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Appendix 3.8 Results of Geological Surveys

INTRODUCTION

in May 1984, Japan International Cooperation Agency (JICA) authorized Asian Engmeermg
Consultants Co., Ltd {AEC) to carry out a site investigation for their pl’OjECt entitled Road
Disaster Prevention Plan in Thailand (RDPP), The scope of investigation was limited to the
following tasks :

. Drill exploratory boreholes within sliding mass at the specified locations.
. ~ Perform standard penetration test {SPT) within sod mass and, collect soil and
_ rock-samples for laboratory testing.
& Conduct ciassification tests on soil samples.
LOCATION

| A total of 9 boreholes designated as BH 1 through BH 9 as summarized below were
- drilled. The location of each borehole is shown in Fig.  1(a) through Fig. 1(i}. In the

field, the exact location of each borehole was selected and marked by the JICA
engineer prior to drilling at respective Iocatton

“BHA1 Route 1085 km 161.38
"BH 2 - Route 109 - ~ km 24,65
BH 3 ‘Route 1149 ~ km 5.80

. BH4 Route 1256 km 25.35
BHS5 Route 1256 : km 40.15
BH 6 Route 1256 -~ .  km 45.60
BH 7 ‘Route 4 : " km 44.70
‘BH 8 ‘Route 410 . .~ km 76.42

BHS . Route 410 km 97.80

FIELD INVESTIGATION
e Soil Bonhg

‘Soil boring was performed to dn‘ferent depth at alf locations except borehole BH 6 and
“ BH 9 where rock coring only was performed. Drilling was carried out by rotary bormg

~through the bottom of the borehole. Two rotary boring machines were employed to
_drill all boreholes. The hole was first advanced by a casing 1 m long, then by fish tail

bit followed by ]erttlng water pumped through the hollow drill rods and bit, Soil debris
was then carried upwards by the raising water between_ drill rods and the borehole
wall. :

.. Standard Penetrat:on Test

':"'Standard penetratlon test’ (SPT) conforming to ASTM D 1586-84 was performed in all -
bareholes drilled through soil' material. The test was performed at an interval of 1 m..
" The test’ was carried out by drlvmg a split spaon barrel of 50,8 mm outside diameter

and -34. 9 mm mternal diameter into the sail by a63.5 kg free falling weight through



adistance of 760 mm. Number of blows were recorded for avery 150 mm penetration
until either 450 mm have been penstrated or §0 blows applied. The sum of blows for
second and third 1 50 mm penetration is termed as the standard penetration resnstance
{SPT- N)

Dlsturbed soil samples from standard penetration tests were collected for subsequent_
laboratory testing and kept in polythene bags to retatn natural water content.

. Rbck Coring

‘Rock coring was performed exclusl\lely for two boreholes (BH 6 and BH 9) located
along highway route 1256 in the North and route 410 in the South. In another two
locations namely, BH 1 and BH 2 rock coring followed the soil boring.,

Rock coring was accomplished using triple tube core barrel {(NW) and diamond.bit to
-permit. maximum recovery of all core. . The hit used was NMLC {76 mm outside
diameter) and core size obtained was 54 mm dlameter

Rock cores thus obtained were placed in wooden core boxes for preservatlon until
: -transportatlon to the laboratory

Following the instruction of JICA, the actual amount of drilling carried out by AEC
compared to the amount of drilling as stipulated in contract is summarized below:

Bore Route km Contract Actual drilling _ Remarks -

Hole - No © drilling {m})  (m) '

No L . -

Soil . Rock Soil . Rock -

BH 1 Route 1095 km 161.35 5 5 10.50 ~  86.50 ~ Vertical

BH 2 Route 108 km24.65 8§ 5 8.52 4,28 - . Vertical

BH 3 Route 1149 km 5.80 10 - 10.45 - Vertical -

BH 4 Route 1256 km 25.35 5 5 - 13.95 1.50. - Vertical

BH 5 Route 1256 km 40.15 5 5 2188 ..~ - Vertical

BH 6 Route 1256 km456.60 5§ 5 - ~15.00 - 80° from vert. -

BH 7 Route 4 km 44.70 . 10 - 15,45 e ‘Vertical
~BH8 Route 410 km76.42 5 5 1008 = - - Vertical

BH 9 Route 410 km 97.80 B 5 - : .5.00 - 75° from vert.

Total drill meterage . . 55 35 90.50 32,28

» ‘Installation of Open Stand Pipe

A total of 7 open stand pipes (38 mm diameter) wére installed at the "bottom of"the_'
gach borehole except for borehole BH 6 .and BH 9 which were drilled at'an ‘inclination
of 80 degree and. 75 degree respectwely from the vertical. At borehole - BH 1,

- galvanized steel plpe with perforatlon at bottom- 1 m was lnstalled whereas the _

remaining 6 stand plpes were of PVC type with bottorn 1 m perforatlon

3 . _ _'1_2.- '



v LABORATORY INVESTIGATION

Laboratory investigation was carried out on the representative samples of disturbed soil
obtained from boreholes. The number and type of test was decided by JICA.
Following type of laboratory tests wers performed on selected samples:

' ‘e - Natural water content
. Particle size analysis
e - Atterberg limits

ASTM D 2216-80
ASTM D 422-63
ASTM D 4318-84

The results of laboratory investigation are summarized in Table 1.

Location

km  161.35

TABLE 1
 RESULTS OF LABORATORY TESTS

Route

1095

Borehole

BH 1

$S-2 | 300 - 345 | 140| 330| 208] 122 97| 88| | 72| 57| 1 CL
SS-4 | 5.00-545 | 143] 340] 02| 138 76| 63| S5| 48| 41} 36 'SC
SS -6 | 900 - 945 | 6.9 Insufficient sample | 47| 31| 22| 17 14] 12| GC?

n’ ki 24.65 Route : 109 ' Borehole .: BH 2

Location’ :

:km

89 .3 | 3.00 - 3.45 | 22.4| [nsufficiedt sample | -100| 96| 77| S0|- 40 SC
9SS -4 | 400 - 445 | 277] 502| 344| 158| 100| 98| 81| 45 3 27] SC
SS.5 | 633-675 1 21,7 49.1) 3821 10.9| 100| . 98| 85| 54 41 36| SC
SS -6 | 700 - 745 {197} 465| 37.1] "9.4| 100| 99| - 85| 34} 42 36| SC
S9-7 ] 800 - 845 [180] 44.9| 31.8| 13.1] 100j .98} 81| 43| 28 23| SC
Route : 1149 Borehole : BH 3

