S v U —EHANE
BEBENKEET PW)

Sy UY—E
KESHMEICEITS

ERFTREIODS LY b

NA Ay FEEREGREBSE
(BFEODRA-ZFD1)

1B B & E AL

RAL— 654

MILTBUEA
EIRR 1 8 (JICA)

RAGRATIOO=ZT7) D THKXEH
ﬁiAﬁTUIJQ»:/ﬂ»QJVOD—A»

Eig

JR

15-150







og’ )
jicA

NA ey FPEERRREE

(55 Z#0)
A

201547 H

¥ Vv —[E

ES

RELFE I

BREMNSET e =7 I\

¥ v —E
BiRE . ~ks

JICA xR TF— A

=I5







=
- A%

. N

: Kyw Chan [
Ye Kyaw B. y .
High Embank. E
monitoring Sec.

@

BIO.GIALLLE

Sseasi— 18th-gt

0/0

L

- s |1 &8 Temporary Yard
GO ’;-1"» > (Plant)




ruvxy MIEX

L L L L e e 2

[S2 N e NS ) NS, BN s BN G JC R NG TR NG G B NG Rt

N 1
Tl FOW R B 1
Y T N . 1
ATV 7 MERBIIL . ..o 1
BRI . 2
T — A 2
A TR . 3
b THEMEMREDOTZD DB o 3
BARRBEE T T 7 T I 4
=B/ N i AR < v 4
DD DS 4
B A = B A N . A 4
2 R T T b 5
MM AL T 5
A R L 5
B it e 6
AW 17T o= FEOE R ..o 6
NAay FEE GBETH) FHOBR . ... 6
PP Y . o i ettt e 7
PP A . . 7
S RS 13
o s 13
B B DR A T R 14
SR AR K TR . . 14
o . 16
PP—2 A T — A DR oo 17
By T I S 18
B THERIESE CRERTBUEAN . 18
AR TE GEEEUE ) 21
THEWEEROEDOBRI o 29
L R R B . 29
2 L A B B B . 31



2.6.37 vy MEBIZETAEHEA .. o 36

BRER T 77T I oo 41
3.1 7T AEMFEEBGAANE 41
3.2 U= a v T IR 42
3. 2 LA . 42
3.2.2U =02 a w TIERMNEDOTAM .. ..o 44

SHBROEB T OIBMA ST OWEBCHITZREE. ... 49
T = PP 49
4 RS 49
4.2. 17T =7 R 49
4.2, 2 B R 7 T b 51
42 3R T T 52
A A R . 54

BIEE

HIE-A:
HIER-B:
HiEs-C:
BIE-D:
HITSE:

Pavement Design Report in the PP-2

The Report on Stabilized Material Test at RRL
Work Quantity of the PP-2

Drawings of the Soil Plant Foundation

Test Report of Alkaline Digestion Method



e T R R S S R I R O I SR R i R B SR

T I N I I R R R N =L I < I < B < S~ RS L B <) B < S BN S B B B B L B ) IS L B S B \C I R

S 7 N I 1 T 4 15
2 BSEHEK TRRE A (RN o 15
V3 BEHE A TR RN o 15
1 ERTERVESE - R — RIEERRR. ... 20
2 BETRRETIEM] - FERIEEERRR. 21
V3 BETERS EREEESERRR. 22
.4 PP-2 BRIRAREEF DA A — DR (RSN oo 22
b R R, . 23
L6 BEAY NEEAB TN REEAREERRR. 25
T ORIRRED BB R, . 26
8 AL MEEAB FIEEREERR. 26
L9 R DBSDEFERRE. .. 27
L0 WA T TR T . e 28
1 R AR K TR Se T, .o 28
I ARG ER (PRI ... 30
2 PP2 CREF LA A M 35
37 m AT v d VR HIERBREZEFIA. ..o 35
4 PP-2 (ZdUF 3dfs « R IRH S EIHEER o 36
b B H R 37
L BT ER DR . 41
L B O R 44
2 BB OHMES IR . . 44
3 U vay TN T AW - M. ... 46
4 U= ay AR D 48
1 B 7 7 AD-T11 B K OND-IVAEMEREIETIX ... 50
2 T MR 51
3 MPBHEATEREDIIRRR. .. 52
A PRI EREE R ORI 53
B BRSO KD B UTMR 53
L6 B OBV U7l BB 54



oL L N DN DN NN NN NN NN
N I N B = R = R R = R RO S SIS

W N = =0y O R W N =N WD

&

BIEREE (KW-1) (BBRT I L) 13
EEERETE (IXR-2) (BST) ettt e e 13
MEMBC AR (B ..o 14
THEHEAF (1/2) . 16
THEHEATE (2/2) . 16
B EM T — DR R, 17
RIS I A . e 29
BT H R . ettt e 31
FDTAERFE LD (L) o 32
FDT AERFE LD (BER) oo e 33
FDT R E LD (FRBEM) .. 34
FDT R E LD (B AV VRELHE LEEA) CGRAT) ..o 34
TR R (05/04 - 05/10) . 0.t 39
FMVEEFE (05/11 = 05/17) oot 40
U0 a vy TCTO b =T 40
B OAHEEFHE R WSHT vs WSHE) oo 45
T —~ BB LUV . 47
o ST LT O T — 47



0.1 ZuvxZho¥ER-HH

T—YUTF A ERNOERKFR Y bV =213 1FE A E ORISR ERF O L — L | £z,
TERRERIE LB, BN GIZETE RN &b, MEetENIEFICE N, D7D, W\
HICAD L L OEFTCEBE LN/ RE LR L, ZTORME, BB BEITREE L 72 2 FRE I
LTWa,

ZOX)RERAEA T, PRIB LU JICA EMEF—LIE, RHL—F Ty TR 10 Skl
BaRRELT, "My hey=7 b EZH) 2FEHL, 0JT BXOY—2 3 v 7Bl
IZE 0 PWRREOHIF M Bz o7, S im BIcBd 2 B3 A &2 2L PR,

v AR ELER A N Z T EM RO BB BRE  om E

vV v/ NMEROERRET) . BLOBL Tol LEERE ) Om

v Tuvxy NGB X O ELE TFICEET 5 A A Ak o B

v HARDPOHEINTHEUBHT T v N OBE - (RTFEBEO TS

0.2 Fuv=z7 MNEBENE

0.2.1 Fuv=r NEBHRR

BE, BB CIILERBE TR CTh b, 2016 4 7 A 24 HEIEO EE THEEMRN A THRIOTT,
Fo. HELHEOEMANSEMZ AL 2.5 ICH#T 5,

5 T T BE

| Bore R LA - TET T

2 | B { LA =7

3 | Bk =7

4 | B A NEENER T BB BT

5 | © Ao R LR =T

6 | KT LB R e f i iﬁ;?ﬁfﬁﬁ“*”‘@%
B B s | AT TR

TW5h,
8 | &J& (DBST) 567
o | Fr ARk T =T




0.2.2

FRAERRITIXI

40_,.40_ 9.0

4.0 4.0 Drainage layer

Crush stone (Soft) (Hard)

Embankment (side

Local soil
Scarifying & re-compaction
(t=Ave. 1)

Unit: Feet

(Hard)((Soft) @3.0m

Wearing course (t=3", W=18")
Penetration macadam

Base coure (1=6", W=28")
Graded crush stone

Subbase coure (t=6", W=30")

Cement stabilized soil
(Soil : Sand = 50% : 50%, Cement = 6.4 - 6.9%)

Subgrade (t=Ave. 2")
Soil : Sand = 50% : 50%

34.0

40,40, 90

L 4.0 , 4.0

Crush stone | (Soft) (Hard)

Embankment (side

Local soil
Scarifying & re-compaction

(EAve. 1)

Unit: Feet

(Hard)|(Soft)

Drainage layer

Wearing course (t=1", W=18")

DBST

Base coure (t=6", W=28")
Cement stabilized river shingle & sand
(Shingle : sand = 75% : 25%, Cement = 4.6%)

Subbase coure (t=12", W=30")

Cement stabilized soil
(Soil : Sand = 50% : 50%, Cement = 6.4 - 6.9%)

Subgrade (t=Ave. 2")
Soil : Sand = 50% : 50%

XM-2 (1/6.5 - 2/0: L = 300m)

0.2.3 EBEHEF—L

TuYxr M, BHE - EE L-ESERT— L OBREE TRIRT,
PP-2 SEfii F— LR R

FHYES PW B EANES
AR - B 4 ANBR,CER
TaYzy MEE - EH 4 IR, EBAR, T =L
R 2 HA
B A 3 IR T =




0.2.4 fEEEREIRE

B CTOEET, 20152 A 18 HLVBIMA L7, 1EEFER TRZ U FIoRT, £, NRZH
X, AL 2.5 (ZFC#HT D,

(1)  FaiEfE T (RRBSEIL)

v FRIH R

v Y — K - LEGEHER

v 7T MRENERE RCE) AR

v T Mk - BRE

(2) ERIUELE

DI o

v BEAERE T HRA - RS

v BEAERE YRR

- VRiE

2) HHEET

v AL NEELEL T E R

v BERE CRIFRA RS KOV 2 v M EE L)

v EKg (BEX~HF L5 LUDBST)

v WeARE L

3 WA RRAEHEK T

0.2.5 TIELEREKRDOIZDDEHA

TS E R O T2 D OBGR A OBETE & LI N IR d, Fio, NEOFEM 2 AL 2. 6 IZFE#T 5,

(1) ITHEHRkpER

v OERE L EICERE LA A R L, B A R L, IR A AT E O RRe IR
AT %,

(2)  RENEA O SEE B

v OERIEE¥ESE TR, BUGEWRE EEERIR A J i L. R D OMERZT I,

v B AV RNKENSORM Y v AHHEBR O (V)

3) Zmvxzr MR

v ERE - R IREI O ML

v BUGEER R - OB

v EESEE O O ERI SR OB



0.3 BINBETas T A

0.3.1 FuZJ rHE - EfH

A7vavzs7 T, OJT BEXOU—2 v a v 7aBfET 5 2 LT, PVERE ~DORN 2
iz HiEd, £/, 0JT 2B U CHINZBUSG LZ PWEEE DS, U—2 v a v FIcBW\W T, fholkE
Zxtg b LIciifds KOVFEMAIEZ FEiid 5, ST 0 77 LoVsiAa I, V—2 2=
v T TCOHEERT —~E L TITRT,

v G

v REREM B OB ARG

v B TOM BB BFE

v 7T NOBME - RSFDTE

BN ER DO FAE T
0.4 EBREOTOOREESE
(2] EicBWT, SBOFEEMCTT2BMA L 2%E T2 2HME LT, FRIIRT
REEAER L (REFEMIEASC 4. 1250H)
0.4.1 FYuv=7 FNEH
(1) ST EBREALR O
TAVETPW ClE, EROBOEBIC, Y— R R FEZERHALTEER, %X, 7V7 0 -
NA T A FRD & LIZEBESRGER Y 2 =7 N EERT OB, BEEE O T, BESCHAL
ZBT 2 IRELCER 2 RIRICH ST MR O TH 5 ST HALRICHE —BRAT & Th D,
(2) vz NEREANCE T SELDDOFEMA Y ¥V 2 — VER
WRNICE S OB BB L, #ERE L TERM - 55N E L, R LA T IIAALT
L&) FEEBET 572010, EHEBROERIEN L D, FEEOKI, R F it
HE (BEMHEA T2 — V28 ) 2ERT 22 ENBETHD,



(3) WEEHHEAEO LEHY~OFEE
THMEMAEOTOIZIE, BURBRO £ & SRR ROBGENIEF I CEETH LD, Try=
7 NEMANS, SMEEHEEYENBUGICHEECE 2 L5 OBEBRE RS ¥ 2 — VAU RE -
WIETHENEETH D,

(4)  TEFEMTESCHRLAC BT D ki ORe (R

BUBABEE . RAETHZEEHRECHMEICOWT, FHICHET 288N e Yz r NERIC
WEFTLBINEFIRO BN D, 7L, TOFMMEIIANGRMRE & BEECES < O TRITIE
IRBIRUYN,

0.4.2 HEXBRTSZ7 1

(1) 7T MRENE#Ea 7 ) — O’k

BUGHANTE L, EOHRIC LY, 77 v FORMBEEROFRELY ToDic, (FEEMEOE %
NRIZFER T D MEER B D,

(2 TTr bOBESE - RFEE ORUE

77 b OB RBBIREE R T 572010, RO ORRBRLAIE, SR - RS - TR
¥ h . MBI ERT 5 2L Th D,

(3  TT P OMEHRA DB O E FIEH

Mtk LBl 77 o MCBAT 25813 MEINIC K & 22 B3R LV 2 AlRetE 2 B8 L C.
WAL Y LAEEZRITORENR D D, £lo, RATBMICABELZRE L, KRR L2RN
SIEREEERT L ZEBMETH D,

0.4.3 MEZELHETE

(1) ZZEEABHT I 2 5B 0 M VR 2

TG THEEI L T, SRS S 7edic, REEENIC 2~3 ARMIAGE L, BEIC TEICEA LT
EAAYG RN

(2) RELLORABAOHR

TESLEKIZE Y, BRELHELOREGEAGV R 5720, BUGHINE L, 577 ME#H I
REBSEWRTIVNERD D, ZOB, 7LD IMWE CND L 7 ICEGTH T = ) —
VT B VA EREAND Z L, iS5 Th VRS 5,

0.4.4 BERERLEF

(1) M oOEMECIS U7 isEEZE O FE i

PP-2 TiI, Mtk LR B ORI E/EREIZIL, > — 7 7y be—F—2H L., L7 misEEE
ElFH AT e —TF—%HH LT,

T
=/



W
ik

1.1  EAEWHBH e =y FVEBOEE

KA h7mn =27 b (H7n) BRI TH L, =—FY U T A EXNOEKR Y FU—
ZiE. b L, —HEHRARBIZR 7258, 2ORBL— FRENGENZ W, £lo, RERERK
R MR (e, HRIAD 72 &) OFREEIIAE XWNICEN 2, R0ea257, HERMEINER
R S 7R VEEME e L R EOBIMIEA AW T, ERELEER LTS, L,
ZORER, WHIPIZIEZ OFEFF T LR RESERLEZZ EICL D, BITRREKHENEET D
FREPHIE L TND, ZoXoz, AERNOERR Yy U —27 3 THEFER RV, 20X
HRIM AW ETH L EAME LT, A7 0 TlE, BUHSEA Lo @ TkICBd 5 5l
BB~ £ Th 5,

1.2 NAwmy bEE EH) EEOH

T—YUF 4 ERRT L=y TRNO, 10 SRUEK 255 E LT, PV B L JICA HH5
X, BRIL Ty bEE E W) (PP-2) 2FEML7E, 20 PP-2 T, 0JT RV —7 T3
v 7@ U T, PWERB OREIM RIZS D7z, seim BICBT 2 EREE 2L FITRT,

v AR R & i L7 HE R R o S ELE S o) b

v Tuvzl NeREa L EREE N B X OB TEFEE ) om E

v FuYe s NEHR O ELE TSR 5 R R ko IS

v HBARMPOHEINTEHEUBHT T v N OBE - RTFEBED S



2. PP-2 EENE

2.1  PP-2 EffiffisE

PP-2 O3 & LI T IZRT,

> EfuiE PRI V—=F Ty T 10 BRRER LvAVE Tr-n)T ~ 294 (&
GEIVAEARE Y
> IR 2 377-mv)T = #9600m
> it AR 1 2015/02/15 ~ FEHi (2015/07/24 BifE)
> FETH :
v BEAFRE HRH - FRESE
v BEAFRE T RE
v ORIRAES
v B AL NEZEMBET KR
v B AL NEZEER KR
v ORI g A
v KE (REX~IZ L)
v #Jg (DBST)
v AR PEK T



> AR
34.0
40,40, 9.0 | 9.0 .40, 4.0 Drainage layer
Crush stone | (SO (Hard) (Hard}iSof)|  /~ @3.0m
11.56
Embankment (side)

_\.‘J
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Local soil Wearing course (t=3", W=18")
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Graded crush stone
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Cement stabilized soil
(Soil : Sand = 50% : 50%, Cement = 6.4 - 6.9%)

Subgrade (t=Ave. 2")
Soil : Sand = 50% : 50%
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Cement stabilized soil
(Soil : Sand = 50% : 50%, Cement = 6.4 - 6.9%)

Subgrade (t=Ave. 2")
Soil : Sand = 50% : 50%

Unit: Feet

XM-2 (1/6.5 - 2/0: L = 300m)
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> FEli AT 2 — (2015/07/24 £ TDFELR)

No.

