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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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SEEDRERREEZE D 5 HIEIKUSN D ERE~DOPE « FEHE, FEELDITO>LDOTH

D, B=V7RESEGEE L TiHB S5, STEIN 255589 2 LD TE 5 HEEH
PHZBAMEIC L, FEHDS LR, BREHT 28N H 5,
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5) BRERMRLLGDTOEFMENENS Z L DA

FFEY A b No. 2 W HZNAE - OEiZEEIZB W TEES N2 T k91,
STEIN (2 K 2&f4&1%, BEXMNEO RN EOEEED, ZIEMETIEZRL<
STEIN OFHETH 573, & AV FREEAIO HRIEGITOWT R Z A LT
PVEIZESTE, a7 U — T A7 7 /b hO X ) ICHANOKEE 72 Fm (2
ERBZ BT DD, HERIBIZOWTAREZHT D rlieErn H 5,

% Z T STEIN ¥R I2B N\ T, IRETOEMENBICRZ 2 52WHE L, 51l
ST HHEEZH LD ENEFE L, BEERIICIR, RESASC LGN, BE LAY
VINAVOFEFEHERENRD L THD, T, BEONRZVWEEIX, AROLITAD
TERDENSZ &b, SEIOE R FEFFFEIZBITLHENE LTHRESND,

2-3. BIMCYHER. HEFEEE, MAERFLZETIAI7H4VIILaX MEIC
DWWT. IT74 MMETZXO VY ) — METEOBRFRM & LLBIRFEZ1TD
LITIZ, REEICEBT DM TRHICRE Lm0 - A O /EEREF 8 2, 100 nd
MY OEERBUCHE L TORdT (IR, A ey M &), 22T, 7S 2y Mi
LA O PO 2 IR IS X < ARIICIIT D STEIN Jla LA (BAF, fekd
#H) . BIUOBADBBIZE T 2 B TE2OALFEFEREAHR? LIT, BT %
DFETRT, k., ARTHIVUE, HEBREFHIRE LTH R T ERNO R 72 5L
RLEBEVNEE LWL O, FETIEE A Y FBOEFINRDRNT LD, kG

DOxtge b U TIIARFROME AN 2 &1 L7,

WT—5%~—2

) T—4~—=-2
BHOT —HR—RA LR BHB % FRITRT, JI2 T, EEEE L LIoitr 245
BIEE & LTV D, ek, BT Tl o @ik, MmN ST
WL ENL, UTOMRAZEEZ T, SHEALR— L7z, 723, STEIN I[ZEH
EV S TEMIZONWTIE, PEFMHEICBITARFETHLI ZEnbH—shb Tz
B, KT —HR_R—=ZDOFRITITEDH TR,

& 3.17 HENEEDOEE

I E
HH (ARES My MET e B AT T
LTS v v v
REREER v
—EEE v 4 v v

21T - RO R SET

2 i, BRI O THE IR TEE2HENT 5,

B AT - e RS A LR PRk 28 4F) o 8. B L, OBK - BIR LFOZENHE T4
ZZM LTz, PR 29 FELEEL, Ny =YV HEOFEANC LY | R THEOBEERNITR N2,
MR T D,
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& (STEINZE) BEir v v/ v/ v/
Ny R (LA 2:0.7m?, 7 L —fF v/ 11 v
Ny IR 70 —7 BFE70.45m3, 2.9tF 1 v/

N7 HZ— 30HP v #2

AZET AP — 2 v
FT—H—J L —F— | 71— FE420mm v 1 v
FT—H—7 L —K— | 3 ]tonfk 1 v

WK HL 10,0000 v/ v/
K HL 2,000~2,5000 v/

FE#io—7— 10ton v v
A4 Fm=Z = 10ton v 1 v
Z A P E=F = 8~20ton 11 v

AL RN RV T, BRI O AR IR R 3 A
2 ESRABHNZ BV TIE, STEINOBHRES O D OEEMME LT, FF 27 &% — (fLkE : 30HP) 7~
IAZETA P —LERINTND,

2) T—ARE

W OIAE L 72 DAEERFIT, SA vy MELBRBICB Wi LEH AT 72 H
ARNFAE 2 £ 03508k Uic, B LI O @07 B B RIRHC @25 2 &0
ol Z Enb, BAMIZKME L2 X 9 Zeflin /el T ORI, 10 0 HALO
KL LT,

a. T—ARDMHIE

A vy M THREHOT —F X—2 L LT, FEiEYA FNo.3 AL T v E/VERE
B (Sre Ampil) ZFR< 2 AF Tl MELAHEEZH— LT TERDPSTLHH{TLH D Z
ENG, L TFTOMEEITo T2,

b. ZTEFHA b No.1 LA IRAER (Thomnei) DEHHMBIE

b ARABREIER L, S 2y M LIZBW CGERE A MR TE o722 A
LKA OIS CHEM L7, o0 LKA C/EERM L 3R hoTo 2 &
B, Fx OVEERRI 2708 L, AL L2 e & LCERMA L, 72721,
WA ay M TIZEBW T, v v b T 700 THFTAR ARG Tdh - T,
TEENEHELWEIITh oo Z L 2T RIS, FMERICHMEE L Z LBRFRLS D,
TR O RE L 21T 2 Halcid,. ARBREZ B E 2 A B,

c. EFEHYA kNo.2 AUHIILRE VEERER (Kandal Steung) DHHEMEIE

T HVA L HERER, JRANC XY N T 7 2 —I2T STEIN {RE T 55tH & L
TWED, M LEFIZBEWT NI 7 X —DAREGZEZ L), —HKEEZ Ny
JRVIBARIEIV T2, NI 7 F—IREE NNy IR UIEADEENRILZ. N7 7
A —fi L 387 i+ Xy 7R 63 mi=4450 i CTH Y, KON hT 7 X—RETH
ST, FDIZHO, N ENVAZ DA 1y Ma BT, N7 74 —RE%1T-
72 38T mickHZ L& L,
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d. BREET
B T ClX, STEIN ZiBET D EWOHEESBAEE A TR, ZDTZOKK -
BARDZZENH THICBIT A 2 A L CHE Lz, BIERICE. Ny 7 Rvic
K DREAIRERAZ T A P —IC K DIRAEHPIEE, BLOWREEEZMBIT 2 95%

Th b,

3 R

MIERORREZRMO L OLH L, LLTOM@YIZRD,

Operation hour per 100sq.m

1.80

1.60

1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

-
.

4) HWORSTIZEITAEISH (F)
FEORENS, BURDTICRBIT A TAEIL, Fieomy OENEEL 25,
& 3.18 FEALSHE

Thonmei Kandal Steung Sre Ampil Baseline (SPEC) Baseline (JP Standard)

= Tractor 0.00 0.08 0.00
u Tire roller 0.01 0.01 0.01 0.02 0.13
m Vibration roller 0.03 0.02 0.02 0.02
= Water truck 10000¢ 0.34 0.09 0.06 0.08
= Motargrader 0.27 0.10 0.10 0.03 0.13

Excavator 0.35 0.15 0.25 0.09 0.26
= Unskilled labor 0.63 0.16 0.13 0.38
m Skilled labor 1.03
= Foreman 0.06 0.13

M 3.12 KRAEYA FOSHELER

EH T BfL | fHZE 150mm LR 422 150mm LLE

F#H
— T B R 1.11 2.62

i: 228
Ny R 0.7m3 B RS 1.00 2.06
E—4—5L—4%— | JL— Fig420mm | B/ 0.70 1.24
BUkE 10,000 Y v kJL =i 0.60 1.40
REIO—>5— 10 kv R 0.09 0.13
AL O—F5— 10 kv =3 0.06 0.05
FSH A — 25~30.0 EH R FE 0.52 0.00
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B> 74 2)LaXR MRE
1 (XL &I

