER & EEARSH WO . o A . 4 -
LHBHTREADES ole mikanAsudeauimaisaiussuunsfine uagiinausu

s

. R " oo MsATuAYUATN A TY
winendusudium naulesiinsuardades uaz u3ey wlsu v 52 W3S woh . e
e e . o % e " 5 v.e MaauARINSIasMsTaIindnw
1in Aduuiduluinie uar AGRE FulussAnshiuarsmuariils (Nonprofit Organization) A2 o
Ustasitseanasindemadnnrsewiiu ueldussaiemmdledwolud o.¢ midmilasimaiedenalssuninreuninainnasiilofa (Recycled Aggregate
F—LhLAVKE, tX - BHTHERL ZHARSYH EHORRHE2H, B Concrete)
FIMBID I EFEFFREAAGE 280) (3. TROTREAELERT H-OITHEITLHTG T 82420
NEETBERESD. | FERHOL ) — RS TIER S EORTE

3-4 3HFE (HL : HAMER)

(9) JREVEHE - {E3 TR
P N FAFFEOL A 2022 42 9 H & FIAATZSEA OIREhEHE - /¥ TR A2 % 3-4 177,

32




# 3-4 ODA ZEFF3EIEEFE - /¥ TR : 36 » HAME (il JIERIER)

2022 4 2023 4F 2024 4 2025 4
HEipaE MM FEREZR L) | —
eS8 -

el D E

B O FHEE - ik

5 3 BE LR E e ol MR

LR T R O B
ff - i

AR E AR G O FEH

BEar sz U — MDD 4RI
I £

FHAE B A S & B R A
K= ) — b ~OF|
- B e T

tIF— - FEOMRME

B ERAKBE D A FRBIHE S Jit

vk 2z - Bt%
KR & DT

SR SN (A Nl I N bl |
A - AR LHER

G =

(10) H3EEMHE

B BT ORISR, SERBREN. B I —8&MH. AMSEAM ANEEE T, BN 1.5 EH L8
E (N, FERER B T, MM B, s, NOBUMEAT T8 5% T 1.2 (@M O iA%)

(11) KIEREEROE TR ARH
ODAIZ L 2 K « FEFFFEETH LN FENMOT- O ORFEF R - MRICE D&, Bl L2 RE
A3 [R] THZE R O BUMIE N 23S L

3—2 ODAZFEXDEH/ HEHEIZBIT5
HMEESND U AT LR A2 351257,
#35 FEINDY AT Exbad (WL JAEMER)

. BARMERELZYD LT L TETH D,

AR - U R &SR

BEShDHE -

VA7

X R

SERIER fif 5 1B 5 AT D Wl R

ANHIBERIO L ZF T 28548 TH . fix OFKICR
Wb EShbhTWbd, CIP LB FHaihELIT
V. X LTS,

33



FH e D Ffoe & g EHIEHRICE T2 U R | BERME O SG IR, A EIBIEIC X o T TE5E)
4 IZ X > CTHEAMOFAIEORENLEIZR D, AFHE D
b, HHE B 80KW B D 7= 055 3 B T35 & 72
D EFOFATEORENLETH D, CIP E+HE
A2 1TV, EiRRE X o 5T s,

Bl - B 2R OB TR D IC X D WkEN | CIP 2 UC, X A f~DIFEHRO A - UK & @RI
TRAEHEBA~ D HEFHE OMIEE X 2,

FRFERB L TOESREDY X7 FAAEFEICE LT, A N LB R
1 & FRIEE 2L DT,

B AME TO U X7 (R, £ - $288) | - BB OBMANL - P TREOBEH B TI, ¥tk
HEBIOMEAM MBI L, H LTEOMPVE
HZ1T 9,

EEREEREER (=27 b)) 2R L. HREIC
TR RBEEIT O,

FRBERY 2288 - HERFEEICBI T2 Y X2 | - CIP DSk 70 1R - MERFE RO 729D D AH - TR
ZHERTE 2 K O FHEBRE D b IFHIgt & FEiko
AlezM 5,

3—3 BREHSEES

(1) BREEtSEE
BN O L TH L Z & MDD THLZ b, ZAEDEIZI VBRI
% & DRRENEE LA - FHFHERESHTWER, 5% FIEE MR LGB 5HE 17> T
W EIRZ, BER B, JICA DRBEASEE T A K7 A4 ANZEDSEHEEIT> TN,

(2) Vo X—HmE
Bk

(3) ZOMPEE
EARE

3—4 ODA FZF i/ Hiifh 2 im U CTHIFF S 2 B0 3

ODA F¥4& A X — MA L LT, BIEMOH L FENFHBEZ IR LETICBET LT, 22
— MNEM ORI PERA — 7 IS S, [BEFW AR - E B O E(] 0 RN & FITHIES 5,
HE XN D B R

O HETTIS KA ICE G T 2 BAETHM OFE M TRENFEIEEND,

@ MEEMNERTLZZEICEY, a7 )= NEMOBEER )Y A 7 AVNL—TBHLIND,
@ MWLl Ezoar 27V —FEMOEMDRE LICLVHET D LEEHYR T KGO MEBRMEN

[FDEETE D,

34



FA4FE U AEBEHE
4—1 BV ARG

ODA7 v =7 FOREEKE X, XA EHOBMAEKEE N— v — o S—1+F—) &L LU TIHH
HE CHMF 2R L, BAGMEEATIA V7 TR EERSHCa 7 U — b sl gl

oitE EEES L LT, BARMIE - BEEEE L PV EEX TN,

AR, FAERHMOREL 25 a0 2 U — MM 2 ERE - ERINC 1 2FICERT 52 &
B3 = 2 BN DB I D DD TREETH Y . OB A R ERD I ERHBI LTS, o T,
SEMEE ZE LT, S 3 2 BN AR LT B B S — b I — (R DBEAE D A = o L S O

KRB RE TS oI, MIERROBAEEMEE TH 20t 2 FEFELE LIz,

AL MEEH - fOEEH 2B M N — b —2NET L, BEBENIFEB R L@ B - 158
DEEZH S, B — b — 3 LMo RERE. B OESR, WE SN mAETH 2 E
MU= ofls - IRoe 25 Rl 2 B2 %,

MET LR ARAOMMENEZ, X 4-1 177, ORENBRILT 2 FREOFENETH D)

T OHFEENER L TR, MEANRBIC LB R EINE ORI THITC~O BB TE | 30 HERIZER
LCiE, kit - SEORTEICIVEANRMBT V=7V o 705 BIFEICHL HElkT 2 & ilE
LTW5%, [

B ik A 5% 3L ]

ECrABMERE 00 [ L=

i
. :|ﬁ$ﬁﬂﬂﬁ$¥||
BEMRETS | T

N
wr || —wwEow
il 597"

|
1
|
1
1
1
1
|
1
|
1
|
1
:
RHSI 0L (o-trasmE )|
1
1
1
1
1
1
|
1
|
1
|
1
|
1
1

L

151 wn

=

I
1
1
1
1
1
1
1
1
- mE-E® i
1
' | —hiE
1
1
1
1

REVBETS |qmmh 27U HRETS
1
1

& LI — 2R

X 4-1 BV AREBEOMKKK (Kt SHEHER)

(GEEESTEY

(1) JREHR O OIS &

JFRHZX, FIC N a 7 HANOFE, K OMAEBSE N ORAT 2307 U — NEEM Z AR EIR -
NESNTbDET 5,

WL LT, NraZfNoar s ) — MEMIEAERD 4-2-1 HIZFEH OB Y /-] 150 5 k>

ERIAEND Z BB L, R FHEFmE L LCTIIER 60 5 b (=AM 55 by =H 2,000 k
35



v, =B 250 b)) A BHEET
AL, FELLUIEKICEZDEMBPMNDE L E2EEL, B1 AT v 7L UTHEM36 5 h#l
B (=HIH 3,000 k>, =K} 10 b)) MBHAZ— T 5,