Work item

Work status
(as of 24/Jul)

February

March

April

May

June

July

10

15| 20

25

28

10

15| 20| 25| 31

15

20

25

30

10

15

20

25

31

10| 15| 20

25| 30| 5| 10

15

20

25

31

Construction work

1. |Earthwork

1.1 Scarifying & re-compaction Completed _

1.2 Embankment Completed —

1.3 Subgrade Completed - _

1.4 Slope trimming Completed - -
2. |Pavement

2.1 Wearing course |(1) Penetration macadam |Not started

(2) DBST Completed I
2.2 Base course (1) Crush stone Progressing — |
(2) Cement stabilized Completed _ -

2.3 Subbase course |Cement stabilized Completed . _

2.4 Hard shoulder |Crush stone Progressing - !
3. |Apparatus work | ‘ ‘

3.1 Drainage layer Completed “
1. |Off-site work
1. |Temporary yard & borrow pit

1.1 Site opening Completed _

1.2 Site clearance Not started

1.3 Plant foundation RC concrete Completed _

1.4 Plant assembling & setting Completed -
2. |Engineering survey

2.1 Training for survey work Completed _

2.2 Road survey Completed _
3. |Training

3.1 Plant operation and maintenance Completed _

3.2 Workshop for soil stabilization work Completed ‘ ‘ V|

-12 -
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auEEENNg
os® T,

*
40, 40 9.0 | 9.0 .40 , 40 | . Drainage layer .‘.
Crush stone  |(S0ft) (Hard) (Hard)(Soft)|  *w,  @3.0m R
11.56 LTI T LA

Embankment (side)

T Embankment | ¢ o T - o
Local soil Wearing course (t=3", W=18")
DY S 4' Penetration. macadam
B2.2.1 EBEPEK B
N drzinane secton
Length not deciclzd
dm 3m 3m 3m 3m (Lengt AL )
~ ]
il 11 ] 1r 1r 18}
n n n 1] 1] 11
Shoulder n n n n n
L u 1 n n n
\\ Drainage (L=1.2m)
Cariageway _ . __
1 | 11 ] ] 1 m
shoulcer & . :: T
1 || "

B2 2.2 BBRIKIHREVER MR

0.50m

Crush stone

A

Same thickness
with base course

Y

2.2.3 BERPEKTEER (6ER54)
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2.3 ITEHEE

PP-2 ICBIT 5 TN OME THEHRES., £ 2.3.1, 2.3.2 12577, F7-. HEOHEB ZHEC |

Fodk L7z,

#2.3.1 TEHEARF (1/2)

-
-

I. Construction work Total length = 600 m (1/5 - 2/0)
Category Work item Specification Quantity Unit
1. Earthwork 1.1 Scarifying & re-compaction t=Ave. 1ft 2,453.3[ cu.m
1.2 Embankment (1) Lower Local soil 1,785.5( cu.m
(2) road side Local soil 4315 cu.m
1.3 Subgrade t=Ave.2ft, Soil : Sand = 50% : 50% (weight basis) 5,358.6 cu.m
1.4 Slope trimming 5,592.6] sgq.m
2. Pavement 2.1 Wearing course (1) Penetration macadam|t=3in, w=18ft 1,645.9| sgq.m
(2) DBST t=1in, w=18ft 1,645.9| sq.m
2.2 Base course (1) Crush stone CBR=80%, t=6in, w=28ft 390.2 cum
. River shingle : Sand = 75% : 25%,
(2) Cement stabilized {0 10— 4”504 (weight basis), t=6in, w=28ft 3902 cu.m
- Soil : Sand = 50% : 50%, Cement=6.4-6.9%)
2.3 Subbase course (1) Cement stabilized (weight basis), t=6in, w=30ft 418.1| cu.m
- Soil : Sand = 50% : 50%, Cement=6.4-6.9%)
(2) Cement stabilized (weight basis), t=12in, w=30ft 836.1| cu.m
2.4 Hard shoulder Graded crush stone, t=3in, w=8ft 1,463.0] sqg.m
3. Apparatus work 3.1 Drainage layer Crush stone, L = 1.2m, t=0.15m, w=0.5m 200| No.
18.0f cu.m
Il. Off-site work
Category Work item Specification Quantity Unit
1. Temporary yard 1.1 Site opening 258’13(;1;’ grading, removal of surface soil 20,000.0] sg.m
1.2 Site clearance Grading 20,000.0| sg.m
®2.3.2 THEHEEGF (2/2)
IIl. Import materials
Item Work to be applied Specification Quantity Unit
jal= =| - )
1. Cement 1.1 Subbase course Matefal 1.8¢cu.m, Cement=6.4-6.9%, 170.0[ ton
Loss=10%
ial= = 0,
1.2 Base course Material=1.8t/cu.m, Cement=4.6%, 200! ton
Loss=10%
Total 210.0f ton
2. Sand 2.1 Subbase course Material=1.8t/cu.m, Sand=50%, Loss=10% 1,250.0] ton
2.2 Base course Material=1.8t/cu.m, Sand=25%, Loss=10% 200.0f ton
2.3 Subgrade Material=1.8t/cu.m, Sand=50%, Loss=10% 5,310.0 ton
Total 6,760.0] ton
3. Crush stone 3.1 Base course (1) Graded stone Material=2.0t/cu.m, Loss=10% 860.0( ton
. . Material=2.0t/cu.m, Stone=75%,
(2) River shingle Loss=10% 650.0( ton
3.2 Hard shoulder Weight=2.0t/cu.m, Loss=10% 250.0] ton
3.3 Wearing course (1) P-macadam Weight=2.0t/cu.m, Loss=10% 280.0f ton
(2) DBST Weight=2.0t/cu.m, Loss=10% 100.0| ton
3.3 Drainage layer Weight=2.0t/cu.m, Loss=10% 40.0] ton
Total 2,180.0] ton
4. Straight asphalt 4.1 Prime coat 1 - 1.5ltr/sq.m, Loss=10% 4,600.0 Itr
(80/100) 4.2 Wearing course (1) P-macadam 0.7 - 2.3ltr/sq.m (2layers), Loss=10% 5,500.0 Itr
(2) DBST 0.7 - 2.3ltr/sq.m (2layers), Loss=10% 5,500.0 Itr
Total 15,600.0 Itr
5. Fuel Operation of equipment Diesel N/A Itr
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2.4  PP2 EBEET — b DK

PP-2 1. PW B LN JICA BEFIE N WA U CHEM L7-, o, PW E v AR o HIK FE S E S5 i
LY BHEN LSOO EZIT NS, Tad el NOSRES FE L7, PV L OHEPE
MO SN A EBRFEHF—L (F—L) OEBEZE2.4. 112577,

®2.4.1 EEERF—LEER

&5 FHRYEE K4 L5707 EALP
. . Deputy chief engineer
A A S
0 A= S/ N YN h U Aung Myint Oo (planning)
1| BFE - BXG
Deputy
1.1 | JERK - &hdEakEt Daw Mya Mya Win superintending IR
engineer, RRL
12 | EEHE - MR AR U Nyi Nyi Kyaw | A9S1Stant engineer, Bk
PR 5 . Executive engineer
D Ié . WY, b
1.3 | Hpll&E « XmfERk Daw Aye Aye Thwin Road design Dept. HQ
Executive engineer,
1.4 | 055506 51 1E R E U Thet Zaw Win Pyapon District NN
office
2 | EBEh
Executive engineer,
2.1 | ey NEH - EE U Thet Zaw Win Pyapon District AN
office
o= . I —— . R Assistant engineer,
2.2 | 77~ MR - &R U Nyi Nyi Win Mechanical Dept. AR
. . Assistant engineer
I RE ’
2.3 | BIGEEH U Win Naing Bogale Township Vs 9%
2.4 | JiE LAGER U Tun Tun Hlaing | Junior engineer, VAl
Bogale Township
2.5 | bPhiE i U Tint Lwin Oo ASSlStaHERE“gmeen A
2.6 | B EEAER U Han Lin Aung Technician, RRL A
0.7 | 75 M EE - ey U Dawei Mechanliiﬂxfchanlcal SNk
T R . i . . Junior engineer,
2.8 MRS EAE - 15T U Hlaing Min Zaw Mechanical Dept. Vs %
2.9 | HiskIp& el U Myo Min Win Junior engineer, T
Bogale Township
(1) PW OEEAZI 2015 4F 2 HEFSE O H D,
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2.5

THEERITE

2.5.1 ETHEERIEE (KRFEIHFN)

A PP-2 BiIGERHSIX. 201642 B 16 H L VBAR L7-, T /EEEA B L OFEOWE L LI IR,
F7o. EEFROBERE X 2.5. 1 IZ50# T 5,
> FENHIE

THAELIZELD, AbtaAHA (16m kg OERE LW ihAT & & HIiT, BRI
HOESZFHH Lz, 5%, FEORBECHE EFE Sk, Rfie AL UCEH - /T 5
kbl
W% — R - LHOG OB
R — REB L O LRSI, @R EEMS 7 7 > N OIRADBEOAKEIZ X DFHEMEE B E L
T, AU V—HEMICBHRR L7z, BARX L7 HEGIX, PP-2 THEHT L LEOMRELZHRTE
Do 7B, HHIEZO LI, GKRRAE WO, EROGNICE R BAE LT, SRk AR
L7z kT, THEICHEMLE,
77 v hEkE AR (RCH) o
TT L MBIFILHNLoC, vy U — MEEA R U, [T, SR 8 RSz B (M
2.5.1 MBM), 77 bEXZDHEITR->TND, LB, 7T FREEITKFI
RETEL2L1C, I EHBOESIAHIO L5, WEHSEFICEIY, AGRNE - F=v
WTbT, FIREBEORER % BIR-D IS5 L7,
7T MEA - REFE
PP-2 TIX, BEA =T —n 6 2 L OFEINE Z W~ L T, LHEIHENT L HEXRH T Z
v MEA - REEELZF LT, 770 MREDOBROERA 7Y 2 — M ARE 2 LL NIRRT,
- 04/03 D 77 NBUE
- 04/04 - 07 @ FEA T AL - MLIEEE
- 04/08 - 10 : PBREESS X OWRIE - (RSEHIEICBI 2 3l

PW I, Ak, ME TEXZETIEOEEE LTHEMAT 2720, ER/EET Ok L
BT A A Tk LT,
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B2.6.1 ZHRTEMFIMESE © R — MEEBTR
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2.5.2 ARIE (GERFKBEI)

1 #=E

PP-2 AR THTId, TreOEETHA I L7z, SERTROFEMZ, DITORICEHRT 5,
v +T
v BT
v R K T

2 x=T

1) PR L imH - FiEsE

BEAFE O HERBRIT o o R BIO EE TR XFAPA T TH L Z LR S22,
WEfrme 3 (TRSAI 30em) DOHRAI - FHREIESEZ FE M L7z, 2 2T, HisEOER, %55 7250

DEEHERT D720, ANTEZVREDORE WA DOREZIT o7z, 1EREROEEZM 2.5.2 12
FLECT D

(ii) FERIE1EZ

X 2.5.2 BEfFREtiRHI - FESEIESEMER

2) BETFRE T 9008

PP-2 THEER T HEKEEIL 10.2n TH Y | BFE L TIIEE ZHAE TR0V, LEgGHH O
BLEHWT, JEEMEX250E LT, 1FERROER 2K 2.5. 3 [Zf#T 5,

-21-




(1) BEEETFL (1) #H LIRS

(i1) WRIEfE

4 2.5.3 BEFEELIRMEMESEER

3) BRIRAE S

PP-2 Tl BRMEEEORE, BKIZ X DB ~OBEOKIR A ZRE LIf R, BIK Kz, X
BICK VMR LI BFEE RN LD 37 10— b B (PW IRTEICHEIL) L CRIRAMEE LT,
BEIRABREIFD A A — VK%K 2.5. 4 1T~ T,

Top of subgrade

Min. 3ft
VV HWL

Existing embankment

X 2.5.4 PP-2 BRERHEERF DA X — UHEKIX (FERAL)

PP-2 Ti, HHGGOHEHIL (50%) &)W (50%) ZIREG LA B & ARSI Wz, REMESE
FEBOS Ty 7 A= W THERM Lz, BIROMEREIITFEK 2 70— FThHD, 2B, 4

?)‘LH—»L/

WNFHREAFE 2 E LR S 30em fE I 3 L T 722y, Bl e Caiilll U 7z R B . JRE
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7= BAEMEICEE L eV — ABEFRE L7=7- 8, 15em O TERICH 0 B2 7=, Z O R, ekt
ROWENHER SN, (EEFHOGTEHEAX 2.5.5 ZiL#i1 5,

k={1}

(i) +Hs TOREMEFHIA S (ii) BE+ ECTORET LIEE

W)54%u—§mi5ﬁiﬁﬁE¢¥r (vi) B SEHIESE

B 2.5.5 BEARAEGLIEEMERR
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(3 T
1) AV MR TR T

PP-2 TiE, UUTOMEETRRICKY, ATHELFEmL 7,
(1) Ny 7RI LD EMEME (1 50%+ /) 50%) DIRGIEZHE
(ii) 77 v MC X DREMIRI A
(1i1) MEtO#EE - BT LIE3E
(iv) B - HEfEE
(v)  BiGwiasEsER (FDT)
(vi) AT

22T EEEHORIE T2 VBB, Sy 2 F—RAHTH - Th, HENICKED
K 72 AAERT LTV B TR B, 20 X 5 A2 A EHE AR OB 5 5 W AT, B
L I%ET 5 &, 20BN LT LE S RIS S B, Z0mb, BAEEE, Helldo
O LATOBER G D, Flo, BAHIICARB LR L, R AHER L7208 bIEEE T 5
T ERBETH B,

HREEEIT. H o kEOEEZEL 7201, MEHUES 1bemBICFEEL7Z, 612, BA b
DOE(LREMZZB L T, L EEY A 7 0% 4 BERILUINICSE T9 5 X 980, (RO ETEE S
%] 2. 5.6 [Z30#E L7,

(i) FEUEMEHE S 1EE (D) EREMEIDT 7 F~DRAEE
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(iii) MBOEEIK (iv) B LIRS

(v) MBI i1 (vi) B —EsIEIER

(xvi) tE BT S ERRERE (x) BUKIZ X D4R

R 2.5.6 XY MEELRETERBERER
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2) ERERET
2)-1 XR-1 Chigd#a)
FIMESEIE, JICA BEFIZBUEA SEET%. 6 A 8 A2D PRIC K W BlkG S, 7 A 24 HERE T,

BUEBIEREEM T & O|E 22T T, FERROTEAZK 2.5.7 ([T 2. k. FERNED
FLIIE, ABEED JICA REA~ORRHBZETH, PVICK Y| BREEN D 2 & 28T 5.

Zii)gﬁimjnfﬁ .

G) Jrisges 1

X 2.5.7 KA bE AR EEAAR
2)-2 KM-2 (&2 MEELRE)IRF]+ /D)
B D OWMEIC LD & FMEHET JICA BMZENHG N OHHER. 6 37 H~7 1 6 HOHIMT

Ehi ST, 1EFEEEOTREZX 2.5. 8 IZFEHT 5, B, MFEEAROTRIL, AREED JICA
KEA~OEEHENZE T, PWICX Y, BitshdZ 285 T 5,

() MEE Ui (D) (Fi5s rhb

X 2.5.8 &AY MRELE B RBIERER
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3) FETL

-1 XE-1 BEX<AF L)

TH 24 B R OB G OMEIC LD & FEEIR, BEREDOTZOREMORN TH D, LIZH
W, EETEB LOEENEOLRIL, RREED JICA RFH~ORMNETH, PWIZLD, B
mENAZ EERHFT A,

3)-2 [XM[-1 (DBST)

FIVESEIT. TICA BEFISE AN B2 BT, 6 A 15 HA5 PR IC X W Bt S, 7 A 24 BB ATl

BEGEEIR T & OREE2Z T2, (FEFROTEZK 2.5.9 ICi#iT 5, 2B, 1EERNED
FLIR I, ARMEED JICA RE~OEHNZE TR, PVICkY, Bitshd Z L 28FT 5,

X 2.5.9 RETL (DBST)EZAkE
4) PR¥AL
RIS, JICA BN SEHME., 6 7 7 A5 PWIC L W BIsG S, T A 24 BEFA T,

BUEBIEREEN T & O 2% 1T T, FERROTEAK 2.5.10 IZREHT 2, B, FENED
FL I, ABEED JICA REA~ORRHBZETH, PVICK Y| BRLEND 2 & 28T 5.
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2.5.10 FEBIE T/EESE T &7

(4) FerpsEdkT

[FFESEIL, JICA REPIZ A HIG TR, 6 H 7 B2 PWIZ KV BlhaS i, 7 1 24 AFRFRTIE,
BUEBIEREENM T & OW|E 22T 7, FERROTEAK 2.5 11 IZREHT D, B, 1FENED
FL I, ABEE D JICA REA~ORRHBZETH, PVICL Y BREEND T & 28T 5.

2.5.11 PraBBIKTIEEE T EET
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2.6 THEMIEFHEOLDOIHAA

PP-2 THEJii L7z, LHMEMRKROT-OOHGHAZ ., LLTITRT,

2.6.1 TEHRBERE

B RICERE Lo AR A e L LT, iR E o B - TMOESELZFIL, FEENTAEN

WNE > TNDE0E D D, HEREIToT2, BEOFHAIERNAE AR 2.6.1 [Z5e#kd 2, 72, i
6.1

HFEF A ES (T =, o7 ve LT 2. \ZFRE T D,

32.6.1 EKHREERELAE

Ei FHEEHE EncllE B
(0 . +
B o ( 1;3 17 Vi) 30m 7150011
5] —10c¢
e (Ll - ) +4cm
T8 B J& & 30m —4. 5cm
L —bcm
== —3cm
s
s IR 30m rem
*x=E =) =N 30m —1.5cm
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Inspection Sheet for Road Works (Subbase Course)

Location: Road No.6, Bogale Township, Ayeyarwady Region

Section: 1/5 - 2/0 (L=600m)
Thickness tolerance: -0.045m

Inspection Date:

Measured by:

Checked by:

Elevation Level Data
Left side . Right side
§ 4.5m Offset Center line 4.5m Offset
g Station e?eLr::st SLT;;’;;& Design Measurement| Thickness suTl?:raoofle Design Measurement| Thickness s:—l?:r:;e Design Measurement| Thickness
& m Ft m m m m Ft m m m m Ft m m m
(@) (b) (©) (©)-(@) (a (b) (© ©-@ (a) (b) (©) (©)-@
86 10.32 3.15 10.81 329 1032 | 3.15
87 10.32 3.15 10.81 3.29 10.32 3.15
88 10.32 3.15 10.81 329 1032 | 3.15
E 89 10.32 3.15 10.81 3.29 10.32 3.15
(]
g 90 10.32 3.15 10.81 3.29 10.32 3.15
|5 91 10.32 315 10.81 329 10.32 3.15
E 92 10.32 3.15 10.81 3.29 10.32 3.15
g 93 10.32 315 10.81 3.29 10.32 3.15
94 10.32 3.15 10.81 3.29 10.32 3.15
95 10.32 315 10.81 3.29 10.32 3.15
N 97 10.82 3.30 11.31 3.45 10.82 3.30
98 10.82 3.30 11.31 3.45 10.82 3.30
+27 BTS 1082 | 3.30 11.31 345 10.82 3.30
99 11.30 3.44 11.31 3.45 10.82 3.30
+02 11.31 3.45 11.31 3.45 10.82 3.30
+77 BCS 11.80 3.60 11.31 345 10.82 3.30
100 11.80 3.60 11.31 345 10.82 3.30
5 101 11.80 3.60 11.31 345 10.82 3.30
g +49 ECS 11.80 3.60 11.31 345 10.82 3.30
102 11.47 3.50 11.31 345 10.82 3.30
+24 11.31 3.45 11.31 345 10.82 3.30
+99 ETS 10.82 3.30 11.31 345 10.82 3.30
103 10.82 3.30 11.31 345 10.82 3.30
104 10.82 3.30 11.31 345 10.82 3.30
105 10.82 3.30 11.31 3.45 10.82 3.30
106 10.82 3.30 11.31 3.45 10.82 3.30
— 9.0m
— 4.5m | 4.5m
— :
| BTS: Beginning point of Transition section
BCS: Beginning point of Curve section
1 ECS: End point of Curve section
- ETS: End point of Transition section
Subbase
N Top of subgrade
| Original ground QO: Point to be measured
I | [ I [ |
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2.6.2 TENIEMBHGLEEH

() BUERBREERER (FDT)