SS.3 | 3.00 - 345 | 295|.367] 274 93| .100{- 96| 83| - 64 40 30| SC
S5.4 | 400 - 445 | 35.8| 4241 304| 12.0] 100 95 93 75| S9 s2{ CL
SS-6 | 6.00- 645 | 21.81 30.4] 263| = 4.1 | 100| 84| 44 291 23|SM-SC
) S5 .7 | 7.00 - 745 | 162] 354|315| 3.9 100 90| 63 467 39|SM-SC
[85-8] 800- 845 } 248| 359 271} &8 100| 88| 63 45 37{ SC
f3-13



TABLE 1 (Continued)
RESULTS O.F LA.BOHATOHY TESTS_

Locatlon : km 25.35 Route : 1256 - Borehole : BH 4
: W Atterberg L:m:ts B Sieve Analysis = - - US
'.(‘_%-) (%) | % -Passing (US standard. sicves): |
AR : ‘-:EV'LL"- --‘3PL 40 PLoy3/8 L # 4 [ # 10 [ # 401 #1004 # 200:

85-2 | 2.00- 245 | 30.0] 37.6| 274 1021 100 98| 95 86 50 40
SS-3| 3.00 - 345 | 31.6] 44.7] 306 14.1 100 99 88 72
35-6| 600645 | 27.5| 382]| 304 7.81 100 99 96 89 83 76

Location :'kr_n 40._15_ _ | Route 1256 Borehole BHS

SS-.2{ 200 -245 | 31.1| 40.6] 32| 86 100{ 88 , 731 CL
SS-6 | 6.00-645 | 26.7].40.5| 243| 162] 100 99| 99| 94} 85| | CL
SS-9 | 9.00-945 | 253 38.7| 296 91| 100{. 88| 76| 57| . sof 46] SC
'§8-- 13| 13.00- 1345 | 24.4| 39.1| 287] 104| - C100] 89! - 73 73| CL.

| Borehole : BH 7

km_

SS8-2 | 2.00 - 245 | 142 465 32.8| - 13.7| 99| 76| 71{ " 60 57 571 CL |
8S-3 | 3.00-345-| 16.1| 448| 33.4| ‘114]| 100| 94| o1 82| M| 72| CL
SS-4] 400445 | 107] 44| 332 108| 92| 71| 62f 48| 43| 41| SC
SS-5]500-545 |.193| 457|335 122] 10] 9] 95| 89| 82|  so| CL
$S-9| 900-945 | 12.1] 449 306] 143 100} 99| 52/ 90| 84| 82| CL.

‘Route

Location _': km 410 - . Borehole : BH 8

Y ' ' : ) LI SC
S$-7]700- 745 | 10.2] 409 263 ,'--14,_5 72| 54| 44| 29] 24| 22| SC.

‘Source: G_co;chﬁnq_logy'.Consuli..ahis éo.'. Lid.

- W, S = Natural water coatent; LL L:qwd hmrt PL = PIasua Imm PI- P!asnc:!y mdex '

&
i

Umfcd Soil Classifi cauon System 55 = Sp.ru Spoon Samp!e o

3 -1
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BOREHOLE LOGS

All information on the soil and rock as to their physical property were recorded for
every test depth in each borehole. Position of water table as measured 24 hours after
boring is also recorded. Material properties as obtained from field and laboratory
investigation were plotted against depth for each borehole. Borehole logs with relevant
matenal propert:es mcorporated in them are presented in Append:x A,

The photographic records of important site activities and photographs of rock core
samples are presented i in Appendix - B _

3 - 22



P BOREHOLE LOG
Borehole: : BH"1 o Project number: 4017
Site location: At 1095 km 161.35 Left  Vertical scale: 1:50
Co-ords (x,y) Elevation [m): 121.50
G.W. Table [ml: 10.70 ' Date started: 16-05-94
Date tinished: 23-05-94 Total depth [m}: 17.00

Rec-
avery

Lab tests SPT - N

Depth
{m]

Description

e —1u3 s 0
—~—go o3« w

o (wyoo| ' ° w,LLML (%] 500 EPT {Blowib.3m) 50
0.00 ) { | | i 71 1

121.60

Stiff sandy clay, reddish brown, ] @ @ 0 0o pinieiite
low plasticity, ‘some completely- [l @ @ RN LI
D weathered sandstone fragments-
100 |0 (Colluvium)

P : B
porrpXlesa : . ki

2.00

119.50

§8-2

345 |11 : .
o Mediumn clayey sand greyish
. brown, low plasticity, some

5.3 completely weaihered sandstone 4
' - SRR
fragments {Colluvium) sandstone (iF|]

boulder encountered at 6.45 m-

4.00°| Ll
117.60

5.00 depth (0!
176.60 . ) ) SR
' ss4| _ A O e

{ S

“i A ss-
6.45 ';:jﬂ 5
17608 e

_ S Hard sandstone boulders, ' £
{70010 moderately to highly weathered,
S Dl P light grey : S '

Soiron : QerTochneiegy Conemis Co., Ltd.




Borehole BH-1 page 2 icont.

Hard sandstone, moderately to- r,
highly weathered, light grey, 4 L

! 5 5
i 8 |
mE : -
ec- P . .
Dopth  very| ! Description b Lab tests SPT - N
[mi e o ‘ 0
i s
| |
0 {100 a w,LL,PL | %) ‘D_ O EFT [Blows/0,Im} GO
agd TT11] i 1 T T
) N . &0
5055_6 grey, some plastlp clay
10500 .
R : Shale, moderately weathered, XZ -
11.00F gray to dark grey, 2 joint sets- - -
0.60 . T
" : 45 and 60 degree form vertical /Kt

SPT [BIonIO.!Sm! : Recover. :
: N i Robe ™

Cased lmgth +
Spli spoon Panswraten
Ragk core ’ - —
Auger Atterberg limits - -~
‘Wash .
ﬂ]omzn w w wl_ |

12.00 SS-71 joint sets 10,10,40 and 80 e
' degree, form vertical irregular ::
micro fractufe, fe-oxide and clay
staining on joint planes
13,23 : . n ' oy
168,27 ; T tap
Hard sandy clay, brownish grey (L1
1487 | : i
106,63 . ; . ) : . -
- Medium to ‘hard :sandstone, T
moderately to highly weathered, g © -
grey to dark grey, 3 sets 30,60 i’:a o R
: and 80, Fe-oxide and clay’
16,00 55-8 AR .
TR staining joint planes
17.00
164,60 _ T ) _ b
End of Borehole at 17.00 m
Thin-wall oube

- ROAD DISASTER PREVENTION PLAN (RDPP) .



