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Program

Date: November 5, 2013 Tuesday 9:00-12:00
Venue:

1. Opening remarks (Mr. Hiroshi Shimada): 5 minutes
2. Introduction and Concept of the D - BOX (Mr. Futoshi Nomoto)

3. Theory and Examples of Soil bag and D * BOX (Comment from Prof.
Matsuoka by Video): 30 minutes

4. Coffee break: 15 minutes

5. Introduction of Japanese counter methods against soft ground and
liquefaction; and additional explanation on examples of D+ BOX at actual site
(Mr. Koichi Kadota): 20 minutes

6. Introduction of the demonstration experimentation of the D - BOX; and

Examples of utilization on Myanmar (Mr. Hiroshi Shimada): 20 minutes
7. Questionnaires (Mr. Takeshi Maeda): 15 minutes
8. Closing remarks: 5 minutes

Total: 2 hours and 40 minutes
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Major merits of the D-Box

1) Reinforcement of ground condition
(Soft clay can be improved by this method.)

2) Reduction of machinery and traffic vibration influence
3) Reduction of seismic impacts
4) Prevention of liquefaction

5) Prevention of freezing
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This method was analyzed and advanced by Emeritus Prof. Matsuoka of Aichi Institute
ofTechnology, and indicates that perfect confinement of particles can increase strength,
owingto internal frictional energy to be generated among the particles.
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Binding force effects in inside of the D-box
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p2

Where to use D-BOX?

November 2013

Pacific Consultants Hiroshi Shimada

I Recommended Place of D-Box to use

1:Road
-Base course or sub base on the soft ground

2:Bridge Place
= For the gap between bridge and road
3:Retaining wall/Dike or slope protection

4:Underground buried structure
5: Building foundation
6: Temporary road

Mincreasing of Bearing capacity Effect

@Prevention of liquefaction
3High water permeability and drainage function
@Reduction of machinery and traffic vibration influence

B ER003-36



II Where and How to use D.-BOX

Condition of existing

ground in Myanmar Structures to be constructed

1)Soft ground Road
2) Waterway under ground

3)Liquefaction Rail way
4)Quake

5) Traffic vibration ( ) | Building

6)Subsidence (consolidation)

7)Slope or Land sliding River slope
protection

8)Mud Squeezed e

9)Boiling area P

Drainage utilities

I—1 Temporary road on the swamp area (soft ground)
D-BOX Experiment construction at Kalimantan Indonesia
(DEXxisting condition (July 16t 2013)
-  ——

existing road ¥ 600mm  \ater

Soft clay

(@Back filling work (July 16th 2013)

T 250mm

]
existing road  \_ back fill |350m

Qlnstallation work (July 17th 2013)

D-BOX 2m ~3m

back il \ e

WA & BF003-37




Existing Condition of temporary road

(@Back filling work (July 16th 2013)
Using soft clay to adjust the elevation

AT EEH003-38




Installation of D-BOX (breath 2.0m:1m X 2)

Plan and actual condition of D-BOX

Section of D-BOX (original plan)

Plan of D-BOX (original plan)
gravel
+—1NN

h=0.6m
back fill \ =

existing road

D-BOX W=2m
~3m 1 layer

Actual section of D-BOX

& BR003-39




Gravel surface on the D-BOX (t=100mm)

2000mm

3000mm

Estimated Counterforce with the backhoe pressure

3hours later

The bearing capacity is @
11.7t/m?

*Pressure with the
backhoe is estimated
about 11.7ton to one D-
BOX(1.0m?)

That means 11.7ton/m? bearing

capacity is guaranteed 5<mm—>5%"‘>om
i 60m ' :

i) iy

11-7ton 23.3ton

A& ER003-40




Use as temporary road for the vehicle after 3.5 month

Completion of D-BOX installation work(July 18t 2013)

Kalimantan Indonesia

F Nomoto
/ H Shimada
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Temporary road at the very soft ground of rice field

Steel sheet plates were installed on D.-BOX in order
to prevent damage from a heavy equipment

B BH003-42




I —2 Foundation of Culvert Box on soft ground

1) existing ground condition

N=0
Clay depth 4m

N value =0 (very soft)

A sheet is required in order to walk.

I —2 Foundation of Culvert Box on soft ground

2) Installation of D.-BOX for the foundation of Culvert Box

& BH003-43




I —2 Foundation of Culvert Box on soft ground
3) Cast base concrete on D.-BOX directly

Base Concrete (casted a day after installed D-Box)

I —2 Foundation of Culvert Box on soft ground

4) Installation of Culvert Box

Installation of the box culvert /settlement of five months after is 3 mm-5mm only
There is no subsequent subsidence as of now.
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I —3 Foundation of retaining wall on boiling ground

1) Phenomenon is the same as liquefaction.

(Dground condition of L type retaining wall is to be liquefied easily
(boiling phenomenon)
(@water gushes shortly after excavating, *

(@Four(4 )layers of D-BOX-LS100 were required to the foundation

site

boiling

I —3 Foundation of retaining wall on boiling ground
2) condition of the site

Boiling area

ITEEH003-45




I —3 Foundation of retaining wall on boiling ground

L type of Retaining wall with width 4m,heigt5m

I —3 Foundation of retaining wall on boiling ground

Before excavation ,Water is oozed out.

T ER003-46




I —3 Foundation of retaining wall on boiling ground

3) Prevention of liquefaction

If it excavates, a lot of water will blow off immediately (boiling), and a
construction site was in a riddled condition.

I —3 Foundation of retaining wall on boiling ground
3) Prevention of liquefaction

=)
&
—

Since the foundation after digging was not able to stand for a
worker, either, the heavy machine constructed D-BOX directly, but
the first step of D-BOX will sink completely. (One step of D-BOX
was insttaled also-at-a worker's feet)

WA EBF003-47




I —3 Foundation of retaining wall on boiling ground
3) Prevention of liquefaction

When it became the 3rd step, even if the
clear Increase of value in a hardness could
be felt and it applied the pressure to D-
BOX using the arm of back hoe(30t),

I —3 Foundation of retaining wall on boiling ground

2) Prevention of liquefaction

To excavate some area for small

backhoe is put on D.-BOX
It took about 5-hours to install 60 Bags
including the opposite side

& EH003-48




ALL EUITIVIIWUMTUALIVIIT YWWUVUIIN VI . LIV

(November 6th ~8 th 2013 at Bogaly)

3 demonstration work with D.-BOX

(DTemporary Road on soft ground
Filled clay

@Slope protection work

‘/Crack ‘ ‘

@ Load test of D.-BOX(check the settlement) and soil exploration

Check the
settleient

Gap im +~—p.-Box”

I Demonstration work of D-BOX
(November7th~ 2013)
LOCATION Near Bogalay Yeyarwady
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IT Demonstration work of D-BOX

Slope Protection
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I Demonstration work of D-BOX

Counter Weight

D.-BOX

Load test of D.-BOX 3~5m counter weight

I Demonstration work of D-BOX

Load test for 3~5m

3 ~5m

Plan of 3~5m height road ETHE

N
N . e D.-BOX<

Load test of D.-BOX

fill 3~5m height
Soil exploration ~£=9.5m ill 3~5m heig
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Comparison of construction cost
(rough estimate reference only)

Sand filling for

counter weight - 5m 1) Construction cost
2) Maintenance cost
X 20years
) o

Total cost for

Existing ground 20years —

1)Construction cost
2)Maintenance cost

X 20years=
|:>3)Total cost for
20years —

Existing ground

HYMNESTENVELT=, Arigato

Patent

Trade Mark

Trade Mark
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D-BOX Seminar Questionnaire
(D-BOX Seminar $& ooboo0e0m cerg§igp:)
~Issues to be tackled on Soft Ground~

Thank you for joining the D - BOX seminar. We would like to ask you several questions about the soft
ground issue. Thank you for your cooperation.
D-BOX Seminar 93 c006epad[g:320305 3a0p:eoqa:onédloopdn ogi§eosdypizacs(sE §.clgeqp (soft ground) $¢ 0050005¢)
288 a0p5gp:ar, cplodeiodeedgfiaddloocdi apoBalgopieudgtizaogad cogimanilaopd
Questions about Demand (Road, Port, Railway, Industrial Estate, Residential Area)
006c§:033205)05 GusgSigp: (cods eBEd0d0m Biqoon:c0ds odeESEPH CPeSIELIGP:)
> Q1: What kind of and where problems are there? (ao& 0p50008[googagpiod [03e0R,65qCl00sp0:)

[JSubsidence (c[gog[sc:) [IVibration (op§slgc:) LJSwamps in rainy season (8:pad§) clgeqpyp:)

OLandslide at embankment (c[geom& omeomEqp: [Gogat:)

LOthers (s2(9) ( ) Location (e$ep) ( )
> Q2: Scale of damages with soft ground issue (Frequency, Relief Cost, Damage)

elgeqp (soft ground) elopc, [gdedl eoonqob8ioigp: ([§dedlg (365 anuSsocSeqs op§ayo§od saqodesadsgp:)
( )
Q3: Is there any Site and Project which you would like to apply D + BOX method?
20¢” 0lo€00520056520p) ©pS205aEesigt 03 vupod epbapdBEM3Sigp: 03¢ D BOX method o3 32034y c3dloogobs
( )
» Q4: Would you like to have an independent meeting with D + BOX team?
20¢ :6s[gc D BOX Team $¢ 03:008 cagiegzaddloocos
OYes (eagiegiadolaopd) INo (eesgieg:add)
Questions about Current countermeasure against the soft ground (Cost, Efficiency, Problems)
elgeqp (soft ground) [g[gEfg:sC vodooodeam Guigsigp: (cpsoqe§od ABeepadel [goosogp:)
» Q5: What kind of countermeasure against soft ground do you currently apply?
elgeqp (soft ground) qp: [g[gEq§20305 20¢ ©pboopdspd:c0dias, cL0d§ead4]| G5l
( )

> Q6: What is the point of issue of current countermeasure against soft ground?

elgeqp (soft ground) gps [g[gEeas 320305 ©pbaopdzaqIH20p5 38maycloospba
( )

» Q7:How much is the annual cost for the countermeasure against soft ground?
elgeqp (soft ground) gps [gfge§eecgod sdodmSmyo§odepdy| §epdspba
( )
Answered by (c[gadop) :

Y

Name (200p5) :

Position and rank (epog:)

E-mail

Phone No. (¢§:50l05)

Company (opge) :

Type of industry of your company
(00€el PG [pzo00:)

[Free opinion regarding D. + BOX:] (D-BOX € ooba005e000 aolelimalgc qp:)

Thank you for your cooperation.
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Program of the D - BOX Seminar in NayPyi Taw
Date: November 12, 2013 Tuesday 9:00-12:00
Venue: MyatTawWin Hotel, Nay Pyi Taw
1. Opening remarks (Mr. Hiroshi Shimada): 9:00-9:05

2. Introduction and Concept of the D * BOX (Mr. Futoshi Nomoto):
9:05-9:35

3. Theory and Examples of Soil bag and D * BOX (Comment from Prof. Matsuoka
by Video): 9:35-10:05

4. Coffee break: 10:05-10:25
5. Introduction of Japanese counter methods against softground ,liquefaction; and
additional explanation on examples of D * BOX at actual site (Mr. Koichi Kadota):

10:25-10:55

6. Introduction of the demonstration experimentation of the D - BOX; and

Examples of utilization on Myanmar (Mr. Hiroshi Shimada)

10:565-11:15
7. Questionnaires (Mr. Takeshi Maeda) : 11:15-11:30
8. Closing remarks: 11:30-11:35

Total: 2 hours and 35 minutes

Contact person: Mr. Hiroshi SHIMADA (hiroshi.shimada@ss.pacific.co.jp)
Ms. Yuko MATSUDA (yuuko.matsuda@ss.pacific.co.jp)

AT RH004-1



Metry’ .Db’ax®

Metry Technical Instiute

.DBOX-LSIOO/LSI50

D - BOX—LSOfR ZEIFEAOF (PEEMEKEA) . A LEABZEHO LIKE (LS100)

D - BOX—LS¥ ) —X (RLEIFERES 1)

* fgE#t - G+ RC30-0 C - RC40-OiE 3%

.DB 0x—-S8545/8590

S45 (LBREEH) SS90 (EREFH)
WEISH A 75— Dbty b Eni BT

D - BOXD/S—YER (FREFRNEHNS)

4 FF—, Evavy,. ovsvasv b

D-BOX—SS¥ 1) —X (#E#E% 4 F) * BEEH : C - RC30-0 G - RCAO-0HESE
] WITiE " = ® & W& &
D - BOX—LS100| W1000%D1000 x h 250 PHEMORATE 0.256m3 D - BOX—S8545 W450 % D450 x h 80 PEMOBRASTE 0.0162m3
D - BOX—LS150| W1500 % D1500 x h 450 PHEAORATE 1.0m3 D - BOX—S8590 W900 % D900 x h 80 PEMOBRASTE 0.0648m3

& EH004-2




Major merits of the D-Box

1) Reinforcement of ground condition
(Soft clay can be improved by this method.)

2) Reduction of machinery and traffic vibration influence
3) Reduction of seismic impacts
4) Prevention of liquefaction

5) Prevention of freezing

* ,igst;n‘n‘pvq';'r't'a"t,‘;,_l
j' r - [ |2 B 7] 3 76 A
R %o suwsatauxsis 4N

KOMMBU D F-HENNFEE

This method was analyzed and advanced by Emeritus Prof. Matsuoka of Aichi Institute
ofTechnology, and indicates that perfect confinement of particles can increase strength,
owingto internal frictional energy to be generated among the particles.

R0
X
20e 0018001 00010
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Binding force effects in inside of the D-box

NEHAREIZEHRER A DD L4 FHR (NERRZNR)

D « BOX—SS R&R 3R D« BOX—LS

A

HA RT—2I2 & 2NERR b3 RN FIZE 2RERHEER

PIARHISRIE L DK RERRA Y ORE
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D-BOX&4E LS150 HX:1500% 1500 % 450
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D-BOXGE FHIHID AA=X L1 HAMIEHR

avg)—r R |—| - . &
EETDS @

FEIREKIE 2 R B PER L=t HF
D-BOX
IRk E % H 8k A O 1

RINEHBETORETLHIS D-BOXERADELI-EEDIINTYTIE

LS VEN

TL£L

HMESYYFTYINTYTILER Y R— oy X TEELEILAIL

D:BOXEEIHES vy¥EEYE Y7y FT RS R—F Dy XIZTH
5E
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p2

Where to use D-BOX?

November 2013

Pacific Consultants Hiroshi Shimada

I Recommended Place of D-Box to use

1:Road
-Base course or sub base on the soft ground

2:Bridge Place
= For the gap between bridge and road
3:Retaining wall/Dike or slope protection

4:Underground buried structure
5: Building foundation
6: Temporary road

@increasing of Bearing capacity Effect

@Prevention of liquefaction
3High water permeability and drainage function
@Reduction of machinery and traffic vibration influence

T ER004-36



II Where and How to use D.-BOX

Condition of existing

ground in Myanmar Structures to be constructed

1)Soft ground Road
2) Waterway under ground

3)Liquefaction Rail way
4)Quake

5) Traffic vibration ( ) | Building

6)Subsidence (consolidation)

7)Slope or Land sliding River slope
protection

8)Mud Squeezed e

9)Boiling area P

Drainage utilities

I—1 Temporary road on the swamp area (soft ground)
D-BOX Experiment construction at Kalimantan Indonesia
(DEXxisting condition (July 16t 2013)
-  ——

existing road ¥ 600mm  \ater

Soft clay

(@Back filling work (July 16th 2013)

T 250mm

]
existing road  \_ back fill |350m

Qlnstallation work (July 17th 2013)

D-BOX 2m ~3m

back il \ e

WA EBF004-37




Existing condition before installation of temporary road

(@Back filling work (July 16th 2013)
Using soft clay to adjust the elevation

ITEEH004-38




Installation of D-BOX (breath 2.0m:1m % 2)

Plan and actual condition of D-BOX

Section of D-BOX (original plan)

Plan of D-BOX (original plan)
gravel
+—1NN

h=0.6m
back fill \ =

existing road

D-BOX W=2m
~3m 1 layer

Actual section of D-BOX

B EH004-39




Gravel surface on the D-BOX (t=100mm)

2000mm

3000mm

Estimated Counterforce with the backhoe pressure

3hours later

The bearing capacity is @
11.7t/m?

*Pressure with the
backhoe is estimated
about 11.7ton to one D-
BOX(1.0m?)

That means 11.7ton/m? bearing

capacity is guaranteed 5<4'Om—>5%—‘>0m
i 60m ' :

i) iy

11-7ton 23.3ton

B ER004-40




Use as temporary road for the vehicle after 3.5 month

Documentation of D-Box Manitoring

10

Completion of D-BOX installation work(July 18t 2013)

Kalimantan Indonesia

F Nomoto
/ H Shimada
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Temporary road on the very soft ground of rice field

12

Steel sheet plates were installed on D.-BOX in order
to prevent damage from a heavy equipment

13
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I —2 Foundation of Culvert Box on soft ground

1) existing ground condition

N=0
Clay depth 4m

N value =0 (very soft)

A sheet is required in order to walk.

14

I —2 Foundation of Culvert Box on soft ground

2) Installation of D.-BOX for the foundation of Culvert Box

15
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I —2 Foundation of Culvert Box on soft ground
3) Cast base concrete on D.-BOX directly

Base Concrete (casted a day after installed D-Box)
16

I —2 Foundation of Culvert Box on soft ground

4) Installation of Culvert Box

Installation of the culvert box /settlement of five months after is 3 mm-5mm only

There is no subsequent subsidence as of now. "

B ER004-44




I —3 Foundation of retaining wall on boiling ground

1) Phenomenon is the same as liquefaction.