PP-2 Tid, AR TEDT 2 %M L, £ OB Ry, LHBAIZIENL - TEHi L 72 BB IC X
DRESINTHEEZ, BBl TV E ) DiERT 5 2 & TMEIORKEE O EOEH 21T > 7,
FJE OB O IR K OVE/KEFR 2.6.2 ICRE#T 5, 2 2T, REBRAE R AR EZ TRl - 725
AlE, BIRERICHRRE I L7z, FEORBRKRE, £ 2.6.3 - 2.6.6 ICE LD, 2,
R R ZEMRTF —LANZH - AL TORWGEAIE, RPO—HH D WITERNZEME 725
TWo, ZHDEFNE, AREFD JICA KEA~ORINTETH, PV ICKY | BRiEnbH 2 &
W 2,

#2.6.2 FDT BAEMAE

\ EEY

=] MEHES | EERE =K

(kg/cm3) %)

BEfFRE T PR - FSTE: BEFE = 100% L67 1350
(PR - FRERE) +(E0E) g &+ =100% ' '
IR -
O + ;W =50% : 50% (& £ LL), 1.69 6.00
T AR + W =50%:50% +
(7" 7/ MNEA AL :6.4-6.9% (ERLL) 163 11.00
R (XHE-2) JIRSF] © 7S =75% : 25% + »oa 6.50
(7 7V MEA T AL b 4.6% (L) ' '

() 'AY MECAE (0 13, BB OAFHL (100%) (x5 s
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#2.6.3 FDTHRE LD (BELDL)

Test

Station

86

87

88

89

90

91

92

R/L

R L

R

L

R

1st

Date

11.Apr

6.Apr

6.Apr

8.Apr

Density
(g/cm3)

1.70

1.27

1.64

1.64

OK or NG

OK

NG

OK

OK

2nd

Date

Density
(g/cm3)

OK or NG

Test

Station

R/L

st

Date

5.Apr

5.Apr

5.Apr

5.Apr

Density
(g/cm3)

151

171

1.60

1.63

OK or NG

NG

OK

NG

NG

2nd

Date

Density
(g/cm3)

OK or NG

Test

Station

R/L

1st

Date

Density
(g/cm3)

OK or NG

2nd

Date

Density
(g/cm3)

OK or NG
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#2.6.4 FDTHRE LD (KK

Station 86 87 88 89 90 o1 92
Layer | Test
RIL RIL|IRIL|IRILIRILIRILIRILI|IRIL
Date 21.Apr 30.Apr 30.Apr 21.Apr 22.Apr
st | Density | 67 1.60 1.60 168 1.70
(g/cm3)
1st OK or NG| NG NG NG NG OK
Layer Date 22.Apr 22.Apr 22.Apr 22.Apr
and | Density | 44 172 172 172
(g/cm3)
OK or NG| OK OK OK OK
Date 3.May| 3.May 3.May| 3.May 1.May 5.May
15t | Demsity 160 | 1.67 152 | 158 1.61 1.65
(g/cm3)
2nd OK or NG NG | NG NG | NG NG NG
Layer Date 11.May 11.May| 11.May 11.May| 11.May 11.May 9.May
and | Desity | o4 171 | 165 161 | 167 162 161
(g/cm3)
OK or NG| OK OK | NG NG | NG NG NG
Station 93 94 95 9 97 98 99
Layer | Test
RIL RILIRILIRILIRILIRILIRILIRIL
Date 21.Apr|23.Apr 7.May| 7.May|21.Apr 22.Apr| 5.May 21.Apr
15t | DS g6 | 170 1.77 | 168 | 1.65 172 | 1.70 1.63
(g/cm3)
1st OK or NG| NG | OK OK | NG | NG OK | OK NG
Layer Date  |22.Apr 22.Apr 22.Apr
and | Density | 44 1.70 1.73 171
(g/cm3)
OK or NG| OK OK OK OK
Date 5.May| 1.May|5.May 1.May 30.Apr| 6.May|30.Apr|
15t | DSV |y 67 | 162 | 167 1.69 1.69 | 1.732| 1.69
(g/cm3)
2nd OKorNG| NG | NG | NG NG NG | OK | NG
Layer Date 7.May|9.May 9.May|9.May 5.May 8.May| 8.May | 6.May
and | DENSY | g6 | 163 177 | 173 1.69 176 | 1.80 | 1.74
(g/cm3)
OK or NG| NG | NG OK | OK NG OK | oK | oK
Layer | Test | _Station 100 101 102 103 104 105 106
RIL RIL|IRIL|IRILIRILIRILIRILIRIL
Date 4.Apr |23.Apr|30.Apr| 1.May| 5.Apr 5.Apr 5.Apr 4.Apr
15t | DMWY 69| 170 | 167 | 164 | 172 1.44 1.60 1.67
(g/cm3)
1st OKorNG| NG | OK | NG | NG | OK NG NG NG
Layer Date 4.May 9.Apr 30.Apr 7.Apr 7.Apr
ond | Density 1.80 1.64 176 1.34 153
(g/cm3)
OK or NG oK NG oK NG NG
Date 30.Apr 5.May| 8.Apr 1.May|1.May 8.Apr 8.Apr
15t | Density 1.70 175 | 153 1.60 | 1.69 1.61 1.60
(g/cm3)
2nd OK or NG OK OK | NG NG | NG NG NG
Layer Date |6.May|4.May|4.May|8.May|1.May 2.May| 7.May
ond | DS | 425 | 177 [ 176 | 171 | 179 175 | 1.68
(g/cm3)
OKorNG| OK | OK | oK | oK | oK OK | NG
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#2.6.5 FDTHFRE LD (TEEE)

Test

Station

86

87

88

89

90

91

92

R/L

R

L

R

L

R

L

R

1st

Date

Density
(g/cm3)

OK or NG

2nd

Date

Density
(g/cm3)

OK or NG

Test

Station

R/L

1st

Date

17.May

17.May

14.May

14.May

13.May

12.May|

12.May|

Density
(g/cm3)

1.64

1.64

1.60

1.62

1.60

161

1.65

OK or NG

OK

OK

OK

OK

OK

OK

OK

2nd

Date

Density
(g/cm3)

OK or NG

Test

Station

105

R/L

L

R

1st

Date

16.May|

15.May|

Density
(g/cm3)

1.64

161

OK or NG

OK

OK

2nd

Date

Density
(g/cm3)

OK or NG

#2.6.6 FITHRE LD (BA v MNEELHE LERE)

(RATF)

(2) N7 v A HE

EREEPIHERAIL, THEICE A MEEMEZR VWO BE, EE&REO—FTh L1M7 7 LEEH OfE
BRIEIZDOWT, LHEMIZIEL > T, AR - MEELZ £ T 2 2 L NEHEETH D, PP-2 T,
(T T VHHED ZHWT, 7208 A Y NEER~OEHEEEZHRII LTz, THETHW=Z A1
AL POROBFEAK 2.6.2 1T77, £, FRBRTIEOEEFIEAK 2.6.3 ITFEH#T 2.
FEBRFE RIC LD &, BA L RS 16mg/kg D7 n A ENTZ, Zhid, BARE AL M
2 (JCA) ITEVEDHLN TV LA (20mg/kg) % FEIZETH D720, LHETOMM ZRE
L7, ABRmEELBIR-E IZFEHE LT,
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!

BH, 74 0E—IZ X HERE - i

!
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FRAMRIREHIS K 2 WL EE DFHA

X2.6.3 A7 uesT/hlBERBRELXFIE
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2.6.3 Fuvxy FNEHIZEET A A

FuY s NEBRICEB WL, BREEE L FREE L L OB - RS AERT S 2
ER, Tavel M ODOEERBEZEO—DOTHDH, PP-2 T, BREROMERa 2=
r—a v EaEREE A FERT AL AHNE LT, FatloRd i Mz i L7,

(1) EHE - B OESL

PP-2 Tix, BIGH A NEBEEE Y A NOREISHEZIMKIC Lz BT, X 2.6.4 138 - b
Kl 2z Lz, S b, AT 2@®EE (Hik, B#) OFEEELLFER L, ZoFXLEH
WCH A RIT EEREORAE LR EZTEA LIoiiEH 4 A MR LT,
EEHE L-OUE, ZOWEELZREE - R LAE LT, @02 7eYes NEHOZDOEEE K
M L7=, PP-2 TfEH L7z H#EXZX 2.6.5 1277,

R
o Pl
o EPEH
o EHMDLE 2—
® A ETIEI1ERK
o MR OMET

_ BE - =i
Eﬁﬁ;ﬁi; - B - A
-ﬁﬂ-%ﬂ - Ry — Bk
- AR - B o

- WA

X 2.6.4 PP-2ZH1) B8R - I L BEF|I2HER
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Pilot Project (Phase-2) on Road No.10, Bogale Township, Aeyarwaddy Region

Contract/Force account

Date:

Weather

Temparature: C
Section: 1/4 - 2/0 (L=800m)
Humidity %
Construction :Public Works (PW)
DAILY PROGRESS REPORT
No.| Work items Station Description of Works Remarks

Type

No. Type

No.

Type

Quantity Type

No.

Type No.

Project Manager

Oprerator

Deputy PM

\Worker

Site Engineer

Foreman

Surveyor

Confirmed by:

PW Engineer

Date

Approved by:

(PW Resident Representative)

Date

X]2.6.5 B AHEKX
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W OEPRIRILIS L OFEDIEER 7 ¥ 2 — LV ORER
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BT DBUIBIRAN A 7 2 22— )V DHER
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YV V V V
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#2.6.6

AREESREE (05/04 - 05/10)

|. Road Works
Ma
Category Work item 2] 5] 6] 7] 8]0 [i0 Actual work description Total | Unit Progress Issues & remarks
1. Earthwork
1.1 Scaritying & re-campaction Used mclcrb grader ~scrafying ~ existing embankment| T 600] 100.0%
y tire roller.
Use dump truck carry borrow soil and leveling by motor
1.2 Embankment (1) Lower grader, and then compaction by Sheep foot roller. 600 m 600 100.0%
(2) Road side 600 m 0| 0.0%
[Total thickness for subgrade layer=600 mm]
Use Excavator mixing soil and sand, and carry by dump trucks to road) >
1.3 Subarade | -, hcn leveing and gracing by motor grader, and then] 600 M 420)  540| 90.0%|From STABE-L03 section fnsh (500)mm i
tion by sheep foot oller. and from STA:86~88 section finish (300) mm)|
compact tk. Only
1.4 Slope trimming 600} m 0 0.0%|
2. Pavement
2.1 Wearing course (1) P 300} m 0 0.0%|
(2) DBST 3000 m 0| 0.0%)
2.2 Hard shoulder 600 m 0| 0.0%
2.3 Base course (1) Graded stone 300} m 0 0.0%|
(2) Stabilized material 300} m 0 0.0%|
Use soil plant mixing soil, sand and cement, and carry by dump truck: Total thickness of subbase layer=300 mm fo
2.4 Subbase course | R section,then leveling and grading by motor grader, and ther| 600 m 155 200|  33.3%] 57 section, only done the tk: (150 mm) of
[compaction by tire roller. subbase layer from STA:99~105.
3. Drainage layer 300 m 0| 0.0%|
1I. Works In Yard
Used bulldozer remove top muddy soil and dry up, with| o
(2) Site clearance 20,000] sg.m 0| 0.0%
Diversion for truck until (6.5.2015), and after
2. Diversion road 600l m 600 100.096|then not provide diversion way for truck. on
g allow motorbike passing.
. . Produce borrow dry soil from borrow pit and carry sand by
3. Material production [(1) Subgrade mbm 0 stook yard 7,000 cum 650| 6300 90.0%
Produce borrow dry soil from borrow pit and carry sand by
(2) Subbase ubw o stock yard 1,100| cum 200 550| 50.0%
Crush stone (6" * 9")=120 sud alread,
(3) Base (stone) Carry crush stone from boat to stock yard, 1,100| cu.m 330| 30.0%]arrive site stock yard, but need to]
crushing to required size.
i River shringle =90 sud already arrived|
(4) Base ) Carry river shrinckle from boat to stock yard 700[ cu.m 254)36.3%| 15 gite stock yard.
<ol Wanually collcting stone fom existing road embankment Collcing crush sionefiom road
(5) Hard shoulder (stone) | NN fter scarifying of road surface by bulldozer. 200 cum 60|  120| 60.0% secton g
Crush stone (L/2" * 3/4")=40 sud|
(6) P-macadam Carry crush stone from boat to stock yard. 400| cu.m 110| 27.5%] already arive site stock yard
(7) DBST Carry crush stone from boat to stock yard. 250] cu.m ol 0.0%|
IIl. Other works (if any)
. Continuted carried out level survey for subgrade layer and|
1. Engineering survey [Road aignmentand eveing NN .. -~ y for subgrade lay 600| m 250 4s0| 75.0%
i Setting up & Assembling for soil plant completed; producing
2. Soil Plant Produce mixing materials mixing materials (soil & sand & cement) for subbase course 836 cum 263|  270| 32.3%
(Soil + Sand + Cement)
carried on.
Use excavator do access, dry up soil and mixing soil and
3. Borrow pit Dry up soils/ access road sand, and then loading soil to dump trucks, use bulldozer| 7,768| cu.m 1500 5,400 69.5%
scrafying and dry up soil.
Build frame and install onstruct elevated water tank and joint with tube well pipe for|
4. Elevated Water Tank| oo tank upply fresh water to soil mixing plant was completed. 1| nos. 1)100.0%
Unloading gravel from boat to stock yard by using man
5.Gravel stock vard Gravel stock yard b 99 yardbyusing 2,560( ton 750 29.3%
6.Sand stock yard Pumping up sand mumuadmg sand from boat to stock yard by using pump 7,910/ ton 800| 3,300| 41.7%
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#2.6.7

HEFEZEEHE (05/11 - 05/17)

|. Road Works
May
Category Work item 11112 13]1 14| 15| 16 | 17 Actual work description Total Unit Progress Issues & remarks
Mon] Tue |Wedl Thul Fri | Satlsun 06)
1. Earthwork
Used motor grader scrafying existing embankment,| o
1.1 Scarifying & re-compaction by tire roller and sheep boot roller. 600 m 600| 100.0%
ill be used dump truck carry borrow soil and leveling by o
1.2 Embankment (1) Lower motor grader, and then compaction by sheep foot roller. 600 m 600 100.0%
(2) Road side 600 m 0|  0.0%)|
[Total thickness for subgrade layer=600 mm|
Will be use JCB mixing soil and sand, and carry by dump trucks to road|
0/, |From STA:103~106 section finish (600)mm|
1.3 Subgrade ﬁ ks)ecst:er\e, t)’:zg‘lf;/;:e\l’ngnzr‘c‘i’ egr,zn‘il\en’g by motor grader, and then compaction} 600 m 600| 100.0% : and from STA86-103 section finish (300)
Y sheep mm tk. Only
1.4 Slope trimming 600 m 0 0.0%)|
2. Pavement
2.1 Wearing course (1) P-macadam 300 m 0|  0.0%|
(2) DBST 300 m 0| 0.0%
2.2 Hard shoulder 600] m 0| 0.0%
2.3 Base course (1) Graded stone 300 m 0 0.0%)|
(2) Stabilized material 300 m 0 0.0%)|
Will be use soil plant mixing soil, sand and cement, and carry by dump) [Total thickness of subbase layer=300 mm fo
2.4 Subbase course T < to road section,then leveling and grading by motor grader, and| 600 m 400| 66.7%|DBST section, only done the tk: (180 mm) of
then compaction by sheep foot roller and tire roller. subbase layer from STA:105-106.
3. Drainage layer 3000 m 0| 0.0%
Il. Works in Yard
y . Will use bulldozer scarifying and dry up soil, and then loading|
1. Temporary yard (1) Site opening I 0oz et 20000| sq.m 16,000] 80.0%
(2) Site clearance 20,000 sg.m 0| 0.0%
2. Diversion road 600 m 600| 100.0%
. . Produce borrow dry soil from borrow pit and carry sand by
3. Material production |(1) Subgrade m boat to stock yard 7,000 cum 7000| 100.0%,
Produce borrow dry soil from borrow pit and carry sand by N
(2) Subbase I L100[ cum 733 66.6%
Crush stone (6" * 9")=120 sud already]
(3) Base (stone) Carry crush stone from boat to stock yard. 1,100 cu.m 330| 30.0%|arrive site stock yard, but need tof
crushing to required size.
N N River shringle =90 sud already arrived|
9
(4) Base (stabilized) Carry river shrinckle from boat to stock yard 700] cu.m 254| 36.3% to site stock yard.
Collecting crush stone from road|
(5) Hard shoulder (stone) Will be CO”"Z‘;Z(’“S‘Z';‘(""'YYMC"!??S:S :J:’f:efmm existing road 200| cu.m 120| 60.0%]section, and storage near 1/4 Milg
9 Post.
Crush stone (1/2" * 3/4")=40 sud|
» o
(6) P-macadam Carry crush stone from boat to stock yard. 400] cu.m 110 27.5% already arrive site stock yard
(7) DBST Carry crush stone from boat to stock yard. 250] cu.m 0| 0.0%|
Ill. Other works (if any)
. " . (Will be continuted carried out level survey for emabnkment| o
Produce mxing materials
i 0
2. Soil Plant for subbase Course mproduce mixing materials for subbase course 836 cu.m 557| 66.6%
. Will use excavator do access and loading soil to dump trucks , o
3. Borrow pit Dry up soils/ access road wuse bulldozer scarifying and cry up soil. 7,768 cum 5,826 75.0%
| T I | T I | |
4.Gravel stock vard Gravel stock yard | | | | | | | |Wi|l be continued carry gravel to stock yard. 2,560| ton 750| 29.3%)
5.Sand stock yard Pumping up sand 7,910| ton 5,537| 70.0%

ﬁwm be continued pumping up sand from boat to stock yard.
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3.1

iz 7o 75 L

7u 77 ARfEFE L BREANE

PP-2 TiX, 0JT (On-the-Job-Training) BLOT—7 3 v 7 (IS) #EKE Lz, Hililinr
077 hEFEM LT, T AT, ETHEY JICA FMER, PV Ao fEmES iz hL—F—
A6 LT, 0JT 4 L7= TOT (Training of trainers) Z3EfiL7-, T » LT, T0T 2E T
L7 PW b L—TF =723, WS ZBME L. T P HMTEICk LT, #38 - BURHHE 2 3206 L 7=,
AT 7T AOMMARZE, K 3. 1.1 1R T, £z, T0T 255 Lz b L—F—EliaE (BRIl hL
—F—) DU A&, 3. L1LIRT, 0JT X, LK (02/15) 2>5 WS B (04/29) £ TOHIM
HRC S8 S ATz,

B3.1.1 HIBEEOHRE S

V=7 ay7TOL—F—

ﬁ B4, Bk JICA BEFAE T
Daw Hnin Yu Sub-Assistant | JST——
U | Aung Engineer, RRL M AR
2 | U Nyi Nyi Kyaw | Assistant Engineer, RRL [N 22 TEALERAL B B iR §
. Engineer, JICA | ... o
FH 48 NN Gy
3 | U Min Thu Expert Team ZWN FLG AR S B
4 | U Nyi Ny Win Engineer IV 77 v NERE - RS