' BOREHOLE LOG
Sorehole: BH'Z Project number: 4017

Site focation: At 109 km 24.65 Left Vertical scale: 1:60
Co-ords {x.v} Elevation [m]: 121.19
‘G.W. Table {m): 3.30 Date started: 25-05-94

Date finished: 04-06-94 . _ Total depth {m}: 13.80

§ S
a
R " :
: ec- P m i
. Lab tests | SPT .-
Depthl very| ! Description b - N
fm] e o
s |
0. |02 L) - Al PR 508 SFT IBlwei0.0ml 6O
p.ao [TTTT _ l T J T 1T T 7
S Soft silty clay, reddish brown,- f:_: '
: medium plasticity, trace of fine-. R
gravel - C
| N R
5541 o
1.45 | ﬁ - .
RTTT I I Lo
R Medium dense clayey sand, s
s00 !l 71 browish grey to reddish brown, : Do
el gss ,| coarse to medium grained, trace [H{} D
: SRR A of gravel : _ Ht o
3.00 |10 I L
BATHEREE T D
' 5.3 L . -
ss4l 11l o
Granite boulder-encountered AT MR
- X : ' A Co
core drilling with tripple tube b
. ")
core barrel )
%
ey
NX ST
L=
S
ooty
o
r,'I\/:l"/
: f:?/:t\f
o . b1
e e 55_5 Den;e to very dense clayey ||| N
s | sand. greyish brown, coarse to- Ml
7.00 |- S . . ! o
i SR v, medium_grained;. trace of gravel U{li] = :
3.5?ﬁ35-6 ' ' ' ‘ : M e
' B B gssﬂ ' TR | L.
kemo |
Lrizay u [T . v




Boreh()le BH-2 Page 2 lCont

s S
a
" m
Rec- p : :
o Lab tests SPT - N
Dopth | veryl ! Description b
[m] L] o
# !
0 {%300 w.LLPL 1%] €930 & Bicsenin. m| $0
9,04 {1TTT] I ] J 11T
Lm : Granite boulder encountered, g R N
0
core drilling with tripple tube ALY
b A
corebarrel LR S
Ry IR
10.00 \ A Ll
- NX L SR
11138 ALY . . ..
L T L T S
,;'g\,:?, [
s it
A N S A N RS S SRS
Y
LR
11.00 . R
11099 X Ag
. Medium dense to dense clayey- [fi]
sand, greyish brown, coarse to- [i}{]
o medium grained, trace of gravel - [}
12.000 | : ' B
Teede 1. . kA ]
: oo Xss-s Tt
Sl iA|ssae 1
13.45 s .;-3
N:ITT-'JTU: N . ) E
End of Borehole at 13.80 m
Thiewet tbe .. | SPT [Blows/0.3m] | - Recovery
Casad langih ' — N I: RQD, 1
Spkt spaon Fansyndon E —
Rack 0are : - . - "
"“““' : Atterherg limits - | .-
W'nh Lo P .
om:n : wpl w o wl R )

ROAD DISASTER PHEVENTION PLAN IRDPP]
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BOREHOLE LOG .
Borehole: BH"3 Project number: 4017
Site location: At 1149 km 5+ 800 Vertical scale: 1:50
Co-ords (x,y}: ' E Elevation [m}:  113.50
G.W. Table [m: 2.60 _ Date started: 05-06-94
Date finished: 09-06-94 : Total depth [m]: 10.45

Depth Rec- Lab tests SPT - N

i overy

o s —0 3 o B

Description

—o T3 =< w

o 1Wpo0 N E ) o wiLPL (%) 50 [0 ST [Bowai0.dm| 6O f
0.00 [TTTT] I T T | T T 1
T 3 R . HE : . D

Rl Medium gravelly clay, reddish
brown, medium plasticity

L

L1 I N O S " . S

AL e Il v 2l 2
oA O O LT T O (L
LD = L S B ol Sl Jl + Sl 2 )

§8-1
1.45 i

206 |

Dl Stiff to very stiff sandy clay,.
2.00 ST clayey sand greyish light brown,
Doy jow to medium plasticity

111.60
$8-2

3.00

NI Y i ] H11:
' 5313X55'3 '

§5-4

‘14.45
o006 |

Medium dense to dense siity
sand, medium grained, greyish-
brown ’

5.00 |1 1!

100,60

6,00 |
ST

7.00

%;eig

8.00
106.60

9,60 | "




Boreh()le BH-3 Page 2 JCoﬁt.

s 3
.1
m :1 7 _
Rec- p L
. ab tests SPT - N
Depth | eryl ! Description b _ _
iml [ . o
[ . I
0 {%i1C0 wLL P (A 5.0 9  SFT |Blew#i0.3m] 63
9,04 i

104.60 )
: C Xss-a

R (EERT
10.45 S X

103.066

End of Borehole at 10.45 m

| N T I O N

. Thimwsl tube

SPT [Blows/0.3mj | Re'coverf
K. [: RQD

|

.Gand Jength +
: t speon ani_on
. Rook oere . -
Auget Attarberg limits -
‘Waeh . .
@m OTHER . Wp| W wi

"ROAD DISASTER PREVENTION PLAN (RDPP}

‘ewred | Gee-Toshnadegy Goniuttints Ca.. L4,
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. ~ BOREHOLE LOG

_Borehole: BH-3 Project number: 4017
Site location: Rt 1149 km 5+ 800 Vertical scale: 1:50
Co-ords {x,y) Elevation [m}: 113.50
G.W. Table im}: 2.60 Date started: 05-06-94
Date finished: 09-06-94 Total depth [m]: 10.45

Rec-
avery

Depth Lab tests SPT - N

Description
{m] i _

qa—'ua.ucn

-0 3 < w

0 w300 . . : o w,LL M %) B0 |0 SFT |Blows0.3mi 650
o.00 [TTTT] ' . T T 1 i I

Bl Medium gravelly clay, reddish SR ‘ s
hrown, medium plasticity

L)