(Dground condition of L type retaining wall is to be liquefied easily
(boiling phenomenon)
(@water gushes shortly after excavating, *

(@Four(4 )layers of D-BOX-LS100 were required to the foundation

site

boiling
18

I —3 Foundation of retaining wall on boiling ground
2) condition of the site

Boiling area

19
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I —3 Foundation of retaining wall on boiling ground

L type of Retaining wall with width 4m,heigt5m
20

I —3 Foundation of retaining wall on boiling ground

Before excavation ,Water is oozed out.
21
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I —3 Foundation of retaining wall on boiling ground

3) Prevention of liquefaction

If it excavates, a lot of water will blow off immediately (boiling), and a
construction site was in a riddled condition.

22

I —3 Foundation of retaining wall on boiling ground
3)Prevention of liquefaction

=)
&
—

Since the foundation after digging was not able to stand for a
worker, either, the heavy machine constructed D-BOX directly, but
the first step of D-BOX will sink completely. (One step of D-BOX
was insttaled also-at-a worker's feet)

23
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I —3 Foundation of retaining wall on boiling ground
3) Prevention of liquefaction

When it became the 3rd step, even if the
clear Increase of value in a hardness could
be felt and it applied the pressure to D-
BOX using the arm of back hoe(30t),

24

I —3 Foundation of retaining wall on boiling ground

2) Prevention of liquefaction

To excavate some area for small
backhoe is put on D.-BOX

It took about 5-hours to install 60 Bags
including the opposite side

25
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I Demonstration work of D.-BOX
(November 6t ~8 th 2013 at Bogaly)

3 demonstration work with D.-BOX
(DTemporary Road on soft ground

/:illed clay
@Slope protection work

‘/Crack ‘ ‘

Q@ Load test of D.-BOX(check the settlement) and soil exploration

= =
LEE .

Check the

settleient

Gap 1m —op.-80x/ 2

I Demonstration work of D-BOX
(November7th~ 2013)
LOCATION Near Bogalay Yeyarwady

27
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Existing condition of the site

28

I Demonstration work of D-BOX

Slope Protection

29
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Slope Protection

I Demonstration work of D-BOX

Load test of D.-BOX 3~5m counter weight

Counter Weight

D.-BOX

31
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Experiment of Temporary Road (Stage)

D.:BOX-are installed without heavy equipment due to no access

B BH004-52




I Demonstration work of D-BOX

Load test for 3~5m

3 ~5m

Plan of 3~5m height road ETHIE

/ \ D.-BOX<

Load test of D.-BOX

Soil exploration £=9.5m fill 3~5m height a

Foundation of D.-BOX LS 150 with sand
for loading of counter weight 3~5m

& BH004-53



Comparison of construction cost
(rough estimate reference only)

Sand filling for

counter weight - 5m 1) Construction cost
2) Maintenance cost
X 20years
) o

Total cost for

Existing ground 20years —

1)Construction cost
2)Maintenance cost

X 20years=
|:>3)Total cost for
20years —

Existing ground

36
HYMESTEWVELT=, Arigato
Patent
Trade Mark
Trade Mark
37
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D-BOX Seminar Questionnaire
(D-BOX Seminar $& ooboo0e0m cerg§igp:)
~Issues to be tackled on Soft Ground~

Thank you for joining the D - BOX seminar. We would like to ask you several questions about the soft
ground issue. Thank you for your cooperation.
D-BOX Seminar 93 c006epad[g:320305 3a0p:eoqa:onédloopdn ogi§eosdypizacs(sE §.clgeqp (soft ground) $¢ 0050005¢)
288 a0p5gp:ar, cplodeiodeedgfiaddloocdi apoBalgopieudgtizaogad cogimanilaopd
Questions about Demand (Road, Port, Railway, Industrial Estate, Residential Area)
006c§:033205)05 GusgSigp: (cods eBEd0d0m Biqoon:c0ds odeESEPH CPeSIELIGP:)
> Q1: What kind of and where problems are there? (ao& 0p50008[googagpiod [03e0R,65qCl00sp0:)

[JSubsidence (c[gog[sc:) [IVibration (op§slgc:) LJSwamps in rainy season (8:pad§) clgeqpyp:)

OLandslide at embankment (c[geom& omeomEqp: [Gogat:)

LOthers (s2(9) ( ) Location (e$ep) ( )
> Q2: Scale of damages with soft ground issue (Frequency, Relief Cost, Damage)

elgeqp (soft ground) elopc, [gdedl eoonqob8ioigp: ([§dedlg (365 anuSsocSeqs op§ayo§od saqodesadsgp:)
( )
Q3: Is there any Site and Project which you would like to apply D + BOX method?
20¢” 0lo€00520056520p) ©pS205aEesigt 03 vupod epbapdBEM3Sigp: 03¢ D BOX method o3 32034y c3dloogobs
( )
» Q4: Would you like to have an independent meeting with D + BOX team?
20¢ :6s[gc D BOX Team $¢ 03:008 cagiegzaddloocos
OYes (eagiegiadolaopd) INo (eesgieg:add)
Questions about Current countermeasure against the soft ground (Cost, Efficiency, Problems)
elgeqp (soft ground) [g[gEfg:sC vodooodeam Guigsigp: (cpsoqe§od ABeepadel [goosogp:)
» Q5: What kind of countermeasure against soft ground do you currently apply?
elgeqp (soft ground) qp: [g[gEq§20305 20¢ ©pboopdspd:c0dias, cL0d§ead4]| G5l
( )

> Q6: What is the point of issue of current countermeasure against soft ground?

elgeqp (soft ground) gps [g[gEeas 320305 ©pbaopdzaqIH20p5 38maycloospba
( )

» Q7:How much is the annual cost for the countermeasure against soft ground?
elgeqp (soft ground) gps [gfge§eecgod sdodmSmyo§odepdy| §epdspba
( )
Answered by (c[gadop) :

Y

Name (200p5) :

Position and rank (epog:)

E-mail

Phone No. (¢§:50l05)

Company (opge) :

Type of industry of your company
(00€el PG [pzo00:)

[Free opinion regarding D. + BOX:] (D-BOX € ooba005e000 aolelimalgc qp:)

Thank you for your cooperation.

VRIS ZERH004-55 (eopp@:on€dloogh)
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D - BOX Seminar

Date: December 7, 2013 Saturday 13:30-15:00
Venue: MES in Yangon

1. Opening remarks
(Prof. Win Naing Htun, CIVIL SOLUTION CONSULTANTS LTD.)

2. Introduction of the D - BOX &
Introduction of the demonstrational construction in Ayawardy Region
~Introduction of the D - BOX by Video
~Demonstrational construction
~ Local production of D - BOX
(Mr. Futoshi NOMOTO, Metry Technology Institute Co., Ltd.)

3. Coffee break: 15 minutes

4. D - BOX effect to the soft ground at the demonstrational construction
(Mr. Hiroshi SHIMADA, Pacific Consultants Co., Ltd.)
~Ground situation & Settlement
~D - BOX Effect

~Comparison between D + BOX method and current methods

5. Technical Intern Training in Japan
(Mr. Fujito MAEDA, Maedagiken Kougyou Co., Ltd.)

6. Questionnaires

7. Closing remarks

(Myanmar Engineering Society)

T RH005-1
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December 7th 2013

Pacific Consultants Hiroshi Shimada

———

1.Location

1)Location (Root No5:Bogalay to Kadonkani)
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| 2.Purpose of D-BO jon Experiment

1) Can D-BOX get enough bearing capacity on the soft
ground using cheaper material( local sand or clay)?

2) Can D-BOX be installed easily by local people
without special equipment ?

3) Can D-BOX be used on the soft ground comparing
with ordinary construction procedure cost on the soft

ground?

3 Demonstration work with D.-BOX (Image) Nov 6~13 th ,2013 at Bogalay

(DTemporary Road on soft ground (Sample in Indonesia)
Filled clay

_ o

@Slope protection work (Sample in Japanese river dike)

/Crack seepage

@ Loading test of D.-BOX(Check the settlement) and soil exploration

—
| -
ﬂ Check the
settlement & ‘
Circular slip
Gap 1m setflement ‘

Bayint Naung Bridge D.-BOX /
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(DBack hoe(27t) was
requested to land on the

very soft ground site from
the river

&

ora

4. Temporary Road (stage) for a Back-hoe
| 4-1-Pemonstration of temp

back-hoe

=

@ 6 D-BOX were Installed for
temporary stage of Back-hoe by
man power only

(@Back-hoe was able to land
on the soft clay at Kyon Sein

bridge using D-BOX

4-2 Settlement of the stage by a back-hoe(27t)

Settlement of the temporary stage for Back-]

point 9 nov 10 nov(am) | 10 nov(pm) 11 nov(pm) 12 nov(am) |seiiement Total(m!
1 97.588 97.583 97.345 97.340 97.302 | o285 )
\—/

2 97.699 97.696 97.587 97.584 97.569 0130

3 97.592 97.602 97.473 97.477 97.450 0142

4 97.797 97.757 97.585 97.538 97.508 0.289

5 97.831 97.805 97.776 97.772 97.757 0.073

6 97.879 97.827 97.822 97.750 97.750 0.129

BM EL+100. Om

Set BM as EL+100. Om(for
settlement survey only)

®®

\

®O©®
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4-3 Settlement of the back-hoe stage

Settlement of back—hoe stage

date

98,000
97.900 -
“E 97800 Mir 05
E o100 — 0.073m
© 97600 ~_
S 97500 ~_
g 97.400 ~C
O 97.300 Max-pd
® g0 0.289m
97.000
9 nov 10 10 11 12

nov(am) nov(pm) nov(pm) nov(am)

—pointl —point2  point3 — point4 — point5 — point6

Settlement became very small on the 34 day

4 —4 Removal of the back-hoe stage

e e

=

)
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5 Slope protection Work
5-1 Site Conditions
Damaged shoulder every year

5 Slope protection Work
5-1 Site Conditions

WRAFEEH005-40



5 Slope protection Work

5-1 Site Conditions Damaged shoulder every year

10

5 Slope protection Work
| ——5-2 Ordinary slop i

WREFEEEH005-41



5 Slope protection Work

| 52 Ordinary S|W

Near the site . ordinary method of slope protection

5 Slope protection Work

Wemwedm\_//

O B

(DDamaged shoulder every year E @Basement of slope LS150

=

@ Completion of Slope by LS-100

® Installation of LS-100 with sand

WRAFEEH005-42



5-4 Survey points and covered with a sheet

|

P10

int of settlement

P9

D-BOX is covered with blue sheet in
order to protect from ultraviolet rays.

5-5 Settlement of slope protection
//_\ Slope protecti
13 nov(dpm) | tdnov(11:45am) tdool10:00am) [t e ment
P3(siope) 9083 98063 98,054 98052 %08 98051 9,050 %8048 98039 (_\
0.044
P10(sope) 8150 .13 8125 9.123 %121 8121 98121 819 98.115 (
0.035
Slope protection settlement
98.160
98.140 .\_\_\
98.120 5
'E98.1UU r
5 98080 |
£ 98,060 \\ e P10
© 98040 |- ¢ .
98020
98.000 [
97.980 :
e LSS & s
Sl
PRI g g ey &
I’ d}\ ‘ié}- dl' Qd*' Q;@'). d" d}' N
o E 0 B N
date
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6. LOADING TEST
(1) Plan of loading test

Load test for 3m

3 ~5m

3m~5m

Check the
settlement

Plan of 3~5m height road

D.-BOX D.'BOX\

Load test of D.-BOX

accumulated on about 3 m
Soil exploration L£=9.5m umu e 6

6-2 Location of loading test
Counter Weight
D.-BOX

Load test of D.-BOX 3~5m counter weight

17
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Location of loading test

| mmemwe

6-3 Soil Exploration result

Phabcelalliy @000

N=0 up to -5.0m

From ground level

WRAFEEH005-45



6-3 Check Shear stress (1 KN/m?) at the surface of the ground

|

1=1.8 KN/m(by direct shear test)

6-4 Location of Loading Test

"7
S

Installation of D.-BOX for slope protection

WRAFEEH005-46



o
(o)

oo’

6-6 Settlement of Loading Test

e

Settlement of Loading

Date 12-Nov 13-Nov 14-Nov 15-Nov 16-Nov 17-Nov 18-Nov 19-Nov | 28-Nov 4-Dec
day 0 1 2 3 4 L] (] 7 14 2 total settlement
P1 97.174 97.145 97.143 97.142 97.140 97.139 97.138 97.138 97.132 97.131 0.043
P2 97.183 97149 97145 97143 7441 97140 97.140 97138 97133 97.130) 0.052
97.187 97.148 97.144 97.145 97145 97144 97.145 97.145 9714 97141 0.048
P4 97.114 97.073 97.072 97.070 97.067 97.066 97.065 97.084 97.080 97.056) 0.058
Ps 97.148 97.140 97139 97136 97.134 97133 97131 97.130 97.126 97.123| 0.024
Pé 97.183 97.117 97.112 97.109 97.106 97.104 97.102 97.099 97.093 87.090| 0.093
PT o741 97.093 97.087 97.083 97.080 97.078 97.075 97.073 97.088 97.061 0.059
P8 97.057 96.988 96.979 96.875 86.971 96.967 96.964 96.963 96.952 96.946| 0.111
TopPVC 98.478 99.387 99.377 90.368 0.019
slope sein
height of PVC pipe from base 2.320 slope protec{ean maung
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97.250

97.200

97.150

97.100

97.050

97.000

elevation (m)

96.950

96.900

96.850

96.800

Loading test settlement

L o T [

————— —a— P2
\H\H\H\“'\N 03

p4
—*%—pb

—o—pb

—+—p7

—p8

7.Calculation Method for Shear Strength of D*BOX

Mohr- Coulomb D-BOX: LS150

B=1.5m
H=0.45m
T=37.8kN/m
=30

c= 129kN/m?
Kp= 3.0
0,=446.9kN/m?
7,=193.5kN/m?

D-BOX shearing
strength;193.5KN/m?2

25
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8.Reinforcing Effect of D-BOX : Bearing Capacity

8-1 Shear stress and Bearing Capacity
———________ D e——

D.-BOX  soil weight 16.7~18KN/m*
’ Al A2
"“ ::. y
"" ,~"
0 o
45m
Qa,=1.2% 5.1 % c=25.1~69.2 kN/m?2 Shear failure of bearing ground
1=1.. . b .. . /’—~\\‘A. N
evel .29m
1 !
'\ ) |Reinforcing effect of D-BOX
4.0m e ey
Qa,=1.2X 5.1 c=81.4~111.1 kN/m? Qa,
! I'4
Load

distribution / Qa,

Qa;,: ultimate bearing capacity of the silty clay
Qa,: ultimate bearing capacity of the silty clay some sand

Cohesion of the silty clay and the silty clay some sand
26

c= 4.1~18.2 kN/m?
(The swedish load sounding test result
and the triaxial compression test result)

Reinforcing Effect of D-BOX : Bearing Capacity

8-2 Design calculation model of bearing capacity
Circular arc method : High rigidity effect of D-BOX
P 50_6kND/_:|?X unite weight: 16.7kN/m?
Without D-BOX

Safety factor : Fs= 0.61

D-BOX unite weight: 18.0kN/m3

Safety factor : Fs= 1.79 L°ad=;"‘;’;’;(°~fk':ggzskNlmz
/ = I T= x

27
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Reinforcing Effect of D-BOX :
8-3Reduction of Consolidation Settlement

(1) Consolidation test result

e-logP
1.40
120 =< [+
. [—m—T1-2
1.00 \
080 \'\\-\
©
0.60 e
040
020
0.00
1 10 100 1000 10000
P(N/m2)
LogCv-logP 0 4.0m
.0m|
900 |
800 A [——T-1]]
700 R |—m—T12[ ]
3 600
~ 500
£ 400 T-2 |
> 300 | »
© 200 dl
100
0
1 10 100 1000 10000)
P(kN/m2)
28

Reinforcing Effect of D-BOX : Reduction of

Consolidation Settlement
(2)Consolidation settlement (tentative) analysis

PO ° Settlement analysis result: P4 I:
%

000 _
P4 P8 El

0 20 400 600 800 1000
time (day)

PO

! Settlement analysis result: PO

Measuring settlement: P4 %‘ :
J Settlement analysis result: P4 |

L s e
Lr e r 5

|
Drers

|
ol i i
|
15 - !
| |

[ 1 Measuring settlement: P8
25 - — - =———— ——————— === ===

|
sor : | Settlement analysis result: PO |

time (day)

29
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Comparison of construction cost
(Rough estimate reference only)

Sand filling for
counter weight

Ratio of

|:> construction cost
Existing ground

1.0

Ratio of

:> construction cost
1.1 ~1.2

We are studying the production cost

Existing ground of D-BOX in Myanmar
30
Thank you (Arigato)
Patent
Trade Mark
Trade Mark

31
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D - BOX Seminar in Yangon
Questionnaire for the targeted site for the next D - BOX project
(D-Box 220549 $qpdgud00:0005 ¥OCSigEsCuoda00deom GusgSiyp:)

1. Name of the targeted site: (0980$:g&399é)
( )

It would be much helpful if you would provide the copy of google map through email.
(Google Map [g€[gs] e-mail [§€3, cozdlongpzgn 3as0Ea{golaopdn)

If you would like to propose several sites, please use the copy of this sheet. (Hand up please)

(30000¢] pesiglypignadgeoEdon oongoddgapiy [gpdgodeedlg8§Edoogdn)

2. Situation of the ground at the targeted site: (co5c§igCanc[ganes)
( )

It would be much helpful if you would provide the pictures at the site through email.
(pSc§:9€@050gp0d e-mail [gEe0:d Slon 383eapad8Ealanpd)

3. Problems at the targeted site: (coSc§:gE[gooosogp:)
( )

4. What kind of support would you provide for the Pilot Project?
(05:86038: 326070820000665q5320305 ©pS20pIF6C00052¢G gPraa§adilspdar)

O Heavy equipment (o05on§oon/oasep:) [JWorkers (sacobooensqp:) Ll Gravel (eoqpod)
[JSand (23) [OOthers (sagp:c220g105¢p2)

( )
5. With whom we should contact? (Please write your information)(soo50305q§c8600)
Name (s20p5) Title (spop?)