(Mechanical)

ik
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3.2 U—7vay TEBAR
3.2.1 EhumfsE
PP-2 FESEHAMI D 0JT 248 T, FL—F—L& 727 PWEIE I, JICA HEZE DO IID T, WS I

BT, BB I OB EE ZE Lz, WSBME L, G, KELHTHE, 77 ME
THEICBET 2 iR 72 ik 2 s Lc, WS B 2 LUTF ISR,

> HfE T 201544 H 29 H
> =Y DR H U—BE B EE TR L OV PP-2 i THL
> ZINEANE 534
> BRI E
RFfE AR SHAT
08:30 - 09:00 | ZINE LT
U Aung Myint Oo
09:00 - 09:15 | B DEE Chief Engineer, Dept. of
Highway
- Daw Hnin Yu Aung
) . EER-1 . .
09:20 - 09:40 ;P72¢:ja&ﬁﬂ5§%%§EQ§+ Senior §ub—As51stant
| Engineer, RRL
09:40 - 09:50 | BE&% - &
09:50 - 10:20 | #&2 (1) U Nyi Nyi Kyaw
] | REALBEA R G R R Assistant Engineer, RRL
con 1. #wE-2 (2 U Min Thu
10:20 10.407 WM B S B Project Engineer, JICA
10:40 - 10:50 | BE&E « &
10:50 - 11:00 | th#
= U Nyi Nyi Win
can . qq- ER-3 : .
11:00 11:30 TS MR - RS S Assistant Englneer
_ (Mechanical)
11:30 - 11:40 | ‘B - o0&
11:40 - 12:00 | &~ H)
12:00 - 13:00 | B&
13:00 - 13:15 | (¥ — R~ @)
. U Nyi Nyi Wi
13:20 - 13:50 | AHREL - \ Assisgzﬁtsgﬁg;;;er
7T MT X DL EE R .
(Mechanical)
13:50 - 14:00 | Ak THIBIG A~ H)
Bl EE-2
14:00 - 14:40 i =t e PW & JICA
T AL b B J
14:40 - 15:00 | FHFT~BH)
15:10 - 15:30 | 7> — b ~DFEA
U Aung Myint Oo
15:30 - 15:45 | & D& Chief Engineer, Dept. of
Highway
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3.2.2 U—7 v a vy PEEFE O

U—7vay 7B K AR EFIT 5720, ZME K L TR Y > 7 — N2 EE L7z,
ZDOT U — NI RS HERE D\ E LUV D B AT O 7201, BT & BAEZ O 2 BT o T,
FHmAS SR 2 DL TSR,

(1) SINEOEMOE R (BE - BHER)

SINEDOEMW Iy 7 7T 00 RERHEBB L O LFEBER DT T, 22t - £
FHLEMREEZK 3. 2.1 O T 71T, o, FEBICHEE LHEFM E7e 77 A5 (WHE, &
RS, U= avTRE) ~ONREE, K 3.2.2 D77 78T, TNHDRERIZED

& BINE TR EG I ZIE S Lo BRAE DS i 2\ 2 L VI L7z,

% . SRR N
12% 2,=/ B a. No experience T B a. No experience
ém% Sb. Less than Syrs | (144011101, Bb. Less than 5yrs
{ ] Bc.5-10yrs S Bc. 5- 10yrs
i G
760/'0,, Cd. Over 10yr5 ',::::::: 17% O d. Over 10yrs
A& AE
SN D T6% DIERFER ORRBRINEE, SN O 61%H3 iR B PEFREBRDS b 4ELL I,
R EBEFRRER BREBEFRRER
B3.2.1 BINE OB
0 \ .
2-./0 M a. No experience B a. No experience
24%:::4| A
' 37%§§ Bb. Once Bb. Once
| Bc. More than twice 29% & c. More than twice
X _ 33%
370 [0 d. Over 5times O d. Over Stimes
A& AE

SINE D T4%05, HHESIREERH 1 [BILLIT,
WHESINRRER (X5

SN D 52%705, WHES ISR 2 8124 E,
HHESINRRER (BEF%)

3.2.2 BMNEOHHES IR
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@  FHEAER

—_

) B VB % H SRl

KT —~ O CET 22 ME O CAMEOEFHE R AR 3.2. 1 ITHY £ Lz, THE
FEHEIZ L, LU, 2.15 06 2.85 (+0.70) ~, KX ONHERTX -,

#3.2.1 BCOFMMEFTFER WSAET vs WS %)

Technical Capacity Level
Evaluation Item Pre-workshop Post-workshop Difference
(Post) - (Pre)
P1: Pavement design 2.19 2.90 0.71
P2 (1): Material mix design 2.13 2.83 0.70
P2 (2): Material quality control 2.28 2.88 0.60
P3: Operation & maintenance of plant 2.10 2.83 0.73
F1: Production of stabilized material by plant 2.14 2.79 0.65
F2: Installation of subbase course 2.05 2.86 0.81
Average 2.15 2.85 0.70

Remarks (Technical capacity level)

Level 1 : I cannot or do not know how to achieve the results even with support provided
by other skilled staffs / manuals

Level 2 : I can or know how to achieve the results with fully support provided by other

skilled staffs / manuals

Level 3 : I can or know how to achieve the results with occasionally or proper support by

skilled staffs / manuals

Level 4 : I can or know how to achieve the results without any support / manuals

Level 5 : I am able to train other staffs
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ERNGE
T LT b, £72. SI0E O 49%08, WEN TEfET

T L TV D, AEZELD L WS ONEITZSINE O Lk

T
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i
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—
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%L T, DafRCHSTZZ ENIDNR D,

TAMAS A X 3. 2.3

e, DT TRERZE &

A

B9 %
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=

i
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-

R E - HEE D
XL

-
[

721, AT TREHR T &

WS R D e BE - BRARFE|
J{o

(i)
(a)
N

-
—

UL, —HCHAIE. BIEO KL~

A%

=

==X L EWE

D d. Understandable
Oe. Very understandable

B a. Very difficult
Hb. Little difficult
B c. Moderate

T LT e
T
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#3.2.2 BHBET—HHEMEELANVEHER

@
= = % 8
3 g o 3 £
£ £ s g 2
5 ° 3 7 o)
n > o o = © ©
Understanding level 5 = p 3 S 5
> | S c - —
. o -
© o . ()
o >
@
S0 - T (S (=T - S (T I S (=T (-3
P1: Pavement design 0| 0% 8| 22% 17| 46%| 10| 27% 2| 5% 37
P2 (1): Material mix design 0| 0% 2| 5% 29| 74%) 6| 15% 2| 5% 39
P2 (2): Material quality control 1| 3% 6| 15% 20| 50%| 11| 28% 2| 5% 40
P3: Operation & maintenance of plant 3 7% 8| 19%| 23| 53%) 9| 21% 0] 0% 43
F1: Production of stabilized material by plant 0| 0% 5| 13%| 28| 70%j 7] 18% 0] 0% 40
F2: Installation of subbase course 1| 3% 5| 13% 28| 70%) 6| 15% 0] 0% 40
(1i) AREIDICRBLILVEET —~<
Stk S DI LTIDVEERT —~ OERFER A K 3.2.3 (TR (BEEE ), N RN
SN iﬁﬂ%‘®ﬂd%&%hmw@%%%ofwé:kﬁﬁﬁﬁiéo:®%E%%%\
SBROWHET v 7T MEEBHIZZEICT 2 2 &2 T 5,
F£3.2.3 SBRELIEFBLILVERT —~
Which theme do you want learn more? No.
P1. Pavement design 16
P2 (1): Material mix design 33
P2 (2): Material quality control 35
P3: Operation & maintenance of plant 7
F1: Production of stabilized material by plant 10
F2: Installation of subbase course 14
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(iii) v—2Ta vk AERE

U—27 gy THMEIC X D2 SME PRI ICET oA L, IO BRI 5 EIZ% 245
LT L7z,

(1) TU—=2vay 7T, bRIEOHFFL TWIHERPIELIE L) ? ]

(i1) TU—=27va vy CRIZARIL, S%ROLRT-OEBETIEHTEET 2

EEHE R A X 3. 2.4 1T, [FRERICE D & B (DICR LT, SI#E 0 62%0% [FERWIZHE
bzl HHWE TH3ICFELNT] EWHRIETH -, £z, HM Giicx LTiE, 200
FD 6% TRWTEHTE D], HH50T THLIBREFEHTESL) Lo EETH-72, UE%
BRI AER, U—27 v a vy TNEFIE, B U TSMEOBERSERICH2ICH A L TWTZAAETH
olz &, FHlTE 5,

0% 0%
2% ““HI: 0% N Ha. A lot
” 9%5% Ha. Alot 4% N
B HHHHH T = . Some
36% =, =b. Enough 36%)
B c. Some HH B c. Afew
7 Od. Little g | Dd. Little
43%§ Ee. Not at all 40% Be. Not at all
\r
AE A
SN D 62%0% TRWITHE L=, T2 | 2IED 76% 3 [TRWIEHTX %), [HHkE
bivle) LRI, FEIEHTE %] L%,
BRI ER M

®3.2.4 U—ra v IckAER
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1. ABOEBIHT 5 BRAS OBEC T RS

4.1 B

(3] HIZBWT, fekm 2 FETEmICT 2R A2 ET 22 2 HME LT, PP-2 T
(X, DUFOEEEE N LT,

> FuPxs FEMARLTERRCHREO SR

> R EO LY 2 —B XU

> BIEUEEIICIIT A L E o — - SRR OERILE

TRIORTRSHRIE, F—20PP2 M2l L THELAMRZEIC LU TERLIEZDTHY | 2k
DEEERMOBIIEH SN D Z EnBifFsn b,

4.2 REHE

]

4,2.1 Fuvxzs NEH

1) EBFEBITBITS ST EEEMROERA

IHETPV O, ERODHFOEFIC, BEOICY—F - Ry FIEEZHEHAL X, il LT, 7
4= FERPANDLNTWDIEKZ T A D-111 B L O D-1V OFEAEREMX (PW S iLyE L v
Ry ZX4.2. 112587, LaL, BUECIRERME L G0z A EOET, ST EHERHNL
APFEHEN TS, LB, 5% PVE, TVT 2 A T A DX ) RERSEER oY
=7 NEEMT DR, BIRHE M CHEECEALIC B 2 IRAEL 2 RIRICEA 72, ST BALRITH —
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The Project for Improvement of Road Technology in Disaster Affected Area in Myanmar

Pavement Design Report in the PP-2

1. Introduction
The project implementation team composed of PW and JICA Experts conducted pavement
design work to be applied for the PP-2 on Road No. 10 in Bogale Township. The PP-2 will be
commenced in February, 2015. Approach and conditions for the design work are described in
the following chapters.

2. Design Approach

PW/JICA designed pavement structure to be applied for the PP-2 in 2 steps namely (i)
AASHTO empirical method and (ii) Structural Number (SN) principle in ORN31. The design
procedures will be described in the following chapters.

3. Design Conditions
3.1 Estimated Traffic Volume in Design Period
D Diverted and Generated Traffic

Currently, there is 6 numbers of heavy vehicles in the PP-2 section on Road No. 10 based on the
estimate of the District Engineer in PW Pyapon District Office. They have been applied for
construction work of Kyaw Chan Ye Kyaw Bridge (KCYK-B). The bridge will be opened in
2017 on the basis of the recent construction schedule. PW/JICA made assumption that the traffic
will be certainly increased in the PP-2 section through the following routes once the bridge
opens.

v Traffic of Maubin-Pyapon-Bogale will be diverted to Maubin-Kyaikpi-Bogale.

v Traffic of Mawgyun-Bogale will be generated.

Current daily traffic volume (heavy vehicle only) on the related routes are as shown in Table
3.1.1. Furthermore, road network related to the PP-2 is as shown in Figure 3.1.1.

Table 3.1.1 Daily Traffic Volume of Heavy Vehicle (2014)

Traffic volume
Route Road No. (both directions)
Maubin-Pyapon-Bogale 29
Maubin-Kyaikpi(KYCK-B)-Bogale Rd-1 & Rd-10 6
Mawgyun-(KYCK-B)-Bogale Rd-10 0
1
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(2 Traffic Growth Ratio
PW/JICA set up the traffic growth ratio in the design period (2015 — 2024) as follows.
v 2015 - 2016 : 4.5 % per year (Middle value (3.0 — 6.0%) of the design manual)
v 2017 — 2024 : 6.0 % per year (The ratio will be increased after opening of KYCK bridge)

3) Cumulative Traffic Volume in the Design Period

PW/JICA estimated the cumulative traffic volume in the PP-2 section during the design period

by considering diverted/generated traffic and traffic growth ratio stated above. Result of the

estimate is summarized in Table 3.1.2. Note PW/JICA made the following assumptions for the

estimate.

v Numbers of construction vehicles for KCYK-B construction work will not be increased by

applying the traffic growth ratio because of their specific purpose to use. Furthermore, they

will be removed once the construction work is completed (2017).
v Traffic volume via Maubin-Pyapon-Bogale will be diverted once KYCK-B opens (2017).

v Traffic volume via Mawgyun-(KYCK-B)-Bogale also will be generated once KYCK-B

opens (2017). 10 numbers were set up as the traffic volume in 2017.
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Table 3.1.2 Cumulative Traffic Volume in the PP-2 Section in the Design Period (Nos.)

Year Maubin-Kyaikpi-(KCYK-B)-Bogale | Mawgyun-(KYCK-B)-Bogale| Maubin-Pyapon-Bogale
RdA1+Rd10 ...... Rd10
2014 Existtill |2 8:00F oo o | 0.00 29.00
2015 Kyck-g |w#6.00f L——— 0.00 3031
2016 opening |_58,00F \'_Q_Q(_) 3167}
2017 2735097 :°10.00]
2018 35,09 10:60
2019 2ra8| T 11.24
2020 39.420 N\ 11.91| | Diverted
2021 41.78 12767
2022 44.29 13.38
2023 46.94 14.19
2024 49.76 15.04
Total (per day) 339.54 98.97
438.52
10 years (x365) 160,059.68] __— |

3.2 Estimated Cumulative Equivalent Standard Axle Loads (ESAL) in Design Period
Q) Vehicle Type, Distribution Ratio and Damage Factor (DF)
PW/JICA set up the target vehicle types and their distribution ratio in accordance with the PW
regulation as follows.

(i) 16tons, 2-axles :15%

(i)  13tons, 2-axles :29%

(iii) <13tons, 2-axles :56%

DF will be slightly varied depending on the design manual to be applied. Calculated DFs by the
manual namely ORN31 and AASHTO are listed in Table 3.2.1. The values of AASHTO will be

applied for the PP-2.

Table 3.2.1 DF by the Manual

Vehicle type ORN31 AASHTO
(i) 16tons, 2-axles 2.74 2.41
(i) 13tons, 2-axles 2.00 1.86
(i) <13tons, 2-axles 0.50 0.55
(2) Lane Distribution Factor

Proposed lane formation is as shown in Figure 3.2.1. Carriageway is composed of 2 lanes (9 feet
per lane). This formation is designated as 1.5 lanes in accordance with the PW regulation.
Therefore, cumulative ESAL (both directions) will be multiplied by 0.75.
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Figure 3.2.1 Proposed Lane Formation in the PP-2
3 Estimate of Cumulative ESAL in the Design Period

PW/JICA estimated the cumulative ESAL by considering the above stated factors. The result is
summarized in Table 3.2.2. The value of 145,122 will be applied for the PP-2.

Table 3.2.2 Cumulative ESAL in the Design Period

Vehicle type i. 16t, 2-axles ii. 13t, 2-axles iii. <13t, 2-axles

Percentage 15% 29% 56%

DF (PW/ORN31) 2.74 2.00 0.50

DF (AASHTO) 2.41 1.86 0.55

Cummulative vehicle numbers 24,009 46,417 89,633
Cummulative ESAL (PW/ORN31) 65,785 92,835 44,817
Total ESAL (2-directions) | ___— 203,436
Total ESAL per direction (x 75%) 152,577
Cummulative ESAL (AASHTO)| 57,862] 86,336 49,298
Total ESAL (2-directions) | ____—m™ | _— 193,496
Total ESAL per direction (x 75%) / 145,122

3.3 Reliability (R)

Reliability (R) is the probability that the pavement structure will fulfill the desired performance
under the estimated traffic volume and environment in the design period. R is classified
according to required function (i.e. importance) of the road in the AASHTO method. Table 3.3.1
indicates the recommended values of R. Further, Reliability coefficient (Zg) is determined

according to the classified R as shown in Table 3.3.2.

PW/JICA assumed Road No. 10 would be categorized to “Local road” in accordance with the
American Classification. Therefore, R = 70% and Zr = -0.524 will be applied. Furthermore,
standard deviation (Sy) in case of flexible pavement will be between 0.40 and 0.50 also in
accordance with AASHTO. Therefore, Sq = 0.45 will be applied.
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Table 3.3.1 Recommended R by Road Function

Recommended R (%)

Function
Urban Rural
Interstate road & 85-999 80 —999
freeway
Principal arterial 80 — 99 75 -95
Collectors 80 - 95 75 - 95
Local 50 - 80 50 - 80

Table 3.3.2 Reliability Coefficient (Zg) by Determined R

R (%) Zr
50 0.000
60 -0.253
70 -0.524
75 -0.674
80 -0.841
85 -1.037
90 -1.282
95 -1.645

99.9 -3.090

3.4 Serviceability

The team determined 2 types of serviceability values namely initial serviceability (Pq = 4.2) and

terminal serviceability (P, = 2.0) in accordance with AASHTO.

3.5 Material Coefficient of Each Layer
Strength (e.g. UCS, CBR) of the each layer is able to convert to layer coefficient (a,) the

following graphs (Figure 3.5.1 to Figure 3.5.3). The determined coefficients are summarized in

Table 3.5.1.
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Figure 3.5.3 Correlations between UCS & Layer Coefficient in Cement Treated Base

Table 3.5.1 Layer Coefficient in AASHTO

Layer Material Strength Coefficient (a,) Remarks
Wearing | P-macadam Not available in numeral 0.30 | Interim value in Fig.3.5.1
Base Graded crush stone CBR=100% 0.14 | See Fig.3.5.2
Subbase | Cement stabilized soil | UCS=1.125MPa 0.12 | See Fig.3.5.3

(Note) 1.0psi = 0.0069MPa

3.6 Drainage Coefficient of Each Layer

Bottom of subbase course will be set on 3feet higher than previous high water level in
accordance with the PW regulation. Therefore, drainage coefficients (m,) of subbase course and
base course will not be considered (i.e. m,=1.00).