LA LA, .
o0 OO 0

L o 2 D A )

OO OO0 o0 O O Y
L~ 3 B Dl i+  # ]

DN Wil
L' 37

i1 ]

58-1

i+ ]

52
R I

11.45

112.06

R  Stiff to very stiff sandy clay,

200 |5 0: clayey sand greyish light brown,

ee 1 ﬁ low to medium plasticity SENR
R $5-2 : TER

3.00 S .

SRR : ‘ LS |
Do |ASSR 14} B el

4.45

109,06

R Medium dense to dense silty
500 | 0] sand, medium grained, greyish-

LR " brown
criiiNissB| -

6.00 | :

10750 s " .
il 55-6

7.00 |-
EEN

$S-7

B.00
106.60




BOfEhOIG BH-3 Page 2 /Cont.

s S
]
| 7 : -
. ab tests SPT -
Depth ) very| ! Description b t T-N
[m] L 0
s !
0 %00 w Ll %) ) B0 |0 BPT [Rlawd/0.Im| 5O
g.04 [TT11 I ) T 71

104.60
55-9

10.45 S

03.06 F

[

End of Borehole ét 10.45 m

Thin-wel s ) ) SPT [Blows/0.3m} E Reco\rer'y_l
. L} Rap
Cuted length | Ft
o P I——
. Atterberg limits .
I]] QYHER a WH' W wil

ROAD DISASTER PREVENTION PLAN (RDPP)
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-17.00

BH-4

BOREHOLE LOG

Borehole: Project number: - 4017
Site location: Bt 1256 km 25.35 Left Vertical scale: 1:50
Co-ords (x.y) Elevation {ml: 113.69
G.W. Table iml: 2.20 Date started: 10-06-94
Date finished: 13-06-94 Total depth [m]: 15.45
s S
a .
R i .
ec- p ;
Depthloveryl ! Description b Lab tests SPT - N
[m] a8 0
® I
. o §%100 ] w.lL.M %] 50 [0 SPF [Blews/0.2m] 6
0,00 [TTT] T ] T T T 1
112,68 I

1.00

Do |Ass

4.00

§.00

s SEE
L

6.45

107.14

o888 | - -

8.00

e |

Stiff to very stiff clayey sand,-
greyish brown, jow plasticity

Vil

T ' .
Tl 5§54

Very stiff to hard silty clay, I
greyish brown, small amount of
sand, trace of fine gravel

S
1”12;,1;131:””

T N Ty !
UMM H

T
3

IS
SER

Tidqytgtptybpi}!
HHHHHHNR

e ...
T A
1,11, HM

" Completely weathered . shale
converted into greyish brown
‘silty clay of hard consistency.-
A good deal of gravel at 11.00
S 11.40m

9.00

3. - 31




Borehole BH-4 Page 2 /Cont.

Hec-
overy

Lab tests SPT - N

Depth
{m]

Description

e —v dea @
—_—0 o a3=w v

o %300 ' [ WALPL {%) 60 [0 EPT [Mlews/0.2m] 6O

a.04 [TTTH : i | | I 1 1777

10w | . .
R ASS-B

10.00] .

103,69 |

- ot A

§5-10

==

11,00

Piozes |

$8-11

12.000 ¢ 7

101.62

8812

13.00| ¢ © -

100.68

§5-1

140001

S9.60 |

$5-14 [+
| - | s
ss-18 T

18.45[ ;>

[TACSD

End of Borehole at 16.46 m

Tt koo SPT [Blows/0.3m] | ' Recovery
N . :

g e v sromases S L .

o T e _ Fanewrsdon ]

““"' ) Atterbarg limits B R
omsn WR wo. . wi T : : SR ‘ e .

noAn,b’as‘AsTm PREVENTION PLAN (RDPP) =~ o T 0 o iy Gonmtone o 18,
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Borehole:

Site location:
Co-ords {x,y):
G.W. Table [ml:
Date finished:

BOREHOLE LOG
BH-5 _ Project number:
Rt 1256 km 40.15 Left Vertical scale:
Elevation [ml:
12.03 Date started:
06-06-94 Total depth [m]:

4017
1:50
93.78
31-05-94
21.68

. Rec-
Depth
overy

{m]

aa—'a.anm

¢ {%yeo

Description

—o g 3< !

Lab tests

w LML %1

SPT - N

60 |0 GPT {Mowsi0.Tm] KO

| I

o0 [TTTT1-

3.7

yoo i

8278

551

2,00 |0

55-8

0

Fill material, filled with slide
debris of completely weathered-
dark brown siltstone, '
‘uncompacted.

9.00

3 - 33




Borehole BH-5 page 2 cont.

Dapth
{m!]

Rec-

overy

0 (%100

8.04

R

0 —T 3 o &

Description

-0 T I < W»

Lab tests

w.LL M %}

5o

SPT - N'

©  SPT [Blows/0.3m) 6O

| I A

84.78

#2.7%

8278

10.00( -

11.00 - -

e

.78

8.1

14.85 ' .

T8.93
o

%

70.7%

76,78

74,70

12.00]

13.00| -

16.00| : - -
17.00] 115
18.00]

o0

58-9

$5-10

§5-11

§5-12

55-13

85-16

58-17

55-18

Completely weathered siltstone,-
dark brown, converted into dark
brown silty clay. of hard
consistency.{original ground. ?)

b e of

Botarn 3 OwenTachmmiogy Conedune Co., LW,
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BOI'EhOle BH-b Page3 {Cont.