(2) SEZETFEHEIG AT S OV Hb i

RGBS AT, B R— =L H#E L T FPETH DN, [HIFEME & 5 & FAE i
T i 5% 2 [F] — B H N | %%T%é:k\%@%ﬂﬂ%%bfv?4iﬁxFﬂyﬁU—F@%I%\
HOHNVE B TN H L2 HIEAEE LW EBE X TND,

S R FE I, %42 5,000 i A2 HE LTV B,

(3) BLERH O L OMLE iR O Bl
Bl W@%ﬁi WI3EIZHL LN 32 LR TH B,
fUIERE L RS20 AR 10 R oBiERE ) T 5,

(4) BLEARH

THOmEEH - BUSE M 2 B/ S— b =2 0 $RRIENTEB R 2 THERRE B - 580K
flaH o, Bl S— M =T T oMt BiFE, B ofe, MiEshtBEFM 2L
I = oflE - e B (KKl 2B 2D,

(5) BB O

it U7 B OB, M B ORI, BB RSN, 5 X OB 5 L7 1 3 %
hao s ) RS TH, &5\ RS TH~OB5E s TET 5, 2, BEEDIITORE L
BHe L CRBBBICIRET 5.

4—2 WSS

4—2—1 TWHOER - B

HAEMBMER SN HHITERTH THY . ERBEITA V7 7R EEHSCE o VU RIESE,
a7 ) — P DR GRESHE LR D, A EICBIT @R TTISIREREICHEWVILRZHET Tk
0. Atk bR ED TN Z TN a 7 BRTHE COM FEE mERERIE R OK AL T O KBIURREE
BAR A< & RS, B L LCTid 300~350 f& US RVME, 227 U — MEHAETRS L 1,300 im
PERFIAENDS, EoTar 7 VU — MNHEEICH L EMTY S 2,600 7 b HFEBBEN RIAEN D,
N aZHFFIC L HEDORER., N a7 MITBIT 2R THGEREIIR 4-1 DX H1ThoT
BY, EEWTTH 2020 FI1TEM 1850 H hroar s ) — MNEERLAEND,
BrEEmIE O BRI, 100 f OREFFFI M T 329 b s U — FEFEMNEAT S Z LV
HLTWD (41027 — MBS, 7o, MIRFREZIE 100 nd OFFAFF AT H#1T 41.03 > D=
IV NEEMPRET DL ENHBLTWD (K420 a7 ) — MIASK) > T BEB,
RARBIG N ORET a7 ) — MNEM ORI, FRBEE 150 T bz kSEiAEND,

BIIR OIE Y YN = 7 H O FEERBEM A 6 ORGE 2 B L CW 2 FAFMEN D LT, JREEAFD

3 Asean-j.net/35248/ % %%& L L1-,
36



H2DHREEDOHEHND b TR RTHREN S 5,

RBARFEICB T LZEIREI T —07 7 — MERN LI, itk L 0 Zatt - WE AT
TRIEER %S £ 88NN/ S AGATHETM ZHENZVWERIZL TS, FAEHT Y -V
ROBBEEVWHREP DI, HEFBMORMAEERALTETNDLEEZXD,

F A1 EREEFATHGEHUR & D OB & T (2017 4 LARRIE T )
(L N ama 77 Fm b AF LT — 2 2 L CRRAR TR

| HBEEFA PR EOMIH ()
HEFEME | 22 Z SR - FU E78 Z DA ki
(nd) = [ 178

2011 | 23,950,819 787,982 | 102,989 189,211 | 304,175 7,185 | 1,391,543
2012 | 25,672,776 844,634 | 110,393 202,815 | 326,044 7,702 | 1,491,588
2013 | 27,821,472 915,326 | 119,632 219,790 | 353,333 8,346 | 1,616,428
2014 | 29,729,900 978,114 | 127,839 234,866 | 377,570 8,919 | 1,727,307
2015 | 31,673,527 1,042,059 | 136,196 250,221 | 402,254 9,502 | 1,840,232
2016 | 33,648,720 1,107,043 | 144,689 265,825 | 427,339 10,095 | 1,954,991
2017 | 35,652,963 1,172,982 | 153,308 281,658 | 452,793 10,696 | 2,071,437
2018 | 37,684,362 1,239,816 | 162,043 297,706 | 478,591 11,305 | 2,189,461
2019 | 39,741,551 1,307,497 | 170,889 313,958 | 504,718 11,922 | 2,308,984
2020 | 41,823,478 1,375,992 | 179,841 330,405 | 531,158 12,547 | 2,429,944

42 FRAREF TR GE AL & IR D O FLBERE & T (2017 4 DARE 1T )
(i N a7 WIFNHAF LT — 2 2 U CRAHE TIER)

| RIRERR] PEFEM EOFRE (L)
HEEmME | 22U N RE - K gk Z D aEl
(nf) — k i
2011 340,486 139,701 238 43,718 6,129 1,566 | 191,353
2012 407,401 167,157 285 52,310 7,333 1,874 | 228,959
2013 474,577 194,719 332 60,936 8,542 2,183 | 266,712
2014 541,932 222,355 379 69,584 9,755 2,493 | 304,566
2015 609,424 250,047 427 78,250 | 10,970 2,803 | 342,496
2016 677,022 277,782 474 86,930 | 12,186 3,114 | 380,486
2017 744,716 305,557 521 95,622 | 13,405 3,426 | 418,530
2018 812,477 333,359 569 | 104,322 | 14,625 3,737 | 456,612
2019 880,306 361,190 616 | 113,031 | 15,846 4,049 | 494,732
2020 948,213 389,052 664 | 121,751 | 17,068 4362 | 532,896

37



4—2—2 BEHGHT - EEALYE

43 \THATMREFIEOE A £ 4-4 ([THERIEFIEIC L DB EY . K2 X MEHi—E 4
Y,

A ENCBWTIE, BURY A 7 282X MAME— FA Y RIOZHE 28N L CTEM AR A T
L0, WAE T HATH Y RIE 2 2 MILZWSSERI SR EORERM IR TE 2 b0 Tidk
W, 2O 1FE A EEBBMAIZRIE L TS, 5%, BiAtnEH L CE/- & LTHE 4-3,
F4-4 THOMMREBY ., WHE. SREE., MAMESOENRTDE 2 2 PWmEZREEA EOY—E 2T
T2 DTN,

FHAEBMORE X NI, BEEAORBICE DL 190~220BT/ b 4 RiAE ., KRG M
¥ 270~330BT/ b 2512 T 20-30%FE/E 2\ S FRTE S, FAEEM OHTH oMk 55 103 FaA o
Do kAT T v TRV AY MR OTRAEEBET D L FEETE N,

#4-3 BHAEEMEEGEORE (o SR ER)

ELE B B AEOER e
mEE N ER AR auh U~ P REICTICMEAL., TEEAANLERBLE ((TEELINCHEIES.
Gk W, BUEscEMERET S, EEHomBsl i
AV 2 ~EBRAFR a7V~ RBERGETLIRS )2 -TEVEHAELYT, FEOREEEET DI, &
(BERAT V-] |(TEELILETEHEET S, gEOMERLEICRS,