4. Determination of Pavement Formation

4.1 Determination Approach in AASHTO

Required strength of whole pavement structure, which is called the Structure Number (SN), will
be calculated by the following formula and the conditions determined in above sections.
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APSI
80| 4515
log,,(W18)=Z, x S, +9.36 x log,,(SN +1)—-0.20 + Toon +232x log,,(M,)-8.07
040+ 55
(SN +1)*

W18 : Estimated cumulative ESAL (=145,122)
Mg - Resilient coefficient of subgrade (CBR x 1,500 = 4 x 1,500 = 6,000)
SN : Structure Number (Required strength of whole pavement structure = 2.38)
Zr : Reliability coefficient (= -0.524 in case of R = 70%)
So : Standard deviation (= 0.45)
/PSI  : Py — P, (Difference between initial serviceability index and terminal serviceability

index of pavement (initial: Py=4.2, terminal: P=2.0)

Furthermore, each layer’s thickness should be determined by fulfilling the correlations as
illustrated in Figure 4.1.1. Consequently, pavement formation was determined as shown in Table
4.1.1.

Cr S — . K
* Surface Course ‘4. D,
- [ .0 ; . a -
°. > BaseCourse , ,°| | D,
” - & ¢ o o *
= o = S a ac k
© o SubbaseCourse ®_,% | D
o O g v g D _3,
Roadbed Course

(AR RERE RN RERERNERRERERREREDS

a,

SN*, = a,D% > SN,

o, > SNy . SN*q
' a,m,

SN*, + SN*, > SN,

or SN - (SN*, +SN*,)

3 —-—
83my

1) a, D, m and SN are as defined in the text and are minimum required values.

2) An asterisk with D or SN indicates that it represents the value actuaily used, which
must be equel to or greater than the required value,

Figure 4.1.1 Procedure for Determining Thickness of Layers by a Layered Analysis Approach
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Table 4.1.1 Pavement Formation in AASHTO

Layer Material an my, Min. _thlckness D, (inch) D,* (inch)
(inch)

Wearing P-macadam 0.30 2.00 4.17 4.50

Base Graded crush stone 0.14 1.00 4.00 -1.86 4.00

Subbase Cement stabilized soil 0.12 1.00 3.92 4.00

(Note) D,: minimum required value, D,,”: actually applied value

4.2 Thickness Modification by ORN31

PW/JICA considered reduction of the wearing course thickness from 4.5” to 3.0” to conform to
the previous projects of PW. PW/JICA applied the SN principle stipulated in ORN31 for this
approach. That is, the strength of reduced thickness will be substituted by increment of the
lower layers’ thicknesses (i.e. base and subbase). SN of modified pavement structure (SN, will
be calculated by the following formula. Furthermore, SN, should exceed SN of whole
pavement structure (=2.38) stated in section 4.1.

SNp=a; XDy+a, XDy xmy+ag x Dy Xxms

SNn, : Structure Number of modified pavement structure
an : Material coefficient of each layer

D, : Thickness of each layer (inch)

my : Drainage coefficient of each layer

Modified pavement formation to be applied in the PP-2 is as shown in Table 4.2.1.

Table 4.2.1 Modified Pavement Formation

Layer Material an m, D, (inch) SN,
Wearing P-macadam 0.30 3.00 0.90
Base Graded crush stone 0.14 1.00 6.00 0.84
Subbase Cement stabilized soil 0.12 1.00 6.00 0.72

Total SN, 2.46
9
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1. INTRODUCTION

(1) Overview

Based on the results of mixing tests conducted until now(refer Figure-1.2), the cases that comply with site
conditions where the required strength can be anticipated will be identified, and the relationship that exists

between the quantities of stabilizer required for test mix design and the manifested strength will be sought.

Because the paving cross-sectional composition in the pilot works is uncertain and it is necessary to

investigate the potential of each stabilization method, the following stabilized roadbeds are examined:
» Subgrade stabilization (lime treatment)

» Subbase course stabilization (in-situ soil, in-situ sand mixture + cement): Target improvement strength qu
= 0.75 ~1.5 Mpa

- Base course stabilization (in-situ soil, in-situ sand, local crushed stone + cement): Target improvement
strengthqu = 1.5~3.0 Mpa

(2) Test Method

At RRL, laboratory test methods for compaction testing and so on have been conducted according to BS,

and the compaction tests and CBR tests conducted so far have also been performed according to BS.

As for stabilized soil testing, there is a minor difference regarding the unit for measuring mold diameter
(centimeters as opposed to inches), but the number of layers and the drop energy on striking (3 layers, 2.5

kilogram rammer, 30 centimeter drop, 25 times for each layer) are the same as in JIS.

In view of the above points, the compaction testing and CBR will be conducted basically according to BS
(with mold diameter altered from 10 to 15 centimeters (15.2 centimeters)) while also listening to the

opinions of RRL.

Meanwhile, since it is not desirable to become confused with the Sakai manual in the case of stabilized soil
testing, this will be conducted according to JIS using a 10 (10.5) centimeter mold., the curing period for

samples will be set according to the two cases of JIS and BS.
(3) Mixing Test

1) Stabilization of Existing Sub-grade (Ground)

(a) CBR Test of Existing Sub-grade (Ground)

The existing roadbed (ground) on the target section consists of CL (lean clay) and SM (silty sand). Since it

is forecast that compaction will be fairly low during the works, CBR testing with altered compaction
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(corrected CBR) will be conducted and CBR will be sought according to the site conditions. Moreover,
because in-situ density testing hasn’t been conducted (only water content comparison), it is scheduled to

implement this as part of the re-consigned geological survey.
(b) Mixing Test on Stabilized Materials

The following table shows the way to use lime and cement based on the BS plasticity index (PI). Since a
figure of 20 or more applies to the target area, lime treatment will be targeted. In conventional testing,
stable quality Yangon lime has been used, however, the cheaper Phyapon lime, which has question marks

regarding the stability of quality, will be tried here.
2) Sub base Course Stabilization (ONR 31, CS)
Cement will be added to in-situ soil + sand mixture, which is anticipated to provide the required strength.

The sand is ocean sand that can be extracted from the nearby coast, although it is extremely fine particle
sand. In order to reduce Pl to 10 or less, it is necessary to mix in almost 50%, however, because the
required strength can be anticipated with a blend ratio of 30%, tests will be implemented with a 30% sand

mixture and differing amounts of added cement.
3) Base Course Stabilization (ONR 31, CB2)

The base course consists of a mixture of in-situ sand and crushed stones extracted locally from Myaung
Mya (in-situ soil: in-situ sand; C/R=0.15: 0.15: 0.7), and it was confirmed that this generally satisfies the
scope of granularity indicated in the BS (the recommended scope is roughly the same in the BS and the

Japanese paving standard).

Accordingly, testing on the amount of cement addition will be implemented with respect to this granularity
blend. Concerning lime-added blending, consideration will be given to adding good quality lime and

crushed stone in future, however, first priority will be given to addition of cement.

Table-1.1 Guide to the type of stabilization likely to be effective

Soil Properties
Type of - . - -
More than 25% passing the 0.075 mm sieve | Less than 25% passing the 0.075 mm sieve
stabilization PI<6
PI=10 10<PI<20 P1=20 PI=10 P1>10
PP<60
Cement Yes Yes - No Yes Yes
Lime - Yes Yes No - Yes
Lime-P0zzolan Yes - No Yes Yes -
Source: ORN 31
2
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STEP1: The combination study of use materials to ensure the necessary strength.

1) Testing of additive mixing suited to the sub-grade accordance with soil physical
properties = >Select Slaked Lime for

2) Mixing testing of additives suited to sub-road =>Select Sand 30% and

3) Mixing testing of additives suited to road base materials
= > Select Sand15 %, aggregate 70 % and Cement for

y

STEP2: The mixing test to determine the design additive content of stabilizer.

1) Mixing test to determine Lime content for stabilized Road base
=>TFor Sub-grade 3.6%(=1.2 X 3%)

(Targeting Modified CBR is 20%)

2) Mixing test to determine cement content for stabilized Base
=>For Sub-base 6.3%(=1.2 X 5.2%)

For Road-base 6.8%(=1.2 X 5.6%)

Figure-1.1 Testing Procedure and Results
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Table-1.2 RRL Preliminary TEST Result (Step 1) Summary

' CBR Specified USC Specified Consistency OM.C M.D.D

No Material @ | SR | vpa) | oSS L) | PLO) | PIGK) | ) | (glem?)
(%) (Mpa) : :

1 CLSoil (CBR 3%)+ Lime 4 % 19 > 15 43.0 27.8 15.2 14.0 1.674
2 CLSoil (CBR 4%)+ Lime 4 % 20 > 15 39.0 25.1 13.9 13.0 1.690
3 SM Soil (CBR 6%)+ Lime 4 % 27 > 15 375 24.4 13.1 10.6 1.834
1 Cement 4% + Soil 40 >70 50.0 25.0 25.0 12.0 1.724
2 Cement 6% + Soil 50 >70 48.0 | 25.0 23.0 9.0 1.733
3 Soil + Sand 10% + Lime 4 % 0.6 0.75-15 34.8 24.0 10.8 12.0 1.740
4 Soil + Sand 10% + Lime 6% 0.72 0.75-15 32.0 23.3 8.7 11.9 1.733
5 Soil 70%+ Sand 30% + Lime 8% 0.69 0.75-15 34.0 23.0 11.0 14.7 1.751
6 Soil 70%+ Sand 30% + Lime 10% 0.65 0.75-15 35.0 24.0 11.0 13.2 1.725
7 Soil + C/R (30: 70) + Lime 4% 0.7 0.75-15 25.0 1.458
8 Soil + C/R (25: 75) + Lime 6% 0.9 0.75-1.5 11.6 1.724
9 Soil + C/R (30: 70) + Lime 6% 0.78 0.75-15 15.0 1.850
10 | Soil + Sand 10% + Cement 4 % 0.76 0.75-15 32.0 21.0 11.0 11.6 1.828
11 | Soil + Sand 10% + Cement 6 % 1.11 0.75-15 37.0 30.0 7.0 11.7 1.879
12 | Soil 50% + Sand 50% + Cement 6% 1.4 0.75-1.5 26.0 20.0 6.6 10.5 1.816
13 | Soil + C/R (25: 75) +Cement 4% 1.00 0.75-15 10.0 1.898
14 | Soil + C/R (25: 75) +Cement 6% 1.25 0.75-15 13.0 1.818
15 | Soil + C/R (25: 75) +Lime 6% 46.5 0.75-15
16 | Soil + C/R (30: 70) +Lime 6% 50.0 0.75-15
17 | Soil + C/R (25: 75) +Lime 10% 49.8 0.75-15
1 Soil + C/R (25 : 75) + Lime 8% 0.8 0.15-3.0 18.9 1.943
2 Soil + C/R (25 : 75) + Lime 10% 0.7 0.1.5-3.0 18.0 1.762
3 Soil 15% + Sand 15% + C/R (70%) + Cement 8% 3.6 0.1.5-3.0 14.0 1.954
4 Soil 15% + Sand 15% + C/R (70%) + Cement 10% 3.9 0.1.5-3.0 12.6 1.983
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2. CBRTEST TO EVAUETE THE EXISTING SUB GRADE
(1) Objective

In order to find out the compaction degree and the CBR existing sub-grade or filled up ground, we shall
execute a compaction test and some CBR test that numbers of blows to make specimen are changed in

some cases.
(2) Type of sail
+ CL-Soil

Figure-2.1 shows the sieve distribution of CL-soil and SM-soil.

Route NO.7 CL

100 =g o ©
-G‘j, —
_____ O O SO O 8O 1 70 ol 7/ S 1 OO S W O
HEd%
80 U
N
S R "'7:_’“"»‘5’,' R B R ] R A
2 60 @498 %%
ﬁ l’ 2 i
o  |____ b i _,_'_’_/,_-/’_______"'_________.____._ _____ U JOOS 0 1538 3 R SRR SO 0 1
[ L’ y; !
E 40 A ’.{'4- 1
& .. . _,,;’/_f?___ _____ RPN DU O 15 8 - IONDNOEDN SO IS A 15 19 1 N M codododdaddl i boib
2o g _ -
2 s
_____ R S 7 4 ____:____c;'_::: RS N - NP SR SR S U 01 N PR S VR A S - U AU S A
S
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Particle size (mm)

—&—(CL-M10/7 --*-- CL-M11/4 ——=*—-CL-M12/6 —-5= CL-M16/0
—— CL-M22/2 --¢-- CL-M23/0 ------ CL-M23/4

Figure-2.1 The Sieve Distribution of CL, SM soils
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Photo-2.1 Taking sample soil for laboratory test

(3) Compaction Test

RRL used 105mm mold and 4.5 kg rammer with ¢ 105mm mold for compaction test at last test. In this

case, we shall use 152 mm mold and 4.5kg rammer as same as CBR test

Table-2.1 Compaction Test (Sub-grade)

British Standard (BS)

RRL
Inside Tamping Remarks
Diameter Rammer Impact Number of |\ = Alloyvable (JIS D-method)
Weight Height Tamping Maximum
Of Mold k L per each ; .
(cm) (kg) (cm) ayer layer particle Size
¢ 15cm
15.2 4.5kg 45 5 62 (20mm) 5 layer
55  each layer

(4) CBR Test

We shall hold four cases CBR test changed compaction energy to compact soil.

The moisture content using for compacting soil are same as the optimum moisture content or slightly more

than optimum moisture content.

Table-2.2 CBR TEST (Sub-grade)

British Standard (BS) Remarks
RRL (JIS Modified CBR)
Inside
: Rammer Impact Number of Number
%}a:\nﬂiﬁ Weight Height Tamping of blows gg;lt?gn
(cm) (kg) (cm) Layer per layer
1 15/layer
2 15.2 4.5 45 5 30/layer 4 days
3 62/layer
Additional case
4 15.2 4.5 45 3 67/layer 4 days JIS Design CBR
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Dry density
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Moisture content w (%)
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Figure-2.2 Evaluation method of existing subgrade CBR

(5) The evaluation of existing sub-grade CBR

The CBR at the existing sub-grade can be estimated as following

Step 1: Survey the dry density in-situ.

Step 2: Examine three point method specified BS 1377-part4 in order to get the relationship between

dry density and CBR.

Step 3: Seek CBR matched the dry density by using Figure-2.4.

The relationship CBR values and dry density in specimens for CBR test is shown in Figure-A.1.4.

The compaction degree of existing subgrade was 85% at the density test results carried out in situ, Therefore,

it is reasonable to be considered that the existing subgrade is 2% as following.

+ Maximum dry density o 4
* Dry density in-situ =

+ Degree of Compaction =85%
= 2% at dry density is 1.66 (g/cm®)

+ CBR in-situ

=1.96 (g/lcm?)
= 1.66 (g/cm?)
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Compaction Test CBR - Dry density

2.1

—@— 14th Oct-CL o 17th ocT

2.0

@ 1st DEC
o~

TN 5o |

nrpat tl\fu qegree=oo /v

Dry Density (g/cm3)

o
A
Dry Density (g/cm3)
[
N
o

e R S 2o
i 16 f /
T 15
: 1-4
' 13
8 10 12 14 16 18 20 22 0 1 2 3 4 5
Moisture Content (%) CBR (%)

Figure-2.3 Relationship between CBR values and dry density
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Table-2.3 Dry Density of Existing-Sub grade ( the testing date 12/02/2014)

Location Dry Density I\gc())rI\Stfel:]rte
(g/em?®) (g/em?) W, (%)

1 Om 16.97 1.73 16.0
2 45m 15.55 1.59 17.0
3 75m 16.49 1.68 17.5
4 120m 16.65 1.7 17.0
5 150m 16.34 1.67 15.0
6 195m 15.55 1.59 15.0
7 225m 16.9 1.72 15.0
8 270m 16.2 1.65 16.0
9 330m 16.7 1.7 16.2
10 390m 16.5 1.68 16.3
11 435m 15.9 1.62 16.0
12 480m 16.3 1.66 16.4
13 525m 16.1 1.64 16.0
15 570m 16.2 1.65 16.0
15 615m 15.8 1.61 16.4
16 660m 16 1.63 16.7
17 720m 16.5 1.68 15.9
18 780 16.8 1.71 16.3
Average 16.30 1.66 16.15
Standard deviation 0.418 0.041 0.662

Photo-.22 Dry Density Test of Existing Subgrade in situ
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3. MIXING TEST OF STBILIZED MATERIALS

3.1 Stabilization of Sub grade
(1) Type of sail
+ CL-Soil, SM-SeH—bwe-patterns
(2) Type of stabilizer
We shall use lime for stabilized sub-grade according to following reasons.

+ The soil property at Ayeyarwady delta has high plasticity(PI) and high moisture content(wy). In that
case, Lime is seemed to be more effective than cement for stabilizer from experiences especially in

Japanese.

- Last test data executed by RRL have indicated that Lime stabilization improved the soil’s strength

sufficiently (refer table-3.1)

But in this time, we shall use Phyapon Slaked Lime instead of Yangon Slaked Lime.

Table-3.1 The Existing Test Result by RRL

No | Type of Soil Unified soil | O.M.C(%) MDD CBR (%)
. . 104.5 pcf
1 Soil (CBR 3%)+Lime 4% CL 14.0 3 19
(1.675 g/lcm®)
. . 105.5 pcf
2 Soil (CBR 3%)+Lime 4% CL 13.0 3 20
(1.691 g/cm®)
. . 114.5 pcf
3 Soil (CBR 3%)+Lime 4% CM 10.6 3 27
(1.835 g/cm®)

(3) CBR Test

We shall do the test according to Japanese manual excluding curing period of specimen basically.

Natural moisture content shall be used to CBR test.

*W,=17~18%

10
App-25



The Project for Improvement of Road Technology in Disaster Affected Area in Myanmar

Table-3.2 Compaction Test and CBR Test for Sub-grade Stabilization Design

JIS

Inside

Diameter Rammer Impact Numbe.r of | Number of Remarks

Of M Weight Height Tamping | blows per

old K
(cm) (kg) (cm) Layer layer
Compaction 15.2 45 45 3 67/layer Water content

test 3case
Dceggn 15.2 45 45 3 67/layer

We shall take into two type curing period of the specimen as follows,

Table-3.3 Comparison of Curing Period for Specimen

CASE 1 CASE 2
(JIS) (BS)
- - - Test method
Indoor Immersion Moist Immersion
curing curing curing curing
Road Lime Stabilized 9 days 1 day 21 days 7 days
Base Cement Stabilized | 6 days 1 day 7 days 7 days Unconfined
- — compression
Lime Stabilized 9 days 1 day 21 days 7 days test
Sub-Base
Cement Stabilized 6 days 1 day 7 days 7 days
Lime Stabilized 6 day 4 day 21 days 7 days
Subgrade CBR
Cement Stabilized 3 day 4 day 7 days 7 days
Remarks 25°C 25°C 25C 25C

(4) Combination of lime

We shall consider three or four cases of combination in according to additive lime content.