AT, STEIN fi TICfr2EBEHEE O 50 FMICHRIERAZRHB L,
STEIN A D =2 X N7 BN % 7R,

STEIN Jifi T-1%. ﬁ%%ﬁ®*%’ﬁﬁéhéﬁﬁﬁ%éo%®kb\?47%4
AR MLBEREHEEH Ch 283 E ., M, g2 HE L LTRE
T2, =N T A T7H A 73X MEFHZB W THRE SN D EREHEEH O 5
B, AR, EHE. AHBESES, B XA EEE SN 5 E A E
V&L ESN ﬁiz&z>ﬂﬁft%t/\0)%%FH//ﬁﬁiéﬁ>aa32%L7:u\iﬁu\b> ZH 5T STEIN LIsk
ZEHALIEGAEIZBW TS, FREORENHND O LB x| REBRFIZB W

i\%ﬁfﬁé%®&#wéhko

2) EtEEH

a. LEE &R

HeleaiE, STEIN i T (4H%E/E 150mm) 2SAERIGIC2 5 2 & 2l s 5 Ok
oy 7 U— hliZE RC &%), @7 27 7L Mg (DBST) Zxtged L, BIK
BT, BRARIE 72 ORGSR R/ D Z AR E 2. BEIR, MO TI30E B A BT
MIERET SN DO LFEY | SOk TEHORER LY T5H,

b. FtEEH

TA T A 7 ax hOFEICIE, EREH =V /LaX ), ZxL¥—
R MERFER . SEBEM. THEHERETT 5, 22T —MRANITIE, arvE
Gl A2 B RE LT RAAMEORFELE(LE TR+ 2 2 L 12 kb, E%%ﬁﬁ BT
M F% OAME Z 5 T & D728, ARIFOEMEHIBWTIE, KMk nw T, gz
DHLEONEDLDZ b, MRMRIIAREL B L, £/2, BAICERAINS
TRNAX—EHAN, MOERICTE ESND EREL 200, =X VX —EH
DORFHIA T 720,

Z O, HEFRFEBRICR D MERIE (WIEE) . EHEHIC W TIE T rY =2 MC
Ko THRDLZ LD, —BNICHEEISNDEHEE LTYI 2 b—a VINICfEE
E LTz, §$ﬁ547~_&@7kﬁ: TTFROLEBY TH S,
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£ 3.19 iHEXH
HEEx AT STEIN RC T A7 7k
B i T2 150mmbh E/LL T AL 150mm
HAAi > P VESHPFEERICE S | B xarn OB | B x o h b HE
Y L7 2 B D L 7=m?2 BiAfh
< 5ils B X T4k TR FIZR T IR

MEFEEL (fE%E) *1

1R, JiE T Lo
9 H5% (100m272 55m?)
TR A EHEEL, Zh
EET 5,

KE2Y Al N I (70 O Ol 1 3=
DI H1% (100m?72 5
1m?) XI5 &4
EL., ZhEffsd

KE2Y Al N I (70 I Ol 13-
DI H1% (100m?72 5
1m?) XI5 &4
EL., ZhEffsd

%, 5,
BE | fERXmASE | 10 15 10
R 2
HEE R D15% Bk D20% BERR T D20%
RCEH~T, FEfbL7-L% | BEFEEDOME, B | BEEEhomE, E
STEIN.#f & U CTHRAIADN | #, BEEIRLRE k. BEIEIIRDRRE
TEXLZEnD, AR
T HERE D60% HERE D100% HERE D100%
RC&H~T, FEfbL7- L% | FetE FRRRE
STEIN=E#F & U CHFIHMN
TEXHZEnD, FEEE

*|HEHRENSLVE, DRVERDLY ., HERLD, BERLETHIZLEZBEL TWAEDOTIERL .,

HIRICBW T, PSR ET HTH A 5 FR L ERAITIHEE LT,

*2 fasimt HAEENE, B ARDE AZ8E H3E O T2 Bl E R O RE,

FEAT

STEIN/E B 5 AR RIEHA R 23 5% )

BRTNRNZ Linh, Fifeth 2 kT 2 ~ <l b LM OB L 722 510 25k Lz,

3) FERREER

EBMICIL, 50 FR] LCC TH#kd % & STEIN IC K 2EHEN R LIKETH D Z &
DVEIRA LT=, 7 A7 7L M (280, 400USD) % 100% & L7234 . STEIN &,
EHAEIE 2 U C 86, 400USD~144, 000USD &, 7 E2>6 5 EFREE D =2 A Mlish 08
RBOOLNTZ, £TO—JT, EMMIZIE, STEIN (X RC &HECT 2 7 7L b & [FlkE
DONE (NEOBITOMESCEEOMBEOMBEOMRN) HHRAENRD, LoT
STEIN IZ X D80 e b MW E IR NG 6N D Z LR LN E 5T,
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£ 3.20 SAT7HYA4 IR MAEHER

W mEE =@ x © 18.000 30,000 45,000 40.000
(a) FMETEE (JPY/mi) = (b) x (JPY) 1,215 2,025 3,038 2,700
(b) METEAf@E  (US$/mi) S#EEE - TCORE 9.0 15.0 22.5 20.0
(c) MImEME (/m) ETILE 2,000 2,000 2,000 2,000
®) #5E W x @ x @ 900 1.500 450 400
@ 35  NEISIE =7 1 i 1 1
(e) FREME : HETEDN%S ETILE 5% 5% 1% 1%
© BHER 67.500]  112.500]  216.000] 240,000
(f) BMEER (EBHREONxHEE) |= A x (& x ) 13, 500 22,500 36, 000 40, 000
© M EFILE 15% 15% 20% 20%
(h) RIEER (BHREBOMxHEE) |= A) x () x () 54, 000 90, 000 180, 000 200, 000
(i) My ETILE 60% 60% 100% 100%
() $EEE - FEAIRIchISNE =FLIE 5 5 4 5
® FEER Et%E% (B) 3 10 10 15 10
(D) HEM LR DT M 2 50 50 50 50
() &3t = () + B + () 86, 400 144, 000 261, 450 280, 400
(F) EMHf=Y & = (| / D 1,728 2,880 5,229 5, 608
@ ZL77NPERRELEREON (o @) @ 60% 49% 7 o

*1 EEHA : KE KL USD)
x2 BEL— bk (PY/USY) : 135

*3 STEINSHEICRDMAERIIIBE SN TR, TOF=%H, RCEHE, 7RI 7L MK, TREOFTRLRLARFICLZ10F
ZRAL:,

USD/2,000sqm

300,000
............................... 280,400
261,450

250,000 - 7%
200,000 4 -69% -49%
150,000 ; y 144,000
100,000 4 56:400

| —
50,000

0
STEINSZE STEIN&ZE RCi&gE FPRT7rb
(150mmLiTF) (1S0mmLi E)
n(A) BRER #(B) #FE® C) EFmE
X 3.13 MIZATTELEDHIBELE
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® EHERS  STEINEEEBOMGHIER - #FEERU STEIN ETICHE
IEENEEE O E T A MOWRAM BAREICBEEan 5

3-1:STEINEEY a7 RUBEIY =17 ILD5ER
BSTEIN®E<Z =27/

STEIN i~ = 2 7 L 2B L. EBICHHEDSR I C~ = 7 VA H L,
V=2 TIVORERRIZLL T O®EY TH D,

© W N> oW

STEIN ¥~ = = 7 )L OFERL
1.

IZE®IZ

g7 v —

oy hur—LNR )L
Bl N —
LRI 5 EEHH

AT I ARFOfERIE B
BEBREOF = v 7 ) A b

AH 7 OELE
ik

10. BEMOEHEE

¥ =2 T IARRIC D Te - Tid, WTREARIR Y BEM 2 B F ISV T, HRER, EE
PN CE D LD IC TR L,

2 |Cornect m: compressc: % power

Setino AU (AUTO) mede

-

. [Prese Groen ONbemon of

1IN wmr) ot the man pene.

RiE7 o — TR (—ERE)

o O EE
(KT BREDH)
K 3.14 SIEINEEZT=a27I/)L (k¥
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WMSTEINfETY =27/l

i L~ == 7 /W%, STEINfi LOFIEE EEOBIGOTEEZZH LLNY 0T <AL
TEY, FICHETREFHICOWTIIBLME T oMK 2 K ICFEICEHE L T 5,
Bz X, BAEOTZDOBUKOEIEIL 1 B 3 BINEAEL 2o TNDN, B RTT DL
FITITHALNBSZEEZ S TLEIGRAIE. 1 HAEBKT D72 L, AFE, KIRIC

METLHZ AL LTWND,

Fo, LFEOEBRNIZOWT, FHEEYED TS ETHIE L 255080 7 +

—< v MZOWTHIHFMERHIRL TV 5,

i T~ == 7 )LORERK

1. Y&{E T

2. BERGEROHH], TILOmk

3. STEINO#E B L, 4%, Bk, REEIE, i@E

4. #BAE

RIHE R

1. TEHRoekEE
-1, HRANE SRR B RS AR
1-2. HEEEWER  HSREEBLRLEAK
1-3. STEINJRARS  fERiie K
1-4. HEEWE RS
1-5. i CHREH SR FIE s