5 S
a
Rec-| p . |
| Rec- p m
. L L ts S “
[Pertt tovery| ! Description b ab tes PT - N
[m} L] 0
* ]
o (%300 0 w, LML %] B0 0 $PT !BMowy/0.3ml BO
19,26 TTTT1 J T T T S
- ZNss-1s L
20.00| 10 ;
ST R ]
S SS'Z(' :‘:‘;::
21.45%52 : .r__j
72.33 . . . . - :
End of Borehole at sound rock {21.58 m)
e SPT {Blows/0.3m] | . Recovery
Grred m N [ — [ RaD, 1
" 1 Atterberg limits -
mOmta w_pl W |wl_ -
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- BOREHOLE LOG

Borehole: BH'G : Project number: 4017 : ' '
Site location: Rt 1256 km 45.6 Vertical scale: 1:50
Co-ords {x.y): Elevation [m]: 97.74
G.W. Table [m]: Date started: 07-05-94
Date finished: 09-05-94 Total depth [m]: 15.00
| $ S
: a
R . m o
ac- p :
[ris] : ® . o
s I
@ [%100 [} w bl [%] . B8 _“‘T [Bwwrs/, Im) 50
p.oo0 [T11T : . ] ] ! T N
R | Medium sandstone, highly =2 [ S
weathered, reddish brown, 4 En T
joint sets 70,30,45 and 10 o
1.00 degree from core axis, fe-oxide- ¥ ’
Re, 74 . . | .. ) -Il--l
and some clay stain on joint T
planes i
2.00 J; _ L
96,74 ) 90
Hard sandstone, moderately ez
weathered, reddish brown, = 55
coarse to medium grained, 3 Y
i joint sets 10,30 and 70 degree Ty
from core axis, fe-oxide and &I
3.42 T ) s . . ol
T . some clay staining on joint S
3.85 planes S S h--
i - | Medium hard shale, highly ] f;ﬁ .
' weathered, reddish brown, 2 ——
joint sets 30 and 70 degree _——
5.00 from core axis, some parts T '
CERTY _ \decomposed to clay . o
- Medium hard siitstone, T
_ : moderately weathered, reddish l:ff
6.00 brown, 3 joint sets 10,10 and- = [T
e - | 70 degree from core axis, some pIpx
shale fragments embeded, =
irregular cavity o ‘1_:_1
- ll':l
NX D
7.80 S R -
50.04 . . . K H l-!-*l‘
1 _ Medium hard sandstone, highly- E3
weathered, reddish brown, 3. ;E
E joint sets 10,10 and 40 degree {15
from core axis, coarse to. ot

Srurte i Gos-Tachnetegy Jonednm Ca., Lid =



Borehole BH-6 pag; 2 [Cont.

3 s s
o
R . ,
ec- p . m
Depth | ory| | Description b Lab tests SPT - N
[m] s o .
* |
0 {"%I00 . - ’ ] - w LM %) : B3 10 GFT wuwuo.ami 60
9,04 ITIF1 - . T ! ] T 1%
] medium grained, fe-oxide and
some clay staining on joint TR

planes

-Medium hard sandstone,

moderately to highly weathered,
reddish brown, 4 joint sets 10-
,40,60 and B0 degree :

Medium hard sandstone, hlghly-
weathered, reddish brown, 3
joint sets 10,40 and 70 degree
from core axis

- Medium hard siltstone, -

moderately to highly weathered, B S FE R
reddish brown, 2 joint sets 45-
9 and 70 degree from core axis /}--| SEEEEE AN EEE R
: . Soﬂ_shale, highly weathered,

reddish brown, 1 joint set 70
dggree from core axis

End of Borehole at 15.00 m -
LTI - | SBT [Blows/0.3m] | - g&wer_ﬁ' o
Grerd tmsth : N . RAD,
— | TR | —

Rack core . - . - — _
‘"v' T | Agterberg limits Note : BH-6 was drilled 80
Q w'é;;ﬁn  iwp w_. wi- _doﬂrao_frérh’ vertical = 7.

Rl ROAD DISASTER Pnsvsnnon PLAN (HDPPI e e s i Ty ot G,
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BOREHOLE LOG

Borehole: BH-7 ' Project number: 4017
Site location: Rt 4 km 44.7 Vertical scale: 1:50
Co-ords (x,y): . Elevation [mi: 25.75
G.W. Tabie [ml: 3.20 ' Date started: 18-06-94
Date finished: 20-06-94 . ~ Total depth [m]: 15.45

Rec-

D;:;h overy Description

Lab tests SPT - N

w o —ud oW

— g T3 <

0 (%180 . ) : . ) ° w.tl P Esl sefo smT rﬁ_«.m.am 50
0,00 [TTT1 : f T T T T T 71
wE L Medium silty clay, greyish : R ey
broWn, low to medium plasticity
, trace of sand

1.45 .11

24,30

-555ﬁ
ﬂ |

- Stiff silty clay, greyish brown,
fow to medium plasticity

13.30 R

Very stiff siity clay, greyish JizR

3.00 brown, low plasticity

iz

4,00

e iy
::..XSSA

5.45 58-%
2036

Very stiff silty clay, greyish . [
brown, trace of fine sand

6.00

N oD F

$5-6

85-7

7.45

.__1.'-30h oo

L
8.45 :;:Sﬂss-a

17.30

|

'Hard' silty clay, greyish brown,-
trace of fine sand

A

L L T B LI L L L L LAY
S R BN R R N H N L M M B B

I RARE L AL LE
aly ally 30,1,

a

HETE Hard slity clay, gr'e_yish..br‘own, _
9.00 [ : low_-plast_igity

'3 -38

“dman ¢ Gon-Tighralogy Conedmunn o Ca. La; P )



g BOf@hOle BH- 7 Page 2 ICont.

s S
a
R i .
ec- ] . .m
Depth overy | Description b . Lab tests SPT - N
{m] e 0
I
. 0 (%100 o w AL PL %] 6010 &P [Slows/0.3m| §0
9.04 [TT1 | T T ] T 7
1l.‘n"5. . .
$5-9 e
10.00 ¢
%98 ] . .
$5-10
: & 11.00} 0
SE I EEEER Y
R ><S$~1'.
o
12.48) 010
e Hard silty clay, greyish brown,- {
trace of fine gravel, low to )
| e =]
A . medium plasticity bl
13.46] . . . ’ T
T X - B " __ 4 fon
Hard silty cfay, greyish brown, -1
1a.00 low plasticity ' 11
[R5 B R ' ' =]
» |
R e
15,45 iy ol
10.3¢ ia . :
End of Borehole at 15.45 m
i wrall ke o SPT [Blows/0.3m] [: Rer.:cn\e'erv_l
Caed ungn . . LI _ RaD
| e T——
. _Attarberg limita
fs momﬁ : wpi Cow -'le'
. nonn DISASTER PREVENTION PLAN (HDPP]! T L e iy Eoannis S, L



Borehole:

Site location:
Co-ards (x,y):
G.W. Table [m}:
Date finished:

BH-8

BOREHOLE LOG

Praject number:

Rt 410 km 76.42 Vertical scale:
’ Elevation [mi:

3.25 Date

22.06-94 Total depth [m}

started:

4017
1:50 -
. 44.00
21-06-94
"10.06 '

Rec-

b
&Pt very

[m]

a0 —0 3

0 %190

‘Description

— 0 o 3 - Ww

Lab tests SPT - N

w LLFL [%] ’ 60 |0 £FT [Moweid3mi 56

T 71 [ 1 T

0.00 [TTTIT}

+4.00

1.00

£3.00

2.00

42.0¢

3.00

4100

§8-3

54

§5-b

7.79

3826

$§.8

9,00

- Stiff to hard silty clay, greyish-
brown, low plasticity, mixed
with gravel, percentage of
gravel less than 10%

HEBTHH M

trace of fine gravel, low

Hard silty clay, greyis_h brown,- j_

plasticity {Original ground ?)

o Releee 1 GéaToshnolegy Consulmnti Cr.. Lu.



Borehole BH-8 page 2 iCont.

s S
3
Rec-| b m
ec- p . L . t
L ests SPT - N
Dopth i very| ! Description b ab test
[m] ] : . fa)
* |
@ N0 ’ Q9 ' w,LL.PL % 50 [0 SFT {flaws0.3ml B0
9,04 T11 [ i T i 1 T 1

36,00
S NSS-S

[10.05 1

e N el

End of Barehole at 10.05 m .

'm»--.ew oo SPT (Blows/0.3m] ‘Recovery
°‘“"‘"‘" . £ Rao, ]
Atterberg _llmitd :
U]omen : v_dﬁ ; 'g_ 'lwl'._
 ROAD DISASTER PREVENTION PLAN mopm T ettt ot o

3. 41



BOREHOLE LOG : ‘
Borehole: BH"S Project number: 4017 ' _ ’

Site location: Rt 410 km 97.8 Vertical scale: 1:50
Co-ords (x,y): Elevation [m]: 35.00
G.W. Table {m]: 0.00 ' Date started: 26-06-94
PDate finished: 26-06-94 Total depth {m]: 5.00
! s S
| n
¥
m
. m
Dot | 25| L b Lab tests SPT - N
P overy Description
tm] ° a
& i
L (1] w,LLAL [%A) 6010 BPT [Blowsd.3m) 5O
000 {TTIT ¥ 1 i T T T 1
36.00 : . . . PALALT T T Lo
Medium hard schist, highiy ??t%
s weathered, light grey, 3 joint ??:?P:
ool sets 25,45 and 60 degree from [Xa| @ @ Lo S B
1.00 |5 core axis, Fe - oxide staining ?,{'i S A I ’
ETTCER i - (2w © 0 0 o oo Do
and clay filling in some joint (%%
LA
LA A
LA
LA A
2.00 A
3390 PN
LA A
LA
NX X
LA
LA A
b LA A
LA
Sy
3.50 P A
50 . LA
Hard schist, moderately to ii
1 highly weathered, light grey to- {xx
grey, 3 joint sets 20,30 and ;‘:%
80 degree from core axis ;;&
e L ;
5.00 LAA '
30,00
End of Borehole at 5,00 m
J—— ' SPT [Blows/0.3m] | _ Recovery
o, | -
Rock caore . B
Auger Atterberg limits Nota : BH-9 was drilled 75-
{"[ﬁ:‘:;]:“m wp w wi | degree from vertical
ROAD DISASTER PREVENTION PLAN {RDPP| R o © Gae Tochecloqy. Conmutns G, -



__Appendix 4 o







Appendix 4.1 Illustration of Restoration Measures

P

S0LAG HOMEONTALLY f
W STAEAK FORM ) _\g
LK
< suoee

A-1.1 siock sooping A-1.2 staire soookio

WIOKER Won A~5 STONE OR BLOCK PITCHING

A-2.1 EROSION CONTROL WORK
" WITH LOCRL MATERIAL

SEED PackeT _( swore
/ ~
‘m SACK FILLED WP WTH SEE0 awd

FERTRUZED EARTH)

A-2.2 SEED PACKET WORK, A-D SHOTCRETE WORK

COMCRETE BLOCHK -

BAMBOD (R FASCINE
o gto o o
_q_—--——' - - :
- oS FOUADANON CONCRETE —

.
2%t 7 ¢ e AT -AUR GRAVEL

A-3.1 WICKER WORK
A~ CONCRETE BLOCK PLTCHING

== CONCRETE, 8LOCH Cia

STOHE AICHING

LOMBINATION

A"‘3 . 2 PICK - HOLE SEEDLING WORK

GOUNCRETE ACHING

suAaY of SEL0. F[ll'tllﬂ FER , C7C.
SPRAYED O THE Wl SURRACE

ASPHALT EWASOR
SPRAYEQ

WEEP HOLE

A~-4 .2 SEED-MIX SPRAYED WITH GUN
' S : GONCRETE ATCHNG

A-4.1 SEED SPRAYING |
o : OUNOATION .
‘WITH PUMP g

. _ i}
(HYDROSEEDING) : CRIBWORK

Sldpé”Surfaée Protecti6n

RE NET

WEEP HOLE

~= VEQETATION AFTER HACKFILLING

PREFABRICATED CRINS

'14_; i w




DITCH CH REAM

B-1.1l srsM pITCH

MATURAYL SLOPE

B-1.2 cresr piten:

CUT $LoPE

Z217 SPRING WaTER

B-1.3 ToE price

1

. GUTTER

‘B~2.1 currer

ROAQ - - — —

"FOH. CEMENT Mix i"l.l‘llE

B-2.2Z DITCH MADE WITH 2011, CEMENT

. Q [~ UKQERGROUND
DRAVAGE FACILITIES

UNDERGROUND DRAINAGE WITM PIT/PIPE

B-5.1
B-5.2  UNDERGROUAD DRAINAGE WITH BLANKET .

REIMFORCED COMCRETE U« SHAPED
GUTTER CR THE LIXE

Tate v

B~3 verrican prTex

|=] . H

| Roao H
i 1

é PIT-'RUN CRAVEL .