Table-3.4 Test Case for Stabilized Sub-grade

Lime additive content

Moisture content

2% 4% 6% 8% Depend on
Cni the time of pilot project
CL-Soil O O O O Maybe
SM-Seit o o o Wy =17~18 %
11
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(5) Mixing test results

Table-3.5 and Figure-3.1 show the testing result of stabilized sub-grade.

Photo-3.1 shows some situations of the laboratory test.

60
50

40

CBR (%)
w
o

20

10

Table-3.5 Test results of stabilized sub-grade

Additive content 2% 4% 6% 8% Remarks
Dry density(g/cm?) 163 | 1.68| 1.80| 1.65
) Water content (%) 12 14 17 14
Lime
6day+4day 15 20 30 31 JIS
CBR
Stabilized 21day+5day 18 22 32 34 BS
sub-grade Dry density(g/cm®) 167 | 171 1.86 1.92
Water content (%) 17 17 17 17
Cement
6day+1day 29 35 45 55 JIS
CBR
Tday+7day 34 46 52 65 BS
Sub-grade (LIME) Sub-grade (CEMENT)
70 T
O Lime (moist cured 21day+soaled 7day) [ /E)
® Lime(moist cured 6day+soaked 4days) 60 i /
.0
50 A
w2
5 /.) g 40 77
- P~ .-
/ 3 30 o
‘2"" 20
10 L —O— Cement (moaist cured 7day+soaled 7day)
r --@ 1 Cement(moist cured 6day+soaked 1days)
0

0%

2%

4% 6%
Additive Content (%)

8% 10%

0%

2%

4% 6% 8%
Additive Content (%)

Figure-3.1 Stabilized sub-grade Mixing testing results
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Photo-3.1 CBR Test On Stabilized Subgrade Material

13
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3.2 Stabilization of Sub base (CS)

(1) Type of stabilization

We shall select soil, sand and cement mixed stabilization because the onset of strength of this type seems to

be enough for required strength and to be more economical than other type.

Table-3.6 Existing Testing Case for Stabilized Sub-base (CS, CB2)

Cement stabilization UCS (Mpa)

Additive content of stabilizer Requirement
4% 6% 8% 10%
Soil 90% Sand 10% 0.76 1.1
CS:
Soil 50% Sand 50% 1.4 0.75-1 5(0 98Mpa)
Cement - ‘oo
Soil 25% CIR75% | 1.0 | 1.25 CB2:
1.5-3.0(2.9Mpa)
Soil 15% Sand 15% C/R70% 3.6 3.9
Soil 70% Sand 30% 0.69
CS:
. Soil 70% Sand 30% 0.65 0.75-1 5(0 7Mpa)
Lime - oo,
Soil 30% CIR70% | 0.7 | 0.78 CB2:
1.5-3.0(0.9Mpa)
Soil 25% C/R 75% 0.9 0.8 0.7
Remarks ( )Js

(2) Consistency test

First, some consistency tests in accordance with mixed sand amount shall be executed to select the suitable
plasticity index (PI), it seems Pl is better less than ten in order to be performed good workability mixing

soil, sand and cement, and to obtain higher strength.

(3) Compaction test

We shall do compaction test to obtain optimum water content of the mixed soil, we may select one case that
cement additive content is 4 %.

The compaction method is as following,

- Mold diameter 105mm (100mm)

-Mold height 115.5mm (127mm)

- Rammer weight 2.5kg

+ Impact height =30cm

- Number of layers =3 layer

- Tamping number of each layers 27(25) times

( ) indicates JIS size

14
App-29



The Project for Improvement of Road Technology in Disaster Affected Area in Myanmar

(4) Preparing the specimen and unconfined compression test

The specimen with optimum water content shall be made the same way as the compaction test.

But, if we don’t have enough number of molds the modification shown in Table-3.8 is reasonable.

Notes ) The stabilizing additive amount is shown as percentage of the dry mass of soil materials.

The water content of the stabilizing additive compound mixture is shown as percentage of the
stabilizing additive and specimen dry mass.

In this test, we shall take into two type curing period of the specimen as follows,

+ 6 days for indoor curing and 1day for water immersion, total 7 day (in case of JIS).

« 7 day for indoor curing and 7 days for water immersion, total 14 days (in case of BS).

Table-3.7 Test Case for Stabilized Sub-base (CS)

. Cement blending test
Consistency
Test Cement additive cement Remarks
Pl (%)
2% 4% 6% 8%
0% 20.0
10 % 15.0 0.76 1.1
Sand 20% 13.0
blending 30% 12.0 O O O O Candidate case
40%
50% 1.4
Remarks Cement is made
in Thailand
Table-3.8 Mold Size and Compaction Energy
Mold size Tamping ;
Rammer Impact Number of| Numbers Compaction
Mold Type Diameter| Height Weight Height Layer per each Energy
(kg) Ec (KJ/m®
(mm) (mm) (cm) layer ¢ (KIm®)
BS Mold 105 1155 25 30 3 27 595.6
JIS Mold 100 127 25 30 3 25 552.9
Other Mold
¢ 100mm 100 200 2.5 30 5 24 561.8
h=200mm
15
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CompactionEnergy E, = W x H x Layer x Browtimes
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Figure-3.2 Equivalent Compaction Energy

(5) Mixing test results

Table-3.9 and Figure-3.3 show the testing result of stabilized sub-base (CS).

Table-3.9 Test results of stabilized sub-base (CS)

Additive content 2% 4% 6% 8% Remarks
Dry density(g/cm?) 162 | 1.66| 1,67 | 1.69
Water content (%) 12 14 18 19.5

Stabilized

UCS | 6day+lday | 012 | 043 | 066| 087 | JIS
(Mpa) | 7day+7day | 021| 071| 1.89| 263| BS
6day+lday | 0.15| 054 | 083| 1.09
7day+7day | 0.26 | 089 | 236| 3.28

sub-base Cement
(CS)

X 1.25*

Note: X1.25* Correction Factor accordance with specimen type ( ORN31 pp29)

16
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Sub-base(CEMENT)
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(include the correction factor accordance with specimen type)

Figure-3.3 Stabilized sub-base (CS) Mixing testing results
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Photo-3.2 Mixing Test of Stabilized Materials for
Subbase
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3.3 Stabilization of Rad base (CB2)
(1) Test case for Stabilized Road-base

Table-5.1 shows the existing test case for stabilized Road base at step one
From in these test cases, we selected the Cement for stabilizer, testing material is mixing soil with soli,
sand and crusher run which mixing ratio is 15%: 15* 70%.

Figure-3.10 shows the sieve distribution the mixing material used in this test.

Table-3.10 Test Case for Stabilized Road-base (CB2)

Cement blending test
Pl (%) additive cement Remarks
Stabilizer | Soil Sand C/R 2% 4% 6% 8% 10%
) 25% 0 75% (0.9) | (0.8) (0.7 CB2:
Lime
30% 0 70% (0.7) | (0.76) | A A 1.5-3.0 Mpa
25% 0 75% (1.0) | (1.25) CB2
Cement O
15% | 15% | 70% O O (3.6) (3.9 :1.5-3.0 Mpa
Soil: CL, in situ
Remarks Sand: sea sand near the site

C/R: Myaung mya

Particle Size didtribution for Road-base (CB2)
100 £

./- v / /
80 7 - h
/'. Ry ///, ----- BS Typical distribution

BQ ’

g 60 /- - / / —8— Soi: Sand : C/R=0:30:70
éﬁ / y y /// =—O=—Soi:Sand: C/R=15:15:70
%0 40 :/: e // /'/' Soil only

a ! - L,.-—O"’"—“d / —:-— Sand only

A = 3
/5,; | — - =C/Ronly

0.01 0.1 1 10 100

Sieve Diameter (mm)

Figure-3.4 Sieve Distribution of Mixing Soil Materials
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(2) Preparing the specimen and unconfined compressive test

That is same as stabilized sub-base test.

(3) Mixing test results

Table-3.11 and Figure-3.5 show the testing results of stabilized Road-base.

Table-3.11 Test Results of Stabilized Road-base (CB2)

Additive content 4% 6% 8% Remarks
Dry density(g/cm®) 2.02 2.00 1.96
Water content (%) 9.5 11.7 14
Stabilized
UCS 6day+1day 1.25 1.87 2.28 JIS
RoadBase | Cement
(Mpa) 7day+7day 1.78 2.55 3.28 BS
(CB2)
6day+1day 1.56 | 234 | 2.85
X 1.25%
7day+7day 2.23 31.9 4.10

Note: X 1.25* Correction Factor accordance with specimen type ( ORN31 pp29)

5
4
= 3
Q.
2
—
(G}
2 2
1
0

Road-base(CEMENT)

[ —6— (moist cured 7daytsoaked 7day,
- -@ - (moist cured 6day+soaked 1day, »
I e
’ .’ - i
‘ rd
0% 2% 4% 6% 8%

(including the correction factor accordance with specimen type)

Additive Content (%)

10%

Figure-3.5 Stabilized Road-base (CB2) Mixing Testing Results
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Photo-3.3 Mixing Test of Stabilized Materials for Road base
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4. DESIGN STABILIZED SUBGRADE AND SUBBASE

4.1 Design additive Ratio

In accordance with the preliminary laboratory mixing test results, which were executed from this July to
September, RRL have selected the cases that would seem to be satisfied the specimen strength specified in

ORN31, the tested items-in detail mixing test (Step2) are shown in Table-4.1

Table-4.1 The mixing test contents in detail mixing test (Step2)

Materials content PI
. Additive Remarks
Layer Soil | Sand | CR | (%)
PI is more than 20 (from
Sub-grade 100% 0% 0% 20 Lime
ORN31, pp28)
Sub-base (CS) 70% 30% 0% 13 Cement use sea sand
Road-base (CB2) | 15% | 15% | 70% | 10 Cement Use sea sand and Myang
Mya crushed rock

C/R: Crusher-run, PI: Plasticity Index

The relationships between stabilizer additive content and the specimen strength are shown Figure-4.1, the
strength shown in this Figure is already included the correction coefficient corresponding to the shape of

the specimen as showing in Table-4.2.

On the basis of these testing results, we shall take account of the rate of premium as shown in Table-4.3 in

order to deal with some uncertainty of field works.

RRL has carrying out the tests on relationship between the strength of stabilized materials and compaction

degree now and so it is necessary to consider the appropriate premium rate taking into account These test

results and the field test data in the pilot project-1.

Rate of Premium « =Function (agitation*compaction degree, soil property in situ, etc. )

Design additive content = (1+ o ) X Laboratory additive content

22
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(include the correction factor accordance with specimen type)

Figure-4.1 Relationship between Additives Content and Strength
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Table-4.2 Correction Factors to calculate Equivalent Cube Strengths

Test piece type Correction Factor

150 mm cubes —

200 mmx100 mm diameter 1.25
115.5 mmx105 mm diameter 1.04
127 mmx152 mm diameter 0.96

Table-4.3 Rate of Premium for In-situ Stabilized Materials

Depth Stabilized . Rate of Premium
Soil Type Remarks
Layer D(cm) a
Sandy Clay used a=20%
D <50cm i . 15 ~ 20%
Cohesive Soil
Sandy Clay 20 ~ 40%
D = 50cm - -
Cohesive Soil 30 ~ 50%

Source: Japanese manual

The construction unit prices of each pavement structures are shown in Table-4.4, it is noted that these

construction unit prices were estimated according to Japanese construction estimate manual.

Table-4.4 Unit Cost of Each Pavement Structures (Direct Cost)
(Currency: Kyat)

Sub-base Road-base
Item Stabilized Granular Stabilized Granular Remarks
materials (GS) Material (GB)
(CS) (GB2)
Material 15,130 36,460 30,880 47,680
Machinery 17,590 4,140 17,590 5,500 | Rental fee include
___________________________________________________________________________________________ fuel, operator
Worker 140 40 140 50
Sum(kyat/ms) 32,860 40,650 48,610 53,250
Remarks Cement= Produced in Cement= Produced in
1.2X5.2=6.3% Mandalay 1.2X5.6=6.8% Mandalay
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4.2 Evaluation of CBR on Subgrade Considering Stabilized Subgrade

(1) Average CBR for a location

Each value of the CBR, obtained from several kinds of the materials shall be calculated according to the

following formula and the CBR calculated can be defined as the average CBR for a location in question:

3
FHCBRV3+h2CBRg3+ +hnCBRy3]

CBR, =
" 100
CBR,, : Average CBR of a location in question
CBRy, CBR;,* - + CBR, :CBR value ofsoil layers No.1,2,* = * * n
hy,hoe ¢ hy : Thickness (cm) of soil layers No.1,2,* * - n, h=h;+h,+* * - h;=100cm

(2) Average CBR in consideration of stabilized sub-grade

If the existing sub-grade is weak there is a possibility that can not be mixed soil and stabilizer, and
compacted stabilized materials sufficiently at near the bottom of n stabilized layer.

Considering such the phenomenon, it should be noted that the calculation method of average CBR is not
same between CBR is three or more and less than three in Japanese pavement design standard.

If the sub-grade which existing CBR is less than three is stabilized, the depth of effective stabilized layer
shall become the thickness obtained by subtracting 20cm from stabilized depth. And then the CBR for
20cm thickness from the bottom of stabilized sub-grade is taken the average value of existing sub-grade

CBR and the CBR at stabilized sub-grade.
On the other hand, if the CBR at existing sub-grade is three or more, it does not need to perform such the

reduction.
CBR, +CBR,\"* ’
h1CBR%/3 + 20( 1mpr0;e 1 ) + (h2 - 20)CBR%r41:;rove
CBR, =
m 100
g
7'y ; 7y r )

i f."_l'
CBRumpros g : - I :
---------------------- —F é ::: %" %

CBR1 = i CBR: =
v b, SN [

Figure-4.2 IN case of existing sub-grade is less than three
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(3) Example of calculating average CBR at stabilized and existing sub-grade

The examples of calculating average sub-grade CBR are shown bellow.

1) Existing sub-grade CBR is two and stabilized sub-grade CBR is fifteen

CBR , =

3
2+15

1/3
55x2”3+20x( ) +(45-20)x15"3

=5.07

100

2) Existing sub-grade CBR is three and stabilized sub-grade CBR is fifteen

73%x3'3 £ 27x15"3

CBR,, = =5.07

100

Figure-4.3 IN case of existing sub-grade CBR is
three or more

For target average CBR , the relationship derived by above equations between CBR at existing sub-grade

and the depth required to be stabilized are shown in Figure-6.4

100

90

80

70

60

50

40

Stabilized Depth (cm)

30

20

Target Average Sub-grade CBR=5% Target Average Sub-grade CBR=8%
100
I | | | | I I I
—@— Stabilized Sub-grade CBR=15 (%) —| 90 —@®— Stabilized Sub-grade CBR=15 (%) —|
—-© - Stabilized Sub-grade CBR=20 % — 80 —-©& - Stabilized Sub-grade CBR=20 % |
T 70 P~
ICA B _
£ 60 e ~h
b 3 50 N, .\
b T :
R B R
< . -'3 \0\\ ~
N .\ B s \
20 T
e SOy
X 10 .
0
1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Existing Sub-grade CBR (% ) Existing Sub-grade CBR (%)

Figure-4.4 The relationship between CBR and necessary stabilized
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5. CONTROL OF HEXAVALENT CHROMIUM

5.1 Simplified Hexavalent Chromium Test

(1) General

Cement is often used as a method to contain deleterious materials physically so that it has superior capacity
to fix material.

Although depending on the type of soil and mineral mixed with cement, the hydration reaction to be related
with the capacity to fix material is inhibited, and accordance with this phenomenon some hexavalent
chromium contained in the cement will be eluted into water.

Thus, when using improved soil and stabilized pavement with cement, it is necessary to confirm the safety
by testing a hexavalent chromium in laboratory before construction in-situ. It is necessary to be careful

especially if we use a volcanic cohesive soil and highly organic soil.

It is noted that even if hexavalent chromium reference value or higher is detected it is possible to reduce the
hexavalent chromium leaching amount depending on the type of cement even in the same mixed soil.
Therefore, if hexavalent chromium reference value or higher is detected, it will make a re-tested in the

following order.

1. Change of cement type
2. Change of mixed soil

3. Changes to the other method, such as lime stabilization

(2) Test method

Test method described below shows a simple method that can be tested easily in situ, but to inspect

accurate hexavalent chromium elution amount is difficult by using simple kit shown herein.

Therefore, hexavalent chromium is detected by this simple testing ,and if we need to check the exact
hexavalent elution amount the detail testing shown in appendix-3 shall be executed in order to

comparison with the Myanmar national environmental standards.

(a) create a sample soil
After air-drying gathered soil, we pick out fine material less than 2mm from gathered soil without crushing
process.

(b) Preparation of the sample solution
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After weighing the sample of 2mm or less, put the sample into a container for shaking, subsequently, and
then put the solvent by weight of 4-times of the sample into the container. The solvent is made by mixing
pure water and hydrochloric acid, and it is required that Hydrogen-ion concentration of the solvent is more

than 5.8 and less than 6.3.

(c) Shaking

Shake the container vigorously for 5 minutes by hand or by using suitable equipment.

(d) still standing

Leave the container quietly for five minutes.
(e) filtration
Suck out the supernatant water by using a syringe after standing. Then, attach a membrane filter with 0.45

u m to the syringe, filter the supernatant and keep the filtered supernatant in a beaker.

(f) Analysis of hexavalent chromium

Using a simple kit for detecting hexvalent chromium, analyze the concentration of hexavalent chromium.

Syringe
" Solvent 60m2

Shake r vigorously

Sample soil 159 Filter with

membrane filter

Figure-5.1 The procedure for eluting hexavalent chromium
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(3) The Results of Simplified Hexavalent Chromium Test

Photo-5.1 Simplified Hexavalent Chromium Test
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5.2 Detail Hexavalent Chromium Test

(1) Scope of Application

This sub-clause shall be used to dissolve hexavalent chromium for improved soil mixed with soil and

cement or solidified material using cement at plant and/or in situ.

(2) Method and Type of Test

Dissolved hexavalent chromium test in this guideline is composed by the following method.