A V- PREY S0 ~FTHBL, BehkE—FRHE | Eard U~ bOoFECEEEFE
o A BHAERCAUBICEIVRBRET S, R ESICERER W, WREFRE O, HMESA
ETEL, R T B,

mog - 11—-5% |RLEETDSIAMCLY Y- FRERAL, av 2 11— = Ao
(R =2 1) |NREEOEI BRI DAL 2L s sy s, |REROBREN#HTES,

s

FEOHEERHEZTET. BUE

i»W@ﬁnzvaﬂ§EﬁéﬁfnvﬁU“b%@ﬁ%L%ﬁmﬂﬁm%&@% B2

& RAEBEIAN L n rmAL. CUr SRS BRI & o T HER

# R i B & A TEAMEE Ty, BER
* * BTy, THMERELRSBHET S, ﬁEva%%EW?%%O =
F 44 FRGEFECLDBEFY, KO a X FiHME—&

— R -

RiBFHE WET HET ol BB AR

MBEY ERED —
(85 £ fin3h) J0HCH) J0HCH) 40% =t
AT . BREE
w | A3y ac) 0% A% CH) B0 i
= BB\ 51 0% 40%(L) B0y ﬁ
Bon—HU—FR
B — A 1 —) 0% 40%CH) B0% o
®| RALERAAE
- R e LO%CH) 40%CH) 10% Ht

(R - BREARTEZ L0 V- b 24 T30 - 1005 TENRREREFED D V- b ERCEREEH a7 )~ b ORRFHHRETIEE )

4 RIEE R T B R
S REKE A4 : SCG 7B AT L=/ 2 7 RO KRG MMtk S, 9.53mm 1Y GiiE4f) T 270BT/ b,
19.05mm #8¥Y4 CHE#f) T 330BT/ kv

38



4-3 AYa—Fx—v
B CHEL TS a—Fx—ik, M420L5Y,

E¥ (H) B — b —

H & H &

Rl Tttt ey

1 % ﬂEAXij | BRI o IR
=¥ IR . (A
EER@IA | l = T

(344 h FAERH N EER

1 EPTRERY: -7 B =

I SRR e in

: ‘ R TIEEb ‘

- $

I gy Y AR 7 <

I ‘ BAEEIZ U g 7L ‘ @JHE:%

[

: I — MR IR

: ‘ Eay ) — TS vy ) — REEk

______________ R i

BE =N ST

M 4-2 HEFATHET LN 2—F=—r (M FIERIER)

4 —4 HEHEREL X— N —{EH
FE4NBA

4 —5 IXZEFHE
FEIABH

4—6 MMEINDIHE VR LXK
FEONER

39



4—7 ©vURAREZAZEL TGS DBHEDR

BEEOH D FHEMFEEZLREL, FTIBT LT . =227 U — M HEMOIERNL—T7] 2L
L. MEsts] ORRBEEZED D Z LR REL 2D, M4-413ZDA A=V RLTEY, RE T
£# 1,000,000 Ak SEHEFM G LERTE 2 Z e s s, ZOFETHITHYE TS
FINEMEWENRE SN D2 TR EROME L MO E LICK 28 A PAEBICE
LB RIRFCHIIETE 2 2 813, ZAEDORRBIZE>THERTH Y, MEOEHWEENRT
b5,

B  — RERMOBAER

B XEE o]
THEERA | ) [Cosamin =y ”
AnELAR
EE i

T
(i:l_ t)ll..J_f.F) RS- BELFIIN
(WJ—F@E‘N)
-1

REE-FAEL
e TEN T |
R cg*fmﬂ“éi?a ﬂ

BT C- BAEED
R ER) |— | BetE |

4-4  BAFEZNARMEER (Mt o PHEMERD)

(M B 1 9t = K (201657 [E/ 0 7 ED M)

HEMEES 1.280.000b%/ 5 s | (TREBRH L TEHFIA 152,000k /4E
LAl EROTESR 35008/ BEBIEASTOTELTYH A2 128000k /5F
T eARERES 3,600/ s SMFEL ) 1,000,000/ 5 |

[« ERTrSEA PO ERESA RN,
TREFEOEARL GRS, BETEMBESATLNS

EEOGH TR RS )=

MfFEhoEIER R

@EEAHFRBRMI-OULD
FREEDETASROAFNERINT
f%ﬁ? Miflsi_ ﬁt:::l:ﬂ ﬂi‘-éﬂ'ﬂ‘ﬂz A HDEHE_"#L%

Y44 B R
#ER : 1,000.000k2/5F

HELZhTLWV-10E2THEERHE. BEFHEELT I DR ORERRIL—TFREIEND

4-5 HrFS A oPAZEAA (M« GHEMIER)

4—8 HARENH TR « #lgdGM b ~DH R

4—8—1 BIEMZE - EE~OHEHK

OF¥EFEm I L 2ENOREMBAIL., FrEbEH. HrfibHss

WS BR IS T B e BT 70 E I HoT D TR PTG E 2 & EHE OB - B % B2 ik
5,

@F IR & 5W&ﬁ@ﬁ¥@%itﬁ
RIENT AT LADORFEIC fiax st - faE . AR TE L ONEIRE O EE /R LiIc kv,
.WT$F35:F‘EP:JHJ:@JLJ:+;§%%4 AL TG,

40



@FHENIC X DH 7703 — b — & O R OE R AL

RELIFRBIENCL s THIO TOWINER L 722720, 4%, 2 < OFECHESICER T 5 2
EDBESND, ZOMROT=, F/Me3E AR IS O E SR T RS —7p & SRR
RS 72 E A MEMIICIEA T2 & &bz, LA -> T <,

4—8—2 ZOBEHKE~DH

Q7 HIBE & OB - Hilik

RN OHIETH 2 KIFIE, 42 A EIZHEH 3 2 KIEFE O F/ M3t L TEoffin/a e
CEAXIEETOTCEY, [HET V7 B 25— U — RICHIRE OEE LIS ICBER A T
W5, TR, I@WE%%?%@%%@&%@%%K%?%&%-/ﬁﬂﬁ@ﬁ%@%%aﬁﬁw
bdd [BREE YRR ] OHEEICHICEDLTEBY  ICAREDOIEEZ T, N aZizii LT
T R WWﬁ%@%htJ . B OFRIAR E FEAIZAT > T D, $RERIEAT. KIRF O
DAABD—REM S 728 L%%&m®ﬁﬂ%%lﬁ%u%%?é%@%f<%%bfwéo

QR HIASE & OEHE - ik

Rk 27 4 4 H KBRS i B ¥ o0 A T g i AR 5 (2 Wkt o> JIS BiA% i dh 23 Pl S 4, 45 511 T
SESEIOBRIZ 2 o7z, Fo, HBEBKO —ER L LT, SHGEHEHZR & O 2 R Ic 5] & =07
TR IEN D B A % Hilli 36 IR < o LTV 5,

@ B ABAF, BT OBRLA~DE K

E EAmA EHIC LD TR A 7 v EdfigRa] ToHEC, [RBAR K ERICHEAET KRR
DK BEREIEWC T DER— W&ﬁotﬁh%%7m&7AUWBMMfWVWD2@5ﬁ%ﬁ@
BT SHETM a7 U — ol e Y A OBEY ORE H A EBURS D H Y A1 Ak L
T ORI 2 H 2kt T

@RZMFFEHERI S & O - HHEk

a7 Y — FOPERBA RV A D S LERF L L Y 2203 DR OM BHILE B8 217 -
Tn5,
BHERT: - WIZEREEIIE. LT o@y Th 5 -
RERTIEREE, RIRPEFERZ:, TR, FERY BA LIRS LTSRS AR, I
BRF, EERTHRA, BARRSER AR,

41



Summary Report

“SDGs Business Model Formulation
Survey with the Private Sector for
Creating a Safe Recycling Loop for
Recycled aggregate for Concrete in

Thailand”

August, 2021

SAEZONE, Inc.

42



1. Introduction
This Feasibility Survey was conducted to examine the potential use of Japanese companies’
products and technologies for Japanese Official Development Assistance (ODA) projects. The

scope of the survey included network building and information gathering to develop ODA projects.

The proposed company has developed a system to regenerate aggregate from solid waste concrete

(hereinafter referred to as “the proposed technology™).