Office ()

Phone (¢$:) Fax (0050)

Email (s3:ce:cd)

Thank you for your cooperation. (cog@:oo&dloopdn)

Contact person: Mr. Hiroshi SHIMADA (hiroshi.shimada@ss.pacific.co.jp)
(8005230548 Ms. Yuko MATSUDA (yuuko.matsuda@ss.pacific.co.jp)
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1.1 LT ESTET NV
1) MrEomE - EBEET IV

L1LNIRTWERURAE R (B, RIEBRA, BPERRASE) OTRESAK LY | HiH)E %
EALE Y CH1 (EigPERRSURE 1) | CL (EEMERAKE ) | CH2 (&ilRIERRARE L) o 35D
TN—T LT, Kb E O HALSFEEIT 17.56kN/m3 TH@ETH 5,

¥t E O EERBRIL, CL (B 4.5~5.25m : T-1) &0 CH2 (& 7.5~8.14m : T-2) T
FEh L7z, £oT, 1.1.212"F X 912 CH1 OEHET /L (T-0) X, [F U miErERS R o
CH2 OEFERBRAER L VRIE Lz, 728, CH2 OJEBEERIG S Pe lZARh 140 E L REE (IE
HIEFR L) Tho720, CH1 OEERERIG L, BBRA FHhE LT % D-BOX & mih H iR
2m L EOFA N TPV [E (16kN/m2) L7z,
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Moisture Content{w) . Liguid Limit{WL), . Plastic Limit(WP),

Plasticity Index(IP) (%)

0.00 20.00 40.00 60.00

Conso. Yield Stress Pc (kgf.-"cmz)

80.00 0.000 0200 0400 0600 0800 1.000 1.200
0.00 T T T 0.00 T T T T T
! ! ! | 1 1 | |
Groundwater level,! D-BOX skt level Groundwater level, D-BOX set level
1.00 -'_'qk"_"i“‘_"‘_ﬁ*"- 100 = =3 momm e
: ! ! ow | Effective overburden pressure
200 e e R B 2.00 I - I—— — — bk — - —
CH1 | | l ol CH1 | |
| Pl X e O | | |
SUU _______ e AR TR i o Pl e e e Fro R AWP 300 [ o iR S el S |
| | | | | |
| | | | | |
B s e e e Mk 400 i e
£ - ! ! £ . LEL:
< 500 F------ i S - S W = 5.00 o
2 A, SIS, WS & SN D e
S oy e Lo Bl e Bl humansusciasn S 600 ‘i'————i————i—————
| | | | | |
?.00 ——————— :—é%———i—?_?——:— ______ ?00 _____l____l ________ :____:_____
| | | l l l l l
Al x o 0 4 | . ; L
T e e e -= =
800 oo I====== t----—-= | 1 1 | 1 1
CH2 1 1 1
A x_ o ol PR WU U O . Y. S
900 F-===~~ Iy S [ ) | | | | |
| | | | | | |
| < | | | | | I |
10,00 i ; i 10.00
(a) KhLJE oWy BRAER S R (b) ks tJE D EBREARIG S
3,000
- i = 0 BOMunit weigh 16 TN/l | _—— 1
XRHTET L1, D—BOX ; ;@
’:’?-.vm‘ g
0.- BOKunit weigh: 8RN/ P o
= o 1 - - it flm e e
B DES 96591’1’1%%@3 \m(n LEVEL s |
~ A T T sam - 8
= " 4,500 :
(FX®E Mm% GL+0m) &5 CH1 rorm
Silty Clay i
T-1
=4l LI 4 1N = . = CL !-015
XEEBORMEHER
» /W
1% 17.5kN/m’ CH2 s [
- 3/%
> ha » 5730
Sand some Silt G

X 1.1.1 k5o PrRakBR s 5B OEB BRI

ank:iie

ARG 2 FE AR R
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e—logP
1.80 T
160 p——— 1T —-—T-2
140 B——0 b ——T-0
T
1.20 ——]
RRL S
100 =14
@
0.80 ~<aL
0.60 Ty
040
0.20
0.00
1 10 100 1000 10000
P{kN/m2)
(a) EWISRNE)S T Pe~THBRE e %
LogCwv—logP
900 ——T-1
AN e
700 71 . T-0
> 600 "
< 500 ]
b ¥
=
G 400 B l\ / \ \
S 300 L N
200 Y o
100 L — i
0
1 10 100 1000 10000
P(kN/m2)

(b) “FIISRELIS T P~ EEAREL ov IR

T-0 : CHL OJE#ET /L, T-1: CLOEHET L, T-2 : CH2 DIEHET v

¢ 1.1.2 #5tEOERET Ll

it BB R SIS A Rk

ST RE007-3
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2) D-BOX O EET /L
D-BOX @ A AFEHE & v t=18 kN/m3. 16.7kN/m3 =V KOk L v | 1.1.3ITRT L DI
D-BOX OffEET /UL 7.2~50.6kN/m2 DHEET /L & L, WED 3R ThHE%E LT,

7
3,00 L2200, ‘2050
L e
D- BOMunit weigh: 16, TN/ mi_ | Lo 43 90/ fs0
: \ i Sy /
| # N e o TR i
L c ° 7 D+ BOXunit weigh: 18KN/ rr B N\ =
L \\ YO e \ . 5%
g S'g WATER LEVEL B )] 4 Bl o
Ple opg i 4 I T T | 4 ; i i
: \ f—;.-.,‘ TR | [/
N ' G 4.7 el ¥ /
¥ Oy :
i i = 055
Silty Clay
L3000 | \
4,500
SO PO

¥ z

1.1.3 D-BOX OffEET /L (D-BOX Ok % EE L= HHET L)

o A MIERR

#1 D-BOX ~ s IS A+ B AIE FiLY 16.7KN/m3 L gL,
1) B CToRIE
Kb O BN BB OWERE R BT T, 800ccO R AT O EEEFHIL /-4 R
800cc : B #KkFHE 1 1.38ke/800cc (17.25 KN/m3) . D LD DK+ 1.5kg/800cc (18.75 KN/m3)
44 18KN/m3
2) D-BOX OEEMIE (3 &) FHMHE :14.7 KN/m3
3) A=V 7 PERER:17.56 KN/m3

INODFEEEIV B A T OB ATEER y =16.7 KN/m3 &L7,
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3) H B OERARE

AT z2—TFT VRV TUT 4 U TR L VHEINDIEAE E 2% 1110 1.1.21
RT, BRAEROBE NE L 0 HEE SN D AR En=700%N &, #1RkE 1 c TV EH I
HIEARE Ec=100%c¢ |Z[FIRETH S,

F 2 S EMERBGE R OMRE D EN~OFHER] 2M 114757, KEY faREom
BEOT L, MR 2% RETH D,

Lo T, HESNDIERARIE L, E=(qu2)+1%=c+0.01=100%c &72%,

bz & X0, ¥itEoZERIL E=100%c & L. ¥E ) c X = EfERBE ok E 55k
FHEEE D E WD (13) D BOX Ok FHIdlzhE) &) , B E LEERAME 2% 1.1.3 12
RY,
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#£ 111 2v=z—FTrRY 7057 0 7 BRESR No.l

INFTERE 007-6

= % = *
IJ:;;: ?;'fgm N (EkN7/0:12)N ave: En (kN/m%)|qu (kN/m?) ¢ (kN/m?)|ave: ¢ (kN/m?) (Ek(;\l/:noz()) °
0.1 0.15 105 2.25 1.125
0.16 0.45 315 315.0 6.75 3.375 34 337.5
0.18 0.75 525 11.25 5.625
1.18 1.5 1050 22.5 11.25
1.33 0.15 105 490.0 2.25 1.125 5.3 525.0
1.93 0.45 315 6.75 3.375
2.11 0.75 525 11.25 5.625
2.23 1.5 1050 22.5 11.25
2.31 2.25 1575 8138 33.75 16.875 8.7 871.9
3.01 0.15 105 2.25 1.125
3.05 0.45 315 6.75 3.375
3.49 0.75 525 630.0 11.25 5.625 6.8 675.0
4.4 1.5 1050 22.5 11.25
5.04 2.25 1575 33.75 16.875
8.45 3 2100 1837.5 45 22.5 19.7 1968.8
it ; BUBREE R A RIS RIER
# 112 Av=z—FTrRYU 70 0 7RBRRER No.2
= * =100%
l;:;fp: ?rfri].)f)Gm N (Ek'\l7/0n(:2)N ave: E (kN/m?) |qu (kN/m?) ¢ (kN/m?)|ave: ¢ (kN/m?) (Ek(;\l/:noz? ¢
0.03 0.15 105 2.25 1.125
0.18 0.45 315 6.75 3.375
0.26 0.75 525 11.25 5.625
0.40 1.50 1050 420.0 22.5 11.25 45 450.0
0.15 105 2.25 1.125
0.45 315 6.75 3.375
0.75 525 11.25 5.625
1.00 1.50 1050 22.5 11.25
0.15 105 2.25 1.125
0.45 315 498.8 6.75 3.375 53 5344
2.05 0.75 525 11.25 5.625
2.80 1.50 1050 22.5 11.25
3.00 2.25 1575 1225.0 33.75 16.875 13.1 113.1
413 1.50 1050 22.5 11.25
5.42 2.25 1575 33.75 16.875
5.80 3.00 2100 45 22.5
6.20 2.25 1575 18375 33.75 16.875 19.7 19688
8.00 3.00 2100 45 22.5
it  BUBRES & BRI A A ERK
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90.00

72.00

Deviator Stress (51 -53) (kPa)

36.00 . g T
Breaking strain

18.00

0.00

0.600 4.000 8.000 12.000 16.000

Axial Strain ¢%

(a) #hZEIGT) o ~HHONT 2 6% : T-1 CL

20.000

110.00
88.00
66.00

Breaking strain
44.00

Deviator Stress (s1 - 63) (kPa)

22.00

0.00

0.000 © 4.000 ' 8.000 12.000 16.000

Axial Strain %

(b)  ®Wh7EIGS) 0 ~BHOT A [tk : T-2 CH2

20.000

1.1.4  —HlEMREBRRE R OBEUAD E~O A BIFR

L AR
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#* 1.1.3 ZHhEAMEREBRGIR K 0 HEE Sh 2 LA (E=100%c)

Level 96.59m JUU test CU test Design Design

depth (m) c (kN/m?)  lc (kN/m? c (kN/m?) E (kN/m?
0~1.0 - 5.3 5.30 930
1.0~20 - 7.7 1.70 770
20~3.0 10.2 10.20 1,020
3.0~40 11.3 11.30 1,130
40~6.0 133 13.30 1,130
6.0~8.0 18.15 18.15 1,330

SCIEEE 0~3m A5 CHI1, 3~4m % CL, 4~8m 75 CH2 |25 X3+ 5

it BB R 2 SR A EA

INFTERE007-8
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4) ETFEHERX
6)) BisvE T
kORI TEIX. X 115137325 HETET 5,

n

_ . o 0.01 0,02 005 QO.1 0.2 0.5 1.0 2.0
SE= (qE* Bm) /E Xn A (ff 5—2) 0]
0.2 \ P
Ny
0.5
o
ETE, S ., \\\
¥ 5 7 Hg
S : EIESLTR (m) 27¥%§§h5 \
g, BEWE KN/m? m%m%mmw[
B,: HAHHE (m) 5

n: RBEIS5—6 0>k E A% MBI5-6 H/B, &{FEn OfE”

E:&%E®$ﬁ£%%ﬁ(@%@.Eégin(Z&-&)

(oK IFHRHBHSEHOLE i S B HEEO0KTHD, BRMAK
EELLTRE,ZHVA T ENEV,)
H st EA BT 3 SBOBE (m)
E RS AR 2 BBOZAE (kN/m?)
wE, R (R5-2) CRSNHHBLTRS &, KL TSHEHKEED
AW e & >THEL B & LIETH %,

X 1.1.5 kiE+EoRIEE T EORE ik
R, ERE T sG55 THRS CERL 24 AR RN B AER 4 1P123~P124
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) JEEIL T
HEBOESELRTEIZ, M 1L.16IREINAFIETEMT S LLTER) .

€

0 eI : :
- I = B (ﬁgll_ 5_3)
1+6’0

S —IREELTE (m) .

e, - [LHE DB R DEEILT] p, TOFIAMBR L
CEFEOEIWEIC L ZEFEROMBILT, elog p G ICTFEE
HHREREE D+ R ORE L] p+ Ap ITHHIE T 5 BB L

H: EEEOEE (m)

(H /2)?* = D2
t= g .Tv=-.c_. Tp ................................................ (ﬁ£5—8)
vi v
< g,

T, BHRECT, SMEEVIEII 0SS Ap OBEEME T L 0 FEET—
EEE LTHRET 5 BRBEBRKE Ay, (=Ap) ORBMLIHEETE
&"L, FERLETOPEHE VG T, BES-8C/RLk
EEAVACLENTE B,
¢, FEEORZK T, X (B5-7 Oflcie,
HEEEETOFEEREYS U IELL L 2ORERTRS 1, RE%E
O—RIEEWLTES, ZEFEEBEARTEELLES, oMt (B5-9 @
BIfRmi b, Bl ¢ LT R S OBEASR® 51 B,
S, = U s I8, wrereresessissssisttiit i, (#Z 5—9)
VIED XS, EEcL 5L TEREE, PokosBERmz T icithbhs&d
5 OtHEEZREL, BERERCI - THETLILNTE S,
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[+0]
=
=
Oro—
Ilag
| =
Ila_c:
20N \TF 8
~ P NGSHS
g 40 S5
5> VTN TR
g 50 | AN S o
& U=50%ge =
b 60 P A
U=60%I> s 8
80 U=T0% P~ %
=
90
U=90% ]~
100 ||

0 61 02 03 04 05 06 07 08 09 1.0
"#Fﬂﬁf{‘ﬁ TII

BE5—8 HEELAETOVHERE U L RHHRE T, OBIK
(BT AR [EIBR7KFE Ay =—3E)

1.1.6 ¥tEOERILTE FEAIE
Hih ; DERE T dkogie iR THEt (k24 SRR - fEHEN  BAERGS
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1.2 T RHTRE R

P4, P6. P7. PR HEICHIT 5 20134 11 H 12 H~2013 4 12 H 18 H £ TO LT I 5
L PO, P4, P6. P7. P8 Hu S Dl FREMT#HE SR 4tk L ¢, 1.2.212~9, £7-. PO, P4, Pé,
P7. P8 O THIL FTEEKX 1.2.31277,

D-BOX OIL FHIHIRI RN 2256 O R FHITE T &iE, 23~43em BRETH 5,

3,000
PO
D - BOXunit weigh:16. TKN/ m ] =
» r -
- : 3
T P2 ol e o
™ : ’ ! N-¥aluc ‘D
. —\ e ?5 P%m. s pn s wly
=
3 (Nn) @ P8 ' %8 T I #1_—';&45 ' §
‘ir‘ ‘_‘ - A I -
il ><< L4500 | |
/-.\‘ '_' . 0,70
BERCAW
[ Silty Clay
3.000 | \
4, 500 =il

1.2.1 PR TFHENLE

HH B FR A AR
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—P0 analysis
—P4 P8 analysis

A P8 measuring
© P4 measurin

~ 10
£ \ A A A
o
t 15
o
% \
= L
@ 20
25 "
30 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
time (day)
0
*} =Pf analysis
5 % ——FP7 analysis
O Fo) O P6 measuring
© P7 measurin
10 L Ol '
E
T 15 &
2
o
- L
B 20
25
30 : J i J :
0 10 20 30 40 50 60 70 80 90 100]
time (day)

1.2.2

PO, P4, P6, P7,. P8 iDL TR R & h T aHHIRE F oo bk

HH i B A AR R
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settlement (cm)

20

25

30

35

40

45

—P0 analysis
P4 P§ analysis

\

\\

A\
\ \ 3Mcm

%y

b

s 43cm

] 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000

time (day)
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35
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45

===Pf analysis
—P7 analysis

\ 31cm

0 200 400 600 8OO 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000

time (day)

1.2.3 PO. P4, P6. P7. P8 i D& THIL T &

B AR
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1) D+-BOX Dt FHkIzhE

1281 R T FHRIE T EEFHAE T EOLE LD . FHAE TFTEIZFRETEL D 2 Ehn 5
BRRE/NSLS o TWD, ZHITR TED D-BOX ORIMEIC X AMESEEIESEICEIY . IR
SN TnWaEEZ LN, 7277 L, D-BOX Ok FEIHIZIEIC OWTIE, 5% Ok T 2R 5
HEEE X CGRHMET 20 ERH 5,
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1.3 D - BOX D3R/ M L2 RHERS

1) MR 3R ) DR EY

(1) A SR I RRETE T v

A. D-BOX (LS150) DHRERHE AJMTIG S

[+ 9 OmMAFHEOHE RN AZSEIZ LT, D-BOX (LS150) D¥L3E 11 K&k OWRIRE AW S
7 EwRDD, ATRT L IICHEEDOM B (¢=30) OE . D-BOX (LS150) OX¥5E T ¢ 1,
c=129kN/m2, fBfEE AW 113, ©1=193.5kN/m?2 & 72 5,

[ r‘l‘
R EEREEE -
= L yﬂédL
ia s Tl gruvel,sund ’T‘ _/_,C:o
L
‘ T T ‘ T .
| 2 | ¢ é %
- L 8
| At
g.1/2 (] a
lH#lQllH
2T/ .
IRERRRER RN R I 7 =2e/K D-BOX: LS150
iy e -— T . B
b 2 8 ! gravel sand - ITH c= " [4 H Ke-1) B=1.5m
i B/i—(‘ H=0.45m
‘ ‘ =4ng T=37.8kN/m
| - | ” , ®=30
*‘sz'mé:"/K’Xm“’ c= 129kN/m?
2T 2T g Kp= 3.0
T 1+ 5—=-XKp
2 : pricipal stress 0 ,=446.9kN/m?

a;=%/\’?—%:%(%h’r ) 7 ,=193.5kN/m?