2. REEHTREN

I---I- Fr g |
L 1 Fimig? SiE L - =a
Lo
‘.'I-r‘" ¥ -
S e 1 |
FaiTl A W4 FECI oy
e P - o L R I |
[ e . o T Lll.-- o fr——————————— — —
AT i — - .
e o et WA = p— E——i= e
ATEE Bk 01 TR S UM i |
el =
ir =
~ =2 TVARIL (- ERRE) WTER ORISR T +—~ > & (ERKHEYE
SRR BTG AR

(KT BEDH)
B 3.15 SIEINfET<=a27IJL (3k#)
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i L~ == 7 /W2 OWTIL, CP <ol LEF X3 55 REEHS> 3 B Ar Cofi T34
FESE 2, XK OELEER L TWAERBYD 7 A= LiEE~OFR b 5E T L,

3-2 : STEIN EREtEEE DT

A RYTEICBW T, ALFEERYE (MPWT) 2V L 7B KRG EEN &
D, EFBHIEE (MRD) 2NREIEEICHEL TEMERZEML TWD, SRR T
STEIN (XE K FHEMEICEA L TR O T, AW E KRG EYEIZ STEIN gRAHEHE L »
) BIRL ZA AT T2 D OTFENIMLE TH H S, YT EEENBEL TWH LA
JL OB B ER ET AR I TR U 72V )y MOWRAM B O /NEUARGE [ 72 12 38T D STEIN 1%
FAZ 74— DA LE~=a 7 VA E L TBL ZEREAEICE > THETH S, £
T, WA T OREEZEEZTZLAEOS W=7 L E LT, RilEEMER
XAt CBRAEICH DX | TTAJEIZH S /= STEIN i% &) #3%7E L7z,

KREDPRNFIZLLTOEY Th D,

WSTEIN FREHIHEGRBEREDRTE (RBEEHE)

HEEE OBRGHI AW D @ T, ek 5 FRor—U — (RKIUE) misaiHe kgL
T 5, XHEIEITORERO G AL, WHRETOREMBEO GG 2 REHE L T 5, & Hs T
T2HBROBEIT, FHEBROETERZRAEL T D,

*® 3.21 XBEEHHE

R ED XSy KA #AZ @R =,/ H
A 15 5 A
B B 40 B AT
C 40 B LA L 100 B A
D 100 5 LA_E 250 5 At
E 250 LAk 1,000 5 A
F 1,000 5 L4 _E 3,000 & A
G 3,000 LA
W:%Et CBR MRE

CBR>#/%, BERRE B . PEIEICRB W T, a— 2 B AR 1 5L o R w28k
HREETSHLIHEICL-THE SN, BEICEEEO LENH LA, Bk
DOFEMPHERS Im OFRSrETO CBR OFEHEZFH L, B TO CBR EE L TEHRAT
%,

24 California Bearing Ratio (B{PRT-3C8¢710E) « BIROBEDO X FF I ORE S 2 RDOTHETHY | 3RE
CBR 78 3.0%AM I ZIFF R TH Y . M LIZHT= D 3%UALDETHLILERD D,
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WTAE(CE DU v STEIN &5t
Xy EFRFFCBRIZHESE | WENOHIELTHMIEL TAZH T %5, CBRIED 3%
KD /NS WEGA,

TEIR D —E L LT 15~30cm DIE S D@ 2T 5,

*x 3.22 TAZEIZEDU V- STEIN &t

Target Value, cm
Desig
n A Traffic B Traffic C Traffic D Traffic E Traffic F Traffic G Traffic
CBR T Total T Total T Total T Total T Total T Total T Total
A | thickne | A | thickne | A | thickne | A | thickne | A | thickne | A | thickne | A | thickne
SS SS SS SS SS SS SS
2 8 39 14 47 17 52 21 62 29 74 39 90 51 105
3 7 29 13 37 15 41 18 49 26 58 34 70 45 82
4 6 25 12 31 14 35 17 41 24 50 31 61 42 70
5 5 15 11 27 13 30 16 35 22 43 30 54 39 60
6 5 15 10 24 12 27 15 30 21 38 28 48 36 53
8 5 15 9 21 11 23 14 27 19 33 26 40 33 47
10 5 15 9 21 11 23 13 23 18 29 24 34 31 40
5t
a. FREHD BEED 80% LA B L TiEZe bguy,
b. TA 2N HEEZAZ TE- TR B0,

3-3 : OJT XOHHE Z 1@ L 7= MOWRAM B {2 E ~ D i 8 8x
WRHHE (STEIN &5E)

HHEIA B STEIN #li& DAHENE

it I 202242 A 4H 9RF~12HpY:
2022452 F 17 H 9FE~178F (B2 HIH)

KR MOWRAM £ # 2 A
PDWRAM £ 8 A, &t 104

WHE D B 1= STEIN H 3% #§ & o i H 5 75 % X OV STEIN #1551k % Bl
MOWRAM + PDWRAM i & (2595,

EhENE REMFEIZI Y, PDWRAM B IZKF L, STEIN f&ELEE O EfEIC

B9~ 2 ##7E - OJT WHE 2 320 L 7=,
CAEEOAN L — g VI
CAEE D A T R IFIER
< JFAPEFOE BRI OV T
« FEREFOBEATTIEIZ DN T
- ZOMIEH P OFEEFIHIZ OV T
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ESyiR 5 PDWRAM &= L O HINE =

AT L CEEEIChTEo T, BEMXORE = 2 TV EER LT O,
WEDHDY =2 T L Tho R BEOHEMII TSI E bR
7o HEBHICSND T N = 2 T LOEENEE CH D 2 L
BHER LTz, B LTz~ T VDT A — LiE~DOFR b 7T
L7,
XX =D A S NRADRETT LM, IFY—DF— |k
DBWTOLHEHN5E T2 £ TORMAZFRNZEH L T
2o MEIOF AN LR OPEHIED 2B <Dz, ik
B2 #EZ 0 2N AL —v g &2 T 5 Xk 9T EA21T-
77
cSMENBIE, LTOER - BERTFEONTE~Y=a2 T VEHE
RO LD BEEST & ThololoOnh)oTholz, 7 A—)L
FESOFER S BRAV L2V,
> BEEOFIEIC OV T L B C& 7=, FEBRIZ STEIN 2%E
KON TIZED X HIZHNSLILD DPIEFITHEN D D,
> AAUNFMIIFY—, ON/OFF RHZ 72 ET VT 7y
KN CHERHDLDT, ZJA—NEBTI—ILDLINRELD%
Hi->TH B2 LRV, G5k, —LEIED 1T 71E)

STEIN BLENHE () STEIN #LENHE  (0JT)

(A REER)
B 3.16 STEIN &iErHE

WIRHHHE (STEIN fET)
STEIN Jig TiZfRAHE L LT, MOWRAM KO PDWRAM (ZxF L Cliti LB PfgE
& FhE LTz,

(1) MOWRAM (=3t 9 & e TEZ 32458

WHETE H SR i RS PR
eyl 20224F2H 17H, 19H (B XA HZ o FHEMX)
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2022 H22H, 23, 24 (AL T U EILEEHK)
(GFs5\)

PO

MOWRAM Hi# 2 A

WHE D AR

STEIN (2 X 2BEREK OKIE LEEITV., T, 0T
B, i TREE (HRpEHE, WEEH., Z2%8) HiExs, 0T
THEET 5,

ES Ak

REMFKEIZEL Y, MOWRAM F&EIZ%F L, STEIN i L.IZBIL OJT

HE % 50 L 7=,

1) B ZNVRZ OB T, WHIOTRS O TSR 2 MmE
BHEL (QC) TE¥EL LT, #HHNRO &L, ki E B
g (BEHIET = v 7 v— b)) & %Eli,

2) STEIN {RERILOFERR, #5E, BUKIEFEZR & —E o STEIN fig L.
B OEHL K VL2 EFLIZOW T OJT % FHii,

3) ALTUELOHET, B0 LSEEELOH RSO
0JT % Ffi,

4y  FOMNE TR OEEFIEIZ OV T OJT % FElii,

S it ¥ P

M LES (0 ZNAZ R A LT e /LEREHIX)

AT AL

CFREICHTZ o T, OIT & L CEBICEERRY 7 Lok
i%. STEIN JEARILOMERR., &/KaER %2 5hE L, FedHRIz
AT DI ETEHEIZIO LD, Fio. BREG KD X
LB FIEARRET 50 L, BERMNRIHEZ 2 DDA T
MOIRLE/RT D ETEHEEZR LT,

