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SUBSURFACE INVESTIGATION REPORT
FOR THE BASIC DESIGN STUDY ON THE PROJECT
FOR BRIDGE CONSTRUCTION IN RURAL REGION
IN NORTHEAST THAILAND

1. INTRODUCTION

This report presents a preliminary subsurface investigation
data for foundation design of ten (10} proposed bridges in rural
regidn in Northeast of Thailand as listed in Table 1 under the
Japan International Cooperation Agency (JICA). Locations of each
bridgesite are shown in Fig.l. Test results in the field and in
laboratory are shown in Boring Logs and Summary of Test Results
in Appendix B and Appendix C respectively. Recommendations for

foundation type of each bridge are given herein the report.

2. INVESTIGATION METHOD
2.1 Boring
Boring of 10 cm diameter were made by three rotary and
one motorized drilling machines., The boreholes were drilled by
power augering and percussion wash boring depending subsoil
condition encountered, Three borings were made on each bridgesite

down to hard stratum having SPT N-value of over 50 blows/30 cm.

2.2 Standard Penetration Test (SPT)

The standard penetration test was performed conforming
to ASTM D 15886-67 at an interval of 1.00 m. The test was
performed by driving a split spoon barrel of 5 cm. outside
diameter into the so0il by a 63.6 kg drop hammer free falling

through a distance of 76 cm. Number of blows were recorded at
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TABLE. | BORING QUANTITY LIST
RIDGE BRIDGE RAME LOCATIO PORING LABORATORY TESTS
RO} B CATION .
Senth SPT it o . - REMARKS
NO. . . ' « |Sieve GS.
(CHANGWAT) NO) " (m.) Wedaht
: - 1 11.03 11 3 5 1 1 3414
1.| 01.01 | mvAT xAE Ban Kut Khlong 21 905 g 2 i |- [ =T 47
Ban Dan Tae Road SPT. : Standard Penetration Tests.
(KALASIN) 3 | 10.40 10 3 5 il e I NMC. : Natural Moisture Contents.
Km.6+250 1 15,15 15 - 4 - - 4| 4 . Tiquid Limi
2.] 02.05 HUAT KHUM MUM Ban Huai Sai~-Ban Kut LL. : Liquid Limit
Chiang Mee Road 2 20,35 20 — 4 - - 514 PL. : Plastic Limif.
(KHON KAEN) 3 20,20 20 1 3 - - 1] 2 GS., : Specific Gravity
Km.0+750 1 10,05 10 1 4 1 1 21 2
Rt. No.2031-Ban Bo
.| 04.01 HUAT SOENG NO.
3 L 0.1 Dok Son Road 2 4,15 4 1 2 1 1 1 i
(NAKHON PHANOM) 3 10.03 10 2 3 2 2 1| 2
Km.1+150 1 9.07 9 3 3 1 1 21 2
4.1 04.02 HUAT SOENG NO,2 Rt.No.2031-Ban Bo \
Dok Son Road 2 2,12 2 1 2 '— - 2 1
(NAKHON PHANOM) 3 5.15 5 2 3 1 1 1| 2
Ban Dan Khon Khob 1 15.15 15 4 15 4 4 3 4
>+| 05.01 LAM KLANG 2 13,13 13 6 13 3 3 113
(NAKHON RATCHASIMA) 1.
3 15.18 15 5 15 3 3 4 | 4
1 20,45 20 9 9 1 1 5|5
.| 05.02 L N
6 5 AM NAM MU Ban Kham Klang 9 97.45 27 11 11 4 4 51 7
(NAKHON RATCHASIMA) 3 | 20.45 20 9 11 1 | 1| 5|5
‘ 6
7.] 05.03 LAM PHRA PHLOENG Ban Phla Bung 1 22.03 22 6 2 2 2 8
o 2_] 18.05 18 8 9 - | - 1 614
Km. 3+200 1 14,05 14 5 5 - - 314
8.| 11.01 LAM NAM KAM Ban Khok Kong-Ban 9 9.03 9 5 5 _ - 3|3
Phon Road
(SAKHON NAKHON) 3 | 19,05 19 6 8 - {- [ 3[4
Km.5+650. 1 11.08 11 2 4 3 3 33
9.1 14.02 LAM NAM PHUAI A.Sibun Ruang~Ban Pa - - 4 | 3
Kha Road 2 6.05 6 1 4
(UDON THANT) 3 | 10,18 10 4 5 2 {2 | 214
Km. 14225 : P
4 - - 3 \
10| 15.07 LAM SOM NO.1 Ban Nakae(Rt.No,2171)~ é ?‘f; f i 1 _ _ 1|1
Ban Sao Lao Road ;S
(UBON RATCHATHANT) 3 9.08 9 5 6 - | -1 213
TOTAL 30 | 3s87.10 382 117 191 37 | 37|98 |103




TABLE. 2 WORK SCHEDULE
Bridge Bridge Name Location Boring * FEBRUARY MARCH 1989
Yo. .(Chang Wat) No. | PEPEhY iz lala {o|irliz|mlia]is)ie|ir|ielis|20ler [os o 2a|25|26| 271 28 sls 10
(1) Ban Kut Khlong- 1 11.03 |4
01.01 HUAI KAE Ban Dan Tae Road. 9.05
(KALASIN) 3 10.40 ja
KM.6+250
(2) Ban Huai Sai-Ban 15.15 {b
02,05 | HUAI KHUM MUM Kut Chiang Mee Road 2 20.35 ;b
(KHON KAEN) 3 20,20 jb
KM. (4750
(3) Rt.No.2031~Ban Bo 1 10.03 {a
04.01 | HUAI SOENG NO.1 Dok Son Road. 2 1 45 )d
(NAKHON PHANOM) 3 10.03 |a
EM.1+150
) Rt.No.2031-Ban Bo 1 19.07 |a
04.02 HUAI SOENG NQ,2 Dok Son Road. 2 2.12 |a
(NAKHON PHANGM) 3 5.15 |d ]
(3) Ban Dan Khon Khob 1 15.15 ib
05.01 LAM KLANG 2 13.13 |b
(NAKHON RATCHASIMA) 3 15.18 |b
Ban Kham Klang 2 27.45
05.02 | LAM NAM MUN Ml e
(NAKHON RATCHASIMA). 3 20.45 |e
@) Ban Phla Bung ! 22.03 |a
05.03 | LAM PHRA PHLOENG 2 18.05 id
(NAKHON RATCHASIMA), 3 20.22 |a
KM, 34200
(8) Ban Khok Keng-Ban ! 14.05 |a
11.01 | LAM NAM KAM Phon Road. 2 9.03 jd u
(SAKHON NAKHON) 3 19.05 |a
KM, 5+650
(%) : A.S1 Bun Ruang-Ban 1 11.08 |b
14,02 LAM NAM PHUAI Pa Kha Road. 2 6.05 {b
{UDONTHANT) 3 10.18 b
KM.1+225
(10) Ban Na Kae(Rt.No.2111) 1 8.27 |c |
15.07 | LAM 50M No.1 Ban Sao Lac Road. 2 2.00 ¢ |
: (UBON RATCHATHANI) 3 9,08 |c
TOTAL 30 [387.63| * NOTE.-
TEAM a: LD-7 TEAM MEMBERS.-
TEAM b: LD-9 1-Operator
TEAM c: LD-8 2-Asst. Operator
TEAM d: M -1 1-Helper
1rﬁtfv?f
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- -TABLE 3-

DRILLING EQUIPMENT SPEGIFICATIONS

Manufacturer's Designation
No. of Units
Make
Capacity
Drilling Method

Manufacturer's Designation
No. of Units
Make
Capacity
Drilling Method

Manufacturer's Designaﬁion
No. of Units
Make
Capacity
Drilling Method

Manufacturer's Designafion
No. of Units
Make
Capacicy
Drilling Method

Norce! .

Drilling Rods Size

Sampler Used

Weight of Hammer

f

Casing Size

-

s

-

.

..

ae

an

s

e e . .

e

e

e

an

'

.

‘e

LD~7

!

ACKER DRILL CO.,
150 M. with "AW"
Rotary Drilling,

LD-8

1

ACKER DRILL CO.,
150 M. with "aw"
Rotary Drilling,

LD-9

1

ACKER DRILL CO.,
200 M. with "AW"
Rotary Drilling,

M-1
3
ACKER DRILL CO.,

INC. USA.
Rods and Standard Accesories.

Coring, Wash Boring

INC, USA. '
Rods and Standard Accesories.

Coring, Wash Boring

INC., USA.
Rods and Standard Accesories.

Coring, Wash Boring

INC. USA. .

30 M. with "AW" Rods.

Wash Boring.

AW

50.0 Cm. 0.D. Split Spoon

63.6 Kg.
. HW.



every 15 cm. of penetration until either 45 cm. have been
penetrated or 50 blows have been applied. The first 15 ecm. of
penetration is considered to be a seating and the sum of blow
required for the second and third 15 cm. of penetration is termed
the standard penetration resistance (SPT N-value}. Disturbed soil
samples from the standard penetration test were kept closely in
plastic bags and glass bottles to prevent a loss of moisture
content., Soil samples in glass bottles were kept 1in wooden boxes

for each boring and sent to Public Work Department (PWD).

2.3 Groundwater Level Observation
Groundwater level of each boring was observed after the
boring was finished about 24 hours or more. The depth of
groundwater is referred to the existing ground serface at each
boring and given in Boring Logs and in Summary of Test Results.
The minus sign indicates that groundwater level is lower tﬂﬁn the
existing ground surface and the plus sign indicates that the

groundwater level is above the existing ground surface.

2.4 Laboratory Tests

Representative soil samples of each layer are selected
to be tested as follows.

- Unit weight test

- Natural moisture content test

- Atterberg limits test (Liquid & Plastic Limit)

- Sieve analysis

- Specific gravity test



3. TOPOGRAPHY AND GEOLOGY IN NORTHEAST THAILAND
3.1 Topography

The northeast portion of Thailand is an elevated portion
of the country;.cover approximately 155,000 sg.km. It is bordered
on the west ahd south by marginal escarpments which rise as high
as 900 méters above sea level. Thé interior of the region is
structurally diﬁided intoc two large basins, namely the Sakhon
Nakhon and Khorat Basin, by Phu Phan uplifted mountain range. The
general surface of the region is slightly tilted from the western
and northern boundaries to the southeast and, except the Phu
Phan range, is pharacterized by a monotonous undulating to nearly
flat plain dotted with monadnock, cuesta and swamps. The average
height of the interior of the region is about 170 meters above
sea lével. The term "Plateau" is used for naming this region but
technically the term has no meaning relevant to the structure of
the region. It was apparently adopted because of the aforementioned
western and southern escarpments that bordered the region which

makes the region look resemble to plateau.

In general, the region is drained by three main rivers,
one for Sakon Nakhon Basin in the north, and the other two for
Khorat Basin in the south. For Sakon Nakhon Basin Mae Nam
Songkhram and it’'s tributaries constitute a major drainage system
whilst Mae Nam Chi and Mae Nam Mun are responsible for draining
of the Khorat basin. Roughly most of the river flows across the
'region from +the west marginal escarpment to the east and/or
southeast and enters the Mae Khong River at the border of

Thailand.
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3.2 Geology
Based on the geological map as shown in Figure 1, the
Northeast Thailand lies on the continental Mesozoic sedimentary
rocks, the Khorat Group, and the Quaternary deposits. The Khor;t
Group was uplifted and gently folded in late Tertiary to early
Pleistodene time to form the broad syncline and a hill range on

the south and the west.

The stratigraphy <c¢an be summarized from the older to

the younger rock formations as follows

{1) Huai Hin Lat Formation - This formation contains

a basal polymictic conglomerate overlain by the sequence of gray
to dark gray sandstone, siltstone, shale and limestone

conglomerate.

{2} Nam_Phong Formation - This formation consists of
soft red to pale red siltstone and interbedded thick resistant

beds of brownish red sandstone and conglomerate

{3) Phu Kradung Formation - The formation is

characterized by predominantly soft, micaceous, reddish brown and
Erayish red siltstone; pale red, fine to very fine grained, well
cemented calcareous sandstone; and interbedded and micaceous

siltstone and sandstone.

{4} Phra Wihan Formation - This formation consists
of massive, resistant, white to pink-coloured sandstone and some

thin interbedded red siltstone and conglomerate.
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(5) Sao Khua Formation - This formation _ig mainly
the less resistant, reddish 'brOWn*coloured siltstone lying in
between the more resistant, yellowish gray to brown or pale red

sandstone.

(6) Phu_ Phan Formation - This formation is composed

of massive beds of light-coloured, coarse to fine graiped pebbly

sandstone, and interbedded shale, siltstone and conglomerate.

(7) Khok Kruat Formation - This formation contains

interbedded moderate consclidated red siltstone, moderately
resistant white to red quartz sandstone and caliche conglbmerate
(buckshot conglomerate). In the upper part of the formation has

thin layers and/or crystals of gypsum.

(8) Maha Sarakham Formation - This formation
consists of distinguished three layers of rock salt: halite,
carnellite and sylvite with subordinate anhydfite and gypsum, and
two interbedded wunits of +terrigenous red claystone, shale,

siltstone, and fine-grained sandstone.