H : hight of D-Box : cohesion
B - width of D-Box

T : tensile strength of pack Kp: coefficient of passive earth pressure

a
T ; shear strength
c
@

: Internal friction angle

1.3.1 D-BOX (LS150) #7571 K OB AWt 1) 0 G H s R

s AR

IRTERE007-16
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B. RN IOB TS

K8 O SR RHRIE, LUT O FE LA mE &

RENDEHREXEHWD,
R FF ) Q= TERAR$K 1.2 (ESHE) X ZRIRE 51X 5T ¢

20 =2 —=F PRI T 0 ZRERAE RN D OGRS ) KO =R R B K &
DRAE N2 E L OTE L3UIRY, WHEDOHENIFRBE TH D720, BEHRE 713 =il e
AR ROMENZHNND Z & L Ui, EREHAEN L VR Lot omRSF ) 2%

1.8.21277,

# 131 Avz—F RV LF o

— fope

N

1113 &, M OEZELAE SRR GHE# 72 LT

ARG R 2> & OHFREE 77 JRALE R AWk & OF

—HERTRERRS R (UU - CU ) 22BREDRE T, ROREHEE T

U B SL e=4.1, ¢ =18 1V, TR Om {7 {1 c=4.1(kN/m?)
HL; FEA R

RTE R 007-17

Level 97.59m | swedish test 1 | swedish test 2 |site shear test|Level 96.59m |UU test CU test Design
depth (m) o (kN/m% c (kN/m?) ¢ (kN/m?) depth (m) c (kN/m?)  lo (kN/m®  Jlc (kN/m?)
0~1.0 34 18 - - - -
1.0~20 53 45 - 0~10 - 5.3 5.30
20~30 8.7 5.3 — 1.0~20 = T3 7.70
20~30 10.2 10.20
3.0~5.0 6.8 13.1 -
3.0~40 11.3 11.30
40~60 13.3 13.30
50~9.0 19.7 19.7 -
6.0~8.0 18.15 18.15
SEEEE 0~3m A% CHI, 3~4m A3 CL, 4~8m A% CH2 |Z3%%4 45
HHEt B AR
# 1.3.2 L@ ORISR )
Level 96.59m |Design cohesion Ultimate bearing capacity
depth (m) ¢ (kN/m®) Q (kN/m?)
0 4.1 25.09
1 53 32.44
2 7 4712
3 10.2 62.42
4 11.3 69.16
6 13.3 81.40
8 18.15 111.08
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# 133 22—V oF 0 o 7EBAESE (No.l. No.2)

No.] Hits&=
EzsziiifgnﬁwNSW(kgﬂ qu (kN/m?) |e (kN/m?) |ave: ¢ (kN/m?)
0.1 5 2.25 1.125
0.16 15 6.75 3.375 3.4
0.18 25 11.25 5.625
1.18 50 22.5 11.25
1.33 5 2.25 1.125 5.3
1.93 15 6.75 3.375
211 25 11.25 5625
2.23 50 22.5 11.25 8.7
2.31 75 33.79 16.875 ;
3.01 9 2.29 1.125
3.05 15 6.75 3.375
3.49 25 11.25 9.625 6.8
44 50 22.5 11.25
5.04 75 33.75 16.875 197
8.45 100 45 22.5 '
No 2 #Hhi S
E:::}L ?E}Jﬁﬁm Wsw (kef) |qu (kN/m?) |c (kN/m?)|ave: ¢ (kN/m?)
0.03 5 2.25 1.125
0.18 15 6.75 3.375
0.26 25 11.25 5.625
0.40 a0 22.5 11.25 4.5
5 2.25 1.125
15 6.75 3.375
25 11.25 5.625
1.00 50 22.5 11.25
5 2.25 1.125 53
15 6.75 3.375 '
2.05 25 11.25 5.625
2.80 a0 22.5 11.25
3.00 75 33.75 16.875 13.1
4.13 50 22.5 11.25
542 75 33.75 16.875
5.80 100 45 22.5 (9.7
6.20 75 33.75 16.875
8.00 100 45 22.5

% qu= Wswikef) X0.45 (kN/m?), c=qu-+2 (kN/m?2)

i BB R BRI SR A R

RTERE007-18




A& R 007 Tk T

(2 AR D S FE S
A. A AN 7 & KL A8 O MRIR SR ) o g
1.1.31Z7r 9 D-BOX Dfaf EE T /L (D-BOX OIBIRZEZELIZERTT V) TROT-HEHEAND

PSS Ap ERBIRSCRF ) Q &bl 45,

Ap>Q DERS NS H3e . BEM AR TE TWDHDZ &2, D-BOX OffisazhF (MivEiz &
BIFEEEIN, WESBENRRE) b,

RATERE007-19



A& R 007 Tk T

B. v 250 & 2 E S
Kbt o EE T, 1.3.21Z a5, HIlT R HEFIETERT L CLTFEH) |
2 e Ffiro D-BOX #mEET /L (K 1.1.38M1) & L. & FE® D-BOX 2E W/ —
(D-BOX #H05x kL LTEF L) &, D-BOX 3d B/ —AZADO MRV FHEE RO 2R

Y D, KERORINSG DY D-BOX OfFEAMR L 7%, £7z, D-BOX DDV IR EH T %
FhiT 256, BREF>1.0 L RLEWMD ORI ZFHT 2,

b 0
o R
1: ; ‘a{ o \
I~
Cur, Dur \ W f’ /
H Lo D w2 \ |rr" <, . //
l Cuz> Pua \\J L syE

TT T i i i i iidTTimrrrriiiy ’Q"}ff Fiiify 7 Tr777r7iT

RE5—14 SEEIC L BEEFE

_El+ Wup)eosa @A} s (f& 5—15)
s Y (Wsina)

F %R

¢ TOWET KN/m?

¢ towAkERA ©

T snedoEOES (m)

W o2ER, BENEZST GKNm)

u, * TG & 0 B RIBRAKIE (N/m?)

b . Ml OE (m)

a o~y EEEERAE ©)

X 1.3.2 MHild Y FEFE
i, DA T sRE5HE R THREF CFk 24 4RFERR) ALFEN A AEK S )

P148~P149
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(3) AR SCRF I RREH R R SR
A. H PN /) & R 8 ORBRIR SR ) 0 Lo

PO K OYPSALIEIZ I 2K LN OHINIE T Ap EMBIRSFF D Q 2 b L T 1.8.3127R7,
TRIE Om~1.3m ONLE E T, IS Ap PEIRZF ) Q LY K& 2> TH Y, FHRE LITEE
S RETE AR S, REMLEHRTE RN L LD,

BLRITLZEMEZ MR L TV D Z L2, D-BOX ORIMEFIZ X2 M mngiInTtnsg &
FEABND,

/
. 3.000 LT 2 L 220
0.+ BOXunit weigh:16 7K/ rd i
e
| £ [ e
s . 7 0-Botunit weigh: 800/, N o g
| = ’ \, T TR S ot ST
§ i ) -ﬁ g ) lllﬂllt\‘ﬂ. 44, Sim {‘\ : I E?: m T ]
= ‘} 8§ L i W i
M~ 4,500 |
| b «Q/M
P F°E P{' » 055
Skity Clay
3,000
4,500 ) Po

PO
Shear failure of bearing ground

_____ : LN ) ____N\____Q:Ultimate bearing capacity of the clay

depth (m)

0 10 20 30 40 50 60 70 80 90 100
increment of stress A/P(kN/m2)

1.3.3 PO KU P8 ALEIZHIT DK LB OGS Ap & MIRSCFFF Q O HLik

g B NIERL
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B. FIANd 0 FHRLIT X 2 SCRp e

& FB:D D-BOX MW7 — 2 (D-BOX #43 Z kh £ (¢=5.8kN/m2) & L CTE 7 /1{k) &.D-BOX
(r =193.5 kN/m2) N 57 —ADMINT XY FHEFMERO LR A LT,

D-BOX 2N — 2D %2453 Fs=0.61, D-BOX 738 27— ADLERIT Fs=1.79 L7210 |
D-BOX DAfF#EZNRIZ L > T, REEHARE M ELTND,

ey i = N g
\ '\
il Safety factor : Fs= 0.61 Clay (e=5.3kNIm®)... . vui -
] A , ------
B e e BT g
(S S
§ - D-BOX 23\ \r—2 |
[ e :-s.n
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T206-8550 RRBSHEMME1 TH7ENS
TEL. 042-372-0111 (Af{H) FAX 042-372-6360

PACIFIC CONSULTANTS CO., LTD.

7-5, Sekido 1-chome, Tama-shi, Tokyo 206-8550, Japan
TEL.+81-42-372-0111 FAX +81-42-372-6360

November 28, 2013

[ Name |
[ Title 1]
[ Division |
[

Ministry |

Re: Questionnaire for the Pilot Project in 2015

Dear Sir:

We, Metry Technical Institute Co., Ltd., Pacific Consultants Co., Ltd., Oriental
Consultants Co., Ltd. and Maeda Technical Industry Co., Ltd. have been assigned as a
project team against soft ground by Ministry of Foreign Affairs of Japan. In this project,
we conducted the demonstrational construction in Bogaley in Ayawady Region with the

D - BOX, advanced countermeasure against soft ground.

We are planning to conduct next D + BOX project in Myanmar; the next project will be the
Pilot project for the implementation of the D + BOX business, with the result of the
demonstrational construction which has been conducted last November,2013 in
Ayawardy. On this purpose, we would like to conduct wide trial and demonstrational
construction in Myanmar. Actually, we are planning to apply JICAs Private
proposal-based dissemination and demonstration projects.We would like to install the
D - BOX at the targeted site(against soft ground) for 1-3 years, evaluate the efficiency of
the D - BOX with measuring the situation; and disseminate the D - BOX, technology,
method and products, in Myanmar. Based on the results of the Pilot Project, we will
compile the D + BOX guideline for Myanmar. Our final goal is to produce the D -+ BOX at
local factories in Myanmar with creating job opportunity, provide reasonable and
eco-friendly countermeasure against soft ground, and contribute to Myanmar’s safety

infrastructure.
As to the targeted site for the Pilot project, we are targeting on the industrial estates in

the soft ground area, including the base ground for the buildings; and landfilled ground.
We would like to install the D + BOX to those above sites with technical guidance; and
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T206-8550 ERBSHEMMF1 TH7EMS
TEL. 042-372-0111 (Af%) FAX 042-372-6360

PACIFIC CONSULTANTS CO., LTD.

7-5, Sekido 1-chome, Tama-shi, Tokyo 206-8550, Japan
TEL.+81-42-372-0111 FAX +81-42-372-6360

implement the Pilot project in Myanmar. Regarding this project, we would like to ask you
to provide the site, heavy equipment, workers, gravel, and sand if our proposed Pilot

project is adopted by JICA in next year.

We are ready to apply the JICA project in next year; however, we need the targeted site.
Thus, we would like to ask you to propose the site for the project. It would be much
helpful if you would kindly provide us information with answering the attached

questionnaire.

Yours faithfully,

Hiroshi Shimada
Project Manager of the D - BOX Project
Pacific Consultants Co., Ltd.

hiroshi.shimada@ss.pacific.co.jp

Attachment: Questionnaire sheet for the target site
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T206-8550 ERBSHEMMA1 TH7E#5
TEL. 042-372-0111 (AfEH) FAX 042-372-6360

PACIFIC CONSULTANTS CO., LTD.

7-5, Sekido 1-chome, Tama-shi, Tokyo 206-8550, Japan
TEL.+81-42-372-0111 FAX +81-42-372-6360

Questionnaire for the targeted site for the next D - BOX project

1. Name of the targeted site:

( )

It would be much helpful if you would provide the copy of google map.

If you would like to propose several sites, please use the copy of this sheet.

2. Situation of the ground at the targeted site:

( )

It would be much helpful if you would provide the pictures at the site.

3. Problems at the targeted site:

4. What kind of support would you provide for the Pilot Project?

[OHeavy equipment [ IWorkers [JGravel [JSand
COthers
( )

5. With whom we should contact?

Name: Title:
Office:

Phone: Fax:
Email:

Contact person: Mr. Hiroshi SHIMADA (hiroshi.shimada@ss.pacific.co.jp)
Ms. Yuko MATSUDA (yuuko.matsuda@ss.pacific.co.jp)
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1-

OKi shiptin Station

MYANAM RAILWAYS
CIVIL ENGINEERING DEPARTMENT
NAYPYITAW

Questionnarie for the targeted site for the next D - Box project

Name of the targeted site : -
Sake Chan Gone Cutting, Between Kwin Hla and.\kahitpin Station.

Situation of the ground at the targeted site :

- Soil and ballast foundation were very weak.

- the mud under the foundation was compressed due to the vibration of
trains.

Problems at the targeted site :
Muddy track cause the derailment of train. Especially in rainy season, the

train is stop in operation.

What kind of support would you provide for the Pilot Project ?

¥Heavy equipment W] Workers ¥1 Gravel Sand
Others

With whom we should contact ?

Name : U Linn Khine Htay Title: [Devisional
Office : Devisional Engineer Office, Hinthada

Phone : 098581820 Fax: [04421059
Email : Linnkhinehtay 09 gamil.com
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0 1-00 Oki shiptin Station hittps://www.google.convmaps/preview#!data=| 1mé ! 1m3 ! 1d8723640712d95 034905713d18.695...

Oke Shit Pin
Myanmar {(Burma)
18°41.337',95°0.804'

Imagery ©2013 DigitalGlobe, Lendsat, Map data ©2013 Google 2km

of 1 12/9/2013 5:18 AM
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Chaung Pya Bridge

Questionnarie for the targeted site for the next D - Box project

MYANAM RAILWAYS

CIVIL ENGINEERING DEPARTMENT

NAYPYITAW

1. Name of the targeted site :

Approaches of Chaung Phyar Bridge, Between Einme* - Daung Gyi

Station, Yangon - Pathein Rail Line.

2. Situation of the ground at the targeted site :

This rail line across the deep water firm and tidy affected areas. The soil is
satuated even in summer.

3. Problems at the targeted site :
Unstable and failure of embankment.

4. What kind of support would you provide for the Pilot Project ?

WHeavy equipment Workers W1 Gravel Sand
¥] Others
5. With whom we should contact ?
Name : UZaw YE Myint Title: |Executive Engineer
Office : Ein Me
Phone : 098626974 Fax: |0425689
Email : zymyint @ gamil.com
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MINISTRY OF RAIL TRANSPORTATION
MYANMA RAILWAYS
CIVIL ENGINEERING DEPARTMENT
NAYPYITAW

1- Chaung Phyar Bridge

No. 19:fhleona-14/294. ...

Dated. ..f‘.ff:’..'ﬁ'.:.ﬁﬁ.‘k{. .........................

Dear Mr. Hiroshi Shimada,

We are very pleased on your information that the planning of next D-Box project is intended to
MR. Although your choice is Pantanau - Sacort Rail line, our MR has already treated with sand

piles and blanket on that line.

Our essential requirement is to treat the approaches of Chaung Phyar Bridge, between Einme -

Daung Gyi Station, Yangon- Pathein Rail line.

Therefore, Please consider to our requirement and the details factors of that area is following ;

Location - Chaung Phyar Village, Einme Township, Irrewaddy Division
Milage - 16 / 3-4 from Balgayet
Corrdinates - Easting - 727368.27 m

Northing - 1872447.74 m
Elevation - 1.01 m
(Azimuth)
Type of Bridge - 1/27.50 m Span , P.C Girder, R.C.C Bored Pile Foundation

Height of Embankment - 434 m

Best Regards Yours,

Q’L_T_ITM/

for General Manager (Civil)
(Maung Maung Thwin)
Deputy General Manager(Civil)
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The Republic of the Union of Myanmar
Ministry of Social Welfare, Relief and Resettlement
Department of Relief and Resettlement
Letter No./1(26)supply section/
rrd
Date. December 20,
2013

Subject; Replying to use D- Box
Dear Mr.Hiroshi

Under the Department of Relief and Resettlement, the Sagaing
Divisional Office’s Road is difficult to use because the foundation of
road is muddy, soft and low place. We would like to use D.Box under
the road foundation which is 1150 ft long, the warehouse foundation
and officer’s house foundation by applying JICA supporting.

So we would like to request to come and check in this place to
use D-Box in these buildings foundation.

My warmest wishes for your success and good health.
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Yours sincerely,
Mr. Than Htut Swe
Director, Department of Relief and Resettlement,

Ministry of Social Welfare, Relief and Resettlement,

Cc;
JICA Myanmar Office
Sagaing Divisional Office
Questionnaire for the targeted site for the next D.BOX project
1. Name of the targeted site:
Monywa (Sagaing Region)
2. Situation of the ground at the targeted site:
Soft clay soil
3. Problems at the targeted site:
Ground becomes lower, the ground is not smooth, cracked
ground
4. What kind of support would you provide for the Pilot Project?
Workers, Gravel, Sand
5. With whom we should contact?
Name----- Daw Lai Lai Aye

Title-------- Deputy Director
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Office-----Sagaing Divisional Office of Relief and Resettlement
Department, Nandawan Compound Office, Sagaing
Region

Phone----0947093480, 07123221

E-mail----- ayelailaimnta@gmail.com
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

REPORT ON
SOIL INVESTIGATION
FOR
D-BOX PROJECT

BOGALAY TOWNSHIP, AYEYARWADDY REGION
UNION OF MYANMAR

1.0INTRODUCTION

Geotechnical investigations are performed by geotechnical engineers or engineering geologists to
obtain information on physical properties and mechanical properties of soil at the designated site
by the client.