1) Trial of the case to be used for ground improvement of cement solidifying material and/or

cement

This case targets a ground improvement which is constructed by mixing with ground soil and cement or

solidified material using cement.

a. Dissolved hexavalent chromium test to be executed at the mixing design stage (hereinafter referred to
as "Test Method 1")
This test shall be executed for the elution which is shaken continuously for six hours using crushed
soils less than 2mm or equal with a solvent. This test is carried out with the aim to confirm solidifying
material is correct.

b. Dissolved hexavalent chromium test to be executed after construction (hereinafter referred to as "Test
Method 2")
This test shall be performed in order to confirm the amount of dissolved hexavalent chromium in the
improved soil using a sample.

c. Tank test carried out after construction (hereinafter referred to as "Test Method 3")
Tank test is a method for measuring the hexavalent chromium elution volume in solvent water tank in
which the soil sampled as clod is left still standing. This test shall be executed for only improvement
work in-case of which the volume is at least about 5,000 m3, or the number of improved soil columns

is 500 or so more.

For the places elution volume was the highest in test method 2, this test should be executed in order to
confirm the amount of dissolved hexavalent chromium.
d. The case not to be required the implementation of test method 2 and/or test method 3. When a cement

or cement solidifying material which amount of dissolved hexavalent chromium does not exceed the
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environmental quality standards in test method 1, for soil improvement, it is not required to be

executed test method 2 and 3.

However, if the implementation agency wants to improve the volcanic cohesive soil, test method 2 and 3

have to be done regardless of the results of test method 1.
2) The test for reusing improved soil by cement
This test shall be executed for recycling improved soil as follows;
a. For recycling construction generated soils and construction sludge, cement or cement solidifying
material are used as stabilizer.
b. In case of reusing improved soil which had been stabilized by mixing cement or cement solidifying
material.

3) How to Prepare Test-liquid for Experiment on Hexavalent Chromium

The test liquid for cadmium, total-cyanide, lead, hexavalent chromium, arsenic, total-mercury,

alkyl-mercury, PCB, and selenium shall be made as follows;

(a) Deal with gathered soils

The gathered soils are put into a glass container or a specified container to avoid the soils adhere a
container. The experiment should be executed immediately. If the experiment is not executed immediately,
the gathered soils should be kept in a dark place, and the experiment shall be executed as soon as possible.
(b) Create a sample

After air-drying gathered soil, small-to-medium gravels and chips of wood are removed, and then clods and
crumbs are crushed. Mix sufficiently the soil which passes the sieve of the 2-mm which are made from
nonmetal.

(c) Preparation of the sample solution

The sample solution shall be made by mixing the above sample (unit g) and a solvent at the rate with 10%

of weight volume ratio, the sample solution is needed more than 500 mm-litters. The solvent is made by
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mixing pure water and hydrochloric acid, and it is required that Hydrogen-ion concentration of the solvent

is more than 5.8 and less than 6.3.

(d) Elution

The samples shall be shaken continuously for 6 hours by using a shaking machine under the condition that
temperature is about 20 degree Celsius, and normal pressure. The shaking machine should be adjusted that

the shaking number of time per minutes is 200 times, and the shaking width is from 4 ¢cm to Scm.

(f) Create a test liquid for experiment

The sample liquid created by the procedure above (a) to (d) is leaved still-standing from ten to thirty
minutes. A supernatant liquid is used as experiment liquid after insoluble substance is removed by
centrifugation for twenty minutes by three thousands turns per minute. The supernatant liquid is filtrated to
obtain a filtration by using a membrane filter with 0.45um. Measure the quantity of filtration needed in

experiment.
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The analytical method and the point to note

Preparation a test-liquid (how to elute)

Treatment of soil |

v

1) The gathered soils are put into a glass container to avoid the soils adhere a container.

If the experiment is not executed immediately, the gathered soils should be kept in a dark
place.

IMake a sample |

2) After air-drying gathered soil, Small-to-medium gravels and chips of wood are removed,
and then clods and crumbs, are crushed.

Mix sufficiently the soil which passes the sieve of the 2-mm which are made from
nonmetal.

A 4
IRegulation for the solvent |

\ 4

3) Mix the gathered soils (unit g) and a solvent at t1he rate with 10% of weight volume ratio.

The solvent is made by mixing pure water and hydrochloric acid, and it is required that
Hydrogen-ion concentration of the solvent is more than 5.8 and less than 6.3.

4) the sample solution is needed more than 500 mm-litters

[Elution |
5) The samples shall be shaken continuously for 6 hours by using a shaking machine under
the condition that temperature is about 20 degree Celsius, and normal pressure.
The shaking machine should be adjusted that the shaking number of time per minutes is
200 times, and the shaking width is from 4 cm to Scm.
A
still-standing |

6) The sample liquid is leaved still-standing from ten to thirty minutes.

[The filtration |

A 4

7) A supernatant liquid is used as experiment liquid after insoluble substance were removed
by centrifugation for twenty minutes by three thousands turns per minute.

The supernatant liquid is filtrated to obtain a filtration by using a membrane filter with
0.45um.

[The experiment-liquid |
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Tank test
z_ Solvent
5.8=P.H=6.3
KA) V
Granular material = Sk
ekt =1:10

-

Solidity

mE®

Some improved clods
Immerse the stabilized material that had been
curing for predetermined period in pure water

(Solid and liquid ratio =1:10)

34

Carry out elution test.

; Water sampling

Elution

Take the water sample after predetermined

period immersing in the water (for 28 days)
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APPENDIX -1

PRELIMINARY TEST RESULT AT RRL

1. Sieve Distribution soil in-situ
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2. COMPACTION TEST

(1) CL-Soil, SM-Soil

Dry Density (g/cm3)

1.9

1.8

17

1.6

15

1.4

13

RouteNo.7 CL

—o— CL-M10/7

MDD=1.65 (g/cm3)

--0-- CL-M11/4
—-0—- CL-M12/6

—4&— CL-M16/0

—o— CL-M22/2

N\ oo CL-
N cL-M23/4

MDD X 95%=1,57(kg/cm?)
MDD X 80%=1,32(kg/cm?)

/ N
N —6— CL-M23/0
N

Take the core samples

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Moisture Content (%)

o e

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

natural waqter content w,, (%)
® CM-M 14/1 OCM-M 14/14
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(2) CL-Soil + Lime (4%)

Dry Density (PCF)

19

1.8

1.7

1.6

1.5

1.4

13

CL-Soil + Lime 4%

|

—e— CL+Lime49% (CBR 3%)
--0-- CL+Lime4% (CBR 4%)

-

9 11 13 15 17 19 21

Moisture Content (%)

23 25

27

29

Condition of compaction test

* Mould ¢ 105 mm

+ Rammer 4.5 kg, h=45 cm
* 5 layer

+ 27 times / layer
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3. CBR test for existing sub-grade

PENETRATION OF PLUGER (inch)

38

CL SM
M 10/7 M 11/4 M 12/6 M 16/0 M 22/2 M 23/0 M 23/4 M 14/1 M 14/4
moisture content
wn (%) 11.9 12.7 11.4 10.8 11.5 13.5 11.1 9.15 9.15
Top 5.3% 4.2% 3.7% 4.5% 3.8% 3.4% 3.0% 4.3% 5.0%
Bottom 5.0% 3.3% 3.2% 3.7% 2.8% 2.8% 4.2% 6.0% 5.0%
5.2% 3.8% 3.5% 4.1% 3.3% 3.1% 3.6% 5.2% 5.0%
Average
3.8% 5.1%
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4. PROPERTY OF AGGREGATE

(1) Grain Distribution

MATERIAL
100 OO=T YOO
] E
% .
80 L
K
—_ )
& [
I;
§ 60 O,‘
) I A
o I
& 1!
g 40 T
& U
|
il A
20 ]
1
. &_ | REEET oy
0.01 0.1 1 10 100
—e— (CL-SOIL = O =SAND —=&— Myaung Mya —-& - SM-SOIL
Crushed Rock
(2) Property
1) Sample Sand
Sea Sand near the site
) Specific ) Clay Lump Fineness | Loosed Density
Particulars ) Absorption 5
Gravity (%) Modulus 1b/ft
Sand sample 76.8
2.52 < 3.0 < 3.0 1.4 3
(1.23 g/cm”)
B.S specification
2.6-2.8 3.0 3.0 23 =36
for Concrete
2) Crushed Rock
. Specific | Absorption Clay Crushing Los-Angeles
Location Gravit %) Lump Value Abrasion
Y o (%) (%) values
1 Myaung mya crushed rock 2.2 17.6 5.85 40.5 35.1
BS For surface course 25-3.0| 2.0(Max) 2.0 (max) | 30.0 (Max) | 40.0 (Max)
. . For Base course 2.5-3.0 | 4.0 (Max) 4.0 (max) | 30.0 (Max) | 50.0 (Max)
Specification
For Sub-base course 2.5-3.0 | 4.0(Max) 4.0 (max) | 40.0 (Max) | 50.0 (Max)
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5. SIZE CONTROL TEST FOR STABILEZED SUB-BASE (CS)

Passing degree (%)

Particle Size didtribution for sub-base (CS)

100.00 w f—-‘-——. -
L7
2
80.00
eel —&— Soil
--0-- Soil:
60.00
—6— Soil
—& - Soil :
40.00 *— Soil
¥
. —e&— Soil
SM-Soil
20.00
0.00
0.01 0.1 1 10 100

Sieve Diameter (mm)

6. SIZE CONTROL TEST FOR STABILEZED RODA-BASE (CB2)

Passing degree (%)

Cement or lime-stabilized Boad-base CB2
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40
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Sand = 60 :40
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:Sand =100:0
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7. Grain distribution of other sand

Aggregate
100 o} Y 7y Ay
’ I[
/|
80 !
I
/
F
— !
£ 4
o 60 7
o ; (
0 ]
T
g
‘w40
&
a
20
Y
5 IR R ey
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0.01 0.1 1 10 100
Sieve Diameter (mm)
—@— seasand near site --O-- PyaponSand -=/--Mandalay Sand —&— Crushed Rock
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APPENDIX-2

COMPARISON ON TESTING METHOD WITH BS AND JIS

1. Compaction Test
(1) BS 1377: Part4

British Standard (BS1377-Part4))
RRL
Rammer Impact Inside Diameter Number of Tamping Allowable
Weight Height Of Mold uf; ero Numbers Maximum
(kg) (cm) (cm) Y per each layer particle Size
1*! 2.5kg 30 10.5 3 27 20
2%2 2.5kg 30 15.2 3 62 37.5
3%3 4.5kg 45 10.5 3~5 27 20
44 4.5kg 45 15.2 3~5 62 37.5
RRL 4.5kg 45 10.5 5 27
*1 for soils with particles up to medium-gravel size
*2 for soils with soils with some coarse gravel-size particles
*3 for soils with particles up to medium-gravel size
*4 for soils with soils with some coarse gravel-size particles
(2) JIs
Japanese Standard (JIS)
Rammer Impact DI.nSidf Number Tamping Allowable
Type Weight Height o S\I/I[lsuelg of Numbers Maximum
(kg) (cm) (cm) Layer per each layer particle Size
A 2.5kg 30 10 3 25 19
B 2.5kg 30 15 3 55 37.5
C 4.5kg 45 10 5 25 19
D 4.5kg 45 15 5 55 19
E 4.5kg 45 15 3 92 37.5
42
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(3) ASTM, AASHOTO

ASTM D 1883
Inside Tampin
Diameter Rammer Impact Number of ping Soaked
of Mold Weight Height Numbers .
(cm) (kg) (cm) layeI‘ per each 1ayer Duration
Compaction 1.49 kg 30.5
15.2 (5 Ib) (12 inches) 3 56 s
CBR Test 4.54kg 45.7
152 (101b) | (18 inches) 5 56 4 days
AASHOTO T 193
Inside Diameter] Rammer Impact Number of
of Mould Weight Height Nulmber ° | blows per DSOalied
(cm) (kg) (cm) ayer layer uration
Compaction 15.2 2(29&;{ & 30.5 3 56
10
CBR 15.2 2'491 ke 30.5 3 30 4 days
(5 1b) 65
Only 5 1b rammer is used.
2. CBRTEST
(1) BS 1377: Part4
British Standard (BS)
RRL
Inside Tampi
Diameter Rammer Impact Number of amping Soaked
of Mold Weight Height 1 Numbers Durati
(cm) (kg) (cm) ayer per each layer uration
1 15.2 2.5 30 5 layer
*1
undefined 4 days
2 15.2 4.5 45 5 layer
*1: Depending on the degree of compaction required.
*2: RRL used 62 times per layer to compact soil in last test
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) JIS
Japanese Standard (JIS)
Inside
Diameter Rammer Impact Number of Number of Soaked
of Mould Weight Height laver blows per Duration
(Cm) (kg) (Cm) ¥y layer
Design
CBR 15 4.5 45 3 layer 67 4 days
Test
Modified 17
2 CBR 15 4.5 45 3 layer 42
Test 92
3. Comparison of Compaction Energy
BS 1377: Part 4 JIS ASTM | Stabilized
BS Heavy
(5 layes)
Stabilized
Sub-Base
BS Light I ‘ CS,CB|2
44
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ADDITONAL TESTING ON STABILIZED MATERIALS

APPENDIX-3

Considering the on-site environment, it may be necessary to conduct testing with

differing blends of in-situ soil and stabilizer (currently mixed according to the test

guidelines) and differing degree of compaction.

It was scheduled to first determine the design blend upon giving priority to the test

(stabilizer blending) indicated in section 3. Mixing Test Stabilized Materials, but after

that, according to the necessity, it is scheduled to conduct additional testing aimed at

confirming the impact that compaction has on improved road strength (durability).

1. Stabilized Sub-grade

Sub-grade (Lime 4%) BS ¢ 15.2cmMold

Testing Case 1 2 3 Remarks
) layer 17 42 67 55
compaction -
Blow timed 3 3 3 5
Compaction Energy(KJ/m3) 458 1,132 1,806 | 2,471
0.M.C (%) 15.0 15.0 14.0 | (BS-Heavy)
M.D.D | (pch) 102.0 103.9 104.8
6days Curing
(g/cm3) 1.634 1.664 1.679
+
' ratio 0.97 0.99 1.00
4days Soaking
C.B.R (%) 18.0 19.0 20.0
(ratio) 0.90 0.95 1.00
O.M.C (%) 15.0 15.0 14.0
M.D.D | (pcf) 102.0 103.9 104.8
21days Curing
(g/cm?) 1.634 1.664 1.679
+
. ratio 0.97 0.99 1.00
7days Soking
C.B.R (%) 19.0 20.0 22.0
( ratio) 0.86 0.91 1.00
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1.80

1.75 F

1.70 F

1.65

1.60
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18 | - o
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2. Stabilized Sub-base (CS)

Sub-base( Soil:Sand=0.3:0.7) Cement 6% ¢ 10cm,h=20cm Mold

Testing Base 1 2 3 Remarks
) layer 3 3 5 3
compaction
Blow timed 27 35 24 25
Compaction Energy(KJ/m?3) 379 492 562 551
0.M.C (%) 17.0 17.0 18.0 | (BS Light)
(peh) 104.0 107.0 104.5
1 days Curing
M.D. D| (g/cm?) 1.666 1.714 1.674
+
) ratio 1.00 1.02 1.00
6days Soaking
U.C.S (Mpa) 0.68 0.78 0.66
(ratio) 1.03 1.18 1.00
0.M.C (%) 17.0 17.0 18.0
(pcf) 104.0 107.0 104.5
7days Curing
M.D. D| (g/cm?) 1.666 1.714 1.674
+
_ ratio 1.00 1.02 1.00
7days Soaking
U.C.S (Mpa) 0.90 1.20 1.51
(ratio) 0.60 0.79 1.00
V=1570(cm3) 1000 (cm3)
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3. Stabilized Road-base(CB2)

Road-base( Soil:Sand:C/R=0.15:0.15:0.7) Cement 6%
Testing Case 1 2 3
) layer 27 35 24
compaction
Blow timed 3 3 5
Compaction Energy(KJ/m?3) 379 492 562
O.M.C (%) 16.0 13.0 11.7
M.D.D | (pcf) 115.0 116.0 125.1
1 days Curing
(g/cm?) 1.842 1.858 2.004
+
' ratio 0.92 0.93 1.00
6days Sorking
U.C.S (Mpa) 1.80 2.00 1.67
(ratio) 1.08 1.20 1.00
O.M.C (%) 16.0 13.0 11.7
M.D.D | (pch 115.0 116.0 125.0
7days Curing
(g/cm3) 1.842 1.858 2.002
+
' ratio 0.92 0.93 1.00
7days Sorking
U.C.S (Mpa) 2.45 2.70 2.55
(ratio) 0.96 1.06 1.00
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APPENDIX-4
DETAIL HEXVALENT CHROMIUM TEST RESULT
RRL don’t have the necessary equipment for the detail hexavalent chromium, and we could not get
the equipment in Myanmar.