{9) Phu__Pok Formation -~ This formation was believed
to be eolian deposits and comprises very large-scaled cross
bedding sandstone and small-scaled wavy bedding sandstone.
Sandstone is red-coloured, fine grained, well sorted, and

friable. The occurrence of the formation is only in the northern

corner of the region,



{10) Quaternary Deposits - The Quaternary deposits

are usually both fluviatile and eolian origins. The fluviatile
deposit occurs in the vicinity of large rivers and of old river
terraces and consists of gravel, sand, silt, and clay. The
eolian deposit is ¢generally yellow to red silty sand, loessial
soil. Another Quaternary formation is laterite, loose form and
continubus duricrust, which .ofter occupy the topmost part of

terraces and bedrocks.

{11) Volcalic Rocks - The volcanic rocks on the

Khoraf Plateau 'are the Tertiary basalts overlying the topmost
part of the Khorat Group in the Southern part of the Plateau.
The alkali basalt which is Hawaiite type extruded as lava flows
and some places with minor eruptions throwing volcanic Bomes
which are fownd at Khao Kradung in Buri Ram province. The age aof

the basalt is in the range 0,92-3.8 million years,

4, SUBSOIL CONDITIONS AND FOUNDATION RECOMMENDATION

Subsoil conditions of each bridgesite are shown in Soil
Profile (see Appendix A) and in Boring Logs (see Appendix B).
Laboratory test results are summarized in tabular form in
Appendix C, Explanation of subsoil conditions and foundation
recommendation for preliminary design are described in the

following pages.

11
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BRIDGE NO.01.01
HUAI EAE BRIDGE
BAN KUTKLONG - BAN DAN TAE ROAD

A.MUANG, KALASIN

SUBSOIL CONDITIONS

The upper layers of soil are weak to medium strong which can
be seen from SPT N-value varing from 3-30 biows/ao cm. These
soil layers are loose to medium dense silty fine sand and very
stiff fine sandy clay. Very strong layers of hard sandy clay and
dense to very dense silty to clayey fine sand having SPT N-value
of over 50 blows/ft. are encountered benéatﬁ the upper weak to
medium strong soll starting from 8.00 m, 5.00 m. and 6.00 m. in

BH~1, BH-2 and BH-3 repectively down to the bottom of boreholes.

FOUNDATION RECOMMENDATION

Pile foundation is recommended to be used at this site.
Driven concrete with adequate steel reinforcement at tip is
recommended to prevent damage of the tip during hard driving in
very strong soil layer. Pile tip depth should be at 8.50 m., 5.00

m. and 6.00 m. depth from the existing ground serface in BH~1,

BH-2 and BH-3 respectively.
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BRIDGE NO. 02.05

HUAI KHUM MUN BRIDGE
KM.6+250 BAN HUAI SAI - BAN KUTCHIANG MEE ROAD
A. UBON RATTANA, KHON KAEN

SUBSQIL CONDITIONS

In BH-1, . the subsoil is predominantly sand interbedded by
soft fine sandy clay between 1.50-2.50 m. depth. From 0.00-8.00
m. dépth the so0il is wealk and becoming to medium dense clayey
fine sand between 8.00-10.00 m. depth. Strong layer of dense to
very dense fine sand is encountered from 10.00 m. to the depth
beyond the bottom of borehole of 15.15 m. depth. ‘

In BH-2, the subsoil can be divided to 3 layers which are
loose to medium dense silty fine sand in the uppermost from
‘0.00-6.00 m., depth,; dense to very dense silty fine sand from
6.00-13.75 m. depth and hard clay from 13.75 m. depth to the
depth beyond the bottom of borehole of 20.35 m. depth.

In BH-3, soft to medium and stiff sandy clay and medium
dense to dense and very dense sand are encountered layers by
layers. Weak solil is encountered between 2.00-4.00 m. depth and
medium strong scil is encountered down to 12.00 m. depth. Beneath
12.00 m. depth, the soil is ver} strong except between 14.70-16.30

m. depth which is medium strong.

FOUNDATION RECOMMENDATION

Pile foundation 1is reccommeded +to be used at this site.
Driven concrete pile with adequte steel reinforcement at tip is
more preferable than steel pile because the major pile capacity is
end beoring., The tip of pile is recommended to be at 10.00 m.,
6.00 m. and 12.00 m. depth from the existing ground surface at

BH~1, BH-2 and BH-3] respectively.
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BRIDGE NO. 04.01

HUAI SOENG NO.1 BRIDGE

KM.0+750 RT. NO. 2031 - BAN BO DOK SON ROAD
A. NA KAE, NAKHON PHANOM

SUBSQIL CONDITIONS

Soft to medium clay layer having SPT N-value from 2-17
blows/30 cem. is encountered in the upper portion down to 5.00 m.,
3.80 m. and 5.00 m. in BH-1, BH-2 and BH-3 respectively. Beneath
this soft +to medium clay layer, very strong soil of hard sandy-
gravelly clay (laterite) having SPT N-value of over 50 blows/30

cm. is encountered in every borehole down to the depth beyond the

bottom of borehole.

FOUNDATION RECOMMENDATION

Pile foundation is recommended to be used at this .site.
Driven concrete pile with proper tip reinforcement is recommended
because it is end bearing pile. Pile tip depth at 5.00 m., 4.00

m. and ©5.00 m. depth from the existing ground surface in_BH-l,

BH-2 and BH-3 respectively.
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BRIDGE NO. 04.02

HUAI SOENG NO. 2 BRIDGE

KM.1+150 RT. NO., 2031-BAN BO DOK SON ROAD
A. NA KAE, NAKHON PHANOM

SUBSOIL CONDITION

Medium to stiff clay having SPT N-value from 5-16 blows/30
cm. 1is encountered in the upper portion down to 3.80 m., 1.50 m.
and 4.50 m. depth in BH-1, BH-2 and BH-3 respectively. Beneath
the medium to stiff clay, the so0il is very strong strata of very
dense laterite’rhaving SPT HN-value of over 50 blows/ 30 cm.

throughout the bottom of borehole.

FOUNDATION RECOMMENDATION

Spread footing is recommended to be used at this site. Depth
of the spread footing is recommended at 4.00m., 2.00 m. and 5.00
m. depth from the existing ground surface at BH-1, BH-2 and BH-3
respectively. The allowable bearing capacity of spread footing of

50 t/sq.m. at the recommended depth can be used in design.
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BRIDGE N0.05.01

LAM KLANG BRIDGE

BAN DON KHON KHOB

A. NON SOONG, NAKHON RATCHASIMA

SUBSOIL CONDITIONS

Loose to medium dense clayey and silty fine sand and sandy
soil are encountered in the uppermost from 0.00-6.50 m. depth in
BH~1 and BH-3. Very strong strata of clayey sand, sandy clay and
clay with SPT N-value greater than 50 blows/30 cm. are found
beneath 9.50 m. and 10.00 m. in BH-1 and BH-3 respectively. SPT
N-value in BH-1 tends to increase with depth, but in BH-3 it
varies considerably in the upper portion between 0.00-6.50 m,
depth then it also increases with depth.

In BH-2, stiff to very stiff and hard fine sandy clay is
encountered from 0.00-9.00 m, depth with SPT N-value varying from
13-56 blows/30 cm, Beneath 9 m. depth, the soil is hard clay of
SPT N-value greater than 50 blows/30 cm,

FOUNDATION RECOMMENDATION

Spread footing is recommended to be used at this site., Depth
of spread footing should be placed at 3.00 m., 2.00 m. and 4.00
m.depth at BH-1, BH-2 and BH-3 respectively. The allowable
bearing capacity of 20 t/sq.m.
depth.

is recommended at the recommended
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BRIDGE NO. 05.02

LAM NAM MUN BRIDGE

BAN KHAM KLANG

A. PHIMAI, NAKHON RATCHASIMA

SUBSOIL CONDITIONS

Loose to medium dense sand layers are encountered in the
upper portion down to 13.50 m., 13.00 m. and 8.35 m. in Bﬁ-l, BH-2
and BH-3 respectively. In BH~1 and BH~2, stiff clay having SPT
N-value between 7-12 blows/30 cm. lies beneath the loose to medium
dense sand layers down to 17.25 m. in BH~1 and down to 17 m. in
BH-2 but it is not encountered in BH-3. The very strong strata of
dense to very dense sand and hard clay are encountered at 19.00 m.,

17.00m, and 8.35 m.in BH-1, BH-2 and BH-3 down to the depth beyond

the bottom of every borehole,

FOUNDATION RECOMMENDATION

Pile foundation is recommended to be wused at this site.
Either driven concrete or steel pile can be used because it acts
as Iriction - end bearing pile. Pile tip depth is recommended at

8.50 m., 5.00 m.and 8.50 m. depth from the existing ground surface
in BH-1, BH-2 and BH~3 respectively.



la

BRIDGE NO. 05.03

LAM PHRA PHLOENG BRIDGE

BAN PHLA BUNG

A. PAK THONG CHAI, NAKHON RATCHASIMA

SUBSQIL CONDITIONS

Weak soil of soft fine sandy clay and loose clayey fine sand
are encountered between 4.,00-7.00 m. in BH-1 and between 0.00-2.00
m. depth in BH-2, Generally, the subsoils at this site are sandy
clay and clayey sand layers of medium to high and very.high SPT
N-value. SPT N-values in the most depths are quite constant with
depth. Very strong strata of sandy clay, clayey sand and
sandstone having SPT N-value greater than 50 blows/30 cm. are

encountered at 20,00 m., 18.00 m. and 20.00 m. depth in BH-1, BH-2
and BH-3 respectively.

FOUNDATION RECOMMENDATION

Pile foundation is recommended to be used in this site.
Either driven concrete or steel pile can be used because the pile
is friction-end bearing pile. The recommended tip depth is at 8.00

m., 7.00 m. and 10.00 m. depth from the existing ground surface

at BH-1, BH-2 and BH-3 respectively.
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BRIDGE NO. 11.01

LAM NAM KAM BRIDGE

KM.,3+200 BAN KHOK KONG -~ BAN PHON ROAD
A, MUNAG, SAKON NAKHON

SUBSOIL CONDITIONS

Weak to medium strong soil of silty to clayey fine sand and
sandy clay are encountered from the existing ground surface down
to 11.00 m.depth in BH~1, down to 6§.00 m. in BH-2 and down to 8.00
m;in BH-3. Then the soil changes to hard clay having SPT N-value
greater than 50 blows/30 cm. starting from 11.00 m., 6.00 m. and
15.50 m., depth down to the depth beyond the bottom of borehole.
In BH-3, very stiff to hard sandy clay is encountered between the
weak and very strong strata from 8.00-15.00 m. depth but it is not

encountered in BH~1 and BH-2.

FOUNDATION RECCMMENDATION

Pile foundation 1is recommended to be used at this site.
Driven concrete pile with proper steel reinforcement at the tip
should be preferable than steel pile because it is end bearing
pile. The recommended tip depth is at 11.00 m., 6.00 m. and 8.00

m. depth in BH-1, BH-2 and BH-3 respectively.
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BRIDGE NO. 14.02

LAM NAM PHUAI BRIDGE

KM.5+650 A. SI BUN RUANG -~ BAN PA KHA ROAD
A, SI BUN RUANG, UDON THANI

SUBSQOIL CONDITIONS

The upper portion soil is weak to medium strong soil of
sandy caly and sand down to 8.25 m., 5.00 m. and 7.00 m. depth in
BH-1, BH-2 and BH-3 respectively. Beneath these soil strata,
hard clay of SPT N-value of over 50 blows/30 cm. is encountered
through the bottom of borehole. The soil strata in BH-1 is vary
considerably at about 5 m. depth where SPT N-value drops to 1
blows/30 cm. while the nearby depth has SPT N-value of 19-24
blows/30 cm,

FOUNDATION RECOMMENDATION

Pile foundation 1is recommendation to be used at this site.
Driven concrete pile with proper steel reinforcement at the tip
is recommended because it is end bearing pile. Pile tip depth at

8.50 m-, 5000 m., B.nd 7-00 m., depth B.t BH-]., BH“'Z and BH"‘S iS

recommended.
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BRIDGE NO, 15.07

LAM SOM NO.1 BRIDGE

KM.1+225 BAN NA KAE (RT.NO.2171) ~ BAN SAO LOA ROAD
A. DET UDOM, UBON RATCHATHANI

SUBSOIL CONDITIONS

Laterite is encountered about 1 m. thick in BH-1] and BH-3
in the uppermost underlained by weak soil layers of sand and clay
down to 7,50 m. and 8.20 m. depth in BH-1 and BH-3 respectively.
Very dense siltstone of SPT N-value over 50 blows/30 cm. is-
encountered at 7.50 m,, 1.35 m. and 8.20 m. depth in BH-1, BH-2

and BH-3 respectively.