In this project, the test constructing which of catt@dBox” is planned. D-Box is a type of soll
improvement method by consolidation. This method is direct surcharge method by piling up large
sandbags calletD-Box” on the soft ground. It can be expected to force the soft ground promote
consolidation settlement and to make the strength of the soil increase by constructing D-Box. Our
Fukken Co., Ltd was assigned to condoce borehole and two Swedish sounding tests
(hereinafter called as“SW”) to confirm the strength of the original and the improved soil.

1.1 Scope of Work

The scope of investigation work includes four portions; field investigation work about the original
soil, field investigation work about the improved soil, laboratory testing and report preparation.
The field investigation work about the original soil includes soil rotary boring, Standard
Penetration Test (hereinafter call€gPT’), to take undisturbed samples and Swedish sounding
(hereinafter calledSW”). The field investigation work about the improved soil includes SW after
constructed D-Box. As N-value which is got from SW can be converted as Nejaso by
carrying SW can be estimated the strength of the original and improved soil. SPT were performed
in accordance with ASTM Standaf@dmerican Society of Testing and Materials). SW was
performed in accordance with J(3apan Industrial Sandard). The collected disturbed samples
and undisturbed sample from the boreholesewanalyzed at Fukken’s Yangon Branch
Laboratory.
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

1.2 Project Location

Project area is located on Bogalay ~ Ka Don Ka Ni Road, Bogalay Township, Ayeyarwaddy
Region. The location of project area is indicated as an aerial photo in Figjre

Project area

Figure -1.1 Aerial photo of project area

1.3 Equipment Applied in the Project
1.3.1 Boring Equipment

One number of boring equipment TOHO D-1 was applied in field investigation works to study
general condition of soil layers under planned area for original condition at the site. The
specifications of boring equipment were presented in following table.
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SOIL INVESTIGATION FOR D-BOX PROJECT
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

CHIYODA & PUBLIC WORKS CO., LTD.

Table -1.1 Specification of Boring Equipment

Parts of Equipment Particulars
Brand of Boring machine TOHO-D-1”
Boring Type Rotary
Feeding Type Hydraulic Feed Type
Drilling Capacity 150m
Spindle Stroke 400mm
Spindle Inner Dia. 43mm
Hoisting Speed 10~59m/min
Weight 476kgf
Oil Pump Discharge Capacity 19 I/min
Oil Pump Working Pressure 45~70kgf/lcm
Attached Water Pump Type Toho“BG-3B”
Discharge Capacity 54 1/min
Working Pressure 15 kef/cnt
Engine Yanmar Engine 110
Power 11.0 HP
Brand of Boring machine TOHO-D-1”
Boring Type Rotary
Feeding Type Hydraulic Feed Type

Photo -1.1 TOHO D-1 Drilling Machine
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

1.3.2 Swedish Sounding Equipment

In this field investigation, Swedish sounding was applied to estimate N-value and compare the
strength of the original soil to of the improved soil which is loaded by D-Box. SW equipment is
shown in figure-1.2. The specifications of SW equipment are as follows;

Handle
Weight
Clamp for Loading

®
@
©)
(4) Base Plate
®
®
@

Rod
Rod for Screw Point
Screw Point

about 110

Screw Point

102(40)

about 12.5

- 200 Lk
J

More than 20

about 7

Figure -1.2 Schematic diagram of Swedish sounding equipment

1.4 Project Duration and Personnel

Fukken Co., Ltd conducted field investigation work in project area. The field investigation works
was started fromLNovember, 2013 and completed a Borehole and Swedisiding test before
constructing D-Box on2November, 2013. The laboratory test were carrigchtiar field work

and completed on 80November. Swedish sounding test after constru@iRpx was completed

8" December. The final report shall be submitted dhRdcember 2013.

The executed detailed actual working schedule is illustrated in table-1.1, indicating the
organization chart of personnel of the operation and their responsibilities, including list of
geotechnical engineers, drilling crews for one boring machine, technicians and the entire person
involved in this operation.
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SOIL INVESTIGATION FOR D-BOX PROJECT

Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

Table -1.2 Actual Working Schedule of Geotechnical Investigation Work

CHIYODA & PUBLIC WORKS CO., LTD.

No.

Octorber-2013

November-2013

‘December-2013

Description
27| 28

29

30 31 1 3 4 %5 6 ¥V r

DD
C

BO |1~ 7|89 ~|22 23 24

2[

Preparation

Mobilization

Field Investigation

Boring Work

BH-P-01

Swedish sounding test(1

SW-01

Swedish sounding test(2

SW-02|

De-mobilization

Laboratory Test

Report Preparation

~N|jo |0 s

Final Report Submission

Holiday

]

General Manager

A 4

Department Head
(Geotechnical Department

v v v
Section Chief Project Manager Section Chief
(Report Section) (Operation Section) (Laboratory)

A 4

Y

Y

Asst: Geotech Enginee
(Report Section)
2 Persons

Asst: Geotech Enginee
(Operation Section)
2 Persons

Asst: Section Chief
(Laboratory)
1 Person

A 4

A 4

Drilling Operator

Laboratory Technician

2 Person 1 Perso
Y A 4
Asst: Drilling Operator Laboratory Assistant
2 Person 9 Persor
A 4 A 4
Drilling Helper Laboratory Helper
6 Person 1 Perso

Flow Chart -1.1 Organization Chart of Responsible Person
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

2.0SITE CHARACTERIZATION

In this chapter, it would be included about the topography, regional geologic setting and geology
of the project area, Bogalay Township, Ayeyarwaddy Division.

2.1 Topography

Since the proposed project area is located in the Ayeyarwaddy Delta Region, the topographic
feature of the region is regards as relatively flat lying area. The project area is mainly composed
of flood plain deposit and marine sediments. As it is located at the delta region, the braided
channels are very common. The river and its tributary are meandering, shows old age stage of
Ayeyarwaddy River. Flat lying topography with abundant channel is typical features of project
area.

2.2 Regional Geological Setting

Refer to the geological map Burma, published by Earth Science and Research Division in 1977,
the project area is covered by Younger Alluvial Deposit of Holocene age. The boring results of
recent soil investigation confirmed that the project area is covered with the clastic sediments of
flood plain deposit of deltaic environment in upper portion and shallow marine deposit of lower
portion. Clay and Silt are major unit of both flood plain and marine. According to the geological
map, the regional geological setting of the area is described as follow.

Formation Age Lithology
Younger Alluvium HOLOCENE Clastic sediments of marine and flood plain deposits

_____________________ Unconformity
Irrawaddy Formation MIOCENE-PLIOCENE Sand, sandstone, silt, subordinated clays and soil
..................... Unconformity

Upper Pegu Group MIOCEN Tuffaceous shale, sandstone, limestone of shallow
marine origin
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

AGE FORMATION

HOLOCENE Atoviam

MOCENE -

PLOCENE i
MOCENE Usper Pegu Group and & equivaiant

CRETACEOUS Gicbotancana beanng Flusch units of

Waesien Ranges
| ,gizu’\ 2 Intrusive Rock
( . hy g \ Ve ) B G A S .
Py e o | Il T e
« , Project Areas ‘f ,i" £, Geologosl Stucture
Fi e 5 RAD o g £ FART

Figure -2.1 Regional Geological Map of Project Area
2.3 Geological Observation from Boreholes

The boring site was geologically formed with younger alluvim (Quaternary to recent). According
to the investigation results, the rock outcrop or any evidence of bed rock is not observed
throughout the boreholes in project area. By the result of disturbed and undisturbed samples by
drill holes, it is showing that it is reflecting the recent Alluvial deposit. Most of soil layers in the
project area are mainly Clayey soil layers. Silty SAND layer is observed at the bottom of the
investigated hole.

am
.- Fukken Co., Ltd. (Myanmar Branch), www.myanmargeoconsultant.com 7

009-13



SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

3.0FIELD INVESTIGATION
3.1 Investigation Works

Investigation works were SPT and taking undisturbed samples with boring work, SW about the
original soil (hereinafter called SW(1)) and SW about the improved soil after constructing D-Box
(hereinafter called SW(2)) . SPT depth (boring length) and SW(1) depth were 10m. SW(2) depth
was 8.0m.

3.2 Boring Works

In boring, rotary direct circulation method is appropriately applied using metal crown bits
attached to casings of @112mm and metal crown bits of @64 mm in diameter setting with single
core tube are properly applied depending on soil condition to drilling process. The drilling
machines are operated by setting on the stage with maintaining horizontal level of drilling
machine and vertical position of drilling direction while drilling on field investigation works.
Boring, SPT testing and taking disturbed samples in the point were operated from drilling stage
maintaining the stability of boring machine. In the way of direct circulation of drilling fluid, water
and betonies slurry was inevitably utilized to control the circulation of the sludge. The schematic
diagram of boring equipment is shown in following Figui& 1.

Tri Pod

Delivery Pipe
Drill Rod

Figure -3.1 Schematic View of Drilling Machine setting

The boring log is shown in Table-3.1. The top layer of surface is Silty CLAY layer to GL-9.80m,
and under GL-9.80m Silty SAND layer is checked. Silty CLAY layer has a very homogeneous
grain size distribution, wet to moist, medium plasticity, with trace of mica mineral, brownish gray
to gray color. Partially thin fine sand is put in Silty CLAY layer from GL-5.50m to GL-6.00m.
Silty SAND layer is wet to moist, fine grained and gray.

Silty CLAY layer is shown in photo-3.1. Silty SAND layer is shown in photo-3.2.
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

Photo -3.1 Silty CLAY Photo -3.2 Silty SAND

Table -3.1 Boring Log

Job No. | FKYB-2043-031
BORE HOLE No. BH-P-01 BORING LOG =
s————————————— Sheet No. | [ OF 1
PROJECT NAME - Soil i for DBox Project BORING EQUIPMENT - TOHO "D~ DATE - 02112013
LOCATION + Bogalay~Ka Don Ka Ni Road, Bogaley Townshp, Irawaddy Region BORING METHOD + Romry Direct Circulanon CLIENT
GROUNDLEVEL - ORIENTATION Vertical
CHIYODA & PUBLIC WORKS CO., LTD,
COORDINATE © 746311000 N 1792412000 DEPTH  © 10.00m GROUND WATER LEVEL - 0.50m
STANDARD PENETRATION TEST "
E % ‘_E‘ %: — TEST METHOD ( ASTM ) BADCELING
& = g
- Fy e b1 = E g
= £ E Zi“-‘ g |Ex|B| = 2 CURVE OFBLOW @ = &
|2 i = g E SOIL DESCRIETION a |BE|&| 7 g w2 | 5 =
E Bz |B | 3 “ 2| 2 S |SE|2| @ |27 @l @ |-|-]|2|2
5| = = : = 2 ] e 4 |2 o i -Volue % 2 FIE|Z
2z | & g 2 < o B (EE|E| E |2E (Blows  30cm) 5 E FEAAE
gl 2| & |E 2 8 gz 2 2|2 |2 E Elo vo 20 a0 40 30 Sl & |E|§|2|S
] Z i
1 ot )
: LSO s g By LS50 -
7 very Silty Very soft to sofl, brownish gray to gray, wet 1o 2.00 2
7 soft | CLAY | moist, medium plasticity, with wace of mica i | .
1 o mineral 2504 oy70 ] py |-2.50| L
= soft - | 3.00 | |:3
J ) 3500 s p3 (3500 F
4 GLA5.50~6,00)m, thin fine sand layer is 4.00 | 4 4
1 observed e 5 [~
i 4.50 Ty Laso L
5 . 5 E
| GLA9.80~10.0)m, fine grained, silty SAND | 350 gr45 J. Py (.30 F
6 layer is observed at that depth | 6,00 6
8 EEURETY | pg [ 650 F
7] B 7.00 |7
L3 F B14 |-
J |-ES01 530 pg B30 H
9| & | 9.00 Kl
9.50 - 9.50
3 9.50 | 0.80 2.11.13 = | = [10.00] 10
= 10.00 | 0.20 Eray Loosge Silty Loose, gray, wet to moist, fine grained, Silty 10.00 i
= SAND | SAND 10.50 |
1 i l11
. . . 11.50
12_ This borehole is lerminaied at 10.0m, I ‘!_“
= after confirmation ks =
i 12.50 |
13| : |13
B [13.50] L
14| R [14
i 14.50 }
15] l15
] 15.50 L
.‘».
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

3.3 Standard Penetration Test (SPT)

The standard penetration test was done in accordance with ASTM Stéhaarntan Society of

Testing and Materials). The test was performed using a spilt barrel sampler (50mm diameter)
connected to the end of boring rods. The sampler was driven into the soil by means of a 63.5 kg
(140 Ibs) hammer falling freely through the height of 76cm onto the anvil attached to the rod. The
sampler is driven 450mm into the soil. SPT N value is recorded for each 150mm penetration of
the sampling tube. In this case, seating drive of 150mm is first reached and the blow count for the
seating drive is not applied because the bottom of the hole may be apart from natural condition at
a certain extent. The resistance, N-value, is taken as number of blow for the penetration of test
drive of next 300 mm. When 50 blows are reached before the full penetration 300 mm, no other
blows are applied but final penetration is recorded. At the conclusion of the test, the retained soil
sample is extracted and stored in plastic bag for further analysis. In which, F@2éndicates

the procedure and apparatus of standard penetration test. N-value is summarized #38yure

0.76m
T 63.5kg
J—-.—Anvil Ll_e_]J
C ing / Drill Rod
| Casing

}7 b Split Barrel Sampler +7

150mm(Seating Drive)

150mm{Test Drive)

150mm{(Test Drive)
(a)thedrillinsbitisreplaoedhya_SplitBarrel (b) The test begin by elevating the hammer to 0.76m above the
Sampler and a hammer and an anvil anvil. This distance is ensured by a trip mechanism that releases
arrangement is mounted on top of the the hammer automatically upon reaching that height. The
connecting / drill rod energy from the impact forces the rod, hence the sampler into

the soil.

The N-values are thus the sum of the number of blows by the
hammer to drive the sampler 15cm ~ 45cm from depth D

Figure -3.2 Procedure and Apparatus of Standard Penetration Test
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

N-value (measured)
0 10 20 30 40 50
100
95
(6}
*\
J o
=
=
B 90
8
Q (6}
A
85
@Silty CLAY
ASilty SAND
80 |
Number of N-value Blow (measured) Vs Depth in
Elevation Level in Relationship

Figure -3.3 Number of N-Value (measured) vs Depth in elevation level relationship
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SOIL INVESTIGATION FOR D-BOX PROJECT
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

CHIYODA & PUBLIC WORKS CO., LTD.

Table -3.2 Comparison for SPT in different standards

Remarks on Testing Borehole

JIS A 1219
Items to be Compared (2013) ASTM D 1586-84 BS 1377 Test 19
(1992) (1990)
A Rod AW Rod
Length Less than 15m 1S Rod (Outer Diameter 41.2mm,Inner| (Outer Diameter 41.3mm,
) Diameter 28.5mm) Mass 5.7kg/m)
(Outer diameter ——
Rod 40.5/42mm) BW Rod or centerizer i
Length More than 15m)| ’ Recommend to use more rigid rod. every 3 m shall be installed
with of AW Rod.
Bend - - -
g Outer Diamete 51mm 50.8+1.3mn 50+0.15mn
g_ Inner Diameter 35mm 35.0mm 35+0.15mm
= 482~812mm
;_;i'; Sampler Total Length 810mm (Sampler head is not included) 685mm
£ Angle of Shoe edge 19047 16~23° 17018
& Thickness of Shoe edge 1.15mm 2.54mm 1.6mm
Drain Hole 4 Hole @9.2mmx2 holes @13.0mm x 4 holes
. Hole: @22.3mm, Ball:
Ball Value - Hole @22.2mm, Ball : @25mm @25mm
Hammer Mas: 63.5kg 63.5+1.0k( 65kc
Drop 75 cm 76+2.5cm 76cm
Anvil ) h:60mn B
D:75mm
Applicable Diameter of Borehc 65~150mn 65~150mn -

Water Level in Borehole

Drilling Bit Type

Appropriateness for Drilling by
Sampler

Points to note when casing pipes al
used

Gushed water and water loss

>

h

Ground water level shall be kep
above the water table when the|
SPT is carried out under water

Ground water level shall be
kept above the water table
when the SPT is carried ou

table. under water table.
Water jet type bit shall not be | Water jet type bit shall not b
used. used.

D

Pay attention not to

Sampler with water jet shall not
used for drilling.

disturb the soil below the
bottom of the hole

Casing Pipe shall not be below
than bottom of hole.

Casing Pipe shall not be
below than bottom of hole.
Clearance between casing
pipe and core tube shall be

more than 10% of inner are
of casing pipe section.

¥

Pump pressure during drilling
shall be recorded if water loss ig

Pay attention on gushing an

found. water loss.
Seating Drive 15cm 15cm 15cm
Penetration Test Drive 30cm 30cm 30cm
Finishing Drive 0~5cr - -

Maximum blow Counts

50 blows for Test Drive

50 blows for Test Drive

50 times excluding seating
drive.