Therefore, in order to confirm the validity of the simplified test results, JICA expert Team performed

The results of detail test are less than 0.05mg/0 as following, the validity of the simple test results

was approved,
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The Report on Analysis Results

Soil + Cement 6%

Hexavalent Chromium

Not detected
Less than 0.02mg/0
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The Report on Analysis Results

Hexavalent Chromium

Not detected
Less than 0.02mg/0

Soil 50% + Sand 50% + Cement 6%
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The Report on Analysis Results

Hexavalent Chromium
0.04 mg/0

C/R 70%+Soil 15% + Sand 15% + Cement 10%
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Bl #-C: Work Quantity of the PP-2
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Total Work Quantities in PP-2

I. Construction work Total length = 600 m (1/5 - 2/0)
Category Work item Specification Quantity Unit
1. Earthwork 1.1 Scarifying & re-compaction t=Ave. 1ft 2,453.3] cu.m
1.2 Embankment (1) Lower Local soil 1,785.5( cu.m
(2) road side Local soil 431.5 cu.m
1.3 Subgrade t=Ave.2ft, Soil : Sand = 50% : 50% (weight basis) 5,358.6] cu.m
1.4 Slope trimming 5,592.6] sq.m
2. Pavement 2.1 Wearing course (1) Penetration macadam |t=3in, w=18ft 1,645.9( sgq.m
(2) DBST t=1in, w=18ft 1,645.9( sg.m
2.2 Base course (1) Crush stone CBR=80%, t=6in, w=28ft 390.2| cu.m
(2) Cement stabilized E:ﬁ:;mg;m (Sval;l(;;t Ei?s)z ggi'n, w=28t 390.2 cu.m
2.3 Subbase course (1) Cement stabilized ﬁ;’:iéhtszggi; tsfg/;wsg/o“ﬂ Cement=6.4-6.9% 418.1| cu.m
(2) Cement stabilized ﬁ/;);l@htsl?:\;s:) i an s cment=6.4-6.8% 836.1| cum
2.4 Hard shoulder Graded crush stone, t=3in, w=8ft 1,463.0f sqg.m
3. Apparatus work 3.1 Drainage layer Crush stone, L = 1.2m, t=0.15m, w=0.5m 200| No.
18.0f cu.m
1. Off-site work
Category Work item Specification Quantity Unit
1. Temporary yard 1.1 Site opening Eg;h:aﬁ%t grading, removal of surface soil 20,000.0| sqg.m
1.2 Site clearance Grading 20,000.0| sg.m
Ill. Import materials
Item Work to be applied Specification Quantity Unit
1. Cement 1.1 Subbase course Mateilal=1.8t/cu.m, Cement=6.4-6.9%, 170.0| ton
Loss=10%
1.2 Base course Material=1.8t/cu.m, Cement=4.6%, 200l ton
Loss=10%
Total 210.0] ton
2. Sand 2.1 Subbase course Material=1.8t/cu.m, Sand=50%, Loss=10% 1,250.0 ton
2.2 Base course Material=1.8t/cu.m, Sand=25%, Loss=10% 200.0 ton
2.3 Subgrade Material=1.8t/cu.m, Sand=50%, Loss=10% 5,310.0 ton
Total 6,760.0] ton
3. Crush stone 3.1 Base course (1) Graded stone Material=2.0t/cu.m, Loss=10% 860.0| ton
. . Material=2.0t/cu.m, Stone=75%,
(2) River shingle Loss=10% 650.0| ton
3.2 Hard shoulder Weight=2.0t/cu.m, Loss=10% 250.0 ton
3.3 Wearing course (1) P-macadam Weight=2.0t/cu.m, Loss=10% 280.0| ton
(2) DBST Weight=2.0t/cu.m, Loss=10% 100.0f ton
3.3 Drainage layer Weight=2.0t/cu.m, Loss=10% 40.0( ton
Total 2,180.0] ton
4. Straight asphalt 4.1 Prime coat 1 - 1.5ltr/sg.m, Loss=10% 4,600.0 Itr
(80/100) 4.2 Wearing course (1) P-macadam 0.7 - 2.3ltr/sq.m (2layers), Loss=10% 5,500.0 Itr
(2) DBST 0.7 - 2.3ltr/sq.m (2layers), Loss=10% 5,500.0 Itr
Total 15,600.0 Itr
5. Fuel Operation of equipment Diesel N/A Itr
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1. Earthwork

Crush stone

Embankment (side

4.0

4.0 _, 9.0 9.0

4.0, 40

Drainage layer

Local soil

Scaritying & re-compaction

(Soft) (Hard)

(Hard) (Soft)

@3.0m

Wearing course (t=3", W=18")

(t=Ave. 1")

Typical Cross Section-1

Penetration macadam
Base coure (1=6", W=28")

Graded crush stone
Subbase coure (t=6", W=30")

Cement stabilized soil
(Soil : Sand = 50% : 50%, Cement = 6.4 - 6.9%)

Subgrade (1=Ave. 2")

Soil : Sand = 50% :

50%

34.0

4.0_,.40_,

9.0

.40 _, 40

Crush stone (Soft)(Hard)

Embankment (side

Local soil

Scarifying & re-compaction

(t=Ave. 1)

Typical Cross Section-2

(Hard){(Soft)

Drainage layer
@3.0m

Wearing course (t=1", W=I8")

DBST

Base coure (t=6", W=28"

Cement stabilized river shingle & sand
(Shingle : sand = 75% : 25%, Cement = 4.6%)

Subbase coure (t=12", W=30")

Cement stabilized soil
(Soil : Sand = 50% : 50%, Cement = 6.4 - 6.9%)

(Unit: Feet) = Subgrade (t=Ave. 2")
(Unit: Feet) Soil : Sand = 50% : 50%
Section | Station Distance 1.1 Scarifying & re-compaction 1.2 (1) Embankment (local soil) 1.2 (2) Embankment (road side) 1.3 Subgrade 1.4 Slope trimming
(ft) Sq.Ft | Ave.Sq.Ft Ave.sq.m| Cu.m Sq.Ft | Ave.Sq.Ft|/Ave.sg.m| Cu.m Sq.Ft | Ave.Sq.Ft|/Ave.sg.m| Cu.m Sq.Ft | Ave.Sq.Ft|/Ave.sg.m| Cu.m L (Ft) |Ave.lL (Ft)|Ave.L (m)| sg.m
86.0 0.0 43.11 0.0 26.30 0.0 7.62 0.0 54.21 0.0 24.40 0.0
87.0 100.0 46.87 44.99 4.18 127.4 46.35 36.33 3.37 102.9 7.62 7.62 0.71 21.6 72.74 63.48 5.90 179.7 23.80 24.10 7.35 285.2
88.0 100.0 46.02 46.45 4.31 131.5 54.87 50.61 4.70 143.3 7.62 7.62 0.71 21.6 97.50 85.12 7.91 241.0 25.20 24.50 7.47 299.4
89.0 100.0 46.83 46.43 4.31 131.5 22.34 38.61 3.59 109.3 7.62 7.62 0.71 21.6 81.86 89.68 8.33 253.9 23.60 24.40 7.44 298.0
90.0 100.0 44.42 45.63 4.24 129.2 19.51 20.93 1.94 59.3 7.62 7.62 0.71 21.6 115.25 98.56 9.16 2791 25.90 24.75 7.54 2971
1 91.0 100.0 45.20 44.81 4.16 126.9 41.85 30.68 2.85 86.9 7.62 7.62 0.71 21.6 94.26 104.76 9.73 296.6 25.80 25.85 7.88 304.7
92.0 100.0 42.48 43.84 4.07 1241 36.76 39.31 3.65 111.3 7.62 7.62 0.71 21.6 94.93 94.60 8.79 267.9 24.40 25.10 7.65 289.5
93.0 100.0 45.00 43.74 4.06 123.9 19.78 28.27 2.63 80.1 7.62 7.62 0.71 21.6 101.45 98.19 9.12 278.0 2210 23.25 7.09 267.5
94.0 100.0 38.51 41.76 3.88 118.2 54.92 37.35 3.47 105.8 7.62 7.62 0.71 21.6 94.96 98.21 9.12 2781 28.60 25.35 7.73 278.5
95.0 100.0 37.87 38.19 3.55 108.1 46.82 50.87 4.73 144.0 7.62 7.62 0.71 21.6 73.46 84.21 7.82 2385 24.50 26.55 8.09 266.7
96.0 100.0 41.90 39.89 3.7 112.9 21.40 34.11 3.17 96.6 7.62 7.62 0.71 21.6 87.59 80.53 7.48 228.0 23.20 23.85 7.27 250.2
97.0 100.0 47.43 44.67 4.15 126.5 34.97 28.19 2.62 79.8 7.62 7.62 0.71 21.6 106.24 96.92 9.00 274.4 23.30 23.25 7.09 273.2
98.0 100.0 42.20 44.82 4.16 126.9 31.16 33.07 3.07 93.6 7.62 7.62 0.71 21.6 104.00 105.12 9.77 297.7 24.90 24.10 7.35 2841
99.0 100.0 42.31 42.26 3.93 119.7 16.58 23.87 222 67.6 7.62 7.62 0.71 21.6 98.40 101.20 9.40 286.6 22.40 23.65 7.21 262.9
100.0 100.0 4411 43.21 4.01 122.4 14.25 15.42 1.43 43.7 7.62 7.62 0.71 21.6 103.21 100.81 9.37 285.4 22.90 22.65 6.90 257.5
2 101.0 100.0 43.93 44.02 4.09 124.7 24.22 19.24 1.79 54.5 7.62 7.62 0.71 21.6 100.24 101.73 9.45 288.1 27.30 25.10 7.65 290.7
102.0 100.0 47.68 45.81 4.26 129.7 21.26 22.74 211 64.4 7.62 7.62 0.71 21.6 106.66 103.45 9.61 292.9 22.70 25.00 7.62 301.3
103.0 100.0 41.79 44.74 4.16 126.7 20.47 20.87 1.94 59.1 7.62 7.62 0.71 21.6 97.01 101.84 9.46 288.4 24.70 23.70 7.22 278.9
104.0 100.0 44.50 43.15 4.01 122.2 40.22 30.35 2.82 85.9 7.62 7.62 0.71 21.6 91.77 94.39 8.77 267.3 22.90 23.80 7.25 2701
105.0 100.0 34.44 39.47 3.67 111.8 32.07 36.15 3.36 102.4 7.62 7.62 0.71 21.6 106.85 99.31 9.23 281.2 29.10 26.00 7.92 270.0
106.0 100.0 42.63 38.54 3.58 109.1 35.19 33.63 3.12 95.2 7.62 7.62 0.71 21.6 73.77 90.31 8.39 255.7 23.60 26.35 8.03 2671
Total 2,000.0 1.1 Scarifying & re-compaction 2,453.3|1.2 (1) Embankment (local soil) 1,785.5 1.2 (2) Embankment (road side) 431.5(1.3 Subgrade 5,358.61.5 Slope trimming 5,592.6
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3.1 Drainage layer

4.0, 40

Crush stone

Embankment (side

Local soil

4.0, 40,
(Soft)|(Hard)

Scarifying & re-compaction

(t=Ave. 1)

Typical Cross Section-1

(Hard)|(Soft)

Wearing course (t=3", W=18")

Drainage layer

@3.0m

Penetration macadam
Base coure (1=6", W=28")

Graded crush stone
Subbase coure (t=6", W=30")

Cement stabilized soil
(Soil : Sand = 50% : 50%, Cement = 6.4 - 6.9%)

(Unit: Feet) Subgrade (t=Ave. 2"
Soil : Sand = 50% : 50%
3m  3m  3m  3m  3m

W w . n . w ww

Shoulder = " " " " \
\ Drainage (L=1.2m)
Carageway _ _ _ . _ . _ .. _ . _ . ._ S

Shoulder " " " o " n

"

"w

Layout of Drainage Layer (out of scale)

| 0.50m

Crush

stone

Y

4

Same thickness
with base course

Dimension of Drainage Layer (out of scale)

Locations Dimension & Quantity
Station Unit L (m) 1.20
Section-1 Section-2 Unit W (m) 0.50
8 + O 8 + 0| 90+ o0oJ101+ 0103+ 0105+ O Unit D (m) 0.15
86 + 10| 88 + 10[ 90 + 10] 101 + 10| 103 + 10| 105 + 10 Unit V (cu.m) 0.09
86 + 20/ 88 + 20[ 90 + 20] 101 + 20| 103 + 20| 105 + 20 Total Nos. 200
86 + 30| 88 + 30[ 90 + 30] 101 + 30| 103 + 30| 105 + 30 Total V (cu.m) 18.00
86 + 40| 88 + 40[ 90 + 40] 101 + 40| 103 + 40| 105 + 40
86 + 50 88 + 50 90 + 50§ 101 + 50| 103 + 50 105 + 50
86 + 60| 8 + 60/ 90 + 60] 101 + 60| 103 + 60| 105 + 60
86 + 70 88 + 70| 90 + 70§ 101 + 70| 103 + 70 105 + 70
86 + 80| 88 + 80| 90 + 80] 101 + 80| 103 + 80| 105 + 80
86 + 90 88 + 90| 90 + 90§ 101 + 90| 103 + 90| 105 + 90
87 + 0| 89+ 0 102 + 0[104 + 0O
87 + 10 89 + 10 102 + 10 104 + 10
87 + 20| 89 + 20 102 + 20[ 104 + 20
87 + 30 89 + 30 102 + 30 104 + 30
87 + 40| 89 + 40 102 + 40[ 104 + 40
87 + 50 89 + 50 102 + 50 104 + 50
87 + 60| 89 + 60 102 + 60[ 104 + 60
87 + 70| 89 + 70 102 + 70| 104 + 70
87 + 80| 89 + 80 102 + 80| 104 + 80
87 + 90| 89 + 90 102 + 90| 104 + 90
Nos. | 20| Nos. | 20| Nos. | 10] Nos. | 20| Nos. | 20| Nos. | 10
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%l #5-D: Drawings of the Soil Plant Foundation
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Bl i#5—E: Test Report of Alkaline Digestion Method
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Appendix-E

SGS

Test Re port No. : CE/2014/B2406  Date : 2014/11/24 Page : 1 of 4

ORIENTAL CONSULTANTS GLOBAL CO., LTD. *CE/2014/B2406*
12-1, HONMACHI 3-CHOME, SHIBUYA-KU, TOKYO, 151-0071, JAPAN

The following sample(s) wasAvere submitted and identified by/fn behalf of the applicant as :

Sample Description : PORTLAND CEMENT

Style/ltem No. : TIS15-PART1-2555

Sample Receiving Date : 2014/11/17

Testing Period 1 2014/11/17 TO 2014/11/24

Test Requested . As specified by client, with reference to RoHS Directive 2011/65/EU Annex Il to

determine Cr(VI) content in the submitted sample.

Test Method . Please refer to next pages.
Test Result(s) . Please refer to next page(s).
Conclusion . Based on the performed tests on submitted samples, the test result of Cr(VI) comply

with the limit as set by RoHS Directive 2011/65/EU Annex II; recasting 2002/95/EC.

/7¢ MIPANN

I —NE N I
\\ o/

This document is issued by the Company subject to its General Conditions of Sexvice printed overleaf, available on request oraccessible at

and, for electronic format documents, subject to Terms and Conditions for Electronic Documents at . Attention is
drawn to the limitation of liability, inde mnification and jurisdiction issues defined therein. Any holder of this document is advised that information contained hereon reflects the Company's
findings at the time of its intervention only and within the limits of client's instruction, if any. The Company's sole responsibility is to its Client and this document does not exonerate parties
to a transaction from exercising all their rights and obligations under the transaction documents. This document cannot be reproduced, except in full, without prior written approval of the
Company. Any unauthorized alteration, forgery or falsification of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law.
Unless otherwise stated the results shown in this test report refer only to the sample(s) tested.

33, Wu Chuan Rd., New Taipei Industrial Park, New Taipei City, Taiwan / #7117t 2 3£ R 2 1 #ER 3347
++886 (02)2299 3279 £+886 (022299 3237  www.sgs.tw

1 Member of tAgPS8Group



Appendix-E

SGS

Test Re port No. : CE/2014/B2406  Date : 2014/11/24 Page : 2 of 4

ORIENTAL CONSULTANTS GLOBAL CO., LTD. *CE/2014/B2406*
12-1, HONMACHI 3-CHOME, SHIBUYA-KU, TOKYO, 151-0071, JAPAN

Test Result(s)

PART NAME No.1 :  GRAY POWDER
Test ltem(s) Unit Method MDL Rﬁzullt Limit
Hexavalent Chromium Cr(VI) mg/kg |With reference to IEC 62321: 2008 and 2 15 1000
performed by UV-VIS.

Note :
1. mg/kg = ppm ; 0.1wt% = 1000ppm
2. n.d. = Not Detected
3. MDL = Method Detection Limit

This document is issued by the Company subject to its General Conditions of Sexvice printed overleaf, available on request oraccessible at
and, for electronic format documents, subject to Terms and Conditions for Electronic Documents at . Attention is
drawn to the limitation of liability, inde mnification and jurisdiction issues defined therein. Any holder of this document is advised that information contained hereon reflects the Company's
findings at the time of its intervention only and within the limits of client's instruction, if any. The Company's sole responsibility is to its Client and this document does not exonerate parties
to a transaction from exercising all their rights and obligations under the transaction documents. This document cannot be reproduced, except in full, without prior written approval of the
Company. Any unauthorized alteration, forgery or falsification of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law.
Unless otherwise stated the results shown in this test report refer only to the sample(s) tested.

33, Wu Chuan Rd., New Taipei Industrial Park, New Taipei City, Taiwan / #7117t 2 3£ R 2 1 #ER 3347

++886 (02)2299 3279 f+886 (02)2299 3237  www.sgs.tw

2 Member of tAgPE8 Broup



Appendix-E

SGS

Test Re port No. : CE/2014/B2406  Date : 2014/11/24 Page : 3 of 4

ORIENTAL CONSULTANTS GLOBAL CO., LTD. *CE/2014/B2406*
12-1, HONMACHI 3-CHOME, SHIBUYA-KU, TOKYO, 151-0071, JAPAN

Hexavalent Chromium Cr(VI) Analytical flow chart

1) Name of the person who made measurement: Climbgreat Yang

2) Name of the person in charge of measurement: Troy Chang

Cutting / Preparation

|

Sample Measurement

l (Note**)

Add appropriate amount of digestion reagent

|

Heat to appropriate temperature to extract

!

Cool, filter digestate through filter

Add diphenyl-carbazide for color development

;

measure the absorbance at 540 nm by UV-VIS

Note** (For IEC 62321)
(1) For non-metallic material, add alkaline digestion reagent and heat to 90~95C.
(2) For metallic material, add pure water and heat to boiling.

This document is issued by the Company subject to its General Conditions of Sexvice printed overleaf, available on request oraccessible at

and, for electronic format documents, subject to Terms and Conditions for Electronic Documents at . Attention is
drawn to the limitation of liability, inde mnification and jurisdiction issues defined therein. Any holder of this document is advised that information contained hereon reflects the Company's
findings at the time of its intervention only and within the limits of client's instruction, if any. The Company's sole responsibility is to its Client and this document does not exonerate parties
to a transaction from exercising all their rights and obligations under the transaction documents. This document cannot be reproduced, except in full, without prior written approval of the
Company. Any unauthorized alteration, forgery or falsification of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law.
Unless otherwise stated the results shown in this test report refer only to the sample(s) tested.

33, Wu Chuan Rd., New Taipei Industrial Park, New Taipei City, Taiwan / 7L i1 571 S0 1 FRER% 3355
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Appendix-E

Test Re port No. : CE/2014/B2406  Date : 2014/11/24 Page : 4 of 4

ORIENTAL CONSULTANTS GLOBAL CO., LTD. *CE/2014/B2406*

12-1, HONMACHI 3-CHOME, SHIBUYA-KU, TOKYO, 151-0071, JAPAN

*The tested sample /part is marked by an arrow if it's shown on the photo. *

** End of Report **

This document is issued by the Company subject to its General Conditions of Service printed overleaf, available on request oraccessible at http://www.sgs.com/en/Terms-and-Conditions.aspx
and, for electronic format documents, subject to Terms and Conditions for Electronic Documents at http:/www.sgs.com/en/Terms-and-Conditions/Termse-Document.aspx. Attention is
drawn to the limitation of liability, inde mnification and jurisdiction issues defined therein. Any holder of this document is advised that information contained hereon reflects the Company's
findings at the time of its intervention only and within the limits of client's instruction, if any. The Company's sole responsibility is to its Client and this document does not exonerate parties
to a transaction from exercising all their rights and obligations under the transaction documents. This document cannot be reproduced, except in full, without prior written approval of the
Company. Any unauthorized alteration, forgery or falsification of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law.
Unless otherwise stated the results shown in this test report refer only to the sample(s) tested.
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