The proposed technology, which has made it possible to recycle instead of reuse (mainly

backfilling) of the waste, is not found in other companies’ technology.

The recycled aggregate regenerated by the proposed technology is of a quality that passes the M
and H classes of the Japanese Industrial Standard (JIS), and it can be widely used not only as

roadbed material but also as structural concrete aggregate.

In this survey, a testing machine for manufacturing recycled aggregate, which is the core of the
proposed technology, was installed in the Faculty of Engineering of Royal Ramkhamhaeng
University. Using this machine, the proposed company manufactured the recycled aggregate (JIS
standard M and H classes) for construction concrete from concrete waste generated in Thailand.
Tests verified the detoxification of hexavalent chromium (Cr*¢), which is a harmful component,

and the strength performance of this recycled aggregate concrete made by the testing machine.

2. Thailand Issues
2.1 Construction waste issues

Among Thailand’s waste problems, construction waste is the result of urbanization that took
place ahead of other countries. As a result, Thailand is entering an era of simultaneous rebuilding
due to aging buildings and new construction, especially in Bangkok, the capital city. This is an

urgent issue that has become apparent.

The amount of waste, including concrete waste discharged from demolition construction sites
and new building sites in Bangkok, is steadily increasing year on year. Due to strong new
construction demand, concrete waste discharged from demolition construction sites and new
construction sites in FY2016 was 930 tons/day at demolition sites and 3,660 tons/day at new

construction sites, totally nearly 4,600 tons/day. Construction waste has reached a huge scale of
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1,380,000 tons per year.

2.2 Environmental pollution issues
In Thailand, most concrete waste is used for backfilling to raise the height of land for flood
control. Use as a backfill material has the problem of leaching harmful cement components

(hexavalent chromium) in waste materials and there is a risk of groundwater contamination.

2.3 Issues related to appropriate recycling

Appropriate recycling technology and operational know-how are indispensable for establishing
arecycling loop. The city of Bangkok, which faces a rapid increase in construction waste, and the
Siam Cement Group, a major private company, have each built a recycling test plant and are trying
to recycle, but they only reuse this waste as roadbed material. These initiatives are not out of the

scope of reuse, but an effective countermeasure technology for recycling has not been found.

2.4 Issues related to legal system and structure
Thailand has published the “Enhancement and Conservation of National Environmental Quality
Policy and Plan, 2012-2016,” which is a comprehensive guideline on air and water environment

conservation, including waste management, and has started vigorous waste management efforts.

In response, the Pollution Monitoring Bureau of the Ministry of Environment has issued a notice
for "a method of treating waste generated from construction and demolition sites," and has
recommended as an effective measure from the viewpoint of preventing environmental
destruction "to convert from landfill use to utilization of recycled aggregate." However, there is

no waste recycling law, like in Japan, and there is no administrative control.

Risk of toxic substance
elution

Risk of soil an
groundwater
pollution

Building demolition site

Landfill
= (most)
Crushing :
H Recycle for
and_ :. - roadbed material }
sorting :

Sell>Recycle

L :
'"E_,}! llegal dumping i

—(_ Brick / rubble

Landfill
ement X istural sesreste
Building construction
site _

Ready—mixed concrete
Fig. 1 Construction waste reuse in Bangkok

manufacturing factory
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3. Technology and Products of the Proposed Company
3.1 The proposed company’s business in Japan

The proposed company produces gravel and sand for infrastructure development, keeping in
mind control of the depletion of limited natural resources and reduction of the environmental load

through development.

We promote research and development on the recycling of construction waste materials and are

working to improve the technology.

Specifically, we are acting as the coordinator of the group and overseeing three group companies
that are engaged in the recycled aggregate manufacturing industry, the quarrying industry, and the

aggregate refining and processing industry.

3.2 Outline of the proposed technology and products

Recycled aggregate manufactured by existing manufacturing technology cannot be used as raw
material for concrete as a high-strength structural member, but by using the proposed patented
technology, it is possible to get recycled aggregate passed as the H and M classes of the JIS

standard for concrete for a high-strength structural member.
In addition, harmful hexavalent chromium (Cr*®) in concrete waste can be converted to harmless

trivalent chromium (Cr") by injecting harmful substance suppressors utilizing the advantages of

wet treatment, as shown in Fig. 2.
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l

|
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Crushing Low grade Recycled fine Recycled Light Specific
Recycled aggregate aggregate coarse gravity material
aggregate

Fig. 2 Outline of proposed technology

The advantages of the technology are summarized below.
® Concrete can be recycled without generating hexavalent chromium, which harms the
environment.
® Recycled aggregate manufactured using with this technology can be used for high-strength
structural concrete.

® High-quality recycled aggregate production can be realized at low cost.

3.3 Suitability of the proposed technology in Thailand
3.3.1 Institutional suitability

On February 28, 2020, the Thailand Industrial Standard (TIS) for recycled aggregate came into
effect. The contents of the enforced standards are generally based on the JIS standards (JIS A5021
and 5022), and three types of quality standards are set as judgment criteria, according to the
physical properties of the recycled aggregate, and the intended use. As a result, there is no
institutional hindrance to using recycled aggregate manufactured by the proposed technology in
Thailand.

3.3.2 Technical suitability
Tests confirmed that the quality of the recycled aggregate manufactured with the testing machine
and using local concrete waste material all passed the TIS standard. In addition, the test results of

the concrete using the aggregate material all passed the JIS and American Society for Testing and
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Material (ASTM) standards, as follows.

(1) Hazardous substance (hexavalent chromium) dissolution test results:

- Hexavalent chromium, which was more than three times the environmental standard value,
was detected in the collected concrete waste material.

- Hexavalent chromium was not detected in the regenerated aggregate produced by the proposed
technology.

(2) Recycled aggregate quality test results:

- Passed the TIS standards for all items, such as sieving, density in oven-dry condition (g/cm),
and water absorption (% mm).

(3) Concrete strength and durability test results:

- Regarding concrete strength, it was equivalent to using natural aggregate and achieved the
target strength.

- Regarding the concrete durability test, the long-term tests on drying shrinkage, carbonation
depth, and chloride permeability were conducted, and it was confirmed that there was no problem

with any of them.

3.4 Possibility of solving construction waste problems in Thailand
3.4.1 Environmental pollution
This survey found that harmful hexavalent chromium, which was more than three times the

environmental standard, was detected in concrete waste materials in Thailand.

In contrast, harmful hexavalent chromium was not detected in the recycled aggregate regenerated
from this waste material using the proposed technology, thus providing that it can contribute as

an environmental pollution prevention technology.
The current hexavalent chromium standard for soil contamination in Thailand is not the elution
amount standard (mg/L) used in Japan but the content standard (kg/kg), and there is little

recognition of the harmful effects of elution.

However, if the landfill of concrete waste materials and their use as roadbed materials proceed as

they are, there is no doubt that soil pollution and groundwater pollution will progress.

We will contribute to the prevention of soil and groundwater pollution by promoting

commercialization using the proposed technology.
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3.4.2 Recycling
The proposed technology works by properly separating reusable impurities, such as reinforcing
bars (rebars), from concrete waste, then peeling off and treating the mortar from the concrete

block, and recycling the used aggregate as harmless aggregate again.

It is a technology that can be used, and is a solution to the optimization of waste treatment and

management that Thailand is aiming for.

In addition, by promoting commercialization using the proposed technology, we will contribute

to prevention of the depletion of natural resources (natural crushed stone).

3.4.3. Legal system and structure

Recently, the TIS standard has been revised for the use of recycled aggregate in accordance with
the JIS standard. In this way, Thailand is steadily working to improve the legal system, and it is
expected that, shortly, legal systems such as Japan's "Basic Law for Establishing a Recycling
Society" and "Construction Recycling Law" will be organized. In that case, we will cooperate
with Counter Part (C/P) to provide the experience and knowledge of the proposed company in

construction recycling and contribute to the establishment of an effective legal system.