Total penetration for Tesf]
Drive. However, in case

é Blow Counts during penetration per blow is Blow counts in every 15c_m Blows counts in every 7.5cn;
g penetration including seating - .
g | Record of | test Drive less than 2 cm, blow drive penetration for test drive.
£ | blow counts every 10 cm. Shall ’
| counts be recorded.
o N
) In Case 30cr ) Blow counts equivalent blo .
= penetration cannot be| penetration for 50 blow counts for last 30cm penetratior Penetratl_on for 50 blow
: counts ; ) : ) counts in Test blow.
achieved. including seating drive.
Full Automatic or semi automatig
Full Automatic or semi drop system or Cone pulley Recommend the free drop.
Way to drop the hammer . (Pulley Diameter : 150~200mm, Pay attention on friction
automatic drop system : . )
number of wind of rope : Less between winch and rope.
than 2-1/4)
Soil Types for the Test All kinds of soils All kinds of Soils Mainly for Sandy Soil.
° o Test shall be done by
= Application for gravel and sandy } } replacing the shoe to cone
54 gravel layer .
= with 60° of edge angle.
[=5 B -
<O- Generally 1.0m interval ig
Testing Interval in deep adapted but not prescrib - -
in the standard.
LN
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

3.4 Swedish Sounding

The Swedish sounding test was done in accordance witldapi& Industrial Sandard). Weight
is loaded in stages (¢ 50N, 150N, 250N, 500N, 750N and 1kN). Next, thenbar of times of
the half-rotation in every 25 cm is counted. The number of the half-rotation per skinigN
calculated by the following formula using this number.

100
Nsw = TNa

Nsw: number of half-rotation per 1m (time/m)
L : penetration length (cm)
Na : number of half-rotation (time)

The result of SW(1) is shown in figure-3.2. The result of SW(2) is shown in figure-3.3. According
to figure-3.2 and figure-3.3, it was proved that the strength of improved soil is partially increasing,
but isrit almost increasing than the original soil before constructing D-Box.

0.00 0.00

0.50 0.50

1.00 1.00

1.50 1.50

2.00 2.00

2.50 2.50

3.00 = 3.00

3.50 3.50

4.00 4.00

4.50 4.50

5.00 5.00

5.50 5.50

6.00 6.00

6.50 6.50

7.00 7.00

7.50 7.50

8.00 8.00

8.50 8.50

9.00 9.00

9.50 i i i § T Hii SSEEE i 9.50

10.00 10.00

Figure -3.4 Result of SW(1) at original soil Figure -3.5 Result of SW(2) at improved soil
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

As for the relation between the result of SW and N-value, the following formulas are proposed.
For gravel, sandy soil : N=0.002W*0.067Nw
For cohesive soil : N=0.0033\*0.050Nw

N : N-value
Wsw  : penetrating load at 1kN or less
Nsw : number of half-rotation per 1m (time/m)

The results of calculated N-value are shown in Figure-3.6. According to Figure-3.6, N-value
which is converted from SW can be almost evaluated as same as N-value with SPT.

Nvalue
10 20 30
E
<
2
o Sity QAY
Slty SAND
—o—Ndue
—o—SW(1) at orignal soil
15

Figure -3.6 Results of calculated N value by SW(1)

am
" Fukken Co., Ltd. (Myanmar Branch), www.myanmargeoconsultant.com 14

009-20



SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
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Moreover, Figure-3.7 shows comparison of N-value which converted from SW on original soil
and improved soil. N-value after constructing D-Box is the approximately same as one before
constructing.

Nvalue
0 10 20 30
100
orignal GH=197.59m
about 1.0m
improved GH=196.5/m
95
z A
=
S 90
S
= Sty AAY
Slty SAND
85
—o— Nalue
—o— SW(1) at orignal soil
—o— SW(2) a inproved soil
80

Figure -3.7 Comparison of N-value with SPT ,SW(1) and SW(2)
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
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4.0LABORATORY TEST

There have been one numbers of investigation borehole and total 7 numbers of disturbed samples
and 2 numbers of undisturbed samples were collected in project site and total 6 numbers of
disturbed samples and all of undisturbed samples were sent to office laboratory for physical
properties and mechanical properties test. The total quantities of laboratory tests carried out in this
project are listed in Table-4.1 and detail laboratory results are attached in Appendix-D of this
report. The entire tests were carried out in accordance with ASTM Standard

The physical properties tests include the following items.

e Natural Moisture Content Test
e Specific Gravity Test

o Particle Size Analysis Test

e Atterberg’s Limits Test

The engineering properties tests includes-

Unit Weight test of Soaill

Uncosolidated Undrained Triaxials Compression test [UU]

Cosolidated Undrained Triaxials Compression test (Measurement of Pore Pressure) [CUB]
Consolidation test

Summary of list of laboratory tests for each borehole s are illustrated in-Téldle

Table -4.1 Total Quantity of Laboratory Tests

Physical Properties Test Mechanical Property Test
Consolidated
Particle Size Analysis Tes| Atterberg's Limit Test] Unconsolidated Undrained
BH-NO. agg&i Specific Unit Weight Undrained Triaxial Consolidation
Content Tes| GVt Tes Sieve Test of Soil Triaxial Compression Test ~ Test
Analysis Hydromete | Liquid Plastic Compression Teg{Measurement of
Test Analysis Tes| Limit Test | Limit Test Pore Pressure
BH-P-01 8 8 8 8 7 7 2 2 2 2
Total 8 8 8 8 7 7 2 2 2 2
.
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Table -4.2 Summary of Physical Property Test Results

s | Depth Water Specific Grain Size Distribution Atterberg's Limit
ample . ;
BH No. No GL- | Soil Type Content Gravity | Gravel | sSand silt Clay LL PL ol
(m) Wn (%) o w | & | » ) ) )
P-2 2.75 CH 63.19 2.68 - 0.38 63.43 36.21 71.6b 27.18 43B7
P-3 3.75 CH 65.81 2.67 - 0.15 58.85 41.0 71.16 28.60 42F5
T-1 4.88 cL 49.61 2.72 - 1.40 66.00 32.6( 49.5} 2541 2416
P-4 5.75 CH 47.50 2.66 - 1.08 66.93 32.0 53.28 26.80 2643
BH-P-01
P-5 6.75 CH 46.67 2.66 - 0.97 71.23 27.80 51.90 2497 27h3
T-2 7.82 CH 51.69 2.69 - 0.17 67.63 32.2(¢ 60.2p 18.10 42f0
P-6 8.75 CH 46.10 2.72 - 0.22 63.59 36.2 57.19 25.16 32)03
P-7 9.75 SM(or)SC| 31.94 2.69 - 73.48 18.32 8.20
Table -4.3 Summary of Engineering Property Test Results
Triaxial Compression Test Consolidation Test
Bulk
Depth )
. i Density
BH Sam Soil Unconsolidated Consolidated Undrained Islct)li?jl Cﬁgﬁjo' Compresssio
N ple Typ Undrained (Measurement of Pore Pressure) - n Index
0. No e Ratio Stress
GL - Cw C (el . Py Pt
(m) aficrd | 2= | (kgien?) 2O | ey | 4O & (kgficr?) G (glcn?)
BH T-1 4.88 CL 0.102 2.00 0.031 33.00 0.041 18.0p 1.2797 0.690 0.42 1.765
P-01 i
T-2 7.82 CH 0.133 2.00 0.031 31.00 0.05. 16.0p 1.346 0.650 0.47 1.2

4.1 Index Property of Soil

Physical property tests and mechanical property testes are done for investigation. The detail
laboratory test results are illustrated in AppenrdiB.

4.1.1 Natural Moisture Content Test

Natural moisture content tests of (8) numbers have
been carried out on soil samples for required two
different soil layers at office laboratory in
accordance with ASTM Standard. Table-4.4 '
illustrates the summary of natural moisture content |
in each soil layers. The photograph of testing na
moisture content is shown in Photo-4.1 and the
variation of water content with depth in elevation
can be seen in Figure-4.1. The detail laboratory test
results are illustrated in AppendbD.

Photo -4.1 Natural Moisture Content Test

am
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Table -4.4 Summary of Natural Water Content of Test Results

) Natural Water Content ( %)
No. Soil Type
Range Average
Silty CLAY 46.1~65.8 52.9
Silty SAND 31.9 319
Natural Water Content (%)
0O 10 20 30 40 50 60 70 80
100
95 °
(@)
o
(0}
-
g °
s
3 o
R
A
85
@ Silty CLAY
ASilty SAND
80 [ [
Natural Water Content Vs Depth in Elevation (m)

Figure -4.1 Natural Water Content vs Depth in Elevation (m)
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4.1.2 Specific Gravity Test

The specific gravity tests in this project wi
in accordance with ASTNM
Standard at office laboratory. There have
been (3 numbers of specific gravity tes
Table-4.5illustrates the summary of speci
gravity for each soil layers. The photogre
of testing specific gravity is shown in Photo-
4.2 and therelationship between specit
gravity and depth in elevation of each ¢
layer is shown in Figure:2. The detail tes

carried out

results were described in Appendix-D.

Photo -4.2 Specific Gravity Test

Table -4.5 Summary of Specific Gravity Test Results

LTD.

. Specific Gravity
No. Soil Type
Range Average
1 Silty CLAY 2.657~2.716 2.683
Silty SAND 2.691 2.691
Specific Gravity
2.2 24 2.6 2.8 3.0
100
95 o
[e]
o
[e]
g o
~§ 90 o
g
E (o]
A
85
OSilty CLAY
ASilty SAND
80 1
Specific Gravity Vs Depth in Elevation (m)

Figure -4.2 Specific Gravity vs. Depth in Elevation (m)

m
o
FGeX
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4.1.3 Atterberg’s Limit Test

The Atterbeg’s Limit tests were made on (7) numbers
for liquid limit tests and same numbers for plastic limi
tests of specimens from disturbed and undisturbeEas =
samples by ASTM Standard at office laboratory. Thé&s = N
summary of Atterberg’s Limit Test result is shown in e,
Table - 4.6. Figure-4.3 to 4.5 illustrate the Plastic Limit
Liquid Limit and Plasticity Index versus depth in
elevation and Figure-4.6 shows condition of soil i
project area by ranges in plasticity chart. The values @
“LL”, “PL” and“PI” in Silty SAND layer couldit be
obtained. The photograph of testing is shown in Photc .
4.3. The details of test results were shown in Appendix ~ Photo -4.3Atterberg’s Limit Test
-D.
Table -4.6 Summary of Atterberg's Limit Test Result

Soil Type Liquid Limit (LL)% | Plastic Limit (PL)% | Plasticity Index (PI)
. Range 49.6~71.7 18.1~28.6 24.2~43.9
Sllty CLAY Average 59.3 25.2 34.0
. Range - - -
Silty CLAY 9
Average - - -
Liquid Limit (%) Plastic Limit (%) Plastic Index
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
100 + + 100 100
95 ° 95 ° 95 o
S s S . S .
§ 90 s § 90 5 § 90 5
'é‘ o é‘ o é’ o
85 85 85
oSilty CLAY OSilty CLAY oSilty CLAY
80 80 80
Liquid Limit Vs Depth in Elevation (m) Plastic Limit Vs Depth in Elevation (m) Plastic Index Vs Depth in Elevation (m)
Figure -4.3 Liquid Limit vs Figure -4.4 Plastic Limit vs Figure -4.5 Plasticity Index vs
Depth in Elevation (m) Depth in Elevation (m) Depth in Elevation (m)
am
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Figure -4.6 Condition of Atterberg’s Limit Test Results

4.1.4 Grain Size Analysis Test

Soil classifications or grain size distribution test were done by ASTM Standard. In this project,
(8) numbers of sieve analysis tests including (8) numbers of hydrometer tests were carried out in
laboratory of Fukken Co., Ltd. Grain size analysis testing and hydrometer testing are shown in
Photo- 4.4 and 4.5. Figure-4.7 is illustrated the grain size distribution of each soil layer versus
depth in elevation. The detail of Grain Size Analysis Test results were shown in Appendix-D.

UL

Photo -4.4 Grain Size Distribution Test Photo -4.5 Hydrometer Test
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Fine Content (%)
0 10 20 30 40 50 60 70 80 90 100
100
95
o
o
~
g o
§ 90
: ]
8
g A
85
oSilty CLAY
ASilty SAND
Coarse Soil Fine Soil
80 I I I I I I
Fine Content Vs Depth in Elevation (m)

Figure -4.7 Fine Content vs Depth in Elevation (m)

4.2 Mechanical Properties of Soil

In order to obtain the mechanical properties of Silty CLAY layer, (2) numbers of undisturbed soil
samples were sent to laboratory in this project. Table-4.7 shows each constants from the items of
tests. Hereinafter acceleration due to gravgfyis assumed as [9.8].

Table -4.7 The items of tests and the constants of soil

No. Test Name Mechanical property The constant of soil by test
kN/m?), KN/m?3),
1 Unit Weight Test 7 UL )
Y sa(kN/mg), &, Sr(%), etc.
5 Unconsolidated Undrained CukKN/mM?), ¢ ul” ),
Triaxial Compression Test Eso(kKN/m?), etc.

Shear strength propert

Unconsolidated Undrained C’(kN/m?), 6" ("),
Triaxial Compression Test C(kN/m?), ¢ (° ), etc.

4 Consolidation Test Consolidation property o, @c, R(kN/m?), etc.

4.2.1 Unit Weight Test

Total (2) numbers of undisturbed sample from the project area were carried out for unit weigt test
at office laboratory in accordance winitish Sandard. Summary of unit weigt test results are

am
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described in Table 4.8. The relationship between the unit wefght, the saturated unit weight

“vsai’ and the dry unit weightys” vs depth in elevation is presented in Figure-4.8.

According to Table-4.8 and Figure-4:8sai” value is about the same‘gs’ one. This means that
the dgree of saturation of Silty CLAY layer is nearly 100%. So there are no difference in Silty
CLAY layer of up and down in each value‘nf’, “ysa” and“yq” ,as Silty CLAY layer is almost

homogeneous.
Table -4.8 Summary of Unit Weight Test Result
BH- [ Sample | Depth Vi Y sat v d Sr
e
No. No. (m) (KN/m?) (KN/m?) (KN/m3) (%)
T-1 4.50~ 17.20 17.26 11.50 1.363 98.9
BH- 5.25
P-01
T-2 7:50~ 17.07 17.07 11.25 1.389 100.1
8.14
Average 17.14 17.17 11.38 1.376
Unit Weight p; ,psa(KN/m?3) Dry Unit Weight p4 (KN/ms3)
15 16 17 18 19 20 10 11 12 13 14 1§
100 100
95 95
()} ()
$ =
S S
E 90 © 5 90 °
) =
& &
85 85
O Silty CLAY (formula Sr=100%) o Silty CLAY
0 Silty CLAY ‘ ’
80 | | | 80
Yt YsatVS Depth Y4 Vs Depth
in Elevation (m) in Elevation (m)
Figure -4.8vy,ysatyd VS Depth in Elevation (m)
N |
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4.2.2 Uncosolidated Undrained Triaxial Compression Test
Total (2) numbers of undisturbed sample were carried out for unconsolidated undrained triaxial

compression test at office laboratory in accordance WRithish Sandard. Summary of
unconsolidated undrained triaxial compression test results are described in Table-4.9.

The relationship between the undrained shear strength of clay vs depth in elevation is presented in
Figure-4.9 to 4.10. According to Table-4.9 and Figure-4.9 to 4.10, it is proved that there are no
difference of the undrained shear strerigth” and*“ ¢ w” in depth direction. Ifi Esg” which is a

sort of modulus of deformation, it can be assumed thavkich of the upper part of Silty CLAY

layer is about three times as large as the lower part of one.

Table -4.9 Summary of Unconsolidation Undrained Triaxial Compressive Test Results

Strain
Corr.Stress/2
at 50% Eso Cuu Puu
NO. Sample No Depth(m) (61-63)/2 £50
(kN/m?) (%) (kN/m?) | (KN/m?) )
T-1 4.50~5.25 11.74 0.9 1276 10 2
BH-P-01
T-2 7.50~8.14 16.26 0.4 4064 13 3
Photo -4.6 Unconsolidated Undrained Compressive Strength Test Equipment
;3:( Fukken Co., Ltd. (Myanmar Branch), www.myanmar geoconsultant.com 24
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40

Cohesion "G,," (kN/m?) Friction Angle " ¢,," (Degree)
0 5 10 15 20 0 10 20 30
100 100
95 95
) (6}
=N =Y
& S
3 3
=90 = 1
5 ° T
2 =
= =
85 85
@ Silty CLAY @ Silty CLAY
80 80 '
Cohesion "Cy," Vs Depth in Elevation Friction Angule " ¢,," Vs Depth in
(m) Elevation (m)

Figure -4.9 G,vs Depth in Elevation (m)

4.2.3 Cosolidated Undrained Triaxial Compression Test (Measurement of Pore Pressure)

Total (2) numbers of undisturbed sample were carried out for unconsolidated undrained triaxial
compression test at office laboratory in accordance \githish Sandard. Summary of
consolidated undrained triaxial compression test (measurement of pore pressure) results are
described in Table-4.10. The relationship between the total and effective shear strength of clay vs
depth in elevation is presented in Figure-4.11 to 4.14. According to Table-4.10 and Figure-4.11

Figure -4.10¢ wvs Depth in Elevation (m)

to4.14, it is proved that there are no difference of the undrained shear stengthi and“c, ¢~
in depth direction.