FOUNDATION RECOMMENDATION

Both pile foundation and spread footing are recommended to
be used at this site. For BH-1 and BH-3 pile foundation is to be
used, but for BH-2 spread footing is to be used. Pile tip depth at
8,00 m. is recommended for both BH-1 and BH~3. At BH-2, depth of
spread footing at 1.35 m. 1is recommended with the allowable

bearing capacity of 50 t/saq.m.
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.. APPENDIX B

- BORING LOGS




Bl

! BORING NO. _ FH -1 GROUND ELEV.{m} 98.3
| . BORING LOG OEPTH (m.)_11.03 OBSERVED WL (m)_~2.00
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g 181 & ser-n § y 1
T i% 2 Koz i GUCT A PP H
SOIL DEJCAIPTION 5E s?} = % 8l (blows /st (%1 XFYT ATV (t/md)
8718 | 3 5 &l 1920 3040 | 10 20 30 40 5 105 20 | 1,61.82.0
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AND DRRK BROWN
{sM) X3 B : T
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GREYISH BROWN AND DARK 1 (13,16
BROWN 26 - o
(CL) M,45)
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6.80 5,10} \_
VERY LOOSE CLAYEY FINE
SAND, DARK GREY (NO SALTY) é\
(SC) 8.00 - N
>3 ¢ ® o
HARD SANDY CLAY, GREY AND 2/BcM)

DARK BROWN (CL) 8.50

N

VERY DENSE CLAYEY SAND,
DARK. BROWN AND REDDISH

BROWN (NO SALTY)
{sC) 11.03

o
‘1

END OF BORING




B-2

BORING LOG

progect - 01.01 HUAI KAE

BORING NO. BH-2
0EPTH (m,) 203

LOCATION A, MUANG, KATASTN

—|
GROUND ELEV.{m} 97.4
B - - . e i,
OBSERVED WL (m,} ©0.00

—————
. DATE STARTED ' . 3 /.l&“

0aTE FinisHED 4/3/89

a B E su(uf) 1 |

x 2 lHa> OucT AP r |

PTION ] T €3 . 5

SOiL DESCRIPT] L€ EEg XFEVT ETV (1/md)
= ¥ o E 920 30 40 10 20 30 40 5 D 15 20 1.6 t.az.ol *
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{sM)
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4.50
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8,00

3

a—1

o

HARD FINE SAMD CLAY, 7~

FDPISH BROWM (CL) 9.03

s e

END OF BORING
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 cor 01.01 HUAI KAE

BORING LOG

BORING WO, BH=3

DEPTH (m) 10.40

-

GROUNG ELEV.(m} 99.45
OBSERVED WL (m,) —2.50

10 20 30 40

10 20 30 40
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3= E 4
a [z T SET- N Subt/m’} 1
SOIL DESCRIPTION Em £ oz oucT APpp 'y
skt B35 (bowrn) XFVT @1V (17 m)
[™ R o 14!
=1 % vz

5 10 13 20 1,6 1.82.0

! FINE SAND, DARK BROWN AND
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(sM)

{(NO SALTY)
8.50

14%7,7)
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(sm) (FICY] ]
{NO SALTY) b 2) }r
{44)
5.00
4) BN ]
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KM
fsf.sb/

¢
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{cL) 10.40

50*(10 cm
(30,5p/K3C

M.
2815}/

s

— — e

END OF BORING
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v , . . Beq

. | BORING NO, BH-1 ”(.‘,IROIV.IINVL'.JWE.I.!-IV,.(m.] 95.2
BORING LOG ; =2

BEPTH {m.) 15.15  °  |osservep we (m)—0C .10
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z 12, 2 [Fa¥ '} —e— | ouct App '
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A " - - 3
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2,3 ' \
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1) f
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AND CLAYEY FINE SAND, GREY

{SM,5C)

(NO SALTY)

8.00
15/(9,6
MEDIUM DENSE CLAYEY FINE
SAND, GREY 1§(4.18) -
{sC) !
(NO SALTY) 10.00 ~J '
0/25EM S
DENSE TQO VERY DENSE FINE 25250071
SEND, BROWN AND GREY Tols
(sp-sM) [ K
ot
(NO SALTY) ol

5,25(13 EMY

22,2B)1 O/D

5) 41

15.15

D/1% CK

END OF BORING 7]




BORING NO. RH-2 GROUND ELEV.(m.)_94 .0
B
‘_ . ORING LOG DEPTH {m}___20.35 OBSERVED WL (m.+1.00
Bl osccr_02.05 HUAT KHUM MUN COORD. — DaTE STamTED 26/2/89
Rilocation A. UBON RATTANA, KHON KAEN DATE FINISHED 28/2/89
o ni’gﬁ I LW Wl selied) | 1
SOIL DESCRIPTION ZslZel 8 ez SPTC —8-——1 | oueT App 'y
&_g 28 5 3 ol {blows/fr} {%} XFVT g1V {(t/m”)
S (e | EF Xl 4 20 30 40 10 20 30 40 5 10 13 20 1.6 4.82.0
T
| LOOSE TO MEDIUM DENSE
AETITY FINE SAND, BROWN 32, o}
2 {5M)
' Ts {4,5)
(NO SALTY)
.;\n{ﬂ,s}
18 (10/18}
a 9154}
6.00 \\
(R0, 20)
DENSE TO VERY DENSE SILTY
FINE SAND, GREY ANDC BROWN S7STH
(SM) . (30,204 ﬂ
1140 ¢
{NO SALTY) (19,21} 'ﬁ
(25,250 50 &
{23,210 seﬁ/@
]
(fs.fz)%\ar K
(24,2114? ‘\
(12,200 4{ a7
13,75 \
(ie 27145}9
HARD CLAY, BROWN / ‘é
(o}
(cL) (£2,210) %;
(NO SALTY) ZSEM -
{38 Ja/loch) !
{2€.ZT49
(2828} 4 g
19+ w 720"
. o ¥ ¥ 4
1“// 53 28 29,2454m
END OF BORING 20
M EER S | &%ME,{ I Ll l




B |
BORING NO, _ _BH-3_ ___|crounD ELEV.{m.} -97°.0
BORING LOG DEPTH {m.) 20.20. - . OBSERVED, WL (m.) =1.90
progeey  02+05 HUAL KHUM MUN cooRD, — DATE ;TAR‘TED‘ZL/?»‘/89
Locarion A. UBON RATTANA, KHON KAEN - - DATE F{.'NJ'S‘HED3/3_/89
r |28 .- SPT=-N [ p——p—y QueT APp T
SOIL DESCRIPTION RE|ZS[ 5 138 Cblowssen) (%) xevr @ty | (1/md) |
8718 | 2[5 % 10203040 | 10203040 | 5 1015 20 1.6 1,820
PA
SOFT TO MEDIUM AND STIFF |
FINE SANDY CLAY, BROWN ss |1 d @ | q
AND GREY 1 PA f : \
- (L) T IS MdPERey
1 PA :
(NO SALTY) 3 SS |3 M. ; 15
] g1}
PA
4.50 47 s5[a % 1D (4,6
wo| -
MEDIUM DENSE SILTY SAND, | °7 [ss|s ™ &4 s[@5 _ ,
BROWN 1 |wo \
(SH) 71 Issle );, id (8)10) —i
] 5 1T
(NO SALTY) A B ——
ss|7 M ¢ 16(2l8) :
7.65 ] _
WO
STIFF CLAY, DARK BROWN " Issis @ (6,8 ° ) g
(cL) 9_‘ WO
{NO saLTY)  9.70 | S5 |9 16{(6,!D)
wo
MEDIUM DENSE SILTY FINE 04 ss |0 13778,5)
SAND, BROWN Wwo
1
(SM) ] SS |1l NIB (B,‘:- )
(NO SaLTY) 12.00 wo ™~
e ss (12 [us]23l4™
DENSE TO VERY DENSE SILTY Wo L\
FINE SAND BROWN 3 - e IRl !
(sM) WO {40/(0/ cml
(NO sAaLTY) 14 55 (1 507 OCMb
14.70 ] .
ol || |pasm] ||
VERY STIFF SANDY CLAY, 15 %
\ oy
DARK GREY (NO SALTY) ] =4 “\"7‘3} 6
16.30 wo N
(CL) . 16 .
ss |1 9,32)81N;
VERY DENSE CLAYEY- wo \
GRAVELLY SAND, GREY 71 sIw sé/idem| P
(sc. M) 1 e { 39,16/2:5CM
! 18 33 S0/1GCM
(NO SALTY) wo
8 SOt :
. ( 39, I]/2.5 cM
END OF RORING 20.20 - il B R
= 20 O 8
TS



' BH-1 Gl R=
\ BORING NO. GROUND ELEV.{m} ">, 2J
BORING LOG DEPTH {m.} 10.03 OBSERVED WL (m.) 3,60
Ec'f . 04.01 HUAT SOENG NO.1 COORD, - DATE sTamTeD _ 23/2/89
: A. NAKAE, NAKHON PHANOM DATE FINISHED _ 24/2/89
s |8 g E SPT-m PL  Wn LL 5.;(2/2?! 1,
z_ |5 o - i ouct APp
SOIL DESCRIPTION Eg gé E % § { biows /1 ) {¥a} XFYT DTV (+/md)
S |o {F W&l 5wy a0 ap 10 20 30 ap 5 1015 20 | 161,820
E%ERY STIFF CLAY, DARK f/ .
FBRoWN AND GREY (NO SALTY) % A
(cL) 1.50, 't s TIEK:)
&
KT
DIUM CLAY, BROWN AND ¢ \ss 2 B 5(ks P py
\ PA
(cL). 3"\ B T? 3,40
{NO SALTY) _}\ Paj | / -
4 \ 554 4.9 &5)
5.00] N\ Yra ﬁ ~L .,
5 y Ly SU7/E T P r
“-2&:""- WO
HARD SANDY-GRAVELLY CLAY, N PR .tl[r
JU{LATERITE) , REDDISH BROWN T
{crL) OTTION T
(1O SALTY) ~
4 1# 547510 0 T
5 SeFETes ‘
_ J'L;-'-"’f WO W
]
42 10.03 10 1} 5_’[__ a1
D OF BORING
T
4
A
3 4
; i
| L]

A+59




B-8

SOFT TO MEDIUM CLAY, GREY
AND BROWN

(cL)
(NO SALTY)

3.80

BORING NO. BH=2 _-|crounp ELev.(m) 98, {7
BORING LOG . T
DEPTH (m.) 4.15 - |oBsERvED WL (m.) =0.30
. ' . R N W 7T
04.01 HUAI SOENG NO.1 COORD, DATE STARTED. 23/2/89
. ———
DATE FINISHED 23[2[89
o |2 E oo PL Wp . LL {.  Sult/md}" -
= - - N .
SOIL DESCRIPTION el 3 % i'aé '_9—‘“"0 oucT App | ',
CEl<3| 5 |2 g (blows/ft) (%) XFVT OTY {(rv/m)
a F o x g 20 30 40 10 20 30 40 5 1015 20 | 1,661,820

NN

o
1

3{2)

N\

[+

 (R,2

VERY DENSE CLAYEY-GRAVELLY]
SAND (LATERITE), REDDISH

BROW%O gaiﬁgxﬂ' :' 4.15

END QF BORING

AN

et

-

3,3)
{\ /
I
071 r TN [0]

A-60




B~-2

BORING L-OG BORING NO. _ py_2 GROUND ELEV.(m) 99,46

o DEPTH (m)__ 10.03 OBSERVED WL {m,)_—3.00
04.01 HUAI SOENG NO.1 COORD. — DATE starTep 25/2/89

DATE FINISHED 261"2{89

b
‘ o |3 2 = spT - PL Wy LL Syl t/md)
S0IL DESCRIPTION E—E gl 2 g0 —— QucT App Ty
, SEISDI L (2 g (blowsstn) (%) XFVT g1V (t/md)
A F oz

o 20 30 40 10 20 30 40 5 ¢ 18 20 161,820

B

SOFT TO MEDIUM CLAY,
BROWN AND GREY

(cL) 1,

7138)

LR R A [

{3)4) o

{2t
T
-~

(NO SALTY)

& (2]

R

-
]

5.00

kh
|

I
g /=
/
ol =%

o

b7 SICM

-

2NN\

HARD SANDY-GRAVELLY CLAY‘

]
T
%

4-

2B HIEHIER

F{ (LATERITE) , REDDISH BROWN 5“."" 775
5 (cr) R
T ""-Zv:. 7 7ET
NG
(NO SALTY) \i\
N SIS S
- -.‘.: m
333544— My FtR—
10.03 9] WO

1]

4

END OF BORING

A-61




B-10

END OF BORING

BORING LOG 8oRiNG NO.  BH~1 GROUND ELEV.(m)J&, 80
DEPTH (m.) 9.07 OBSERVED WL {m,} .
VED WL imi}_-0.10 _
pRoJECT _04.02 HUAI SOENG NO.2 COORD, - DATE STARTED 27/2/89
LOCATION A.NAKAE, NAKHON PHANOM PATE VFINI-Sl.-IlED‘ 28/2/89
o =] 2 § SPT-N PL W, LL- 5u(t/m?2 1
SOIL DESCRIPTION £2 Zg E zog : ) —-&— | QucTt Avp ty
aBlaS| 5 [F g (blws/t {%] XFVT GTV {1/ m’}
a je | ¥ w92 3040 j0 20 30 40 5 10 15 20 1,6 1.82,0
1 WO
MEDIUM TO STIFF CLAY, BROWN |
AND GREY / Ss| f 911413)
wo
CH -
e g ETE PIGIEDY H
{NO SALTY) wo : f
gy
3.0 | s A T34 / /
[*]
50/,15‘:§T [
VERY DENSE CLAYEY~GRAVELLY :
SAND (LATERITE) , REDDISH 5 /5 e 9 |
BROWN |
{sc/crL) - %
so/i3am T
{NO SALTY)
i 50410 EM /
) sofioem] |© o]
9.07 I :
i d0/B M. T