- JEHIZE, STEIN {BAEE. BRI K 2IRARNOME., RE LD
GAKWAER, i TiEoHRBEEICM A, THEYM P o2
km—/L%Z MOWRAM BB HH TITH> Z &2k v, STEIN #H
WEKME THEO—#EORNE R Tz, 2. BT
THHEIZOW T HEfETE /2 & R

s ALT UENLOBBEIZEVL T, MOWRAM Ik E 1308 IR M D
P CHUKERFT L TV 2R, IEEEIOLTREORINEZ
HRCHEE L CHIrT 2 0Tt <, i LEREZ ik (Ffih
D) THER L., ZUMELZHMT 52 &, <o
KRB A ET D 2 L 2RE L,

- MOWRAM §kE 725 1%. STEIN O .55, i L& HEFIHEICD
WTCELSHETEI-LDa X NaET-,

(2) PDWRAMEEE(-xt9 HiETEHEIER

HEIA B STEIN Jiti % FilfigiE

I fii 202242 H 258, 3A2H  (GF2H)

R RFE PDWRAM (Takeo) H#7E 3 A

WHE D B i STEIN |2 X 2 BEBLEK OSE TEE2ITV, T, 20k L5
5, i TESER (HRpE e, WMEER, Ze%8) Hik%z, OJT
TEET D,

EfENE FEEEEICL Y, PDWRAMERE 2% L, STEIN jii /2B L OJT #F

1& & F2hii L 7=,
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1) bAoA FEMX OB T STEIN O HEALXE~OHE,
L. IREKOHUK, BBEEEE TORNEREET D L &I,
JREIE, STEIN ORAE. it TIEZEO HSRIFE B, RARILO

B, KRS IWEEBIZOWTIRE AT o2, £7-.
WHEIR 208 U C—38# > STEIN i TEEHLIC 1) 5 L2 2EFLICH

WTCOFREZ{T- T,
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A+/-: Significant positive/negative impact is expected.

B+/-: Positive/negative impact is expected to some extent.

C+/-: Extent of positive/negative impact is unknown. (A further examination is needed, and the impact
could be clarified as the study progresses)

D: No impact is expected

N/A:Impact assessment isn t conducted b ecause the item was categorized into D in scoping phase.
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could be clarified as the study progresses)

D: No impact is expected

N/A:Impact assessment isn t conducted b ecause the item was categorized into D in scoping phase.
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1. BACKGROUND

Since concluding a peace agreement in 1991, Cambodia has followed the
reconstruction/restoration path. Agriculture, in which half the working population is involved, is
the major national industry and represents more than 20% of GDP. Since 80% of the national
population and more than 90% of poor people live in rural areas, agriculture is one of the key
sectors to address poverty reduction. The incidence of rainy and dry seasons means securing stable
water resources and developing roads capable of withstanding rainfall are key to agricultural
development in areas prone to local downpours, including squalls. However, agricultural
irrigation during the dry season has proved impossible, due to insufficient development of
reservoirs and other irrigation facilities as well as rural and local roads, which hinders stable
agricultural production. Markets also become inaccessible to farmers during rainy seasons
because muddy road conditions end up blocking traffic. Accordingly, agricultural sector
development has been hampered due to underdeveloped agricultural infrastructure.

Under such circumstances, SPEC Company Limited and Matsumura Synthetic Science
Laboratory Co., Ltd. as Partner Companies, and other companies (Mitsubishi UFJ Research &
Consulting Co., Ltd., and market research; NTC International Co., Ltd.), and an individual
consultant undertook the “Feasibility Survey for the Development of Irrigation and Agricultural
Facilities by the STEIN Soil Hardener” in FY 2015 in cooperation with the MOWRAM, studying
the potential to improve irrigation facilities and rural roads utilizing the STEIN soil hardener
(hereinafter referred to as “STEIN). This is namely a proposed product which is highly workable,
affordable and durable and for which there are high expectations and needs. Introducing STEIN
as a means of improving roads and disseminating durable irrigation facilities and improved roads
will boost agricultural production and farmers’ livelihoods as well as promoting sediment and

flood disaster countermeasures.

2. OUTLINE OF THE PILOT SURVEY FOR DISSEMINATING SME’S TECHNOLOGIES
(1) Purpose

The purpose of this Survey is to verify the effectiveness and superiority of the STEIN soil
hardener and organize and consider how best to disseminate the product and relevant issues in

Cambodia to help improve irrigation facilities, rural roads and other agricultural infrastructure.



(2) Activities

Table 1: Specific activities

Expected output

Activity

1. STEIN production
system is established
and a construction
plan is formulated.

1

Install the STEIN production system in the production site
within the premises of the Provincial Department of Water
Resource and Meteorology (PDWRAM); a subordinate
provincial organization of the MOWRAM.

Jointly draft STEIN design standards with CP, which are
design guidelines for using STEIN, align with the road
design standards of Cambodia, jointly with CP.

Conduct a soil analysis and mixing test of STEIN in three
construction pilot sites to determine the mixing ratio.

maintaining STEIN
production  system
and using STEIN are

4 Based on 1-2 and 1-3 above, formulate a construction plan.
2. The construction | 1 Execute construction at three sites (Pilot Sites1 to 3).
technology using | 2 Monitor the progress of the constructed structures, confirm
locally produced the content of analysis/construction and determine relevant
STEIN is validated to issues.
be effective and |3 Verify life-cycle costs, including workability, initial costs,
superior. maintenance costs and service and other costs in
comparison with laterite construction, concrete construction
and other existing techniques.
3. Knowledge and |1 Prepare STEIN producing manuals, including those to
technologies required operate and maintain the production system and construction
for continuously manuals.
operating and | 2 Based on 2-2 above, finalize STEIN design standards jointly

with CP.
Based on 3-1 and 3-2 above, conduct on-site training for
MOWRAM personnel.

system, is formulated.

transferred to

MOWRAM

personnel.

4, A future | 1 Organize seminar on construction methods using STEIN and
dissemination  plan, its  effectiveness, including cost-effectiveness  for
including the project MOWRAM/PDWRAM and other official personnel and
implementation private business operators, etc.

Determine which issues need to be addressed to conduct a
market survey and project development in terms of
production, distribution, sales and construction, etc. in
Cambodia and confirm feasibility.

Draft a project plan for the future, including a business
development mechanism and implementation system.

(3) Information of Product/ Technology to be Provided

STEIN is a powdered soil hardener, produced by mixing 5% of the STEIN element (using
ordinary cement as a base and pre-mixed with 27 kinds of harmless inorganic additives) and 95%
of ordinary Portland cement.

STEIN is an environmentally harmless inorganic powder developed in Japan in 1975. It helps

construct resilient structures when mixed with soil on site in a 1:9 ratio and compacting the soil



after adjusting its moisture content as appropriate and hardening the soil within a short time.

STEIN has been used in Japan for around half a century, particularly for local unpaved roads
and soil irrigation facilities. It was particularly helpful to secure transportation and develop water
channels and other agricultural facilities during the period of high economic growth. Applications
have included nationwide roads, irrigation and park facilities, installations on soft ground,
developments within Japan Self-Defence Force maneuver areas and more.

STEIN-based construction methods have the advantage of being durable and affordable to
construct and maintain. Namely, STEIN allows users to construct ultra-sturdy irrigation facilities
and roads easily and affordably. Moreover, once constructed, the structures will not have any
environmentally negative impact and will remain affordable to run, given almost zero

maintenance work required.

1) STEIN production system
When implementing the project, a set of STEIN production systems is produced and installed
in the PDWRAM in Takeo Province. The system configuration is as follows:

* 1 powder mixture * 1 screw conveyor (outlet side)
* 1 bucket elevator * 1 electrical device (power control
* 1 screw conveyor (inlet side) panel)

+ 1 stand (locally procured)

Figure 1 (Photos) STEIN (left) and STEIN production system (right)

(4) Counterpart Organization
The CP of the project is the MOWRAM while the equipment is installed in the PDWRAM in
Takeo Province, a subordinate organization of the MOWRAM. Both parties manage STEIN

production and equipment in the verification project.



(5) Target Area and Beneficiaries

1) Target Area

A STEIN production system is installed in the PDWRAM in Takeo Province to produce STEIN.

STEIN-based construction is executed in the following three pilot sites:

Table 2: Three pilot sites

No. Site name Administrator Location
Pilot Site No. 1 Thomnei site MOWRAM Takeo Province
Pilot Site No. 2 Kandar Stung site MOWRAM ganQar
rovince
Pilot Site No. 3 | Sre Ampil site MRD/MOWRAM | Kandar
(joint administration) | Province

2) Beneficiaries

The project beneficiaries are the MOWRAM and PDWRAM, by transferring STEIN

production technology and system ownership, as well as residents in three verification sites for

whom STEIN-based construction is expected to improve the quality of life.