4. Proposed ODA Project
4.1 The ODA Project content

The purpose of the ODA project is to demonstrate a recycling loop by manufacturing recycle
aggregate from construction waste generated in Thailand, using a small-scale demonstration
machine for recycling aggregate which is expected to be installed on the premises of Department
of Public Works and Town & Country Planning, the Ministry of Interior, which is in charge of

general waste treatment (constructions other than factories are treated as general waste in
Thailand).
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4.2 Implementation formation and action plan of the ODA Project

4.2.1 Implementation formation

Thailand Side Japanese Side
e e
(C/P] Coolberaflion

Support

* Department of Public IH i
Works and Town & Country “| SAEZONE, Inc. ‘l JICA
Planning / Ministry of Interior !

*Ramkhamhaeng University

Technical Support
OKITA
®Nagata Engineering

*Bangkok Metropolitan
Environment Bureau

* Pollution Control Bureau/
Ministry of Environment
*Department of Industrial
Works/Ministry of Industry
*Thai Concrete Association

Fig.4 Implementation formation of ODA Project

4.2.2 Action plan of the ODA Project

(1) By an integrated process from collection of construction waste to manufacturing of recycled
aggregate and concrete construction using recycled aggregate, we verify that the quality and
performance of the aggregate and concrete conform to the standards and demonstrate that
aggregate can be recycled.

(2) Developing the use of recycled aggregate.
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(3) Formulate the business development plan for the recycled aggregate by assessing the

manufacturing cost in the integrated process through a verification survey.

5. Business Development Plan
5.1 Outline of Business Development Plan

Based on the results of the ODA Project, as the first step, we aim to establish a local subsidiary
jointly with a local company (partner) that will comprise a recycled aggregate manufacturing and
sales business for the main infrastructure equipment customers, which are construction companies

and concrete secondary product manufacturing companies that use recycled aggregate.

According to the survey results, it is extremely difficult and costly to collect concrete waste,
which is the raw material of recycled aggregate, in one place on a quantitative and regular basis
due to the transportation network in Bangkok City. Therefore, in consideration of profitability,
the business will start by establishing an appropriate-scale recycled aggregate manufacturing

factory in the partner’s existing ready-mixed manufacturing bases dispersed around Bangkok.
The partner carries out quality control and manufacturing control of this factory, and we will take
on the role of practical factory operation management and guidance. The partner will establish a
system to provide factory premises, install equipment, collect waste materials, and manufacture
and sell ready-to-use aggregates using manufactured recycled aggregate.

Based on the results of the first step, we will gradually expand the scale of our business.

5.2 Outline of value chain

The envisioned value chain is shown in Figure 5.
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)

(Development Issues Concerning Concrete Waste in the ) (The Company’s Products and Technologies )

Material Sector - ltis possible to manufacture H-class and M-class recycled

. Waste problems are an important issue, particularly the issue of aggregates (the JIS standard) for concrete manufacturing that
construction waste materials in Thailand, which is worsening each can be used for high-strength structural members by using
year due to rapid urbanization. masonry/wet specific-gravity sorting technology.

« Concrete mass, which accounts for the majority of construction + ltis also possible to detoxify hexavalent chromium in concrete
waste, is currently backfilled. This could cause the elution of waste by adding a harmful substance inhibitor as part of the
harmful substances such as hexavalent chromium. same wet-treatment process.

« There is currently no proper recycling technology that does not N /
risk further environmental pollution. Existing Technologles- _ NowiTeckmologiast:

_ S [Crushing, Screening & Picking] [Grinding & Gravity Separation) «
Yard for Goncrets Waste Grinding Mill " ]
Survey Outline ‘1/—-:}% SpuclicGrmty srsor
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+ Survey Overview: A business model will be created to solve development @ i I_ 1
problems by introducing the proposed “detoxification and recycling of concrete e — i T Al e
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using the model in ODA projects. e

SAEZONE Technology
[Pretreatment + Grinding, Classification, Wet Specific-Gravity Selection]
(Approaching the Relevant Development Issues A 4 ] )
o ] i o ) Expected Impact in the Country

+ Alocal subsidiary will be established jointly with a local company, . A ling | . tructi te will b
and a recycled aggregate manufacturing factory will be added to resource recycling loop for construction waste will be
the existing dispersed ready-mixed concrete manufacturing bases established.
and secondary product manufacturing factories. + Natural aggregate will be protected.

« By collecting waste concrete, which is a raw material, at the above- + The load on landfill sites will be reduced.
mentioned existing bases scattered around, transportation time and + Soil contamination caused by harmful substances will be
transportation costs can be reduced. suppressed.

* The manufactured recycled aggregate will be sold to the « Environmental impact by transportation will be reduced.
construction market at a price that is about 20 to 30% cheaper than » The Thai version of the Construction Waste Material Recycling
the price of natural aggregate. )\ Lawand other recycling standards will be established. )
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Properties of recycled concrete aggregates and recycled aggregate concrete

1. Properties of recycled concrete aggregates

1.1 Materials

Recycled aggregates, obtained from SAEZONE, inc., consist of 3 samples, namely Rock H,
Rock M and Sand M.

Natural aggregates commonly used in concrete industry in Thailand are a crushed limestone
and a river sand.

1.2 Test items

Material properties of all aggregates, listed in Table 1.1, were tested in accordance with the
referenced standards.

Table 1.1 Tested material properties

Recycled aggregates

Natural aggregates

No. Test items Standard Rock Rock Sand  Crushed River
H M M limestone  sand

1. Gradation ASTM C136 . . . . .

2.  Specific gravity and Absorption ASTM C127 o b - o
(Coarse aggregate)

3.  Specific gravity and Absorption ASTM C128 - - o - b
(Fine aggregate)

4.  Solid volume percentage for ASTM ° . . . .
shape determination C29/C29M

5. Amount of materials passing ASTM C117 n.a. ° ° ° °
through sieve 75 um

6. Chloride content JIS A 5002 . . * *

7.  Alkali-silica reaction (Chemical ASTM C289 ° ° ° ° °

Test)

1.3 Test results

1.3.1 Gradation

Size distributions of all aggregates are illustrated in Figures 1.1 to 1.5.

Gradations of all tested natural aggregates and recycled aggregates complied with ASTM C33.
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1.3.2 Physical and chemical properties
Physical and chemical properties of fine and coarse aggregates including oven-dried density,

water absorption, bulk unit weight, amount of materials passing sieve 75 um and chloride ion content
are tabulated in Table 1.2 and Table 1.3, respectively.

Table 1.2 Properties of fine aggregates

Natural aggregate Recycled aggregate

No. Properties River sand Sand M
1. Oven-dried density (g/cm®) 2.56 2.35
2.  Water absorption (% m/m) 1.12 5.09
3. Solid volume percentage for 64.45 69.29
shape determination (%)

4.  Amount of materials passing 1.13 1.20
sieve 75 um (%)

5. Chloride ion content (%) 0.0005 0.0005

Sand M has lower oven-dried density and higher water absorption compared to river sand.

Sand M has higher solid volume or in other words lower void content compared to river sand.
Due to the fact that Sand M contains more fine particles than river sand does, thus void content is lower.

Amount of materials passing sieve 75 um of Sand M is slightly higher than that of river sand,
meaning Sand M has slightly more fine particles (smaller than 75 um), which is in accordance with its
size distribution. JIS A 5021, 5022 and 5023 limit the amount of materials passing sieve 75 pum of fine
recycled aggregate to the maximum of 7, 8, and 10%, respectively. Sand M conforms to the standards.