A-62



B~-11

' BORING NO. BH=2 srounp eLev.im) S0,70
BORING LOG ———
. ‘ CEPTH {m) _ 2 .12 OBSERVED WL {(m.) 41 50
ger 04,02 HURI SOENG NO.2 COORD. - DATE STARTED  1/3/89
Edarion  A.NAKAE, NAKHON PHANOM pATE Finisngp  1/3/89
i o (3 BE o1y PL Wa LU | Se(r/md) 1
X = < T W - [
R CRIFTIO FmlX o aZ s - o DUCLT A pp
SOIL DESCRIPTION EE Eg E §§ { blows/ 1t} (%) XFEVT BTV (t/md)
1 2 (B [T g 20 30 40 10°20 30 40 | 5 0 IS5 20 | 161820
‘ i
¢
:j; MEDIUM CLAY, TRACE OF
% SAND, GREY
H 7 (o sarmeFL) 1.50 445511 M o6 (B,3) 2 ©
3 PA ™
§ WARD SANDY CLAY(LATERITE)| ,A8{¥ccl e %/
1 RECDISH BROWN (CL) 1 5/13 [
i (NO SALTY). 2.12
END OF BORING :
]
‘ -
-
.
.
.{
|1

A*63




B-12

BORING No,__ BH-3 ____ |erount eLev.tm) 98.60
BORING LOG DEPTH (m.] 5.15 0BSERVED WL (m.) -1.30
proJect 04.02 HUAI SCENG No,2 COORD. = DATE STARTED - 27/2/89
N —-_—
LOCATION A, NAKAE, NAKHON PHANOM ' _' DATE_F!NISHED 27/2/89
o lex PL Wy LL Sult/me) -
o = i SPT-N
=.|F 9 D> e D] QueT App t
SOIL DESCRIPTION 55 5§ E %as§ ( blows /11 ) e XEVT @7y (17 wd)
o |uo | F |0 X 45 20 30 40 10° 20 30 4¢ 5 10 I5 20 1.6 $.82.0
|7 '
] 9] {4]5)

MEDIUM TO STIFF CLAY,
TRACE OF SAND, GREY AND

BROWN 19](4,5) =y T 1
(cL) ) . ' :
: 3 5](3,3) : :
(NO SALTY) i } '
LA h
a.so| * T S < W T%le] o E
“éiﬁg PA ] \‘\\J
VERY DENSE CLAYEY~GRAVELLY 5,@? el % E)/
SAND(LATERITE), REDDISH | 50/15 CML
BROWN (sC) 5.15/

END OF BORING

A+ B4



BORING LOG 80RING NO. _ BH-1 GROUND ELEV.{m) 27.7
; 05.01 : LAM KLANG pEPTH (m) _ 15.15 DBSERVED WL {m.)”1-20
PROJECT * COORD. - UATE STARTED 10{2 {ag
§.ocarion A.NON SOONG, NAKHON RATCHASIMA DATE FinisHED 11/2/89
I{s = 2
n a |2 ® PL W LL Suf{t/m"}
SOIL DESCRIPTION - EoEa| 2 j2e}] | SPTON ——o—1 | ouct App Ll
CEI2SI K [2 g (blows/f) (%} XFYT @TY (+/md)
. : : O1° | ® & w2304 | 40720 304 | 5 1015 20 | 1.61.82.0
§PEDIUM DENSE CLAYEY FINE A
ElcanD, LI~GREY AND LI-BROWN T PA
(I
(sC) _E'fr ss| c\m (6,8) T
(NO_SALTY) 2.00 |, 508 pa N
: 2 329 |
DENSE CLAYEY FINE SAND, .(:3,:6)
LI-GREY 3
(sc) 3 M 7,B) @E
4
(NO SALTY) 4 (2d,28)) 48 T 9
5.00
5 : ;
B| INTERMEDIATE SOIL (FINE SANDY 5 (16,19) | &35 T
[CLAY OR CLAYEY FINE SAND), |..
§l LI-BROWN AND LI-GREY #:4 SS| 6 th.2) m}f\ E\
! B s
floo saury) (CL/SC) 4 oo /| 7L
_ : igew] 8517 50/29CM .3 D
ERY DENSE CLAYEY SAND, ot [28,22)/9 cW]
{iL1-BROWN AND LI-GREY g Fia WO | -
(sQ) o 55 |8 M to/esemy, & 71
(NO SALTY) P ( '2;!/'0‘:“ |
8,50 FHRERIE s0y2qcM| ‘@
‘0'/"55 M SoyzdcM & 0
HARD CLAY, REDDISH BROWN 1 / wo (ajl""w lopm)
(cL) “'/ 55 1) 50{23 m 37 ?
(NO SALTY) 1 Awo (39,20/8(CM
52-/ ST 7 (; '
./ WO (..IEJ B/‘.i(:’hrqa ‘
|3‘ :)S lh _SOJ,EO_CM oy [2]
./ WO {25,2}/51:“)
l4-/ 531 SUATB_MJ
15.15 [ BT T
ND : 159~ b B sl /|ﬂtm 1) r
END OF BORING ] .




B-14

BORING NO.___BH-2 _ | arouno ELEV.{m.) _96.6
BORING LOG DEPTH (m} __ 13.13 OBSERVED WL (m.) 40 30(1y
PROJECT 05.01 - LAM KLANG - {coorop, - DATE STARTED _14/2/89
tocaTioy A.NON SOONG, NAKHON RATCHASIMA : DATE FiNISHED 15/2/89
—m"_—_—_--
F ™
o o 12 & SPToN PL W, LL Sylt/m} 1
SOIL DESCRIPTION I~|Ea| = |03 F—0— | OucT Arp. 'y
5533 b [ g (blows/tt) (%) XFYT @TY {t/md
8 |6 | E (@ & 1520 30 40 10 20 3040 5 10 18 20 1.6 1820
STIFF FINE SANDY CLAY,
LI-GREY
(CL) [ al3 (4,8) - g
(NO SALTY) 2.00 SN
" T
2 (26,30 56 X ' F
) 5813 i =
VERY STIFF TO HARD FINE SANDY {: {]4,18) F38 ;
CLAY, LI-BROWN AND LI-GREY | 4 bN|¥O :
Ne] 5[4 )334 T
(CL) ..__-.. wo “7'7/) ‘
5N
NO NG i
(NO SALTY) S515 8 (6,10)
Y Wo \
- |
| 5516 \328 i
wo \U3415)
7
Y ssi7
{18,20) 528
o )
L N
oyssie y
9.00 {15,251 040
9 Sy WO /
50720C
HARD CLAY, REDDISH BROWN L/ Jssle /a0y
WO { 38,12/5¢M)
(cL) '0“/ SS oM Fo7[etv | - S
/ WO {4l BA25CM} T
{NO SALTY) i :
/ EEEIT BO/E3CH .
/ Wo ( 27,23/8¢M)
IZ-/ S5z (bO/:OLJ-‘I"
- 30,20/9CM
1.3 LAY "] 7)
t3" o e el W P | 5 /L eNW (5]
END OF BORING




B-15

8ORING No, BH-3 GROUND ELEV.(m)} 99-5
B {m,
. ORING LOG DEPTH (m.}_ls'ls ORSERVED WL (m) ~=+00
JECT 05-91 LAM KLANG COORD. - DATE STARTED 12/2/89
cATION _A.NON_ SO DATE Fimspep _ 13/2/89
o lal? E PL Wy LL Syl1/m2} 1
SOIL DESCRIPTION E~{Eo| 2 ldaz] SPT-N F—6&— | oucT Arrp ',
LEZISI L T 8 (blows/nr) (%1 XFVT OTv (r/m)
Sl lFME 10203040 [ 19 30.3040| 5 10 15 20 | 1.61.82.0
400SE TO MEDIUM DENSE AND | e i i
BENSE SILTY FINE SAND, o
ROH'N AND LI~GREY 3 T P S
' {sC) ]
] 3
(NO SALTY) = (Q: (5,65) \
4 l’.)\‘r (T3)
N
5 {24/25)30 T
| 6.50 s M (7,12) 429
It
{[VERY STIFF TO HARD FINE SANO =
LAY, LI-~-BROWN AND LI-GREY {QS(ICIBJ f
: 8
161429
E {NO SALTY) {S’rﬂ Y
S (18,26 %38 r
10.00
iQ (26321589 [
:'HARD FINE SANDY CLAY, LI~
{GREY AND REDDISH BROWN 0
; iy I (0,341 540 )
,; 12 /3 CN 7
(NO SALTY) (Eéq)g,a /8 ‘M)'0
13 50{2QCM &
{32,185CH)
14 So/i8CM| @ 1%
. (ad, 1072 5icm
15.18 -
1 i SU7T ) c
jEND OF BORING 4 ( 3p,1572.3 04




B~1¢

BORING LOG

BORING NO. BH

-1

DEPTH {m)___ 20 .45

GROUND ELEV.{m.) 95.9
OBSERVED WL (m.). ~0-30
‘ —_—

LOOSE SILTY FINE SAND,
YELLOWISH BROWN

prosecT __ 05.02 LAM NAM MUN COORD, - DATE STARTED 8/2/89
LOCATION A, PHIMAT, NAKHON RATCHASTMA DATE FINISHED 10/2/89
ol E PL Wy LL Su{1/m2) 1
=_|2,] 2 o> SPT~N —— QucT A PP -y
Sotl- DESCRIPTION B E 39| B [F g (blows/md A% XFVT BTV (t/m)
878 | =3 = 0203040 | 10203040 | 5 10 18 20 1,6 1.82

GREY

{SM, SP~5M)
(NO SALTY)

13.50

STIFF CLAY, LI-GREENISH
GREY

(cH)
(NO SALTY)
17.25
LOOSE SAND, LI-GREENISH
GREY (SM) 1 18.30

{NO_SaTmiry
TV —=

8 (4,9 T
(SP-SM)
{NO SALTY) é\-.- 4,3)
3.00 N\
18 (8,Id) R
MEDIUM DENSE SILTY FINE
SAND, GREY 5
(5M) ‘k ! \
I
(NO SALTY) )]g
V 19ii0)
1|t 3]8)
7.00 L\
\;\26
MEDIUM DENSE TO DENSE AND {9,17)
VERY DENSE SILTY FINE SAND)

DENSE TO VERY DENSE SAND,
LI-GREENISH GREY

[G

(SP-5M)
(NO SALTY) i
END OF. BORING 20.45 |77 [




i BORING LOG 8ORING NO. BH-2 GROUND ELEV.{m} 94.9
o DEPTH (m) __ 27.45 0BSERVED WL (m,) —-0.30
posect 0502 LAM NAM MUN COORD. - DATE STARTED _11/2/89
ocATION A. PHIMAI, NAKHON RATCHASTIMA DATE FINiSHED 13/2/89
o |a B E I PL  Wn L Sult/me} ,
I = o |5 S5 - t
! c x 12,192 5.8 ——&— | ouct APp
j SOIL DESCRIPTIDN Ef ggl £ % & (b - oucr A 3y
l S 1% 1l 10203040 | 10203040 | 5 1015 20 | 1.6 1.820

—

?23&361 i

i

i MEDIUM DENSE TO DENSE AND

: Y
}mie 03
fts 9,7 °

| VERY DENSE SAND GREENISH
H GREY

o

i’ (SP~SM)

e /

i

ua,ls?azn

?/ 2139)
!

é<. (||}n) _ \
{
(16l, 203\{3 '

)
N,
525’29}'%
o

palll
22 (s[4} / \
o) s

1-1,19 7,1)
\ N
2B (12 \
13.00 HA wo /
'3 55 {i3 ﬁ {5.6) i ¥
STIFF CLAY, LI-GREENISH o
GREY { G

(CL)

/NN
=

6 ¥
Ss |18 14 (g6) \
17.00 1 WO N \
i7 s
HARD CLAY, GREENISH GREY Ss |17 (19]26 ;} Sl
(CL} (0 SALTY18.00 " wo
DENSE SILTY FINE SAND, PElSSUIBR 13,7)80Q - /
GREENISH GREY AND DARK Ig_r,.;:‘?;\f wo y
BROWN  (SP-5M)(sanTy)19.50 il ss s 23*25)4? -
HARD CLAY, REDDISH BROWN w0

(CL) {SALTY) 2°7 ss [200 (d 7yzald 1 r




B-1y

BH--2
BORING NO. GROUND ELEV.(m.)
BORING LOG OEPTH (m) __ 27.45 OBSERVED WL {m.) 20.30 307‘
proseer _ 05.02 LAM NAM MUN COORD. - DATE sTaRTED 1172786 11/2/89
LOCATION __A. PHIMAT, NAKHON RATCHASIMA DATE FINISHED 1342 /89
|
o |aBE ., PL Wy LL Sult/m?) 1
SOIL. DESCRIPTION I-|Eo| £ [Fo3 T-N b QucT App t
ZEIZG B [Z 8 (blows/) (%) XFVT ATV (t7m)
S |o | ® n x| g 20 30 40 20 40 60 80 5 10 1% 20 1.6 1.820
-
\ wo
2 ﬁ\ Ss 2l
HARD CLAY, REDDISH BROWN \ (:5,3}357 |
{cL) 22-\ wo - a
J\ S5 |22 {16, 241 D4Q
(SALTY) wo
23*\\\
\ ss |23 18,p3)b4I
24_\ WO
\ SS {24 18, 2)xb4d
WO
zs-\
INES{BM Gopake an J
26 wo
EN\EIE (23.25)¢¥9ﬁ‘
. J\ WO j'
274517 I\ Iss ez (23,39) [529

END OF BORING




"BORING LOG

05.02 LAM NAM. MUN

PROJECT

BORING NO. BH-3

OEPTH (m.) 20.45

GROUND ELEV.(m] 96.2
OBSERVED WL {m.} -1.35

A COORD. - DATE STARTED 14/2/89
?ecarm A. PHIMAI, NRKHON RATCHASIMA DATE FINISHED _ 15/2/89
g' g ig E cPT N PL W, L Syl1/me) 1,
SOIL DESCRIPTION Eolg ol = lde2 F—6-— | ouct Avp 3
3 a E éﬂ b E § { blowa /11 ) fog) XEVT aTv (t/m)
R ERCE: 10 20 3040 | 1D 2030.40 | 5 018 20 | 1.61.820

LOOSE TO MEDIUM DENSE SAND)
qLI—BROWN AND GREENISH GREY

(SM)

ii (NO 'SALTY)

g 8.35
PEAT TO LIGNITE, BLACK
AND BROWN (pT){(SALTY)8,50 [

DENSE TO VERY DENSE SAND,
LI-GREENISH GREY AND GREY,
SOME PEAT BETWEEN 19.00-
12.45 m DEPTH

(SP-SM, SM)

{SALTY}

END OF BORING 20.45

——n

%]
-

{sho}

13}

10)

—l_

]

13}

of——"




B-24

BORING NO, BH-1 GROUND ELEV.{m) 98,0
BORING LOG DEPTH {m) _ 22 03 OBSERVED WL ('“‘)-———--.,_“5'SD
PROJECT 05.03 LAM PHRAR PHLOENG ¢DORD. - DATE STARTED
3
tocaTion _ A. PAX THONG CHAZ, NAKHON RATCHAKIMA OATE FiNisED 13/2/89
e ——
o fg PL.  Wg LL su{s/m‘?} 1
z_|2 8 15, SPT-N - QueT Arp i!
501L DESCRIPTION =g E§ bk a { biows /£t } { %} XF¥T OTv {t/m}
8715 x @ 10 20 30 40 0 203040, 5 1018 20 1,6 1,828

SOFT TO STIFF FINE SANDY

W] RECOVERY
—&
&

{3,5)
CLAY ,DARK BROWN _
. (c1) ] L IERICIED
(NO SALTY) .