(6) Duration

From March 29, 2019 to January 31, 2023




(7) Progress Schedule

Table 3 Progress schedule

Activiti ‘FY2019 FY2021 FY2022
ctivities [a 51767 8o li0ri]i2]1 5678 oltol1ilia]1]2]3s]a [8 oo nli2]1 415 ]6]
1. A STEIN production system is and a construction plan is formulated

1-1 Install the STEIN production system in
the production site

1-2 Draft STEIN design standards

AR

1-3 Conduct a soil analysis and mixing test
of STEIN to determine the mixing ratio

1-4 Based on 1-2 and 1-3 above, formulate
a construction plan.

2.The construction technology using locally produced STEIN i

s validated to be effective and superior

2-1 3 Execute construction at three sites
(Pilot Sites1 to 3).

2-2 Monitor the progress of the constructed
structures

2-3 Verify life-cycle costs

3. Estimation of LCC and cost reduction effect over 50 years (STEI

IN, RC pavement and asphalt pavement)

3-1 Prepare STEIN producing manuals, and
construction manuals.

3-2 Finalize STEIN design standards

3-3 Conduct on-site training for MOWRAM
personnel.

4 An extension program plan is developed, including a

proposal of a program implementation system

4-1 Organize seminars for MOWRAM and
private business operators, etc

4-2 Business development and confirming
feasibility

.

4-3 Draft a project plan for the future

_
_
/)




(8) Manning Schedule

Table 4 Manning schedule

) . . FY2019 FY2020 FY2021 FY2022 Total Days
Main Responsibilities |Name Affiliation [Penhevsl =™ 5T 177 [ 8 [ o J1o] 1] 12] 1 [ 23] a5 6] 718 9 [t0o]lnnliz]i]2]3]4]5]6] 78] o ]nliz]li]2]3]|4]s 6] 7 8 | 9 | 10 | 11 | Local | Japan
Plan 10) 18 7 35 85
Overall supervision MrKubo  [SPEC — —
powat | B | LIl || I AT [ | 7 7 o e
Coordination and Plan 10) 200 2 7. 66| 115
i T o T
Plan 1 7 13
Soil survey MsHibi  [SPEC
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(9) Implementation System

Both a technical survey on developing agricultural and rural infrastructure and a business
development survey were conducted; mainly by SPEC Company Limited and Matsumura
Synthetic Science Laboratory Co., Ltd. as Partner Companies to the project. In addition, other
entities respectively involved in implementing the project: Mitsubishi UFJ Research &
Consulting Co., Ltd., as a consulting company, organizes institutional and market research; NTC
International Co., Ltd. manages on-site construction work; an individual consultant negotiates
with potential local business development partners and supports efforts to establish a business
model and the National Agriculture and Food Research Organization analyzes and evaluates soil

after construction.

Table 5 Project implementation system

No. of o
Company ol Responsibility
SPEC Company Limited Overall project coordlqatlon, bpsmess
4 development works, soil analysis and
(SPEC) . S
mnvestigation
Matsumura Synthetic Science ffechnilcalisuperwswn and advice on §o11
Laboratory Co., Ltd. (MSL) 2 1nvest1gat'10n, STEIN production,
Co construction technology management, etc.
Mitsubishi UFJ Research and 3 Project plan formulation, market survey,
Consulting Co., Ltd. (MURC) development effect, policy analysis
Individual consultant 1 Paﬁnershlp promotion .(prlvate sector),
business model formulation support
NTC international Co., Ltd. ) Construction  management, technical
(NTCI) supervision, local institutional survey
National Agriculture and Food ) Construction planning, soil
Research Organization (NARO) planning/evaluation, structure assessment

3. ACHIEVEMENT OF THE SURVEY

(1) Outputs and Outcomes of the Survey

1) Output 1. A STEIN production system is established and a construction plan is formulated

+ The STEIN production equipment was designed and built to be resilient against failures and
easy to repair and have a low, two-story structure, instead of a three-story structure, to avoid
working at heights. The equipment was completed, put into trial operation in January 2020,
shipped to Cambodia, and received by the PDWRAM in Takeo Province in March 2020. In the
meantime, a contractor was selected to construct a production facility, which was completed at
the end of March 2020.

+ After that, the COVID-19 pandemic stopped the JICA survey team from traveling to Cambodia
and delayed the project. During the travel ban, the team developed STEIN production and

pavement construction manuals and drafted STEIN pavement design standards. After the travel



ban was lifted in January 2022, the STEIN production equipment was assembled and put into
trial operation, and the STEIN production system was established.

+ The soil samples taken from the three pilot sites visited during the first field survey were tested
(by CBR test) before the third field trip. The test results showed that the design CBR?’ of the
subgrade soil at Pilot Site No.1 (Thomnei) was 2.4%, which was lower than the standard level
of 3%. Because the subgrade strength turned out to be insufficient, it was decided to increase
the thickness of pavement (from 150mm to 320mm) and reduce the length of pavement

construction (from 250m to 135m).

2) Output 2. The construction technology using locally produced STEIN is validated to be

effective and superior

+ The STEIN production equipment was put into operation in February 2022 to produce STEIN
(by mixing the STEIN element and cement). The finished product was bagged for shipment.
The production of STEIN required for the planned work (approx. 80t) completed on March 1,
2022.

+ The STEIN pavement work started in February 2022 and ended in March 2022. This
construction work consisted of three phases: (i) preparation (digging and scraping soil and
sprinkling and mixing water into the soil); (ii) sprinkling and mixing of STEIN into the soil
(identifying, setting, and leveling the construction area, sprinkling and mixing a solution of
STEIN and water, and rolling for compaction); and (iii) curing. Then, this was followed by the
activities mentioned below.

+ During their fourth trip to Cambodia in July 2022, the JICA survey team visited pilot sites to
observe the pavement conditions. For quantitative assessment, nondestructive tests were
performed using a Schmidt hammer (a pendulum-type (P-type) hammer for testing low-
strength concrete). The test results confirmed that the strength achieved using STEIN had
reached or exceeded the design requirements.

+ For qualitative assessment, the pavement conditions were observed visually. As a result, only
minor erosions, hollows, abrasions, cracks, and subsidence that would not significantly affect
road functions were found. They were not attributed to the limited mixing or curing of STEIN
but to the heavy loads of vehicles and the low bearing capacity of the subgrade soil.

+ The 50-year life cycle costs (LCCs), consisting of road construction, maintenance, and
replacement costs, incurred for STEIN (with a pavement thickness above and below 150mm),

reinforced concrete (RC), and asphalt pavements were estimated and compared.

" The California Bearing Ratio is an indicator of the bearing capacity of subgrade or roadbed.



Table 6. Assumptions for estimates

Pavement type STEIN RC Asphalt
Design Pavement thickness: Material thickness:
above/below 150mm 150mm

Unit cost data source

Results of the production
rate survey conducted in
2022

Results of inquiries to
local construction
companies about unit
Costs per square meter

Results of inquiries to
local construction
companies about unit
costs per square meter

Construction cost

Calculated by
multiplying the unit cost
by the quantity

Same as the left

Same as the left

Maintenance (repair) cost

Calculated based on the
assumption that the
annual rate of damage
required to be repaired is
5% (e.g. 5m? per 100 m?)

Calculated based on the
assumption that the
annual rate of damage
required to be repaired is
1% (e.g. 1m? per 100 m?)

Calculated based on the
assumption that the
annual rate of damage
required to be repaired is
1% (e.g. 1m? per 100 m?)

Replacement | Useful life 10 years 15 years 10 years
cost Removal 15% of initial 20% of initial 20% of initial
cost construction costs construction costs construction costs

The ratio is set lower for
STEIN pavement than
for RC pavement
because the material of

Costs for removal,
transport, and disposal of
the existing structure

Costs for removal,
transport, and disposal of
the existing structure

for RC pavement
because the material of
STEIN pavement is
reusable

STEIN pavement is
reusable

Renewal cost | 60% of the initial 100% of the initial 100% of initial
construction costs construction costs construction costs
The ratio is set lower for | Costs for full Costs for full
STEIN pavement than reconstruction reconstruction

The quantitative assessment based on the comparison of the 50-year LCCs showed that the

STEIN pavement would be cheaper than the other two. The STEIN pavement costs (86,400-

144,000 USD, depending on the pavement thickness) would be approximately 70-50% lower

than the asphalt pavement costs (280,400 USD). Meanwhile, the qualitative assessment

indicated that the quality of STEIN pavement would be comparable to that of RC and asphalt

pavement (in terms of keeping the road passable during the rainy season and preventing dust

pollution during the dry season). These assessment results revealed that STEIN pavement

would be most cost effective.