Table -4.10 Summary of Consolidated Undrained Triaxial Compressive Test

(Measurement of Pore Pressure) Results

Effective Stress

Total Stress

Rate of strength

increase
NO. Sample No Depth(m) c o Cou P o
(KN/m?) ©) (KN/m?) ©) </
BH-P-01 T-1 4.50~5.25 3.0 33 4.0 18 0.447
T-2 7.50~8.14 3.0 31 5.0 16 0.381
r:o-x Fukken Co., Ltd. (Myanmar Branch), www.myanmar geoconsultant.com 25
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Cohesion C' (kN/rf) Friction Angle ¢' (Degree)
0 5 10 15 20 0 10 20 30 40
100 100
95 95
° °
= =
& &
= =
S S
g 90 ® g 90 ®
= =
Y =
K Q
85 85
oSilty CLAY o Silty CLAY
80 80
Cohesion C' Vs Depth Friction Angule ¢' Vs Depth
in Elevation (m) in Elevation (m)

Figure -4.11 Effective Stre$€’” vs Depth in

Figure -4.12 Effective Stressp °” vs
Elevation (m)

Depth in Elevation (m)

Cohesion C (kN/rj) Friction Angle ¢ (Degree)

0 5 10 15 20 0 10 20 30 40
100 100

95 95

Elevation (m)
©
o
Elevation (m)
©
o

° o
85 85
o Silty CLAY o Silty CLAY
80 80
Cohesion C Vs Depth Fricti(_)n Angulg ¢ Vs Depth
in Elevation (m) in Elevation (m)

Figure -4.13 Total Stres€.,” vs Depth in

Figure -4.14 Total Stre$sp ¢, Vs
Elevation (m)

Depth in Elevation (m)
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4.2.4 Cosolidation Test

Total (2) numbers of undisturbed sample were carried out for unconsolidated undrained triaxial
compression test at office laboratory in accordance W8TM Standard. Summary of
consolidation test results are described in Table-4.11. The relationship between voiteRatio
and Compression IndeXC:” vs depth in elevation is presented in Figure-4.15 to 4.16. According
to Table-4.11 and Figure -4.15 to 4.16, it is proved that there are no difference of the
consolidation property’ep” and“C:” in depth direction.

Table -4.11 Summary of Consolidation Test

overconsolidation region normaly consoldation regiol
NO. Sample Nc Depth(m) & Py C; Cy m, c m, oy OCR
(kN/m?) (cniday) | (kN/d) | (KN/mP) ) (KN/m?) =Py/c,'
T-1 4.50~5.25 1.28 67.6 0.42 650 1.0E-03 410 | 0.022P°%™|  41.6 1.6
BH-P-01
T-2 7.50~8.14 1.35 63.7 0.47 470 8.0E-04 120 | 0.059F°°% 63.7 1.0
Void Ratio "g," Compression Index "Cc
06 08 10 12 14 16 18 20 2p 02 03 04 05 06 07 08 O0p
100 100
95 95
2 ° 3 °
£ g
N
S N
= S
;3 9 o ‘§ 90 )
85 85
OSilty CLAY 0 Silty CLAY
80 [ T ] 80 i
Void Ratio "e " Compression Index "Cc"
Vs Depthin Elevation (m) Vs Depth in Elevation (m)
Figure -4.15 gvs Depth in Elevation (m) Figure -4.16 Gvs Depth in Elevation (m)
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The relationship between effective overburden pressuké ” and Consolidation yield stresBy”
vs depth in elevation is presented in Figure-4.17. According to Table-4.11 and Figure-4.17, it is
proved that Consolidation yield stred’,” is over effective overburden presstire,’ ”. From
these results of consolidation test, it can be assumed that Silty CLAY layer is now in normally

consolidated region to some overconsolidation region. “BigP Curvé is illustrated in
Figure-4.18.

6,’ & Pc (KN/n)
S 0 25 50 75 100
glE|#|e|t|e FEA s 100 :
5 L 7|8 e
R m|E |8 |*| g R °
nln|n|n|2a 8| o |x|¢
1 2l 3 4 S 6
3 | ol s GL-05m—
= 2
= 3 070 95 |-
= 4 é
= 5
- o S (
s \ S 90 1
3 o wl b B o 9'\smtyc]_mr
= 103990 0 |9 == 0 b K \
Silty SAND
85
o
oV'(before)
80
6, & Pc (kN/m?)
Vs Depth in Elevation (m)
Figure -4.170 " and R vs Depth in Elevation (m)
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Figure -4.18 e-logP Curve
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The “Cy-logP Curvé is illustrated in Figure-4.19 and thenv-logP Curvé is illustrated in
Figure-4.20. According to Figure-4.19 and Figure-4.20, it is proved “tbét and “my” in
overconsolidated region are ov&Cv’ and“m,” in normally consolidated region.
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5.0GEOTECHENICAL ASSESSMENT
5.1 Site conditions

As for the result of drilling work at one point in this site, cohesive soil layer is covered from the
surface to GL-9.8m with topsoil and Silty CLAY. Although the thin layer with fine sand of about
0.5m lies inside Silty CLAY layer from GL-5.5m to GL-6.0m, Silty CLAY layer is very soft and
very homogeneous without coarse soil. From below Silty CLAY layer, incohesive soil layer is
piled with Silty SAND layer. This layer is very loose with fine grained. As the lower end of Silty
SAND layer wasit confirmed in this investigation, the thickness of this layer is unknown. In this
area, the stratification of ground is a simple. It can be assumed that Silty CLAY layer is in
normally consolidated. This means that it can cause the consolidation settlement, when anything
will be loaded on the ground. The boring log is shown in Table-5.1.

Table -5.1 boring log in the site

BORE HOLE No. BH-P-01 BORING LOG
PROJECT NAME Soil Investigtion for D-Bax Project BORING EQUIFMENT TOHO " D1 DATE $ 02112013
LOCATION Bogalgy~Ka Don K N Road. Bogalay Township. Irawaddy Regan BORING METHOD Rotary Direct Cireulaton CLIENT
GROUNT LEVEI - ORIENTATION Vertical - y
CHIVODA & PUBLIC WORKS CO., LTD,
COORDINATE E 746311000 N 1792412000  DEPTH - 10.00m GROUND WATER LEVEL  © 0.50m
STANDARD FENETRATION TEST i
. . =1 S TEST METHOD ( ASTM ) SAMPLING
” o g2 g £
= & E 44 = CURVEOFBLOW @ =| &
| = & o w S0[L DESCRIPTION & . 5 E b L.
g 2 & = ” 2 =) 35 53| 3 = | E
b -} z i =] =3 4 T -V 2 = E &
2|z =} g 9 o :' %2 (Blows | 30zm) a5 = a |2
% 2 z 8 g 2 al Elp 10 20 30 40 30 | A £ |4
1 .
1] ) ) L50] s poy LSO
2 ownish| very Silty Very soft to sofl, browmish gray o gray, wet 10 2.00 2
1 Eray 5ol CLAY moist, medium plasticity, with trace of mica % ;h _ [Ir
A 1o o miineral == 070 :
&l gy soft . B
- , i |-350] orss
4 GL{550-6,000m; thin fine sand layer is 4.00 4
n abserved IR 4 5{" [T
&l B LS
4 GILA980~10.00m, fine grained, sily SAND | 5.50] g5
3 layer is observed at that depth [
R 6301 130
7] . L7
i 50
g = LE
4 |50 230
) 9
9.50] 5
il 980 | .80 21013 = 530 -
1000 | 020 gray Loose Silty Loose, gray, wet to moist, fine grained, Silty [ 10.00 | (' [
R ' SAND | SAND 10.50 [
11| . [11
11.50
|':_ This borehole is terminated at 10.0m, — 12
= after confirmation - =
i 12.50
13| 13
N |
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5.2 Soil Parameters

The geotechnical parameters can be directly evaluated from many ways such as field in-situ
testing, laboratory testing and so on. Some of the design parameters cannot be evaluated directly
neither from field tests nor laboratory tests due to the unfavorable of nature of deposit or
investigation methods. However, some parameters would be derived from the other instrumental
testing of past events and physical properties obtained from field and laboratory tests. For
evaluating the stability or consolidation of ground, the shear strength parameters and property of
consolidation are significant. The geotechnical design parameters required for stability and
consolidation analysis are listed as below-

Tt Wet unit weight of soil (kN/rf)

Yd Dry unit weight of soil (KN/rf)

vsat  Saturated unit weight of soil (kNAN

Y Effective unit weight of soil below water table (KNjm

Cw  Cohesion of soil (kN/f) [use for short term stabilitypplem]
@uw  Friction angle of soil (angle of internal frictiam degree)

[use for short term stability problem]
C Total Cohesion of soil (KN/A) [use for long term stability problem]
/] Total Friction angle of soil (angle of internal friction in degree)

[use for long term stability problem]
C Effective Cohesion of soil (KN/fh [use for long term stability problem]
@ Effective Friction angle of soil (angle of internal friction in degree)

[use for long term stability problem]
Property of Consolidation Py, Cc, e-logP CurvelogP Curve, etc.

a) Wet Unit Weight of Soil(y:)

The unsaturated soil defines as the soil located above the water table. The wet unit weight of
soil can be evaluated directly from the soil test.

b) Saturated Unit Weight of Soil {sat)

The saturated soil defines as the soil located below the water table. The saturated unit weight
of soil can be evaluated directly from the field density test or equation.-

Ysat = (GSVW + e)(W) / (1 + E)
Where- ysa = saturated unit weight of soil (KNAnN

Yw = saturated unit weight of water (kNim
Gs = specific gravity of soil
e = void ratio of soil (e wGsfor saturated clayey soil)

The Gandw can be resulted from laboratory tests of collected “Disturbed Samples™.
For those soils, which cannot be referred from above equation, the void ratio is referred from-

nm
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Table -5.2 Typical Void Ratio

Type of soil Void ration (e)

Loose uniform sand 0.8
Dense uniform sand 0.45
Loose angular-grained silty sand 0.65
Dense angular-grained sitty sangdl 0.4
Stiff clay 0.6

Soft clay 0.9-1.4
Loess 0.9

Soft organic clay 2.5-3.2
Glacial il 0.3

Source from Principles of Foundation Engineering (Braja M. Das) (Seven Edition)

c) Dry Unit Weight of Soil (yd)

The dry soil defines as the soil located above the water table. The dry unit weight of soil can
be evaluated from the field density test. However, field density test cannot be carried out.
Hence the unit weight of dry soil can be derived from the unit weight of saturated soil using
the following equation-

Yd = Ysat/ (1+W/100)

Where - Yd = unit weight of dry soil (kN/rf)
ysat = unit weigh of saturated soil (KNAN
w = natural moisture content (%)

The natural moisture contenv)( can be resulted from the laboratory tests (of collected
Disturbed Samples).

d) Effective Unit Weight of Soil ()

The effective unit weight of soil under water table can be evaluated from the equation-

Y = Ysat- Yw
Where- A = effective unit weight of soil (kN/&
ysat = saturated unit weight of soil (kNAn
Yw = unit weight of water (KN/f)

The unit weight of water in Sl unit is 9.8 kNigor) 10 kN/n?.

In this report, the unit of soil can also be referred from the recommended design parameters by
Japan Highway Cooperation (J.H.C), see Table-5.3.
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CHIYODA & PUBLIC WORKS CO., LTD.

Table -5.3 Recommended Soil Parameter by J.H.C

009-39

BUIk_ Internal Cohesion Remarks
Density -
. . . Friction
Soil Type Condition of Soil vt Angle ¢ Cu (Soil Name)
(tf/m?) ) (tf/m?)
Gravel
Compacted one. 2.0 40 0 (GW), (GP)
Gravelly Sand
Well
Compacted eog;aded 20 % 0
Sand 028 Poor re.1ded (5W). (5P)
' onge 1.9 30 0
Fill Material StvSang :
ity San
Compacted one. 19 25 Less than SM), (SC
Clayey Sand P (SM). 5©)
. (ML), (CL)
Silt, Cla Compacted one. 1.8 15 Less than 5
i, Clay P (MH), (CH)
Kanto Loam Compacted one. 14 20 Less than 1 (VH)
Dense or Wellgraded ong. 2.0 40 0
Gravel (GW), (GP)
Not dense and Poorly
18 35 0
graded one.
Dense one. 2.1 40 0
Gravelly Sand (GW), (GP)
Not dense one. 1.9 35 0
Dense or Well graded ong. 2.0 35 0
Sand (SW), (SP)
Not dense and Poorly
18 30 0
graded one.
Sitv Sand Dense one. 19 30 Less than 3
1y san (SM), (SC)
Natural Clayey Sand Not dense one 17 25 0
Ground ' '
Stiff one. 1.8 25 Less than 5
Sandy Silt
Saar:]d;CIlay Firmone. 1.7 20 Less than 3 (ML), (CL)
Soft one. 16 15 Less than 1.5
Stiff one. 17 20 Less than 5
Silt . (CH),
F . 1.6 15 L than 3
Clay irmone ess than (MH), (ML)
Soft one. 14 10 Less than 1.5
Kanto Loam 14 5 Less than 3 (VH)
nm
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e) Cohesion (Q)

The cohesive strength also known as undrained shear strength of cohesive soill, is normally
evaluated from the unconfined compression test or triaxial compression test [Undrained
Unconsolidated, hereinafter called as UU]. The relationship betW&émnd“q,” can be
evaluated from -

Cu = q_j / 2
Where- G = cohesive strength (KNAN
Qu = unconfined compressive strength (kRyYm

For some soil, as the undisturbed sample cannot be easily collected, the cohesive strength can
be reliably derived from SPT N-value, or referred from previous experiences; i.e. from Table-
5.4. In case of cohesive strength derived from SPT N value the following equation is used-

Cu = 20N/3 (KN/n?)
Alternatively the relation of SPT N-value and unconfined compressive streggth (q
illustrated in Graph-5.1.

f) Friction Angle (¢u)

The friction angle of the granular soil can be directly evaluated from the SPT N-value. The
friction angle of granular soils is evaluated from their average SPT N-value, in accordance
with Graph-5.2. The friction angle of such deposits can be also evaluated from equation and
the recommended design parameterdapan Highway Cooperation (J.H.C)(See Table-5.3).

In case of granular soil, the friction angle of soil can be derived from following equation.

@=v20N+15............. (From Osaki, 1979)

The friction angle for cohesive soil can be also determined from triaxial compression test
[UU].

@, 61 - 62 (kKN/m?

T T 7 55
4000 ¢ ATiuvial clay (off ore) . %
¥ Deluvial day (off shore) 50 ! ! !
2000, Honmoku Hard clay 120 &3 la 2
o Deluvial day (on shore) § = 45 | | IO N« 5.1 6'=50kN/m?
1000 |- 10 2 10.5kglem?®}
oL R»qx)gdby’lhkmakn & 8 & 2“ Meyerhofl 3 1 G ‘3
600 Nishigaki 4 6 g g 40, “m& 5)-2 a'=100kN/m?
/ g ! - 5 {1.0kgflem?}
400 Qf* . B £ /i ts i
N by = % > (3)-36/=200kN/m?
e R & g 4-1 (2.0kgfem?)
200 M T 2B Z 3 :
e e & e peap
100 Sk (R T Tt eV 17 g U ra
G Ly
80 2 =1ﬂ 0.8 2
60 . S 06
o ; 20 : 1
40— i 04 g -
Proposed by Ciaki S8 —; Z 58
& .8 = 2 sS4
1 2 4 6810 20 40 6080100 0 10 20 30 40 50 60 70
N-Value N-Value

Graph -5.1 Empirical Relation of N-Value and
Unconfined Compressive Strength for Clay

Graph -5.2 Empirical Relations between N-value
and Friction Angle for Sand

nm
u_
FG=X
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g) Cohesion (C,C) and Friction Angle (¢, ¢°)

When the short term will be examined, cohesive strength and frictive strength also known as
drained-consolidated shear strength of cohesive soil, is normally evaluated from the triaxial
compression test [drained consolidated hereinafter called as CU]. When this test is carried out
with measurement of pore pressure, the effective stress of soil can be evaluated. In this case,
the test neme is called as [CU(measurement of pore pressure), hereinafter called as CUB] .

h) Modulus of Elasticity of Soil and Rock (E)

The modulus of elasticity of soil can be derived from the SPT N-value. In general, the
modulus of elasticity of soil can be evaluated by multiplying SPT N-value. The modulus of
elasticity of soil for granular soil is evaluated from the following equation -

E = 70N (tf/m?)=700N (kN/n¥) (for Sand and Gravel)

However the modulus of elasticity of cohesive soil can be derived from modulos of
deformation(undrained cohesive strength test; unconfined compression test or triaxial
compression test(UU)).

i) Poisson’s Ratio (v")

The poisson’s ratio is the ratio of axial strain versus lateral strain. In this report poisson’s ratio
of the soil can be estimated from experts’ options described in following Table-5.4.

Table -5.4 Typical Values of Poisson's Ratio

No Type of Soil L'
1 Saturated clay 04~05
2 Unsaturated or sandy clay 0.2 ~0{4
3 Sand:@=40° 0.2
4 Sand:@=20° 0.5

j) Property of Consolidation ( R, Cc, e-logP Curve, G-logP Curve, Cu/P ,etc.)

In this project, it is important to obtain the property of consolidation on Silty CLAY layer.
So it was carried out the consolidation test and triaxial compression test [CUB]. The property
of consolidation can be estimated from consolidation test. And the rate of strength increase
“Cu/P’ can be acquired by triaxial compression test [CUB] test.
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Table-5.5 shows soil parameters extract from several correlations and proposed formulas. Finally,
the recommended geotechnical design parameters are indicated as shown in Table-5.6. Table-5.7
shows the property of consolidation about Silty CLAY layer. The design curve is indicated in

Figure-5.1, Figure -5.2 and Figure -5.3.

CHIYODA & PUBLIC WORKS CO., LTD.