3 79(49} *T“‘

4.50

LOOSE CLAYEY FINE SAND,
DARK BROWN

(8C)
(NC SALTY) 7.00

MEDIUM DENSE CLAYEY AND
SILTY SAND, DARK BROWN
AND GREY

{SC,SP-SM, SM)

(NO SALTY)

12.00

VERY STIFF CLAY, TRACE OF

(cL) <N ra {1218}

{NO SALTY) _ 5S|4 ‘i 13{8}10)

15 &g w2 ERIE KED(B'"}

DENSE CLAYEY FINE SAND
(INTERMEDIATE SOIL), DARK

SAND, DARK BROWN 13 55 113 L] 27 '-é/ —
f

] 24
&i {1,13)

BROWN

17 ]é 25 \
(sc/en) (12,3 . __\
b 2 - ‘
(NO SALTY) i b T
‘ :
19 - ¥

9 (1p,13)8] 25 7

‘ 20.00 | ki Pa L N
HARD SRNDY CLAY (op) NVERES 235 [




B-21

BO ING LOG BORING NO, BH-1 GROUND ELEV.(m) 98.0
R , DEPTH {m.) 22.03 OBSERVED WL {m.} =250
| 05.03 LAM PHRA PHLOENG COORD. - DATE STARTED 11/2/89
fearion A. PAK THONG CHAT, NAKHON RATCHASIMA oaTE Finiswep 13/2/89
o laf2E ; PL W LL Sult/m2) 1
. = [ 18 5.4 5PT«N ———| aucT App 1
SDIL  DESCAIPTION LE 5% e §a§ { blaws /1 ) (%} XFVT @TV (17 md)
Wh‘
O o | & 1920 30 40 | 20 40 60 80 5 015 20 | 161820
: 188 (20 /B 1
{HARD SANDY CLAY, LI-BROWN viN o (23,26/0¢M)
{: AND GREY ( 21 *"t’.:"'}“‘q 5 50725 ¢
; . (e N wo (30, 2p/8LM
;; (NO SALTY) 22.00 22 LW cn-los 2oent
VERY DENSE SANDSTONE, ‘ ™
BROWNISH GREY (NO SALTY)
(M) 22 0 ~
;
END OF BORING N
: -
)
¥ -4
4
!
: i
&
¥
:
E-: =
;L;f
§ -
%
: }
i i
T
1
+4
R




B~-22

j T
BORING NO, BH-2 GROUND ELEV.{m) 90.4
BORING LOG DEPTH (m.} 18.05- DBSERVED WL (m.) 40, 20
prosecT  ©5-03 LAM PHRA PHLOENG COORD. - . {oaTE sTarTED 13/32/89
_—-"“-‘___-I-
LocaTioN _A. PAK THONG CHAT, NAKHON RATCHASIMA DATE FINISHED 15/2/89
o 1o tg E PL W, LL sy{t/md) 4
x [ {9 5.4 SPT-N = e Quct APP !
SOIL. DESCRIPTION &g 3_@ E ::'nusl ( blows 7t } (%) XFVT @tV (t/m)
o j@ |=wexl 003040 | 2090608 | 5 10 18 20 61.820

STIFF TO VERY STIFF SANDY
CLAY, GREYISH BROWN AND
PARK BROWY

e
3

~(cny
{5,5)
(NO SALTY)
3.50 ®ip
MEDIUM DENSE CLAYEY AND
SILTY SAND, DARK BROWN 6
AND GREY . (NO SALTY)
{sC, SM} 5,50 { {7,)0}
VERY STIFF TO HARD CLAY, STENE
DARK BROWN
(c1) [
(NO SALTY) i}f 3
)
5,10}
(7,9}
% do
11.00
£l
DENSE CLAYEY FINE SAND,
DARK BROWN (NO SALTY)
45
(sC) 12.80 j/}a
VERY STIFF CLAY, DARK BROWN £
(CL) >4
(NO SALTY)
28
16.00
MEDIUM DENSE CLAYEY FINE 28
SAND,DARK GREY (SC/CL)16.7%-
MEDIUM SANDY CLAY, DARK 1
REY (KO SALTY). - ]
S (CL) 18.00 [
tonc
750

VERY DENSE SANDSTONE,GREY
(HO SALTY) (sM) 18.0

END OF BORING




B-23

BORING LOG BORING No, _ BI-3 GROUND ELEV,{m) 94.4
: o . DEPTH (m.) 20,22 CBSERVED WL {(m) —-5,50
QJECT 05.03 LAM PHRA PHLOENG COORD. - DATE STARTED 8/2/89
0cATION _ A, PAK THONG CHAT, NAKHON RATCHASKMA DATE FINISHED 10 /2 /89
: 2k PL W ' 2
. - |2 18 % E SPT - N n LL Su{t/m?} <
SOIL DESCRIPTION E=lT ol £ Fo2 F—8&—1 | QucT App !
SEISSIE 138 (blowssn) (%) XFVT @Tv {(1/m)
2 4° | ¥ 10203040 | JO 2030.40) 5 10 15 20 | 1.6 1,820
B
5 1
b | 55] 1 12 (6,6)
W sTIFF 1O VERY STIFF FINE PA T
H| SANDY CLAY, DARK BROWN & / ssl2 ? 2 (6,6 = { )
ie‘ (cL) PA
} 7 3 / S| S M Joe 5| 0\
Iz (NO sAvLTY) o PA \ N\
;i | / K 15(6,p) ; \
i 1 K & 2o(d,m Qr i
R /
% / ss | & A 1(,10) :
g |
e T
[ s8]z b 20 d1) i
£ PA
2 8 17].55]8 18 (8fi0) 5 ‘
; ol o- PA \
' 9.50| ¢ ) G{I&I{?,B) /’-1

MEDIUM DENSE CLAYEY SAND,

e

)
)
h=3

g L ST v T e

LT

23

DARK BROWN { ALTY) !
PSCF 13,10)

10.50
S

H-

=

3

Ay

w0

B |o
3
N

24
2,12)

VERY STIFF SANDY CLAY,
DARX BROWN

LN S o
[42]
(9]

58} "7

(CcL)

{(NO SALTY) 13.50

MEDIUM DENSE TO DENSE
CLAYEY FINE SAND, DARK

BROWN AND GREY’

(sc) N
{0 SALTY) 16.50 b I
{15416
VERY STIFF FINE SANDY CLAY |
DARK BROWN {CL)" 17.50 16/(8,8
(NC—SELTY) 1o
MEDIUM DENSE TO DENSE AND | g\ B
gy I 28
VERY DENSE CLAYEY FINE AL \Q
SAND, DARK BROWN \'316)
(50) ) (17,19 z\as
(NO SALTY LV
END OF BORIIG 20.22| 2040 =07 “\ 8
— ‘ {32,20/8C




B-24

BORING LOG

BORING NO. _RH-1

GROUND ELEV.{m)__99.05

DEPTH (m)_14.05 OBSERVED WL (m) ~3.20
progect  11.01 LAM NAM KAM COORD, ~ DaTE sTarTED _20/2/89
‘ . sk
LOCATION A.,MUANG, SAKON NAKHON DATE FINISHED 21/2/89
—_'”“-“_——-q
w z PL Wn LL Sul1/mP)
u 18 W spT-w : 1 i
z |Fol 2 Jn> = | Quct App t
SOIL DESCRIPTION A ES E % Bl (blows ) (%) XFVT BTV {+/md)
S |o | E M 1920 3040 | IO 2030 40 5 1015 20 | 1.6 1.a29
MEDIUM DENSE SILTY Ta) Pa
FINE SAND, BROWN s XS
o =
(NO SALTY) 2 IERE a (7,7 '
3.00 PA
5313 % B81(48)
SOFT TO MEDIUM PA ' \
FINE SANDY CLAY, 55| 4 3(1,2) i
(CL) . ’
(2
{NO SALTY} > T‘ (z
s M&4 (32 R
7.00
7 51(2,3)
LOOSE TO MEDIUM ‘
DENSE SILTY AND
CLAYEY SAND, BROWN & )D 18,7 t;
(SM,SC) / 4
(NO SALTY) ¥ 2 Q (e ”
e \\ A
R 10 I
11.00 t b\i‘ )
T oA ' R
AT 80/43clh
HARD CLAY, ; (25 as/ecmcp
DARK BROWN \ w0
(cL)’ 12“\”'?6. 1z /TSCM- ¢ | & W
\ WO
(MO SALTY) 13 ST T SO7 T
Nve
_ 14.05 | n-;\_\.:ss:::h Sl el
END OF BORING i




. B-25
K. ENGINEERING CONSULTANTS CO,, LTD.

e BORING NO. _pir_o GROUND ELEV.{m) 95.40
| - BORING LOG T
- = DEPTH (m.) _9.03 OBSERVED WL (m.}_0.00
?w.sr:ca‘ 11.01 LAM NAM KAM COORD, - DATE sTaaTep 17/2/89
bucmon A. MUBDNG, SAKON__ NAKHON_ . DATE FINISHED _19/2/89
. S 2z PL W  LL sult/md)
. o a = _ n u
SOIL DESCRIPTION EolZgl 2 Fog, SPTM —o— | ouct Arr 1‘3
SEISS|E 128 (blowssn) (%) XFVT BTy (/m)
0% |21 =% 10203040 | 1020%040 | 5 1015 20 | 1.6t.82.0
LOOSE TO MEDIUM & wo
DENSE CLAYEY SAND, :
BROWN AND GREYISH 83 [I als (2, 3)
BROWN wo
(Sc,SP-S) Ssf2 ‘5,5\“"»2) 7 G\
wo
(NO SALTY) TosTx e ?
! wo / {19,13)
4.50 o5 |a Mo 0(8,5T \ ;
N wo
VERY STIFF SANDY CLAY, | sS-kYssls =3
REDDISH BROWN AND LI-GREY \ WO {h)12) /
(cr) 6.00_{ N .
/ 35 |8 SO/6CH b
HARD CLAY, / wo [zi,sgnscml
DARK. BROWN 7 L 50/10CH @ f
(L) / wo (26,,/5:(10 M) _g
- -
(NO SALTY) 8 / sS/E M 50 ETH ,ip
9.03 Y Awo (4, of23cm

il END OF BORTNG

Sy
1




B~

BORING NO.__BH-—3

GROUND ELEV.(m..} 98,95

BO_RING LOG DEPTH (m.} 19.05 ' |oaserven wL tmy ~3.,00
progecT  11.01 LAM NAM KAM COORD, - DATE STARTED 17/2/89
LOCATION A, MUANG, SAKON NAKHON DATE FINISHED _ 19/2 /89
s lale g . PL Wy LL Sy{t/me} x
T |2l @ [Hat SPT - p—— BucT APP t
SOIL DESCRIPTION EE|38|E B toowsmr | XEVT @ty | (17nd
8|8 | 2[4 x| 19 20 30 40 10 20 30 4C 5 1015 20 | 1.6 1824
PA
VERY LOOSE TO LOOSE
AND MEDIUM DENSE Rulld i
SILTY AND CLAYEY 1
. H
(sM,8C) )’ \
(NO SALTY) (4831 ¢
2 (4,8 \
2,2}
3,15)
) {4),6) 0
8.00
N
B 21) g 35
VERY STIFF TO -
HARD SANDY CLAY, N 25)i%!
REDDISH BROWN AND
LI-GREY R =
{CcL) 120 G(
(NO SALTY) % 34l
NG ' d 2%
NG i8[8,10) 7 f
| ss|ia a\zono,up | /
15.50 | s LY
N1 ss s B ] e 627
:e-/ wo |[. . /
HARD CLAY, / 551 /23 CM c o)
DARK BROWN / WO {135]1548Cl4)
(CL) 17—/ S5 1T b /9 M ﬁ
) wo
(NO SaLTY) sa-/ i -
/ 55 TVTOCH
19.05 / wo
S—— — —_— 194288 5 ,’ﬁe.‘._ Iy
END OF BORING 4 i