(USD/2,000sgm)

300,000 7 e ™™ 280,400
__________ i— “:' Il 6 A 0
250,000 - i
200,000 - :
:

150,000 - ; v 144,000
100,000 A v 86,400

]

50,000 -
0
STEIN STEIN RC Asphalt
(below 150mm) (above 150mm)
= (A) Construction cost (B) Maintenance cost (C) Renewal cost

Figure 6 Estimation of LCC and cost reduction effect over 50 years (STEIN, RC
pavement and asphalt pavement)

3) Output 3. The knowledge and skills required for the continued operation and maintenance of
the STEIN production equipment and the implementation of STEIN pavement works are
transferred to MOWRAM personnel

STEIN pavement design standards were drafted based on the TA method.?® The project team
also developed STEIN pavement construction manuals as well as STEIN production manuals
for operation and maintenance of the STEIN production equipment.

The STEIN production and pavement construction manuals were developed to include many
photos and images to illustrate points in the manuals in an easy-to-understand way. These
manuals were used as training materials for MOWRAM and PDWRAM staff involved in

STEIN production and pavement construction. No problems were raised about the manuals by
anyone among the MOWRAM and PDWRAM staff and construction workers.

The STEIN production and pavement construction techniques have been transferred through
training though it is too early to conclude that the training participants have obtained all the
necessary know-how. SPEC believes that precautions should be explained every time STEIN
is used to assure its quality and make the technology take root. In particular, SPEC considers
that the maintenance of relevant equipment should be continuously followed up even after its

ownership is transferred to the Cambodian side.

2 The TA method is a pavement design method used to determine the pavement thickness based on the strength of the subgrade soil
and the design traffic volume to ensure that the equivalent thickness of any given pavement material is sufficient to bear the required
loads.
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4) Output 4. An extension program plan is developed, including a proposal of a program

implementation system

* A Seminar on the Report of the Verification Survey by the STEIN Soil Harder for the
Development of Irrigation and Agricultural Facilities Disseminated by Japanese Private
Technologies was held on Thursday, July 28, 2022, and attended by 59 participants. Participants
showed keen interest by asking questions about quantitative data, costs, and some features of
STEIN in comparison with those of conventional pavement materials (e.g. concrete and
asphalt) in the question and answer session. According to a questionnaire survey conducted
with seminar participants, more than nine-tenth of the 40 respondents said they understood
about STEIN (40% understood it “very well” and 53% “somewhat” understood it). Thus, the
seminar succeeded in increasing understanding about STEIN.

* Market research was conducted to assess the potential supply and demand of STEIN with an
eye to spreading STEIN and making the business take off. The demand assessment results
revealed that there was a great demand for STEIN for construction of local roads under the
control of the MRD as well as irrigation facilities and agricultural roads under the control of
the MOWRAM. In addition, interviews with businesses operators, such as real estate
developers and aquaculture operators, indicated that there was a high demand for STEIN not
only in the public sector, as mentioned above, but also in the private sector, for example, for
construction of private roads and culture ponds. The results of the supply assessment, which
included the possibility of STEIN pavement construction (and designing) because the product
would be meaningless unless it was used for construction, confirmed that training and manual
development could enable Japanese and local construction firms to construct (and design)
STEIN pavements.

* A business model of STEIN was developed, proposing a system where SPEC will provide the
STEIN element to the MOWRAM, which (or the PDWRAM) will produce STEIN at the
production base in Takeo and supply it to construction companies that have been trained to
understand STEIN pavement construction (and designing) techniques (collectively referred to
as “certified construction companies”) to ensure that STEIN pavements will be constructed by
reliable contractors. In the future when the STEIN production capacity needs to be increased
to spread the product wider in the public and private sectors, there will arise the need to consider

outsourcing some operations to private companies.
(2) Self-reliant and Continual Activities to be Conducted by Counterpart Organization

The ownership of the STEIN production equipment will be transferred to the MOWRAM by

the end of this project. SPEC has transferred STEIN production and pavement construction
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techniques to MOWRAM and PDWRAM personnel and construction workers through training
to ensure that the MOWRAM can continue their activities without relying on external support.

The MOWRAM has committed to continue working with SPEC to support its business
expansion in the Cambodian market. The MOWRAM is intending to produce STEIN using the
STEIN element supplied by SPEC at the production base in Takeo where the STEIN production
equipment has been installed and provide STEIN to local construction companies (certified
construction companies) contracted to work on STEIN pavement.

SPEC will continue to provide training and technical support to the MOWRAM, strengthen the
construction system in Cambodia, and offer advice on the potential use of STEIN for construction

of waterways and roads under the control of the MOWRAM.

4. FUTURE PROSPECTS
(1) Impact and Effect on the Concerned Development Issues through Business Development of
the Product/ Technology in the Surveyed Country

The dissemination and verification activities of the project have revealed that STEIN can be
utilized for wide-ranging purposes in both public and private sectors. For public use, it can be
used for road and irrigation facilities managed by the MOWRAM and other ministries. It is also
expected to meet various private sector needs, such as paving private roads and premises in land
development projects, farmlands and culture fisheries. By commercializing those needs in future,
the following development effects as set out in the Country Assistance Policy for Cambodia could

be achieved:

1) Improvement of the quality of life

The project is expected to help make markets, hospitals and other public organizations more
accessible to local residents (e.g. ensuring smooth travel, even during rainy seasons and no harm
to health caused by dry season dust) and improving the quality of life by addressing water scarcity

caused by securing domestic and agricultural water.

2) Industrial development support

Improving local access to urban areas by developing STEIN-based roads and water
channel/irrigation facilities will help expand the commercial zone of micro-, small- and medium-
sized business operators and boost agricultural productivity. Given potential applications of
STEIN beyond the scope of roads and water channels alone, as identified by private business
operators, it is also expected to promote industries including private roads and business site

(culture fishery) development.
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3) Achievement of a sustainable society by strengthening governance

Deploying STEIN involves reusing 80 to 90% of soil in an existing construction site as raw
materials to develop roads and other structures. If STEIN-based construction is disseminated in
public works executed by the MOWRAM and other ministries, administrative costs can be
reduced by 70 to 50% compared to other construction methods, and the budget redistributed to
improve administrative services.

Given the increasing recent need for low-carbon technology, STEIN has greater scope to reduce
CO; emissions than other construction methods.

Table 7. Comparison of CO2 emission by pavement types

Pavement type CO2 Emission /mi % (asphalt as 100%)
RC 332.5 100.0%

Asphalt 130.3 39.2%

Stein 30.3 9.1%

(2) Lessons Learned and Recommendation through the Survey

The Partner Company draws the following lessons through the Survey:

+ The traffic volume of large vehicles in the pilot sites may vary considerably when pre-survey
volumes are compared with numbers during the actual period of construction. Since the
pavement thickness depends on the traffic volume of large vehicles, it is preferable to visit the
pilot sites twice on weekdays, if possible, to investigate traffic volume and confirm the current
circumstances.

* As gravel fractions were shown on the pavement surface in the Pilot Site No. 2 (Kandar Stung
project site), a STEIN-based pavement reveals properties akin to mixed soil. This is a
characteristic of STEIN, which means that STEIN-based surface are not finished cleanly in a
plain color like concrete and asphalt. Accordingly, when disseminating STEIN, the design and
construction manuals should clearly state the visual impact and properties of mixed soils with
users in mind.

* The issue of roadbed vulnerability in Cambodia was mainly recognized in the Pilot Site No. 3
(Sre Ampil project site), whereby applying a STEIN-based pavement to uneven road on a soft
roadbed will not address the risk of the road caving in. Accordingly, it is preferable to consider
a STEIN pavement plan based on the roadbed, subbase, foundation and other road design
preconditions to which the STEIN pavement is applied. There is a need to clarify the
responsible scope for STEIN and adjusting and design the actual construction with contractors.

* Manual documents will prove invaluable in terms of helping staff understand the contents
provided as many photos and other visual components as possible are used. Since the
knowledge and skill levels vary according to manual users, documents like this should be

arranged to ensure that every user visually understands the content as much as possible by
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simply using photos and figures.

* When presenting product information and verification results to governmental organizations
and private companies during product dissemination seminar, the presenter should strive to
provide as much quantitative information as possible, such as price advantage, initial cost,

performance comparison with similar products and LCC.

Meanwhile, the following recommendations are confirmed by the Partner Company through the
Survey:

* In conducting the survey, JICA introduced Japanese companies and various experts with
experience in ODA projects in Cambodia. They provided various suggestions for verification
activities and business development, which were very meaningful. Efforts to network Japanese
companies developing business in Cambodia should continue.