B"6 DRAINRGE WITH PIT-RUN GR}\VIEL

ASSUMED SL1P SURFACE

B-7.1

HORIZONTAL DRAIN HOLE

&

) —
HORIZONTAL ORAIN HOLE o SEEPAGE WAVER

B~7.2 HORZONTAL wege noLe

Slope Drainage -

4 -2




LEVELWI CONCPETE
COBME_ESTOMES , CRUSHED STOMES, ETC.
ITMES .

C~1.1 cyLinoer cABION

C-2.3 1-5HAPED RETRINING WALL

ANCHOR HOLE
- STRaMDED STEEL WIRES
C-1.2 war crpioN sTRuncen STELL

CAST - ~PLACE CONCRETE

_ _ c~2 ¢4 CRIB RETRINING WALL
C~2.5 CRIB RETAINING WALL WITH ANCHOR
AN § .

C-2.1 GRAVITY TYPE RETAINING WALL

——— PREVENTICN PILE

1 srevenTiON PILE
+ 2 PREVENTION PILE WITH ANCHOR

AEMOVED RO

RENWTACING © poae o
STHIPS 3

e A

A

A

" 2

,(c‘(l . ]

: REMOVED — 2
LS5 S TORMCTED =
/‘ o H # sotA) , “

B f .

BUSTING N

A

S L /
. ’ : . . ) M Co ROCK
RENFPORCEIMENT . FOR ™ AETAMMG  WALL - L = . .

C"'_?- . 2 GRAVITY TYPE RETAINING WALL WITH RNCHOR . . C""4 ' REINFORCED EMBANKMENT

|  slope suport




RESTORAFION AFTER CAACKS AMD FAILURE
D~2.2 REMOVAL OF UNSTABLE MATERIAL

D-1 =recurring

D~2,1 enrtH rEMOVAL

D~3 COUNTERWEIGHT FILL

BULLOOZER .
BULLOOTEA

YIBRATING ROLLER

.

MW BODY GF FiLL

D~4 REFILLING WITH coMPACTION

"_Slope _Slt'ﬁbil_-izatilon' by Earth Work .

44




WIRE MT-\

EXPANOED METAL,
{ WIRE HEYS WIRE ACFE)

E—~2 ROCKFALL PREVENTION FENCE

E~1 ROCKFALL PREVENTION NET

GABION

E-3.1 CONCRETE BARRIER FOR DEBRIS. CRTCH BASIK E-3.2 noion BARRIER FOR DEDRIS CATCHBASIN

E-4 rock roLt

Fig.6.1.5 Protection from Falling Rocks

| 1
’l‘ .
’,’ © MBEDMENT
P T DEATH WARES
7 AL HLOPE
FAHWRE -
;ﬁ/ﬂ# EXISTING ROAD
F-1.1 viaover S F~2 Ssurrr oF RLIGNMENT

Oﬁheré




CONCRETE REVETMENT

1 CONCRETE REVETMENT
1 CONCRETE REVETMENT

. —~TRAT _ p
: ¥ ' o #
' . #i *

TTERIST /

. ARTICULATED CONCRETE
B : ARTICULATED CONCRETE

1.2 .ARTICULATED CONCRETE REVETMENT
K~1.2 ARTICULATED CONCRETE REVETMENT

STONE RIPRAP

-

J-1.3 STONE RIPRAP REVETMENT (WITH MORTAR)
K-1.3 STONE RIPRAP REVETMENT (WITH MORTAR)

| CONCRETE™ CRIB

CONCRETE CRIB.

_RIPRAP;'. o

4 CRIBWORK WITH STONE RIPRAP =
4" CRIBWORK WITH STONE RIPRAP

S’ecurihg of Ab_utment Fill Slopes ‘and- RiVer___Bank's-(_l)

4 -6



REVETMENT

GABION

J-1.5  GABION

1

REVETMENT

STONE MASONRY

J-1.6 STONE MASONRY

REVETMENT
RETAINING  WALL

| 3-1.7 GRAVITY TYPE RETAINING WALL

Securing of Abutment Fill Slopes and River Banks(2)




Kl

LTS

- SHEET PILE TOE WALL

J-2.1 SHEET PILE TOE WALL

J-2.2 DEEP EMBEDMENT.OF BASE

z ¥

GABION

"V RIPRAP OR CONCRETE

Improvement bf_ExiSting”Revetmehts




CHANNEL FLCOD FLOW

FLOOD FLOW FLOow
T ——————
i A sy 4 4
¥ R ¥ ¥
—— ]
FLOOD  FLOW CHANNEL FLOOD  FLow
FLOW :
EXTENSION OF EXTENSION OF
SUOPE PROTECTION _ o SLOPE  PROTECTION
hY . SEREH TS .
BRRIIIREES
i _______ ‘:“’ “".“ "’:‘\ .;L
bS] :
¥ YR T T T

J-4 E_XTENTION OF PROTECTION ON UPSTREAM SIDE

Extension of Fill-Slope Protection




Leod Low ) F

CHANNAL FLOW

'GUIDE  DIKE —=
™ GUIDE DIKE

. FLogoo  Aow

CHANNAL FLOW

GUIDE DIKE

J-5° GUIDE DIKE
L-2 GUIDE DIKE

Water Flow Trainin'g' :




hirl

CUMPED ROCK ///fEE%Eyh DUMPED ROCK

OR GABION OR GAZION

L-1.1 STABILIZATION OF THE STREAM BANK WITH DUMPED ROCK
L~1.2 STABILIZATION OF . THE STREAM BANK WITH GABION

Fig.6.1.12 Stream Bank Stabilization

ORIGINAL CHANNEL

ORIGINAL BRIDGE

Y
N A% #
/AN | roaowar
= TS

A\

: \T\ REALIGNED CHANNEL

3 REALIGNMENT OF THE TRAILWATER CHANNEL
1

L-
N-1 REALIGNMENT OF THE CHANNEL

;Channel'Realignment

.   -;4 + 11'




[ / - 7

PIPE { OR BOX} CULVERT

SIDE TAPERED OUTLET

FOOT PROTECTION

FOOT PROTECTION

PIPE {OR BOX )} CULVERT

SIDE - TAPERED WNLET

0-1 SIDE- TAPERi:D INLET
0-2 FOOT PROTECTION AT CULVERT ENTRANCE

A
/PIP'E {OR BOX} CULVERT"
OUTLET

OPEN [OR CLOSED) CHUTE

- 0-5 QIDE TAPERED OUTLET
0-6 OPEN OR CLOSED CHUTE FOR TRAILWATER

Inlet and Outlet Control

4 -1




Appendix 4.2 Flowchart of Selection on Restoration Measure
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Appendix 4.3 Standard Cross Section for Each Project Roads

Route 169
Control No.0100

SOIL AGGREGATE t 215 cm.