B-27

E END OF BORING

ek

) B |

' 8ORING NO._BH-1 GROUND ELEV.{m) 96.0
v BORING LOG DEPTH (m) 11.08 OBSERVED WL (m) —2-99
peeeT __ 18,02 LAM NAM PHUAT COORY, - DATE STARTED _5/3/89
carion B ST BUN RUANG, UDON THANI DATE FinisHED _6/3/89
E o > 2
_ e lalz & . PL W, LL Su{t/m’}
'S0IL DESCRIPTION Eolgg e |Fag| SPT-NM b—-—o——yF | QucT APP "'13
SEIZS)I G (2 O (bowasn) %) XFYT 1Y {t/m)
‘ S 1 F % 020304 | 10203040 | 5 1015 20 | 161820
ETIFR SANDY CLAY TO CLAYEY AL
- 2 e
EIND {INTERMEDIATE SOIL), l
ROWN 4ss [ > 11(5.6)
(sc/cr) - i
(NO SALTY) 2.50 | ¢ ss (2™ & 1b($5] o °
{EDIUM DENSE SAND WITH LB P
GRAVEL AND CLAY, BROWN 3l S5 13 é\ 144 {7)7)
(SM) . PA \
(NO_SALTY) 4.80 e /QD( 4i0)
VERY LOOSE SAND WITH GRAVEL | s
BROWN (SM) (NO SALTY) 5.65 LSS 1S Prdiita,)
VERY STIFF SANDY CLAY, BROWY . BA7Awo0 \
(cL) 6.80 A 19(5,}4)
(NO SALTY) :
MEDIUM DENSE SILTY FINE 8w
SAND, GREY (NO SALTY) ~J
(SM) B.25 I~
50720 CM}@
E;mnn CLAY, DARK BROWN . {15,38/50M)
) / SO B eMT—h—hE 2
CL |74y
/ ko)
(NO SALTY) / SaE5 et
— 11.08 Ff‘/—/ S5 3qum‘-—w




B-23

BORING No, _BH-2 ___|arouno ELEV.im) 92.8g |
BORING LOG pepvh (m)__9+03 . - losseavep wi(mj =0.05
—-““."“_—-—--
provecT _14.02 LAM NAM PHUAT COCRD. - DATE STARTED 3/89

LocaTion A-SI BUN RUANG, UDON THANI DATE FINISHED ___7/3/89
e

10 20 30 40 10 20 30 40 5 10 15 20

[+
E]
g
o

s lale® PL Wy LL Sult/m 1
] o T W SPT-HN I, S | QucT APP 1
Em|E o] = [Foz
SOIL DESCRIPTION oE 33 = $°S (blows/t) %) XFYT BTV {t/md)
i~ < W .
[=] [T] X | @

MEDIUM DENSE GRAVELLY SAND
BRONW

{SP~SM)
{NO SALTY)

ﬂllo? 99) i

2.50

LOOSE SAND, WITH GRAVEL,

BROWN (SM)(NO SALTY)  , \ (4/5) I
e s Sy o X7
' 5.00 ™.
VERY DENSE GRAVELLY SAND, Gy ;?g%ﬂ”; '
GREY (SM) (NO SALTY) g oo 6_9:’;@3?: i -

END OF BORING




B-29

' BOAING NO.  BH-3 GROUND ELEV.{m) 28.50
BORING LOG 10.18
_ BEPTH (m.)__ U~ OBSERVED WL (m) ~3.10
osgct  14.02 LAM NAM PHUAT COGRD, - DATE STARTED 8/3/B9
carion__A+ST BUN RUANG, UDON THANI . DATE FINISHED _9/3/89
o o ig 5 . PL W, LL Su(l!rn?) 1
SOIL DESCRIPTION E=|Eg| 2 Fog| °F F—0— | ouct App 'y
EE130) F z 8l (blowsstr) {%) XFYT @Tv (t/m”)
8718 12198 1503040 | 0 20304a0 | 5 1015 20 | v6 1820
VERY STIFF SANDY CLAY,BROWN T 33 e ¥
(),
(cLy
24
{NO BALTY) {12,149}
)
3,70 ‘{ 5 (7,9) f r
A

MEDIUM DENSE CLAYEY SAND,
WITH GRAVEL, BROWN

720y Q37| O
(sM,sM-sC) ' T
\
ik (20,24)n
(NO SALTY) CIAY '
7.00 f BN PA 5
BTy SS1 7 so/scy 4§ T
VERY DENSE GRAVELLY SAND AND T (z6,34/ b .
SILTY FINE SAND, BROWN AND P _
GREY | ss18 50715 ¢M
".a;f =) (If,SO/!SEM
(sM) 3 -,;.‘,; 552 $8/716 CN @ ©
(NO SALTY) § P
10.18 i{}-,,é‘.ﬂﬁ 77 TE

#0,0725CN)
END OF BORING




B~30

BORING LOG

15.07 LAM SOM NO.1

BORING No, BH-1

OEPTH (m.) 8.27

GROUND ELEV.{m) _ gml

OBSERVED WL {m,) NOt foy
oate stanven 2072789

CQORD. -
PROJECT
LocATion A. DET UDOM, UBON RATCHATHANI BATE FINISHED 21/2/89
—_—
e = PL Wy Sult/mC}
o € & 1
= 12,2 |F02 SPTON p—8—— | QUCT APpP '
S0IL DESCRIPTION = 3§ E & § ( blows /11 ) e TV D (/)
SRR 20 30 40 10 20 30 40 5 1013 20 6 1.825
SR
LATERITE, REDDISH BROWN ,;?1‘{ PA
{NO SALTY) 1.00 K% !
o b 1 {56) | 9

VERY LOOSE TO LOOSE AND
MEDIUM DENSE SILTY AND
CLAYEY FINE SAND, LI-BROWN
AND YELLOWISH BROWN

(SM,sC/cL)

(NO SALTY)

7.50

]z |2

T
-]

v
wn

R
Y

w
in

u
>

13 (il \

Al B|a

g
>

&

VERY DENSE SILTSTONE,
REDDISH VIOLET (SM) 3.27/‘

END OF BORING

'
>

u
74

5 12(6,7 | \
iSNENAL; *
™
{9, 3)‘3\22
B_C
52 / QM.T'




B-31

BORING NO.  BH-2 GROUND ELEV.{m} §
BORING LOG .00 e
. DERTH (m.) . OBSERVED WL (m,) +1.80
. 15.07 LAM SOM NO.1 COORD. - DATE STARTED _39/7 /g9
QucATION A, DET UDO TPHAMT OATE FiNISHED _19/2/89
4 , o la Bk .p PL Wn o LL Su(t/me) 1
i SOIL DESCRIPTION ZolZol € [Fod ToN b=—8—— | oucT Apr !
EEIZQ) b 3Bl (blows/tr) (%) XFVT BTV (1/m?)
i g T3 = ﬁ g‘:i
4 10203040 | 10 203040 | 5 018 20 | 1.6 1.B2.0
SHEDIUM DENSE SAND, '
E LI-BROWN (NO SALTY)
i (SM) 1.35
$IVERY DENSE SILTSTONE, i (13,33] 49 ¢ o o

H{REDDISH VIOLET (NO SALTY)
i {sM) 2.0

{END OF BORING ]

e s am v g




B-3;

‘ T
gosNG No, DBH-3 GROUND ELEV.{m.) 9§, 2
ORING LOG OBSEAVED WL {m) ~3 .99
B DEPTH {m)_9 08 e 1200
- A 5T
PROJECT 207 LAY Soh 0.1 soone DATE FINISHED 18/2/89
LocATIoN A. DET UDOM, UBON RATCHATHANI - L em——
]
o = PL W, LL Sylt/md)
o |z & " %
z 1212158 sPT-w ——o—i | OucT App '
SOiL DESCRIPTION ] §§ Fl ‘;‘“8 { blows/ 1} (%} XFVYT TV {1700}
— 1]
HENER K 10 20 30 40 j0_20 30 40 3 101520 1.6 1.820
P
LATERITE, REDDISH BROWN fsqj PA
(NO SLATY) 1.00 | R |
/ S5 1t '?9 {
STIFF TO VERY STIFF AND ] / PA
HARD CLAY, BROWN, LI~BROWN | 2-] / ss|2 12 (6,6)
AND LI-GREY ] / ” N
{crL) 3”/ S5 |3 (3,550 i cz
/ m Ve
(SALTY) 4'/ ss{a M 14(8,0) \
5—
S5 |5 23
/ /b(r,lz} |
PA /|
6.50 &7 5518 7i{3,4) \ /
LOOSE TO MEDIUM DENSE FINE T PR \
7] 3 3 '
SAND, LI-GREY (SALTY) Ll sS|7 a9 3.5)
{SP-SM) | PA
8:20 | egilssia BTG | ¢ ©
VERY DENSE SILTSTONE, PA {38,15) )
REDDISH VIOLET (SM) 9.08 ; , ]
{NO SALTY) 9 ST 3R R (2]

END OF BORING




 APPENDIX C

-~ SUMMARY OF TEST RESULTS



--------------------------------------------------------------------------------------------------------------------

SURMARY DF TEST RESULTS BORING NO. : BH-1 MADE BY  :  HARDHG P.
OEPTH (o)  : 11.03 DATE ¢ 10f3f8e
" PRDJECT  : DI1.01 HUAIL XAE GROUND EL.{o}: 98.3 CHECKED BY :  WITOOM 3.
LOCATION : A, HUANG, XKALASIR GWL OEPTH (n}: -2.00 DATE T 10/3/89
GRADATION HATURAL  ATTERBERG LIMITS (%) ToTAL
SANPLE  DEPTH {a)  USCS {% PASSING SIEVE) HATER AND INDICIES 3P.GR  UNIT SPT-H
HO. =mommsseemene GROUP ~--ommmmmmmmmemccincaans B G5 WEIGHT
FRON 10 T 810 R0 1200 £9) LL PL Pl L (tfcu.a)
$s-1 1,00 .45 SH - - - - - - . . - - - 13
5.2 2.00 2,45 100 100 98 2 16 - - . - .61 L9 I
55«3 J.00 3.4 SH . - - - - - - - - . - 1
5544 4,00 4,45 L - - - - - - . - - - - 30
555 5.00 5.4 L 100 9 97 13 15 41 21 20 -0.3 2,698  2.05 26
§5-4  6.00 645 L . - - - - - - - - - - 15
857 L0 1.45 st 10 100 95 42 A - . - - - - 1
-8 8.00 3.40 tL - - - - 4] - - - - 2,705 2,07 50/28ca
5.9 9.00 9.07 5C . - - - - - - - - - - 50/15ca
§5-10 10.00 10.05 5C - - - - 8 - . - - 2,616 - 50/10co
5511 11.00 11.03 5 . - - - - . - - - - - S0facn

-----------------------------------------------------------------------------------------------------------------------

FILE : 010i-1

-----------------------------------------------------------------------------------------------------------------------

SUMMARY OF TEST RESULTS BORING KO. : BH-2 MAOE 8Y  :  NAROHG P.
DEPTH (=)  : 9.05 DATE ¢ 10/3/89
PROJECT @ 901.01 HUAL KAE GAOUND EL.{a): 97.4 CHECKED &Y :  WITOON S.
LGCATION : A. MUANG, RALASINM G¥L DEPTH (a}: 0.00 DATE 1 10/3/89
GRADATION NATURAL  ATTERBERG LINITS (%) TOTAL
SANPLE  DEPTH {a} USCS {% PASSING SIEVE) WATER AND INDICIES SP.GR  UNIT SPT-N
N0, -=m-eeeemee- GROUP +--=msm=omesmemnnvcanenccacan COMTERT ========ssescomcnecnnconcnnn s KWEIGHT
FRON (] 1] B0 B0 B200 %) LL PPl L] {t/cv.n)
§8-1 100 1,45 5A - - - - - - - - - - - 5
55-2 2,00 2.45 o100 100 9 3 14 - - - - 2676 2.0! 5
8-1 300 .45 SN - - - . - - - - - - - ]
88-4 4,00 4.45 S§ 100 100 98 17 16 - - - - - -
38-5 5,00 5.10 SN - - - - - - - - - - - 50/10ca
55-6  6.00 615 Mo 100 99 8 ) 15 - - - - 2,666  1.86 50f15ca
55-1 .00 7.10 st - - - - - - - - - - - 50{i0ca
§8-5 8,00 .07 (L 100 00 99 63 15 - - - - . - 50/8¢s

-----------------------------------------------------------------------------------------------------------------------



Gy

---------------------------------------------------------------------------------------------------------------------
“

SUMARY OF TEST RESULTS BORING NO. : BH-3 MADE BY  ;  NARONG p.
DEPTH {m)  : 10.40 DATE :10/3/89
PROJECT = 01.01 HUAI KAE GROUXD EL.{n): 99.45 CHECKED BY :  WITOOM S.
LOCATION : A. HUANG, XALASIN . GWL OEPTH {m): -2.50 DATE ¢ 10/3/89
GRADATIOK NATURAL  ATTERBERG LINITS (%) TOTAL
SAHPLE  DEPTH (=)  USCS (% PASSING SIEVE) RATER AND INDICIES SP.6R  UKIT sS4
NI, ==eeesnanne=s L COMTENT -+-===mm=m-ssmmmmmmemmrranan Gs WEIGHT
FRON 0 H 30 M0 3200 (%) LL LM LI (t/cu.8)
§5-1 1,00 1.45  SH - - - - - ~ - - - - - 1
§5-2 2,00 2.45 SN 100 99 w46 i3 - - - - 2,685  1.92 ]
§5-3 300 3.45  SH 100 100 9% 38 16 - - - - 2,678 2.2 {
5S-4 4,00 4,45 ) - - - - - - - - - « - §
§5-5  5.00 5.45 SN 100 100 99 28 20 - . . - 2695 1.9 i
§5-6  6.00 6.30  SM - - - - - - . - - - - 5t/15
§$-7 7,00 .25  SM 100 100 99 2 18 - - - - 2,686  1.8%9  50/l0ca
§5-8 8.00 8.30 SN - - - - - - . . - . - 507100
55-9  9.00 9,22 CL 100 9 18 70 13 - . - - - 187 50/fc
§S-10 10.00 10.40  CL - - - - . - - - - - - 50{%%u

-----------------------------------------------------------------------------------------------------------------------

FILE : 0101-3




-----------------------------------------------------------------------------------------------------------------------

SUMHARY OF TEST RESULTS

PROJECT  +  0Z.05 HUAL XHUN HUN
LpcATION @ ALUBOM RATTANA, KHDM RAEH

GRADATLON

BORING NO. : BH-]
DEPTH (@)  : 15.15
GROUND EL.(a); 95.2

GHL DEPTH (m}: -0.10

-----------------------------------------------------------------------------------------------------------------------

HATURAL  ATTEABERG LINITS (%)

HADE BY

HAROMG P.
5/3/89

CHECKED BY @ WITOOH 3.