Both river sand and Sand M contain very small amount of chloride ion content.
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Table 1.3 Properties of coarse aggregates

. Natural aggregate Recycled Recycled
No. Properties aggregate aggregate
Crushed limestone Rock M Rock H
1. Oven-dried density (g/cm®) 2.74 2.43 2.48
2. Water absorption (% m/m) 0.55 3.92 3.04
3. Solid volume percentage for 59.23 61.66 62.23
shape determination (%)
4. Amount of materials passing 0.13 0.06 n.a.
sieve 75 um (%)
5.  Chloride ion content (%) 0 0.0005 0.0005

Both Rock M and Rock H have lower oven-dried density and higher water absorption compared
to crushed limestone. Rock H is considered a slightly better quality recycled aggregate than Rock M due
to its higher oven-dried density and lower absorption.

Both Rock M and Rock H have slightly higher solid volume or in other words higher void content
compared to crushed limestone.

Amount of materials passing sieve 75 um of Rock M is lower than that of the crushed limestone.
JIS A 5021, 5022 and 5023 limit the amount of materials passing sieve 75 um of coarse recycled
aggregate to the maximum of 1, 2, and 3%, respectively. Rock M conforms to the standards.

Rock M and Rock H contain very small amount of chloride ion content while crushed limestone
has no chloride ion.
1.3.3 Alkali-silica reaction potential (Chemical Test)

The reduction in alkalinity (Rc) and dissolved silica (Sc) of natural aggregates and recycled
aggregates are listed in Table 1.4 and Table 1.5, respectively,

The results are then plotted in a referenced Reduction in Alkalinity (Rc) vs Dissolved Silica (Sc)
graph (ASTM C289) as shown in Figure 1.6. All aggregates are located in the innocuous zone, thus
they are not likely prone to alkali-silica reaction.

Table 1.4 Chemical test results of natural aggregates
Natural aggregates

No. Properties River sand Crushed limestone
1. Reduction in Alkalinity (Rc), 50.00 252.50
millimoles per litre
2. Dissolved Silica (Sc), 5.66 1.66
millimoles per litre
Verdict innocuous innocuous

Table 1.5 Chemical test results of recycled aggregates
Recycled aggregates

No. Properties Sand M Rock M Rock H
1. Reduction in Alkalinity (Rc), 122.5 130.0 115.0
millimoles per litre
2. Dissolved Silica (Sc), 0.67 1.00 4.00
millimoles per litre
Verdict innocuous  iNnocuous  iNnocuous
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Figure 1.6 Rc and Sc Relationship (Reference: ASTM C 289)

1.4 Comparison with JIS standards

Tested properties of Sand M, Rock M and Rock H are compared with JIS standards for recycled
aggregates (JIS A 5021, JIS 5022 and JIS 5023) in Table 1.6, Tablel.7 and Table 1.8, respectively.
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Table 1.6 Properties of Sand M

Recycled JISA5023 JISA5022 JIS A5021
No. Properties aggregate Type L Type M Type H
Sand M Fine Fine Fine
1. Oven-dried density (g/cm®) 2.35 - Min. 2.2 Min. 2.5
2. Water absorption (% m/m) 5.09 Max. 13.0 Max. 7.0 Max. 3.5
3. Solid volume percentage for 69.29 - Min. 53 Min. 53
shape determination (%)
4. Amount of materials passing 1.20 Max. 10.0 Max. 8.0 Max. 7.0
sieve 75 um (%)
5.  Chloride ion content (%) 0.0005 Max. 0.04* Max. 0.04* Max. 0.04*
Remarks: *up to 0.1% if approved by the user
Table 1.7 Properties of Rock M
Recycled JISA5023 JISA5022 JIS A5021
No. Properties aggregate Type L Type M Type H
Rock M Coarse Coarse Coarse
1. Oven-dried density (g/cm®) 2.43 - Min. 2.3 Min. 2.5
2. Water absorption (% m/m) 3.92 Max. 7.0 Max. 5.0 Max. 3.0
3.  Solid volume percentage for 61.66 - Min. 55 Min. 55
shape determination (%)
4.  Amount of materials passing 0.06 Max. 3.0 Max. 2.0 Max. 1.0
sieve 75 um (%)
5.  Chloride ion content (%) 0.0005 Max. 0.04* Max. 0.04* Max. 0.04*
Remarks: *up to 0.1% if approved by the user
Table 1.8 Properties of coarse Rock H
Recycled JISA5023 JISA5022 JIS A5021
No. Properties aggregate Type L Type M Type H
Rock H Coarse Coarse Coarse
1. Oven-dried density (g/cm®) 2.48 - Min. 2.3 Min. 2.5
2. Water absorption (% m/m) 3.04 Max. 7.0 Max. 5.0 Max. 3.0
3 Solid volume percentage for 62.23 - Min. 55 Min. 55
shape determination (%)
4. Amount of materials passing n.a. Max. 3.0 Max. 2.0 Max. 1.0
sieve 75 um (%)
5.  Chloride ion content (%) 0.0005 Max. 0.04* Max. 0.04* Max. 0.04*

Remarks: *up to 0.1% if approved by the user

Sand M is categorized as fine recycled aggregate type M according to JIS A 5022.

Both Rock M and Rock H are classified as coarse recycled aggregate type M according to JIS A
5022. However, it should be noted that the oven-dried density and water absorption of Rock H only
slightly fail the type H of the JIS A 5021 standard, so it is in fact very close to type H.
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2. Properties of recycled aggregate concrete
2.1 Mix Proportions

Two grades of concrete were designed, i.e. Grade 30 and Grade 50. Grade 30 concrete was
designed to attain 30 MPa of 28-day compressive strength while Grade 50 was designed to achieve 50
MPa at the same age.

Two types of concrete were examined, i.e., natural aggregate concrete (NAC) and recycled
aggregate concrete (RAC). For natural aggregate concrete (NAC), river sand and crushed limestone
were used as fine and coarse aggregates, respectively. On the other hand, Sand M and Rock M were
used totally as fine and coarse aggregates, respectively, for recycled aggregate concrete (RAC). For all
mix proportions, ordinary Portland cement (Elephant brand) was used and tap water was used as mixing
water. To achieve initial slump in the range of 17.5-20.0 cm, a naphthalene-based superplasticizer was
used in Grade 50 concrete.

Detailed mix proportions of natural aggregate concrete (NAC) and recycled aggregate concrete
(RAC) are summarized in Table 2.1 and Table 2.2, respectively.

Table 2.1 Mix proportions of natural aggregate concrete (NAC)

Mix Cement Water River sand _Crushed SP*
Designation wic 3 3 3 Ilmestosn € 3
(kg/m™) (kg/m™) (kg/m”) (kg/m”) (ml/m~)
NAC-30 0.6 360 216 769 998 -
NAC-50 0.4 460 184 769 998 4,600

Remarks: *SP is a naphthalene-based superplasticizer, NAC-30 is Grade 30, NAC-50 is Grade 50

Table 2.2 Mix proportions of recycled aggregate concrete (RAC)

.MIX ' wic Cemegt Watesr Sand l?}/l Rock 2” SP*3
Designation (kg/m™) (kg/m™) (kg/m”) (kg/m”) (ml/m”)
RAC-30 0.6 360 216 707 918 -
RAC-50 0.4 460 184 707 918 4,600

Remarks: *SP is a naphthalene-based superplasticizer, RAC-30 is Grade 30, RAC-50 is Grade 50

2.2 Testitems

Fresh, mechanical and durability properties of concrete with natural aggregates and concrete
with recycled aggregates were tested in accordance with the referenced standards as listed in Table 2.3.