Route 109
Control No.0200

100 | 3.00 300 11.00

L PENETRATION MACADAM t =I5 om.

b SOIL AGGREGATE

LATERITE , GRAVEL

Route 1095
Contorl No.0500

s SINGLE - BITUNINOUS  SURFACE TREATMENT - =25 cm. -

SOIL CEMENT - STAS 1= 15 om.

SOIL. AGGREGATE . | = I5 emi-

CATERITE , GRAVEL



Route 1149
Control No.0100

179 4 273 2.75 L bL75

= DOUBLE BITUMINOUS SURFACE TREATMENT i-';"." cm.

CRUSHED STONE 't = 20 om.

- SOIL  AGGREGATE t =I5 cm.

LATERITE , GRAVEL

Route 1256
Control No.0101

i-w-n.
) :
o]
Q

125 . - 3lsg 125

l~SINGLE. BITUMINOUS SURFACE TREATMENT f = 5 em.

SO AGGREGATE 1= 10 cm.

SOIL AGGREGATE t= I5 em.

LATERITE , GRAVEL

Standard Cross. Section (2)



Route 4 .
Control No.3800

10. 00

2.00 300 300 | 2,00

'~ ASPHALT COMCRETE 1+ 5 om

CRUSHED STOMNE 1 7 20 em.

LATERITE t = 15 cm..

- .LATERITE , GRAVEL

Route 4
Control No.3900

200 100 l 3.00 4 2.00

——— ASPHALT CONCRETE t = 7 om.

CRUSHED. STONE. t= 45 em. .-

i LATERITE t = IS5 am.

LATERITE ; GRAVEL

Standard Cross Section (3)



Route 410
Control No.0301

179, 275 ! 278 , 175

PENETRATION MACADAM t= 7 em.

CRUSHED STONE 1.7 em.

LATERITE t = 1Q cm.

LATERITE , GRAVEL

Route 410 -
~Control No.0302

™

8.100

175 275 ! 275 , L5

b—PENETRATION MACADAM %= 7 oem.

. CRUSHED STONE 1:=.7 om.

L LATERITE t =210 cm. .

L LATERITE , GRAVEL

Stahdatd“cross Section: (4)



Route 410
Control No.0401

2.00

3.50

3.50 . 200

Route 410
Control No.402

N

DOUBLE BITUMINOUS SURFACE TREATMENT t=7 em.

“LATERITE t = 5 em,

LATERITE t = iScom. .

-~ LATERITE , GRAVEL

9.00

2.75 275 L .75

1.75

L PENETRATION MACADAM t= 7 cm.

LATERITE  § 3 10 em. .

LATERYTE - } 2 10.¢m, -

LATERITE , GRAVEL

‘Standard Cross Section (5)



Route 4015
Control No.0201

8.00

é .

1. 50 250 250

R

e CRUSHED STONE =15 om.

L SOIL AGGREGATE 1 =13 em.

LATERITE , GRAVEL

Route 4107
antrol No.0200

1.75 273 275 ,_1.7S

L~ DOUBLE SITUMINGUS SURFACE TREATMENT t=7 cm.

CRUSKED STONE t= 20 cm.

I —30iL AGGREGATE t= 15 om.

C . LATERITE , GRAVEL
Route 4058 .
Control No.0100

| GOUBLE BITUMINGUS SURFACE TREATMENT 1= 2 om.

- CRUSHED STONE 1 = 13 e

-~ LATERITE 1= I5 om.

_L{\T'ERITE_, GBAVEL -

f7 foahaéfd”CfdssféectiOn:(ﬁ) :

4 - 29 .

L DOUBLE EITUMINOUS  SURFACE TREATMENT t3 2.5 em,



Appendix 4.4 Discharge Capacity

I T H I T I T .
fspotHo. | n ] A& | ¢ ] R | i | @ | @
} — f I i } ' t
| 1256/2/3 | 0.05 | 220.8 | 52.2 | 4.23 | 0.020 | 1663.4 | 169.5
| 4/2/3 | ©0.03 | 4.0 24,0} 1.83 | 0.020 | 310.7 | 32.9
| 4015/ | 0.03 | 322.7 | 132.4 | 2.4 | 0.030 | 3374.3 | 400.1
| 4015/4 | 0.05 | 1M2.7 | 4.0 | 2.75 | 0.020 | 625.5 | 455.1
| 4015/5 | 0.04 | 45.0| 67.0 | 0.67 | 0.020} 122.0 | 313.7
| 4015/¢1 | 0.04 | 80.0] 30.0| 2.67 | 0.025 | 608.1 | 263.0
| 4015/c2 | 0.04 | 276.0 |  58.0 | 4.76 | 0.020 | 3680.9 | 183.2
| 4107/1/2 | 0.035§ 57.5 |  30.5] 1.89 | 0.020 | 354.5 | 335.5
| 4058/1. | 0.045 ) 57.0| 31.0] 1.8 | 0.010 | 190.1 | 188.5
| ] | | i 1 . | 1
Where,

n = Roughness Coefficient (sec/n!/? )

A = Cross-sectional Area of Water Flow (mz)

P.= Length of Wetted Perimeter {(m) -

R = A/P : Hydraulic Radius (m)

-1 = Hydraulic Gradlent

Qc = Discharge Capacity (m3/sec)

Q = Discharge Volume (m>/sec)

Appendix 4.5 Ratio of River Flow Blockade by Pier

Spot No. W B N
'1256/2/3 36.5 1.4 3.84
4/2/3 19.5 0.7 3.59
4015/1  96.8 3.5 3.62
4015/4 35.0 1.1 3.14
4015/5° - 59.0 1.7 2.88
4015/C1 27.5 1.4 5.09
4015/C2. 53,0 2.4 4.53
4107/1/2 28.2 0.7 2,48
4058/1 . 29.5 1.0 3.39

Where, -
W = Width of Water Flow at Flood Level - (m)
B = Total Sectlonal ‘Width of Piers (m)
N.= Ratio of River Flow Blockade by Pier. -

Coa=30



Appendix 4.6 Factor of Safety on Landslide
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