5/3/8%

TOTAL
SP.GR UNIT SPT-H
Gs WEIGHT

-----------------------------------------------------------------------------------------------------------------------

SAHPLE  DEPTH (m)  USCS (% PASSING SIEVE)
RO, w=mommmememe- GROUP ~=nssssovommunsnnacoaincaca.
FRON 10 14 10 ¥o  ¥200
8-1  L.00 1.4 i 100 100 9 30
5.2 2.00 2.45 CLfSC 100 100 9 53
55-3 .00 3,45 B - - - -
55-4  4.00 4.45 St - - - -
§5-5  5.00 5.45 & - . - -
55-6 6,00 6.45 5C - . - -
§5-7  7.00 7.45 SN 100 100 99 3
55-8  8.00 8.45 5C - - - -
§5-9  9.00 9.45 5S¢ - - - -
55-10 10,00 I0.40 3Sp-3M 100 100 58 B
§S-11 11.00 11.45 SP-SH - - - -
$5-12 12.00 12.43 SP-3M - - - -
§5-13 13.00 13.45 §P-3M - - - -
55-14 14,00 14.45 SP-SN - - - -
§5-15 15.00 15.15 SP-SH - - - -

WATER AND INDICIES
L R
) w ool
6 - - - -
A
/2
2 - - - -

{tfeu.m)
2.61 - 5
2.685 1.28 2
- - 1
. - 5
- - 4
. - 5
2.688 - 1
- - 15
- - i8
2,678 - 50f25cm
- - 45
- - 50/28ca
- - 5¢
- - 41
- - 50/15ca

.......................................................................................................................

FILE ; 02051



C4

---------------------------------------------------------------------
..................................................

SUHHARY OF TEST RESULTS BORING HD. : BR-2 HADE BY  :  MARONG P.
OEPTH (m)  : 20.35 DATE ¢ 5/3/89
PROJECT  : 02.05 HUAL KHUH HUM GROUND EL.(n): 94.0 CHECXED BY : . WITOON S.
LOCATION : A.UBON RATTANA, KHON KAEN GHL DEPTH (a):+1.00 - DATE - -: 5/3fB9
GRADATION NATURAL  ATTERBERG LINITS (%) TOTAL
SAHPLE  DEPTH {m)  USCS (% PASSING SIEVE) HATER AND THDICIES SP.GR  URIY SPT-4
T GROUP =====moms-vmcmmomccncmmnnnnas CONTENT ==m=m=mmmmsecesoommcceeena- _ G5 MWEIGHT
FROM 10 i 2o 40 H200 (%) Lt PL I LI {t{cu.n)
85-1 LD 1.45 54 100 100 99 37 22 - - - = 2,492 - 3
§5-2  2.00 2,45 54 - - - - - - - - - - - 9
55-3  3.00 .45 5H - - - - - - - - - - - 19
55-4 4,00 4,45 54 - - - - - - - - - - - 18
55-5  5.00 5.45 o100 100 91 15 20 - - - - 2,67 - 9
55-6  6.00 6,45 SH - - - - - - - - - - - 4
S5-1  1.00 7,40 SH - - - - - - - - - - - 50/25ca
§5-8  8.00 8,45 SH 100 100 99 28 - - - - - - - i
589 9.00 9.45 sy - - - - - - - - - - E 5
§5-10 10.00 10,45 SH - - - - - - - - - - . 50
§§-11 11.00 11.45 SP-SH 100 100 48 11 21 - - - - 6N - 2
§5-12 12.00 12.45 SP-5H - - - - - - - - - - - 48
§5-13 13.00 13.45 S§P-SH - - - - - - - - - - - N
58-14 14.00 14.45 cL - - - - - - - - - - - a5
$5-15 15.00 15.45 cL - - - - 32 - - - = 2,708 .38 LY
§5-1¢6 16.00 16,40 L - - - - - - - - - - - 50/25ta
§5-17 17.00 17.45 cL - - - - - - - - - - - I
58-18 18.00 18.45 cL - - - - - - - - - - - 49
55-19 19.00 19.15 L - - - - - - - - - - - 50/20ca
§5-20 20.00 20.35 L - - - - - - - - - - - 50/20ca

-----------------------------------------------------------------------------------------------------------------------

FILE @ 0205-2



-----------------------------------------------------------------------------------------------------------------------

SUKKARY OF TEST RESULTS BORING HO. : BH-3 NADE 8Y  :  KAROHG P.
DEPTH (n)  : 20.20 DATE i 513189
PROJECT ¢ 02.05 HUAI KHUN MM GROUND EL.(r): 27.0 CHECKED BY :  WITOON S,
LOCATION : A.UBDH RATTANA, KHDH XAEM GHL DEPTH {m): 0.00 DATE s 513789
GRADATION BATURAL  ATTERBERG LIMITS {%) TOTAL
saPLE  DEPTH {m)  USCS (% PASSING SIEVE) WATER AND INDICIES SP.GR  UNIT  SPT-N
O, =mmmeemmmeee- GROUP w=mmemmmmmmmmmmemec e on CONTEHT -====mavmmmmcmcacomnrannanas G5 WEIGHT
FRON 1O 1 810 M40 B200 (%) LL L PI L] {t/cu.n)
5.1 1.00  1.45 L 100 9% 9% 85 18 - - - - 2.489 - B
55-2 2,00 2.45 cL - - - . - - - - - - - 4
-3 .00 345 (L - - - - 1 - - - - .11 - 2
§5-4 4,00 4,45  CL - - - - - - - - - - - 10
-5  5.00 545  SH - - - - - - - - - - - 9
55-6 6,00 6.45  SH - - - - - - . . - - - , 18
$5-7 7.00 7.45 M - - - - - - - - - - - 10
55-8  8.00 8,45 tL - - - - 3] - - - - - L9 14
§5-9  9.00 9.45  CL - - - - - - - - - . - 16
§§-10 10,00 10,45  SH - - - - - - - - - - - 1
§5-11 11,00 11,45 sH - - - - - - . . - - - 13
§5-12 12,00 12.45 SH - - - - - - - - - - - i
$s-13 13.00 13.20 oM - - - - 21 - - - - - - 50/20ca
55-14 14.00 14,35 oM - - - - - - - - - - - 50/20¢m
§5-15 15,00 15.45 cL - - - - 25 - . - - 2.74 - 16
§5-16 16.00 16.45  CL - - - - - - . - - - - i1
§5-17 17,00 17,33 S - - - - - . - - - - - 50f1Bea
§5-18 18.00 18.10  SM - - - - - - . - - - - 50f10ck
§5-19 19.00 19.18 SH - - - - - - - - - - - 50/18ca
§5-20 20.00 20,10 S - - - - - - . - - . - 50/10cm

FILE : 0205-3



-------------------------------------------------------------------------------------------------
.....................

SUHMARY OF TEST RESULTS BORING HO. : 8H-1 HADE BY .  NARDNG P,
DEPTH ()}  : 10.03 DATE : 43789
PROJECT @ 04.01 HUAI SOENG ¥O.l GROUND £L.(m): 98,83 CHECXED BY :  WITOOH S,
LOCATION : A. HAKAE, HAXHOX PHAHOM GHL DEPTH (o}: -3.60 DATE Cr 4389
GRADATION NATURAL  ATTERSERG LINITS {%) TOTAL
SaMPLE  DEPTH {(R)  USCS (% PASSING SIEVE) HATER AND INDICIES SP.GR  UNIT SPT-5
RO, cemmmemmemees GROUP ==---mee==smsennosmmannnnnann CONTENT —=-=msswsscmmamemancnrmnanns Gs HEIGHT
FROH 10 M M0 H40 2200 (%) L L Pl LI {t/cu.a)
851 1.00 1.45 CL - - - - - - - - - - . 11
85-2 2,00 2,45  CL - - . - 2 4 22 2 0.8 2,741 1.88 5
§S-3 300 345 0L - - - - - - - - - - - )
§5-4  4.00 4,45 0L - - - - - - - - - - - 4
$5-5  5.00 5.07 cL 100 % 19 8l 10 - - - - 2. - 50/8m
85-6  6.00 6.05  CL - - - - - - - . - - - 5050
§5-7  7.00 7.03 L - - - - - - - - . - - 503
$$-8  8.00 B.05 CL 100 97 719 68 11 - - - - - - 50/50
§8-9 .00 9.0 CL - - - - - - - - - - - 50/3ta
§5-10 10.00 10.03  CL - - - - 13 - - - - - - 503

-----------------------------------------------------------------------------------------------------------------------

FILE : 0401-1

-----------------------------------------------------------------------------------------------------------------------

SUMHARY OF TEST RESULTS BORING HO. : 8H-2 HADE BY  :  NARONG P,
DEPTH {m}  : 4.15 DATE : 4f3/8%
PROJECT @ 04.01 HUAI SOEHG NO.! GROUD EL.{a): 97.17 CHECKED BY :  WITOON s,
LOCATION : A. HAKAE, HAKHON PHARON GHL DEPTH {z): -0.30 DATE t 4389
GRADATION NATURAL  ATTERBERG LIHITS (%) TOTAL
SAMPLE  DEPTH (a)  ULSCS (% PASSING SIEVE) RATER AND INDICIES SP.GR  UNIT SPT-4
B0, =omemmesooses GROUP ===-~wvesmaseommrormsanscnnns CORTENT ==-=emveemmcnnemmocsuannnen 65 NWEIGHT
FROH 0 H o #0200 {s) LL PL Pl LI (t/cu.m)
35-1  1.00 .45 L - - - - - - - - - - - ]
35-2 2,00 2,45 L - . - . 29 3l i8 13 077 2,738 2.05 §
§5-3  3.00 3.45 L - - - - - - - - - - - b
55-4 4,00 4.15 st I LH 18 H 14 - - - - - - 50/15cw

-----------------------------------------------------------------------------------------------------------------------



-----------------------------------------------------------------------------------------------------------------------

SUKARY OF TEST RESULTS BORING KO, : BH-3 KADE 8Y  :  HAROHG P.
‘ DERTH {m)  : 10.03 DATE T 43789
PROJECT  : 04.01 HUAL SOENG HO.! GROUND EL.{m): 98,44 CHECKED 8Y :  WITOOH §.
{0CATION @ A. NAKAE, NAKHON PHANCH GHL DEPTH {m): -3.00 DATE i 473789
_ GRADATION HATURAL  ATTERBERG LIKITS (%) ToraL
SAMPLE  DEPTH {a)  USCS (% PASSIHG SIEVE) HATER AND INDICIES SP.GR  UNIT SPT-N
0, -emmessemees GADUP ======mmmmsemmavmmcmmenanas CONTEHT —=smmmemmmmmsomm e s WEIGHT
FRON 10 3 Ho w0 §200.. (%) L r PI L1 {tfcu.n}
551 1.00 1.45 cL - - - - - - - - - - - 7
§5-2 2,00 2.45 L - - - - 20 29 15 14 0,36 2710 2.04 7
8§53 3.00 3.45 tL . - . - . - - - - - . 3
s8-4 400 445 €L - - - - 12 20 1 3 .78 - 2.0 2
85  5.00 5.05 L 100 98 19 48 9 - - - - 2.69% - 50/5¢m
85-¢  6.00 6.05 L - - . - - - - - - - - 50f5cr
-7 7,00 7.07 cL . - - - - - - - - - - 50/8cm
55-5  B.00 5.05  IL - . - - - - - - - - - 50/5ca
§5-9  9.00 9.03 L - - . - . - - - - - - 50/3ca
§5+10 10.00 10.03 L - - - - - - - . - - «  90/3ca

.......................................................................................................................