Table 2.3 Tested properties of natural aggregate concrete (NAC) and recycled aggregate concrete
(RAC)

Types of concrete
No. Test items Standard Concrete w/ Concrete w/
Natural aggregate  Recycled aggregate

1. Slump ASTM C143

2. Air content ASTM C231

3.  Compressive strength BS 1881 o b
(10x10x10 cm), 7, 28, 91 days

4.  Chloride ion concentration of JIS A 1144 . .
water in fresh concrete

5.  Autogenous and ASTM C596 ° °
total shrinkages

6. Carbonation depth RILEM CPC 18 ° °
(accelerated test)

7. Rapid chloride permeability test ASTM C1202 ° °
(RCPT)
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2.3 Test results

2.3.1 Slump, Air content and Compressive strength

Initial slump, air content and compressive strength results of natural aggregate concrete (NAC)
and recycled aggregate concretes (RAC) are tabulated in Table 2.4. Figure 2.1 and Figure 2.2 show
strength development of Grade 30 and Grade 50 concrete, respectively.

All types of concrete attained the initial slump in the range of 17.5-20.0 cm except for NAC-50
concrete which had a higher slump than the mentioned range (flow diameter = 690 mm). However, the
concrete was uniform and no segregation was observed.

Air contents of all concrete are in the range of 0.6 to 3.0%. Recycled aggregate concrete mixes
(RAC) tend to have higher air content than their respective natural aggregate concrete mixes (NAC).

All types of concrete achieve the designed 28-day compressive strength. In case of Grade 50
concretes, compressive strengths of natural aggregate concrete (NAC) are higher than that of the
recycled aggregate concrete (RAC) at all test ages. For Grade 30 concretes, natural aggregate concrete
(NAC) gains lower strength at 7 and 28 days but comparable strength at 91 days compared to recycled
aggregate concrete (RAC).

Table 2.4 Fresh and mechanical properties of natural aggregate concrete (NAC) and recycled
aggregate concrete (RAC)

Concrete w/ Concrete w/
No. Properties Natural aggregate Recycled aggregate
NAC-30 NAC-50 RAC-30 RAC-50
1. Initial slump (cm) 17.5 n.a.* 19.0 195
2. Air content (%) 1.1 0.6 2.3 3.0
3. Compressive strength
(10x10x10 cm), MPa
7 days 27.2 46.7 29.7 43.4
28 days 31.9 53.5 35.5 52.7
91 days 36.4 55.7 - -
180 days** - - 37.1 54.4

Remarks: *flow diameter = 690 mm
**Due to COVID-19 situation in Thailand, it was unable to test compressive strength of RAC-30 and

RAC-50 at 91 days, the results at 180 days were obtained instead. However, this does not change the conclusion of
the results.
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Figure 2.1 Strength development of NAC-30 and RAC-30 (w/b = 0.6)

64


kitapc-50
テキストボックス
 
64


Properties of recycled concrete aggregates and recycled aggregate concrete

o0 53.5 55.7
& oge====IITIIIIII Y - - 544
50 46.7’,;‘
=3 o 527
£ <
w 40 77337
o
s
(7 30
v
2
@ 20
O
= --e-- NAC-50
£ 10
s -~k RAC-50
o
0 T T T T T T T T T

0 20 40 60 80 100 120 140 160 180 200
Age (days)

Figure 2.2 Strength development of NAC-50 and RAC-50 (w/b = 0.4)

2.3.2 Chloride content in fresh concrete

Chloride content of each concrete ingredient was measured. The total chloride content in fresh
concrete was computed from the summation of the weighted ratio of chloride content in each concrete
ingredient as in Equation (1).

ol — (NFxMF) + (NCxMC) + (NA x MA) + (NCemx Meem) + (NW x MW) 1)
total —

100

where Cliy is total chloride content in fresh concrete (kg/ma)

NF, NC, NA, NCem and NW are chloride content of fine aggregate, coarse aggregate,
admixture, cement and water, respectively (% by weight)

MF, MC, MA, MCem and NW are unit content of fine aggregate, coarse aggregate, admixture,
cement and water in the concrete mixure, respectively (kg/m3)

Results of chloride content in fresh concrete of the tested natural aggregate concrete (NAC) and

recycled aggregate concrete (RAC) are listed in Table 2.3.

Table 2.3 Chloride content in fresh concrete of natural aggregate concrete (NAC) and recycled
aggregate concrete (RAC)

Concrete w/ Concrete w/
Properties l:l\l?;lér_al aggregate  Recycled aggregate
30 NAC-50 RAC-30 RAC-50

Chloride content in fresh concrete 0.044 0.055 0.048 0.059

The chloride contents of all types of concrete are very small. The slight differences between
chloride contents of recycled aggregate concrete (RAC) and that of their respective natural aggregate
concrete (NAC) are considered mainly due to the differences in chloride contents of the aggregates.
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2.3.3 Autogenous and total shrinkages

Both autogenous and total shrinkage tests were conducted on prism specimens with the
dimensions of 75x75x250 mm. Autogenous shrinkage specimens were demolded 24 hours after casting,
sealed all sides by aluminum foil and then kept in a chamber with the control temperature of 28+2°C and
relative humidity of 50+5% while total shrinkage specimens were cured in water for 7 days and after that
subjected to drying condition at the temperature of 28+2°C and relative humidity of 50+5%. The length
change of the specimens was continuously monitored.

Autogenous shrinkage of Grade 30 and Grade 50 concrete mixtures are illustrated in Figure 2.3
and Figure 2.4, respectively. Grade 50 concrete mixtures have larger autogenous shrinkages than the
Grade 30 concrete mixtures. Recycled aggregate concrete (RAC) shows smaller autogenous shrinkages
than the natural aggregate concrete (NAC).
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Figure 2.3 Autogenous shrinkage of NAC-30 and RAC-30 (w/b = 0.6)
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Figure 2.4 Autogenous shrinkage of NAC-50 and RAC-50 (w/b = 0.4)
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Figure 2.5 and Figure 2.6 show total shrinkage of Grade 30 and Grade 50 concrete samples,
respectively. Total shrinkage of Grade 50 concrete samples is larger than that of Grade 30 concrete
samples. It is obvious that total shrinkage of recycled aggregate concrete (RAC) is larger than that of the

natural aggregate concrete (NAC).
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Figure 2.5 Total shrinkage of NAC-30 and RAC-30 (w/b = 0.6)
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Figure 2.6 Total shrinkage of NAC-50 and RAC-50 (w/b = 0.4)
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2.3.4 Carbonation depth (accelerated test)

Accelerated carbonation test was selected in order to shorten the test period. The CO,
subjection environment was controlled such that the CO, concentration, the temperature and the relative
humidity were 4% (40,000 ppm), 40+2°C and 50+5%, respectively. The test was conducted on
100x100x100 mm concrete cube specimens. The specimens were cured in water for 7 days before
subjecting to the tested CO, environment. After CO, subjection for 28 and 56 days, the specimens were
split into half, sprayed with 1% phenolphthalein solution and the carbonation depths were measured.

The split surfaces of NAC-30, RAC-30, NAC-50 and RAC-50 after being sprayed with
phenolphthalein solution are shown in Figures 2.7 to 2.10, respectively.

o s

(a) 28-d CO, subjection (b) 56-d CO, subjection

Figure 2.7 Split surfaces of NAC-30
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(a) 28-d CO, subjection (b) 56-d CO, subjection

Figure 2.8 Split surfaces of RAC-30

(a) 28-d CO, subjection (b) 56-d CO, subjection

Figure 2.9 Split surfaces of NAC-50
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(a) 28-d CO, subjection (b) 56-d CO, subjection

Figure 2.10 Split surfaces of RAC-50

Carbonation depths measured after 28 and 56 days of CO, exposure are shown in Figure 2.11
and Figure 2.12 for Grade 30 and Grade 50 concrete mixtures, respectively. Carbonation depths of
Grade 50 concrete mixtures are much lower than that of Grade 30 concrete mixtures. There is a
tendency that carbonation depths of recycled aggregate concrete (RAC) are smaller than that of the
natural aggregate concrete (NAC).
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Figure 2.11 Carbonation depth of NAC-30 and RAC-30 (w/b = 0.6)
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Figure 2.12 Carbonation depth of NAC-50 and RAC-50 (w/b = 0.4)

2.3.5 Chloride permeability by rapid chloride permeability test (RCPT)

Chloride penetration resistance was observed in terms of chloride permissibility. The test was
conducted on &100x200 mm concrete cylinder specimens. The specimens were cured in water until
reaching the test age. The charge passed was measured at 28, 56 and 91 days and the interpretation of
chloride permissibility was made according to ASTM C 1202 as tabulated in Table 2.4.