+ CP was actively committed throughout the survey, positively participating in training on
STEIN production and STEIN-based construction as well as seminar. The MOWRAM is
expected to keep maintaining the system after the ownership is transferred and actively operate
the system as well as further consolidating collaboration to actively use and disseminate STEIN

to develop roads and irrigation facilities and for other purposes.

14



Gl

ATTACHMENT: OUTLINE OF THE SURVEY
Verification Survey with the Private Sector for Disseminating Japanese

technologies for STEIN soil hardener
SPEC Company Itd., Tokyo, Japan

Concerned Development Issues Expected Development Results in
in Cambodia Proposed . Cambodia

Products/Technologies
\

6 Demands for durable and robust
agricultural facilities and roads are hlgh
under the tropical climate with heavy
and frequent squalls.

» Due to incomplete agricultural facilities
and roads, farmers cannot introduce

» Securing agricultural waters and
improving agricultural production.
» Increasing quality of life, better access
to the market and prevention for
natural deserter by constructing rural
robust roads and irrigation system. /

Expected Outputs of the project

agricultural machines and face limited
k access to markets.

Project Activities

/{ Establish production system of
STEIN by exporting essential

machines to Cambodia and

» Establish joint venture with
Cambodian business partners.

» Increase trained engineers and make it

transfer STEIN technique to possible to construct STEIN

Cambodian engineers. irrigations and roads with local

> Verify usefulness and superiority Survey Overview construction company.
of STEIN technologies and “ounterpa listry ¢

disseminate knowledge and
know-how of STEIN.

» Settling on plan of future
business expansion and
distribution channel.

» Set up know-how on producing and
sales system of STEIN in Cambodia.

> Secure distribution channel in
Cambodia and neighboring ASEAN

\ countries. /

J







+ 3+ —&%¥ (Presentation Materials)

Seminar on Report of Verification Survey by the STEIN Soil Hardener for the Development

of Irrigation and Agricultural Facilities Disseminated by Japanese Private Technologies

List of Presentation Material

Title of Presentation Material (Name of Organization)

1. Introduction of STEIN and outline of verification survey (SPEC): -+« sereeereeeeeeenens 1
2 . Production system of STEIN in Cambodia (SPEC) +-+ererrrerearaememtneneieaeniiiieaeaeens 4
3. Report on STEIN construction in three pilot sites in Cambodia (NTCI) --+eeeeeeeeeee 7
4 . Effective application and Advantage of STEIN (NARQ) «+reeeererserenseemnniiniiiis 12
5. STEIN project abroad and further possibility of STEIN(SPEC) +eweerseereeeseeeenennen. 17






Introduction of STEIN
and outline of

verification survey

NT OF IRRIGATION
PANESE PRIV

PRESENTER: SHIYO KAMIBAYASHI/ SPEC COMPANY LIMITED

EXAMPLE OF CONSTRUCTION

CASE 1 CASE 3

Rural and farm road Irrigation Joint research
Many rural roads were constructed Construction with river bottom, The research of anti-burst
by STEIN since 1975. slope and riverbed. measures for agricultural pond and

water storage pond.

WHAT IS STEIN?

Portland Developed by Takao Matsumura in
Cement 1975 in Japan

(95%)
+ Make soil hard enough and used for

STEIN  road and irrigation systems pavement ‘/(

‘\ /
N4

Element
(5%) Possible to harden any kinds of soil or \ /

sand by adjusting mixture rate \ /

STEPS OF USING STEIN

The soil Inspection (particle size, water content, compaction, CBR)

i

Spreading-out of
the

- 24Hours after construction, passable by cars.
- 7 days to reach target strength 30kgf/cm




EXPERIENCE OF CONSTRUCTION OVERSEAS FEASIBILITY SURVEY IN CAMBODIA

* Malaysia
* Thai land SPEC company limited < Ministry of Water Resources and Meteorology
* Myanmar
: Indone§la Kick off meeting with MOWRAM(2016) Supporting members
+ East Timor
° i Mitsubishi UFJ R h and Ci Iti
Cafnbodla (!) itsubishi esearch and Consulting
* China ) )
- Korea nura Primary consultant for JICA project
. e . The National Agriculture | Tokyo Metropolitan Small
Philippine and Food Research and Medium Enterprise
i - USA Organization Support Center
. o . + Ttaly
Rural road in Philippine Water pond in Kenya - Germany %
* Kenya NARO
SME support
5 6

EVALUATION AFTER SURVEY
01 02 03

Use soil as aggregate No crack and Superiority of

CONSTRUCTION PROCESS

and no effect of erosion after rainy sustainability and

shortage of material season cost performance

such as gravel comparing concrete



Settlement the production plant of STEIN

OUR TEAM IN VERIFICATION SURVEY
Do manufacturing STEIN with cement made in Cambodia

Do construction of 3 sites with STEIN made in Cambodia SPEC & MOW M
Do evaluation and promote to government and construction companies PDWRAM MSL
MURC NTCI NARO

ACTIVITIES OF VERIFICATION SURVEY

9 10

SCHEDULE OF SURVEY
From the next

« Assembly of the production plant in Japan and transportation to Cambodia } .
* Confirmation of the cement of Cambodia S e S S O e
ion, w

SPEC COMPANY
« Settlement of the warehouse for the production plant in Cambodia LIMITED . N
« Preparation for the rest activities in Cambodia } \N I | | e X p | a I n
.
“ * Assembly of the production plant, construction of 3 sites (January to March) } m O re d eta I | S

* Follow up of the construction sites and seminar of the activities
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Bucket
elevator

conveyor for
output i

Screw e
conveyor | Hopper for
cement

input

N—

2.
Settlement
of
warehouse

3-1. Assembly in Cambodia

Installation of mixer, bucket elevator, screw conveyer and stairs




3-2. Assembly of the mixing machine

Completion

—_——
—_——
]
————

—
———
]
—F—

J AN

: « Connection of industrial
3-3. Connection clectricity

of electricity

« Wiring work

4-1. Lecture of « The process of machine operation
manufacturing + Management of raw materials
STEIN « Precautions during operating the machine



F SRR CESCPToN BRETURE T

4-2. Manual

Turn on the power

! |Conmect air compressor to power

« Explanation of each parts

« Explanation of main panel
« Operation flow

« Precautions for safety
management

i [Setinto AU (AUTO) mode

« Check list for maintenance
Press Green ON botton of

« Raw material management MX Mizer) at the main panel

6. PRODUCTION SYSTEM

'@ JAPAN

CAMBODIA

sl
et
I — Construction
Company

STEIN
element

—————— o o

Rural and farm roads
Water ponds
Water ways
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« 15 min for one batch (500kg of STEIN)
« Productivity : 12 tons of STEIN at maximum /7 hours

5. Manufacturing of
STEIN in February

Thank you for your listening!




Report on STEIN construction in three pilot sites in Cambodia

Seminar on Report of Ve
for the Development of 0 gricultural Facilities Disseminated

, Phnom Penh

AMA NTC International Co. Ltd

Location

CAMBODIA ROAD NETWORF

" werd Sre Ampile
Cons. Period 17~20th Feb.

E Kandal Stung
"~ Cons. Period 22~25th Feb.

Thomney Reservoir
Cons. Period 23 Feb.~5 Mar.

Outline

1. Pilot construction

* Site location
* Summary of construction
» Before and After

2. Construction method

* Construction method manual
* Important point on construction

3. Cost performance

*Productivity per unit
*Life Cycle Cost (LCC)

Summary of construction

width Sm, extension 135m

Site Content of construction Pavement
Area
Improvement of
Sre Ampile rural road (laterite pavement) 675m
width 5m, extension 135m
Improvement of
Ksillllsal riverside road (gravel pavement) 450m
£ width 4.5m, extension 100m
Thomne Improvement of
Y embankment road (earth pavement) 675m
Reservoir




Before and After

Kandal Stung

4 month later' W

Before and After

Thomney reservoir

4 month later' ¥

A Before

Before and After

Sre Ampil

Outline

1.

Pilot construction

Site location
Summary of construction
Before and After

2.

Construction method

Construction method manual
Important point on construction

3.