Table -5.5 Soil Parameters for Geotechnical Analysis from several formulas

i N-Value Cohesion (Cu) iﬁicm{e Friction angle Effrfligg\r/]e Unit weight (kN/nf) Modulus of | pogssion
No ol Name | average KN/m? ohesion (degree) Angle | Ysat | Y | ¥sa| 7 | Elasticity (kN/nf) | Ratio
N SPT | Lab JHC[ byLab| SPT Lal JHC byldb bylab by JHC
1 |Silty CLAY 0 0 12 <50 3 0 17 15 32 17 7 14 4 2,600 0.4
2 |Sity SAND 5 0 NA 0 NA 25 NA 30 NA NA [ NA | 18 8 3,500 0.5
Table -5.6 Recommended Geotechnical Design Parameter for Geotechnical Analysis
. . Effective Effective . . .
N-Value | Cohesion| Friction angleCohesion Friction Angle Soil Unit weight N
No Soil Name Modulus of Poission’
: (Average) ¢ ¢ c ¢’ KN/ Elasticity(kN/m?) | Ratio
KN/ (degree) kN/rh (degree) | Ysat i
1 [Sity CLAY 10 0 0 30 17 7 2,600 0.4
2 |Sity SAND 0 25 18 8 3,500 0.5
Table -5.7 Recommended Geotechnical Design Parameter for Consolidation Analysis
Overconsolidated Region|Normally consolidated Regi
e-logP Curve Cc C my G my Cu/P
(cm’/day) (kN/nf) (cm/day) (kN/nf)
Figure-5.3 0.45 400 1.0E-03 100 | 0.036P"083 0.4
15
—@—BH-P-01, T-1, (4.50~5.25)
14 —e—BH-P-0L, T-2, (7.50~8.14)n |
1.3 0\ ——Design LINE [
11 I \\
§ 1.0
Ej 0.9
§ 1 1
" presswe Gouh | voioRaio
0.100 1.29 A
07 0200 1.25 \|
D00 i N
1.600 1.00
0.5 3.200 0.85
6.400 0.72
04 12.800 0.60
) 1.00 10.00 100.00 1000.00 10000.00
Pressure (KN/rd)
e -log p Curve
Figure -5.1 Designed e-logP Curve
N |
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Figure -5.3 Designed wogP Curve

Remark

Above geotechnical design parameter shows average ones based on investigation results.
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6.0SUMMARY OF SOIL INVESTIGATION
6.1 General

In this investigation before constructed D-Box, it was conducted drilling work of 1 point and
Swedish sounding test of 1 point. It was carried out to check the stratification with standard
penetration test (hereinafter called as SPT) and to collect the undisturbed samples which of
represented stratum at this site. The collected samples were sent to laboratory to obtain the
consolidation and strength property on the original soil. Swedish sounding test was carried out to
compare the converted N-value with N-value from SPT. At one month after constructed D-Box,
Swedish sounding was carried out to check the strength of soil which was progressing to
consolidate and to compare with the original strength of soil.

6.2 Site Condition of original

As for the result of drilling work at one point in this site, cohesive soil layer is covered from the
surface to GL-9.8m with topsoil and Silty CLAY. Although the thin layer with fine sand of about
0.5m lies inside Silty CLAY layer from GL-5.5m to GL-6.0m, Silty CLAY layer is very soft and
very homogeneous without coarse soil. From below Silty CLAY layer, incohesive soil layer is
piled with Silty SAND layer. This layer is very loose with fine grained. As the lower end of Silty
SAND layer wasit confirmed in this investigation, the thickness of this layer is unknown. In this
area, the stratification of ground is a simple. It can be assumed that Silty CLAY layer is in
normally consolidated. This means that it can cause the consolidation settlement, when anything
will be loaded on the ground. The boring log is shown in Table-6.1.

Table -6.1 boring log in the site

BORE HOLE No, BH-P-01 BORING LOG

PROJECT NAME - Soil Investigation for D-Box Priject BORING EQUIPMENT TOHO " DI DATE 02112013

LOCATION Bogalay-Ka Do Ka Ni Road. Bogalay Towsship, lirawaddy Region BORING METHOD

CLIENT

CHIVODA & PUBLIC WORKS CO., LTD.

GROUNDIEVEL - ORIENTATION

COORDINATE E 746310000 ; N 1792412.000  DEPTH  * 10.00m GROUND WATER LEVEL

SAMPLING

SOIL DESCRIFTION

THICKNESS (m)

E (Bows | 30cm)
S0 10 20 30 40 50

wnish| very Silty
gy | soft | cLAY
o0 0
gray | sof

GL{5.50-6.00)m; thin fine sand layer is 4.00
abserved alts| 450
GL-9.80~10.0)m, fi cd, silty SAND 5.50] g5
layer is observed at 1h

| 6501 130

8.50 5
9.50) 539

——

9.80 | 9.50

211,13
10.00] 0.20 2 00se, g T0.00
" SAND | SAND

This borchole is terminated at 10.0m,
= after confirmation

=
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6.3 The study results on effect of soil improvement

The comparison of original with improvement ground is indicated in Figure-6.1. It can be proved
that the strength of soil wagnncreasing for one month after constructed D-Box.

N-value
20 30

o
| e
o

100

orig'nd GH=197.59m

about 1.0m |
improved GH=196.57m 4

0]
Sityaay

Sity SAND

Elevation(m)

—o—Nadue
—o—9\(1)at orignal soil

—o—S\(2)at inproved sail

Figure -6.1 Comparison of original ground vs improved ground by Swedish sounding test

It could be expected that it can be proceeded to consolidate when it would be loaded from
consolidation test result. After consolidation phenomenon is observed, the strength of soil can be
higher than original soil. But the result is against that in this investigation. There is few reasons
which the strength of soil was same as one of original soil. It can be considered as following-

® The increasing load was small

When D-Box was constructed, the increasing stress in ground can be asstBestdny-Code
Method’. The formula of‘Boston-Code Methdtis indicated as following-

BZ
o _= q

’ (B +2Ztan30° )“

B : width (m)
z : depth (m)
q -load (KN/m)
m
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D-Box unit weight : 17 kN/n? (Assumed)

D-Box height : 3m

DBOX
3.0mx 3.0mx 3.0

D-Box width of foundation plate 4.5mx<4.5m m

g= (17X 3% 3% 3) [ (4.5 4.5) =22.7= 23 kN/n?

0, & Pc (kN/n?)
0 25 50 75 100

GL-0.5m

¥
excavation ——

95

Elevation (m)
Nl
o

. |Silty CLAY

\\
ANS

Silty SAND

85

ov'(before)

------ ov'+ AcZ

80

6, & Pc (kN/m?)
Vs Depth in Elevation (m)

Figure -6.2 The stress condition of loadiBox”

According to Figure-6.2 which of red line indicates the stress condition, increasing loatd wasn
got to the consolidation yield stre$3,” of original soil.
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Appendix — A Boring Logs
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Job No.

FKYB-2013-031

BORE HOLE No. BH-P-01 BORING LOG
Sheet No. 1 OF 1
PROJECTNAME  : Soil Investigation for D-Box Project BORING EQUIPMENT : TOHO "D1" DATE 1 02.11.2013
LOCATION : Bogalay~Ka Don Ka Ni Road, Bogalay Township, Ayeyarwaddy Region BORING METHOD : Rotary Direct Circulation CLIENT
GROUND LEVEL  : +97.590m ORIENTATION . Vertical
CHIYODA & PUBLIC WORKS CO., LTD.
COORDINATE : E746311.000: N 1792412.000  DEPTH  : 10.00m GROUND WATER LEVEL ~ : 0.50m
STANDARD PENETRATION TEST .
- _ 2 TEST METHOD ( ASTM ) SAMPLING
| =R E E
~ 2z < &
= E Ei z ~| £ — CURVE OF BLOW @ —
Z < 2 2 =) SOIL DESCRIPTION & 215 g = 2
dElilg ]| = | e2 | & g (252 & |22 £5 | 2 -z
Sls)e e 2| g | e8| 2 S CHEIEREE N-vale EP BN S I
2 4 £ ;_,: g S 52 a £ 5|2 £ s (Blows / 30cm) se| £ b NE
2| = A = a S 2= 2 s |3 | 2 Elo 10 20 30 40 50 22|22
4 N - I
] . . i ) ) 1.50] o/a5 * P |
2 brownish| very Silty Very soft to soft, brownish gray to gray, wet to 2.00 2
7] gray soft CLAY moist, medium plasticity, with trace of mica > 5(-) 550 B
1 to to mineral - 0/70 @ P-2 = -
3 eray | soft B 3.00 13
l ' . 3.50) /55 & ps | 350 L
4 GL~(5.50~6.00)m; thin fine sand layer is 4.00 4.00 4
| observed @115 4.50 4.50 |
&) em
3 - 325 L5
| 5.501 o/45 * P4 830 L
6/ . 6.00 |6
l 6.50| 1,39 p.s | 650 L
7 ) 7.00 | 7
| 7.50 7.50 i
&) cm
8] . 814 | 8
] 8.501 230 p6 |-8:30 L
2 . 9.00 K
9.50 9.50
Lol87.79] 9.80 | 9.80 o 111 5/30 P-7 000 0
) — . -
37.59110.00| 0.20 gray Loose Silty Loose, gray, wet to moist, fine grained, Silty [ 10.00 - ~
h SAND | SAND 10.50
1 } |11
. . . 11.50
N This borehole is terminated at 10.0m, B
12 . 12
= after confirmation - =
] 12.50 |
13| } 113
] 13.50 |
14| _ 114
| 14.50 i
15] _ 115
i 15.50 |
16| } l16
] 16.50 |
17| _ 117
i 17.50
18| _ 118
1 18.50
19| _ 119
4 19.50 |
20] _ 120
| 20.50 L
21 } 21
1 21.50 |
22| _ 122
| 22.50 i
23| _ 123
i 23.50 |
24 _ 124
i 24.50 |
23] _ 125
] 25.50 |
26| _ 126
] 26.50 |
27 _ 127
| 27.50 L
28 } |28
] 28.50 |
29 _ 29
] 29.50 |
30| _ 130
| 30.50 i
K 31
NOTES Sample key Planner structure Discontinuities
Relative density description Consistency description Disturbed sample Rock core sample Term Spacing (mm) Term Spacing (mm) B W FUKKEN co,, LTD.
S B o (SPT sample) (Core lost) Very thick > 2000 Very widely spaced > 2000 Consulting Engineers
Relative density | SPTN-Value Consistency SPT N-Value ) o - [ ]
@) ey , Undisturbed Sample Water sample Thick 600 - 2000 Widely spaced 600 - 2000 (Yangon Branch)
Very Toose ) Very soft ——s (Piston sampler) Wl Mediom 200 - 600 Medium spaced 200 - 600 FGEX roto51- se4ss, 951 - sascer
Loose .10 Soft 2 -4 g U;“'S_‘"’b_ed Salmxile RQD (%) | Term Thin 60 - 200 Closely spaced 60 - 200 _ — -
Medium dense 10 - 30 Firm 5.8 ( enion smper 0 - 25 | Very poor Very thin 20 - 60 Very closely spaced 20 - 60 Revision No. Rev: 00
Dense 30 - 50 Stiff 9. 15 I] ﬁ'j;tl‘t"::‘;“‘:}{)’lﬁ 25 -50 | Poor “Thickly laminated 6 - 20 Extremely closely spaced <20 Revision Date 10.12.2013
Very dense over 50 Very stiff 16 - 30 Rock core sample 50 - 75 Fair Thinly laminated <6 s
Hard over 30 (Double core tube) 75 -90 | Good
90 - 100 | Excellent
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Appendix - B Swedish Sounding Result (1)

: ®  Fukken Co., Ltd. (Myanmar Branch), www.myanmargeoconsultant.com
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

Appendix — C Swedish Sounding Result (2)

: ®  Fukken Co., Ltd. (Myanmar Branch), www.myanmargeoconsultant.com
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

Appendix - D Laboratory Test Results
(Detailed Test Result: See in attached CD)

: ®  Fukken Co., Ltd. (Myanmar Branch), www.myanmargeoconsultant.com
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SUMMARY OF SOIL TEST RESULTS

Project Name : Soil Investigation for D-Box Project

Borehole No. BH-P-01 Location : Bogalay Township, Ayeyarwaddy Region
Sample No. P-2 P-3 T-1 P-4 P-5
2.50 3.50 4.50 5.50 6.50
Depth (m) ~ ~ ~ ~ ~
3.00 4.00 5.25 6.00 7.00
Moisture Content w % 63.19 65.81 49.61 47.50 46.67
Bulk Density pe glent - - 1.755 - -
Atterberg's Liquid Limit WL % 71.65 71.15 49.57 53.23 51.90
Limit Plastic Limit WP % 27.78 28.60 25.41 26.80 24.77
Plasticity Index P % 43.87 42.55 24.16 26.43 27.13
Grain Gravel, (76.20 ~ 4.75) mm % - - - - -
Size Sand, (4.75 ~ 0.075) mm % 0.38 0.15 1.40 1.08 0.97
Analysis Silt, (0.075 ~ 0.005) mm % 63.43 58.85 66.00 66.93 71.23
Clay, (< 0.005 mm) % 36.20 41.00 32.60 32.00 27.80
Specific Gravity of Soil Gs (20C) 2.681 2.666 2.716 2.657 2.658
Unconfined Compressive Kaffen? - - - - -
Unconfined Strength ! g - - - - -
Compression - - - - R
Failure Strain €¢ %
Cohesion C - - - - -
Direct Shear Tef w__ kaffer?
Phi Angle duu Degree - - - - -
Unconsolidated | ohesion Cu  kgffen? - - 0.102 - -
Undrained Triaxigf-»-
Compression Te [Phi Angle duy Degree - - 2.00 - -
Consolidated |Cohesion c kgf/en? - - 0.031 - -
Undrained Triaxia} ppj Angle ¢ Degree - - 33.00 - -
Compression Teg -
( Measurement ofCohesion C kgffcrt - - 0.041 - -
Pore Pressure) (ppj Angle ) Degree - - 18.00 - -
Initial Void Ratio (= - - 1.277 - -
Consolidation |Conso. Yield Stress Py kgf/cm2 - - 0.690 - -
Compression Index C. - - 0.420 - -
Group Symbol CH CH CL CH CH
Soil Classification (ASTM D 2487 - 06 )
Group Name Fat clay Fat clay Lean clay Fat clay Fat clay

Data used for reference are shown by red color.

FS=X Fukken Co., Ltd. (Myanmar Branch), www.myanmargeoconsultant.com

009-54



SUMMARY OF SOIL TEST RESULTS

Project Name : Soil Investigation for D-Box Project

Borehole No. BH-P-01 Location : Bogalay Township, Ayeyarwaddy Region
Sample No. T-2 P-6 pP-7
7.50 8.50 9.50
Depth (m) ~ ~ -
8.14 9.00 10.00
Moisture Content w % 51.69 46.10 31.94
Bulk Density pe glent 1.742 - -
Atterberg's Liquid Limit WL % 60.20 57.19 -
Limit Plastic Limit WP % 18.10 25.16 -
Plasticity Index P % 42.10 32.03 -
Grain Gravel, (76.20 ~ 4.75) mm % - - -
Size Sand, (4.75 ~ 0.075) mm % 0.17 0.22 73.48
Analysis Silt, (0.075 ~ 0.005) mm % 67.63 63.58 18.32
Clay, (< 0.005 mm) % 32.20 36.20 8.20
Specific Gravity of Soil Gs (20C) 2.689 2.716 2.691
Unconfined Compressive Kaffen? - - -
Unconfined Strength ! g - - -
Compression - - R
Failure Strain €¢ %
Cohesion C - - -
Direct Shear Tef w__ kafler?
Phi Angle duu Degree - - -
Unconsolidated | ohesion Cw kgflenf| 0.133 - '
Undrained Triaxigf-»-
Compression Te [Phi Angle duy Degree 2.00 - -
Consolidated |Cohesion c kgflcrt 0.031 - -
Undrained 'Triaxia Phi Angle ¢ Degree 31.00 - -
Compression Teg -
( Measurement ofCohesion c kgffent 0.051 - -
Pore Pressure) (ppj Angle ) Degree 16.00 - -
Initial Void Ratio (=) 1.346 - -
Consolidation |Conso. Yield Stress P, kgflenf]  0.650 - -
Compression Index C. 0.470 - -
Group Symbol CH CH SM (or) SC
Soil Classification (ASTM D 2487 - 06 ) .
Silty sand
Group Name Fat clay Fat clay (or)
Clayey sand

Data used for reference are shown by red color.

FS=X Fukken Co., Ltd. (Myanmar Branch), www.myanmargeoconsultant.com
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

Appendix — E Soil Property Chart

: ®  Fukken Co., Ltd. (Myanmar Branch), www.myanmargeoconsultant.com
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

Appendix — F Daily Records for Boring Works

: ®  Fukken Co., Ltd. (Myanmar Branch), www.myanmargeoconsultant.com
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SOIL INVESTIGATION FOR D-BOX PROJECT CHIYODA & PUBLIC WORKS CO., LTD.
Bogalay Township, Ayeyarwaddy Region, Union of Myanmar

Appendix - G Site Photographs

: ®  Fukken Co., Ltd. (Myanmar Branch), www.myanmargeoconsultant.com
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SOIL INVESTIGATION FOR D-BOX PROJECT

BH-P-01

Sﬂpﬂ<xo.mﬂ" { [

Standard Penetration Test

-

" G=X Fukken Co.,Ltd (Myanmar Branch) www.myanmargeoconsultant.com
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SOIL INVESTIGATION FOR D-BOX PROJECT

BH-P-01

2 1
] =g
|Indsstunbed Semple
Depth- (4 50~ 5307

Drilling & Left Length (A) Drilling & Left Length (B)

-

[ G=X Fukken Co.,Ltd (Myanmar Branch),www.myanmargeoconsultant.com
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SOIL INVESTIGATION FOR D-BOX PROJECT

BH-P-01

After completion of drilling work

" G=X Fukken Co.,Ltd (Myanmar Branch) www.myanmargeoconsultant.com
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Soil Investigation for D-Box Project

SW-1

Before commencement of test work Test Condition

Panoramic View After commencement of test work

-

[ G=X Fukken Co.,Ltd (Myanmar Branch),www.myanmargeoconsultant.com
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Soil Investigation for D-Box Project

SW-2

Before commencement of test work Test Condition

Panoramic View

-
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