Table 2.4 Chloride ion penetrability based on charge passed (Reference: ASTM C 1202)

Charge Passed (coulombs) Chloride lon Penetrability
>4,000 High
2,000-4,000 Moderate

1,000-2,000 Low
100-1,000 Very Low
<100 Negligible

The results of charge passed measured at 28, 56 and 91 days are depicted in Figure 12.13 and
Figure 12.14 for Grade 30 and Grade 50 concrete mixtures, respectively. It is clear that the values of
charge passed of recycled aggregate concrete (RAC) are higher than those of the natural aggregate
concrete (NAC) at all test ages. In other words, the chloride ion penetrability of recycled aggregate
concrete (RAC) is higher than that of the natural aggregate concrete (NAC).
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Charge passed (coulombs)
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Figure 2.13 Charge passed of NAC-30 and RAC-30 (w/b = 0.6)
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Figure 2.14 Charge passed of NAC-50 and RAC-50 (w/b = 0.4)
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Contact Name

Enviranmental Analysis Report
Kasatsart University
(The Energy and Environmental Engineering Center)

SAEZONE Inc.
2-1-5, Shimamachi, Chuo-ku Osaka, 540-0034 JAPAN

sample Code Recycled fine aggregate NO.2 i : A ERE
ax T
Collected Date 2™ December 2019
{ime T
. Concantration in eluent solution )
NO. Contaminant/CAS No. Analysis Reported Date
(mg/L)
1 Hexavalent Chromium ND APHA, AWWA, WEF {2012) 3600-Cr B. 28" January 2020

Note: ND is Not detected {detection Limit of Standard curve at 0.1 ppb)

Analysis:

1.Test Methods of Evaluating Solid Waste, Physical/Chemical Mathads (SW-846) by United States Environmental Protection Agency, USEPA
2 United States Enviranmental Protection Agency (US £EPA), Method 5021. Volatile organic carben Compounds in soils and other solid matrices using equilibrium headspaca analysis.

Washington: US EPA, 1995
3.5tandard Methods for the Examination of Waler and Wastewater. American Public Health Assodiation, Amarican Water Works Assaciation and Water Environment Fedleration. Method 6200

A.22™ Edition, 2012

{Assoc ﬁ%\f z‘sﬁ;ﬁa@
A
Project Leader, Aca it
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Environmental Analysis Report
Kasetsart University
(The Enersy and Environmental Engineering Center)

Contact Name : SAEZONVE Inc,
2.1-5, Shimamachi, Chuo-ku Osaka, 540-0034 JAPAN
Sample Code ¢ Samp_MwO1 : . : ™
CoLL:cted Date ;o 1g® F;;nuary 2020 lf Gihe Tl oo /
Concentration in Concentration in Concentration
NO. Contaminant/CAS No. upper soil lower soil in groundwater Analysis Reported Date
(me/ke) {mg/ke) {mg/L)
1 Hexavalent Chromium 1230 10.68 ND APHA, AWNVA, WEF (2012) 3500-Cr B. | 27™ January 2020
Rm T e ot
Nete: ND is Not detected (detection limit of Standard curve at 0.1 pphb)
Analysis:

1.Test Methods of Evaluating Solid Waste, Physical/Chemical Mathods (SW-846) by United States Environmental Protection Agency, USEPA
2.United States Environmental Protection Agency (US EPA), Method 5021, Volatile organic carban Campounds in soils and other solid matrices using equilibiurm headspace anatysis.

Washingtor; US EPA, 19948
3.5tandard Methods for the Exarnination of Water and Wastewater. American Public Health Association, American Water Works Assoc{a;ﬁgg_@d Water Environment Faderation. Method 6200

A.22M Edition, 2012

n’a!‘f?‘;& -
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Environmentat Analysis Report
Kasetsart University
{The Energy and Environmental Enginesring Center)

Contact Name : SAEZCNE Inc.
2-1-5, Shimamachi, Chucku Osaka, 540-0034 JAPAN
Sample Code 1 Sarmp_MWOZ (upper soit @50cm from top soil)
Collected Date ;18" January 2020
. Concentration in soil
NO. Contaminant/CAS No. Analysis Reported Date
- (mg/ke)
1 Hexavalent Chromium 12.22 APHA, AWWA, WEF {2012} 3500-Cr B, 27" January 2020

Note: ND is Neot detected (detection imit of Standard curve at 0.1 ppb)
Analysis: )

1.Test Methods of Evaluating Solid Waste, Physical/Chemical Methods {SW-846} by United States Envirenmental Protection Agency, USEPA

2.United States Environmental Protection Agancy (US EPA). Method 5021. Volatile organic carbon Compounds in soils and other solid matrices using equiliorium headspace analysis.
Washingtor: US EPA, 1554

3,.Standard Methods for the Examination of Water and Wastewater. American Public Health Association, American Water Works Association and Water Environment Federation, Method 6200
A.22™ fdition, 2012 —

Project Leader, &
Analysis and contro

Of environmentai. quality

77

Wi 1/1


kitapc-50
テキストボックス
77 
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(1) FEMiHE 202145 H 11 B 15K 30 43 ~18 BF 00 4y

(2) 35T Zoom Webinar

(3) X F—HM - =

TS 728 = 1 -7 A L ZJEGEHE KR O 72 D BLH AT B 23 o 7272 # A B ToORfE
WHALTA eI T IOV R T2, WAL, 2 A EN2 2 U — MEEM D BRI TR L7z
FAEBMBLOFETMER 27 Y — FOGE - BTl o, REHITOEAE - A2tk
MRZRO D Z LICERETE T,

IR EMIT MOU S HEADWNT, LK - WA » 7 — 20 LRS- BEOIfEL LTz,
OF—~

@f/ta 7 )= MIMBRLUOBAEEM 27 U — F OEARRHE

(Z~H—FRFEVY b= EERLYE/Somnuk %)

@ L ARICB T HHAETM a2 U — b OEF OB & 2B O

(R ERET)

@I F—DREN

|ﬂ Cipening nemarki from SAEPONE, e
‘ Apeech from

ZAFFOME ine. (Wic Shidanani]
Spawch from
Faculty of Erglnesing. Rembkhamhseig Unkbeesity

Spawch from
Departmant of Public Works and Town & Country Masniag,
Iinkary of inteibor

Recycled Aggregate Concrete:
Fundamental Studies and Applications

11 May, 2021 (Tuesday)
13:30- 16:00 (150 min.)

14:18 - 15:00 Presentation & GRA
“Prezeities ol Recyded Samiates in Thailand®

By Zoom Webinar
susg - Thaift p ﬁ‘ CPY A Fursdame el Sudies, Stendands]
By Prol. Somink Teagterrmlibul 2T
Guest speaker
br. uk Tanst . 1500 - 1505 artiee
Professor of SIIT

Fresentation & LA

“hecycled Aggregate in JG and Advanced Techaology of
SAERONET

# Propernies of Recycled Azgrezates in Thailand

B Motr. hibatani SAETOME Ine. Chaliman of AORAC

:5-_5- Chining e Woting

Crgarins by SAEZOME Inec.
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