Cost performance

*Productivity per unit
*Life Cycle Cost (LCC)




Basic method Crushing of soil mass
“hOW to construct STEIN pavement” Make soil mass smaller than 1/3 of the construction thickness

Important point for construction

* Crushing of soil mass
* Moisture content ratio

* Duration time between STEIN mixture and

compaction 5 10
9 10
Sprinkle water Moisture content test
Agitate soil to spread water throughout the soil R
Compaction
Sprinkle water by a water truck Agitate soil by a motor grader Moisture content Compaction roller
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Construction method manual

Manual index

1. Preparation

2. Excavation of existing roads,
crushing of soil mass

3. Spreading and mixing STEIN,

watering, surface correction and e

compaction
4. Curing

Attachment

1. Construction control record form
1-1.  Record form for control of finished work
1-2. Record form for control of finished work
1-3. Record form for control of finished work
1-4. Record form for control of finished work

“Depth of excavation”
“Standard height of road”

“Depth of STEIN mixing”

“Road width”

1-5. Record form for visual confirmation items during construction

2. Safety control record form

13

Productivity per unit

2
g 18
z 16
S K
: ¢ B
g 1.2
2 1
'Z 0.8
2 0.6 —
£ 0.4
=5
o) 0.2

0 Baseline

. . ase lne
Thonmei Kandal Steung Sre Ampil (SPEC)

® Tractor 0.00 0.07 0.00
W Tire roller 0.00 0.01 0.01 0.02
W Vibration roller 0.02 0.01 0.02 0.02
“ Water truck 10000 0.34 0.09 0.06 0.08
¥ Motargrader 0.26 0.10 0.09 0.03
® Excavator 0.34 0.14 0.24 0.09
= Unskilled labor 0.62 0.16 0.13
m Skilled labor 1.48
= Foreman 0.09

note: 1 day=7.0hr work
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Outline

1. Pilot construction

* Site location
* Summary of construction
» Before and After

2. Construction method

* Construction method manual
» Important point on construction

3. Cost performance

*Productivity per unit
*Life Cycle Cost (LCC)
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Life Cycle Cost (LCC)

300,000
L] Re- 1 ion fe
250,000 1 (C) Re-construction fee
= (B) Maintenance cost
200,000 = (A) Construction Cost (Direct cost)
150,000 A

Life Cycle Cost (US$/2,000sqm/50yr))

100,000
o -
| S
0

STEIN STEIN Reinforced concrete Asphalt
R (t<150mm) (t>150mm)
Scenario
Pavement Type STEIN Reinforced Concrete Asphalt
Maintenance Once a year Once a year Once a year

Repair 5% of the constructed area.

Repair 1% of the constructed area.

Repair 1% of the constructed area.

Restore,

Service life T0years T5years T0years
Remove 15% of Construction cost 20% of Construction cost 20% of Construction cost
Restore 60% of Construction cost 100% of Construction cost 100% of Construction cost

16
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Thank you so much
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Effective Application and
Advantage of STEIN

VN

Akira 1ZUMI
Senior Researcher, Ph. D.
Institute for Rural Engineering, NARO

(National Agriculture and Food Research Organization)

1. Property of parent soil &%ﬁﬂﬁ%ﬁ

Outline 6%{5‘&&%%

1. Property of parent soil
* Application range
* Physical property
* Condition on site

2. Attention construction

e Cure time (Kandal Steung and Sre Ampil )
e Push away of STEIN (Sre Ampil)
* Time to Mixing, spreading and compaction (Thomney reservoir)

3. Preliminary examination

* Mix proportioning test
* Relationship between laboratory test results and field strength

4. Advantage of STEIN

1. Property of parent soil 6%%&%%

Application range of STEIN

The improvement effect of STEIN is strongly influenced by the type of parent soil.

Usual soil - Unusual soil

> S P
e - -
. N .
/ \\
! Cohesivi i i
| O e§ e Dispersing
soil
/

Swelling
soil

soil

BN Gravelly ! /
~ soil // N Organic -
— -7 s R soil
< Application range >

The workability depends on the physical properties of the parent soil.

ials - Kandalstung District, Kandal Province Coordinate(UTM) X(ea), Y(north) : 476,239, 38mE ; 1,222 222 16mN
Date of Sample__25-Dec-21 Date of Testing 28-Dec-21
Condion__ Sl
Checked by : Mr. Ket Ch: th
Max. dry |Optimum Moist Atterberg Limits Grain Size Distribution Soil Soaked
Density Content Classification CBR %
No. |pmaiglom’)] oMC,% [lLe(m)|PLen)| Pii%) | (%) ||Gravel (%) Sand (%) SitsClay (% )] <425 um (%) {85% of MDD |
s 2074 79 2444 | 1227 | 122 1 61 28 40.08 A-2-6 6.2
||

* Compaction test

Ory Oenaiy (e

* Grain size analysis i
* Observation ]

@3 % 8 8 7 b osm
Maisturs Content [ % )

Moisture content —dry density relationship

"]
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1. Property of parent soil %%EAHFR%CIJE

Consolidation settlement occurs in soft ground.

Boaring

Observation of

core
STEIN E:;ent
Thickness of
soft ground
v
Physical
Soft ground Consolidation property of soft
(Dispersing soil) Settlement ground
(Erosion)
J==:]
: . E=hfEE
2. Attention construction % NARO

Kandal Steung

Similarly, minor cracking around the store
adjacent to the road occurs.

2. Attention construction %%ﬁﬂ%&g

Kandal Steung

Curing time increases STEIN stability.

Immediately after construction, ruts
occur due to motorcycle traffic.

February 20

2. Attention construction %%ﬁﬂkﬁég

Sre Ampil

Crown of STEIN construction is pushed away in the three points.

February 25 July 26
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2. Attention construction ﬁﬁﬁﬂmﬁ
(~

Sre Ampil

L=

" Mixture STEIN and
~ parent soil

Push away Bow shape

Not improvement

2. Attention construction %%ﬁﬂaﬁf

Sre Ampil

Small collapse occurs at Stein construction and original road.
As mentioned previously, the presence of soft ground and the

Original road STEIN construction

11

2. Attention construction %%ﬁﬂ%&g

Sre Ampil

Strongly loading

¥

Push
away
— STEIN
Shoulder of crown has at risk a weak point.
Heavy vehicle traffic as planned
10
[==:]
: i EEigEE
2. Attention construction @ NARO

Thomney reservoir
The construction was divided into two parts; left lane and right lane.

The left lane settled a few millimeters more than the right lane.

In the left side, it took 12 hours from mixing to compaction due to
machine trobble. (Right side 7h)

A few
millimeters
settlement

Left Right
lane lane

March 5

12
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2. Attention construction %%EAHTR%CIJE

Thomney reservoir

Solidification begins immediately after mixing.
In the left lane, solidification occurred prior to compaction and
compaction was not sufficient. The density is smaller than that of
the right lane.

As a result, vehicle traffic caused settlement in the left lane.

A few
millimeters
settlement

Left Right ]

lane lane March 5 July 25
13

j==:}
N . EiREEE
3. Preliminary examination % NARO
Mix proportioning test S—
+ soil

Mixing ‘

Two to three patterns of mixing
Improved soil

Test ‘

California bearing ratio test(CBR test)
Unconfined compression test

\ 4

15

2. Attention construction %%ﬁﬂ%&g

Thomney reservoir

A dent occurs due to vehicle traffic in the section that have not been
constructed by STEIN.

STEIN construction Original road
July 25

14

3. Preliminary examination %%EAHL%%E

Relationship between laboratory test results and field strength

Mixing by the construction machine is not sufficient compared to
the mixing in the laboratory test.

The strength ratio of the site to the laboratory test : 0.3 - 0.7
(backhoe)

Laboratory design strength /./

(Design strength/ the strength ratio)

Design
strength

STEIN addition on site

STEIN addition
16
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Advantage of STEIN

ﬁ%ﬂﬂ%ﬁ
> NARO

Improved soil

Effective use of
‘ soil in site

17

Road

Drainage
channel

Open
channel i



STEIN project abroad and
further possibility of STEIN

YUICHI KUBO

Ll

Proj ectin * Project with UN-Habitat, Japanese NGO
Refugee camp in * Hire the refugees as workers
Kenya * Achieve passable road during rainy season

Nigeria * Left : Residence area managed by the private

) developer of Nigeria
High needs of road L . . .
pavement due to the * Right - Meeting with Ministry of Power, House

increase of the population and Works(Planning the trail road pavement of
STEIN at their management area

* From left to right (Picture of before construction,

Weed prevention after completion of the work, follow up of after 6
The site of JR EAST months of the construction)
in J. apan * STEIN prevent weed growth and save the

manpower for the management
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STEIN contribute to low carbon society

\gﬂb/ \gu@/ \@ma/

.4 @ @

Asphalt pavement Concrete pavement STEIN pavement
Emission of CO2 Emission of CO2 Emission of CO2
130.28/ m2 pavement 332.5/ m2 pavement 30.28/ m2 pavement

Thank you for your
listening!

SPEC COMPANY LIMITED
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