FILE : 0401-3



c4

-----------------------------------------------------------------------------------------------------------------------

SUNMARY OF TEST RESULTS BORING NO. : BH-) HADE 8Y  :  NARDNG P,
DEPTH () : 9.07 DATE r 5/3/89
PROJECT @ 04.02 HUAI SDENG NO.?2 GROUND EL.(a): 94.08 CHECXED BY :  WITOOM S.
LOCATION : A. HAXAE, HAKHON PHANOM GHL DEPTH (»): -0.10 DATE ¢ 5/3/89
GRADATION NATURAL  ATTERBERG LINITS {3} TOTAL
SAMPLE  DEPTH (a)  USCS (% PASSING SIEVE} NATER AND INDICIES SP.GR UNIT §P1-5
M), --reemseewenn o CONTENT ===s==mmecammmmneraamemannas Gs  WEIGHT
FRON 10 1 10 MO 2200 (%) LL pL Pl LI (t/cu.n)
§5-1  1.00 1.5 cH - - - - - - - - - - - 4
§5-2  2.00 2.45 CH - . - - 34 62 26 36 0,22 2,736 1.9 §
§5-3  3.00 3.4 Ch - - - - - - - - - - - 1
35-4 4,00 4,15 scfcL - . - - - . - - - - - 50/15
§5-5  5.00 5.15 Sc/cL 59 50 62 48 19 - - . = .M L.18 50/15n
55-5  6.00 6,12 5C/CL - - - - - - - - . - - 50/l
§8-7  7.00 7.10 Sc/clL - . - - - - - - - - - 50{10ca
§5-8  8.00 8.10 5C/cL 100 50 64 49 15 - - - - - 1.84 50/10mk
§5-9  9.00 9.07 Scfci - - - - - - - - . - - 50/

-----------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------

SUSHARY OF TEST RESULTS BORING NO. : 8H-2 BADE BY @ NAROWG-P.
DEPTH {a}  : 2.12 DATE VALY
PROJECT @ 04.02 HUAT SOENG NO.2 GROUKD EL.{a): 92.4 CHECKED 8Y :  WITOON S.
LOCATIDN : A. NAKAE, NAKHON PHANOM GWL DEPTH [a): +1.50 DATE LYK
GRADATION NATURAL  ATTERBERG LINITS (%) T0TAL
SANPLE  DEPTH (n)  USCS (% PASSING SIEVE) NATER AND TNDICIES SP.6R  UNIT  SPT-X
ND, =-=esemsmenns L s CONTENT -==e-===mes=sccosanmmanacnas Bs NEIGHT
FRON 1O $MOB0 0 200 (%) W PP LI (t/cu.a)
§5-1 1,00 1.45 CL 100 99 95 g9 23 - - - - 2.0 1,94 &
§5-2 200 202 L 94 81 6 59 10 . . - .20 - 50/13cm

-----------------------------------------------------------------------------------------------------------------------

FILE : 0402-2



-----------------------------------------------------------------------------------------------------------------------

SUMHARY OF TEST RESULTS BORIHG NO. : BH-3 MADE BY  :  NAROKG P
DEPTH {a}  : 5.15 DATE TATEL
PROJECT & 04,02 NUAL SOERG KO.2 . GROUND EL.(n): 9¢.8 CHECKED BY :  WITOON S.
LOCATION : A. HAKAE, NAKHON PHANON GHL DEPTH (a): -1.30 DATE : 5/3/89
GRADAT 10K NATURAL  ATTERBERG LIMITS (%) TOTAL
SWPLE  DEPTH (n)  USCS (% PASSING SIEVE) HATER AND INDICIES SP.6R  WIIT  SPI-il
10, ===meememee- L CONTERT ======ssmmssmanmsmmmasenannn 65 WEIGHT
FRON 10 B8O pd0 12000 (%) L M Pl LI (t/eu.q)
$8-1  ho00 145 oL - - - - - - e - . - 9
$5-2 200 2.45  CL - - - - 2 30 13 1L 0.6 2,746 189 9
5.3 3.00 345 oL - - - - - e .. ) . ;
554 4.00 445 ob - - - - % - - - - - 2.02 1
$5 500 5.5 SC 97 &9 S0 44 3 - - - - 2.1 - 50/15cm

-----------------------------------------------------------------------------------------------------------------------



-----------------------------------------------------------------------------------
....................................

SUNHARY OF TEST RESULTS BORING KD, : BH-1 WADE BY @ IIAROHG B,
DEPTH (m)  : 15.15 DATE r o 23/2/89
PROJECT @ 05.0) LAM XLANG GROUND EL.(n): 977 CHECKED BY :  HITOON S.
LOCATION : A.MOH SOOHG, HAXMON RATCHASIHA GHL DEPTH (m): -1.20 - DATE v 23/2f89
GRADATION WATURAL  ATTERBERG LINITS (%) . ToTAL
SAMPLE  DEPTH (m)  USCS (% PASSING SIEVE) WATER AND INDICIES SP.GR  UNIT  serey
D, m=wemmmmesee- L CONTENT ==--====ss=csacsesmmmnomanay Gs HWEIGHT
FROX 1O #4 B0 40 w200 (%) Lt TR L (tfcu.n)
ss-1 1,00 1.45  SC - - - . 15 - - - . - - I
s5-2 2,00 245 SC 9l 9% 85 2l 1303 3 2 0 25 .14 5
8s-3 3,00 3.45  SC - - - - 14 - - - - - - 3
35-4 400 4,45 S - - - . 12 - - - - - - I
8-5 5,00 5.45 CL/SC 100 100 98 50 13 3 16 2 -0,13 2711 2.8 L1
55-6  6.00 6.45 CL/SC - - - . 1 - - - - - .- I
§s-7 7.00 7.39  sC - - - - 15 - - - - - - 50/24 o
§s-§  B.00 B.41 SC 00 100 8 32 13 22 10 12 0.5 2.693 - 50{25 ca
§5-9  9.00 9.36  SC - - - - 14 - . - - - - 50/20 ca
§5-10 10.00 10.25  CL - - - - 17 - - - - - - 5025
§S-11 11,00 11.38  ¢CL - - - - 16 30 12 18 0.22 2706 2.09 50/
§5-12 12.00 12,20 €L - - - - 15 - - - - - - 50/20 o
§s-13 13.00 13.20 €L - - - - 15 - - - - - - 50/20 ca
5§14 14.00 14,18  CL - - - - 15 - - - - - - 50/18 co
§5-15 15.00 15,15 L - . - - 17 - - - - - 2,10 50/15 ca

-----------------------------------------------------------------------------------------------------------------------

.......................................................................................................................

SUMHARY OF TEST RESULTS BORING HD. ; BH-2 RADE 8Y :  HARONG P,
DEPTH (m) ¢ 13,13 DATE r23/2/89
PROJECT = 05,01 LAW KLANG GROUKD EL.{m): 96.6 CHECKED BY :  WITOOW S.
LOCATION : A.NON SOONG, NAKHOR RATCHASIMA GNL DEPTH (m):+0.30 DATE d 234289
GRADATION HATURAL  ATTERBERG LIMITS (%) TOTAL
SAMPLE  DEPTH {m)  USCS (% PASSING SIEVE) HATER AND INDICIES SP.GR  UNIT SPT-H
RO, =e=mmmemmeses 0 e EONTERT =-=memsmemmmcenmroaaencnnsy Gs MEIGHT
FROH 10 (2 RO 340 R200 {%) LL PL PI LI (t/cu.a)
S§-1  L.00 1.45 cL - - - - 1 - - - - - LY 13
35-2 2,00 2,45 CL - - - - 12 3l 1 18 0.06 2.718 2.19 36
98-3 0 3.00 345 L - - - - 12 - - - - - - 32
-4 4,00 4.45 CL - - - - 14 - - - - =215 3
$5-3  5.00 5.45 cL - - - - 20 - - - - - - 18
§5-6  6.00 &5 (100 99 9 64 15 3 16 21 -0.05 2,696  2.08 28
35-1 100 7.45 CL - - - - 13 - - - - - - 38
§5-8  8.00 B.45 oL - - - - 21 - - - - - L% 40
§5-9  9.00 9.3 L - - - . 16 - - - - - ~ 50/20 co
. $8-10 10,00 10.33 CL - - - - 16 30 13 17 0,18 2.681  1.B4 50/18 co
§3-11 11,00 13,23 tL - - - - 14 - - - - - - 50/23 cu
55-12 12.00 12,20 cL - - - - 17 - - - - - - 50/20 ¢
§5-13 13.00 13.13 oL - - - - 14 - - - - - - 50/13 co

-----------------------------------------------------------------------------------------------------------------------

FILE ¢ 0501-2



C-11

.......................................................................................................................

SUKHARY OF TEST RESULTS BORING KO. : BH-J RADE BY  :  NARDHG P.
PEPTH {8)  : 15.18 DATE :23/2fR9
PROJECT @ 05.00 LAN KLANG GROUND EL.(m): 99.5 CHECKED BY :  WITOON §.
LOCATION : A,NON SODDHG, NAKKOH RATCHASINA GWL DEPTH (a): -1.40 DATE : 23/2/89
GRADATIDN NATURAL  ATTERBERG LINITS (%) TOTAL
SAHPLE  DEPTH (m)  USCS (Y PASSING SIEVE) HATER AND INDICIES SP.GR UNIT SPT-H
RO, ==mmemsemees GROUP ====memremsmeosmmecaccmnans. COHTENT ~====-omommmmmcemacmncmnonen G5 HEIGHT
FRON Y N Ho 1o 2200 (3} LL PL P1 L1 (t/cu.n)
8- 1.D0 1,45 SH - - - - 7 - - - - - - b
§5-2  2.D0  2.45 SN 99 9% 1 16 11 - - - - .69 1.8l 38
§5-3  3.00 3.4 M - - - - 13 - - - - - - 10
59-4 4,00 4,45 SC 100 100 98 4] 14 3 12 19 0.1 - .13 22
§5-5  5.00 5.45 sc - - - . 13 - - - - - - 50
85-6  6.00 .45 s 100 140 9 3 14 - - - = L6% 2.1 29
§5-7 .00 7.45 Ct - - . - 19 - - - - - . 23
53-8 B.00 8.45 il - - - - 14 33 14 21 0 - 213 ¢}
5.9 9.00 %.45 cL - - . - 16 - - - - - - 38
5s-10 10.00 10.30 ¢ 100 100 98 3 13 - - - S N ¥ . 58
§5-11 £1.00 11,45 L - - - - 13 - - - - - . 54
§5-12 12,00 12.38 L - - - - 17 - N - - - - 50/23 ca
88-13 13,00 13.36 L - - - . 13 27 12 15 0.2 2717 2.14 50/20 ca
55-14 14,00 14.33 CL - - - - 13 - - - - - ~ 50/18 ca
55-15 15,00 15.18 cL - - . - 17 - - - - - - 50f18 ¢en

-----------------------------------------------------------------------------------------------------------------------

FILE 5 0501-3



C-12

-------------------------------------------------------------------------------------------------------------------

SUMHARY OF TEST RESULTS BORING O, : BH-! HADE BY © -:  HARONG P.
' DEPTH (m)  : 20.45 DATE r 20/2/89
PROJECT @ 05.02 : LAM HAH UM GROUND EL.(m): 95.9 CHECKED BY : : .WITOOH §.
LOCATIDH : A.PHIMAI, MAXHON RATCHASIHA GHL DEPTH (m): =0.30 DATE - 20/2/89
GRADATION NATURAL  ATTERBERG LIMITS (%) TOTAL
SAHPLE  DEPTH {m)  USCS {$ PASSING SIEVE) WATER AHD INDICIES - SP.GR . UNIT P14
O, =semmmmmenees GROUP ===mmmsmommmmmosmmancancnane COMTENT ==-=cecsemomsmsanenmnanannn Gs WEIGHT
FRON 10 ¥ #10 Mo B0 {¥) LL PL P LI (t/cu.a)
§s-1  1.00 1.45 SP-SH 100 100 98 9 23 - - - - 2691 1.87 i
§5-2 2,00 2.45 SP-SH - - - - - - - - - - - 7
5§-3  3.00 3.45 oM - - - - 20 - - - - - L7 I8
§-4 4,00 4.45  SH - - - - - - - - - - - 15
8§-5  5.00 5.45  SH - - - - - - - - - - - It
$§-6  6.00 6.45  SH 100 95 17 43 21 - - - < 2,683 2.08 il
§§-7  7.00 7.45  SH - - - - - - - - - - - %
$5-8  8.00 B8.45 s - - - - 18 - - - - - 206 1
§5-9 9,00 9.45  SH - - - - - - - - - - - 0
§5-10 10.00 10.45 SP-SH 100 100 99 8 22 - - - - 2692 LTS §
$s-11 11,00 11.45  SH - - - - - - - - - - - 19
§5-12 12.00 12.45  SH - - - - - - - - - - . P
§5-13 13.00 13.45 SM 99 % 72 4l 78 - - - - - 192 6
§55-14 14,00 14.45  CH - - - - - - - - - - - ?
§5-15 15.00 15.45  CH - - - - 3362 0w B 017 2,122 1.88 ]
§5-16 16.00 16,45  CH . - - - - - - - - - - d
§§-17 17.00 17.45 CH,SH - - - - 2 - - - - - 2,04 11
§5-18 18.00 18.45 SP-SH - - - - - - - - - - ‘- ]
§5-19 19.00 19.45 SP-SH 100 100 95 9 22 - - - - 2,699 1.83 il
§5-20 20.00 20.45 5P-SH - - - - - - - - - - - 50/

-----------------------------------------------------------------------------------------------------------------------

FILE : 0502-}



----------------------------------------------------------------------------------------------------------------------

SUMHARY OF TEST RESULTS BORING ND.  : BK-2Z HADE BY @ HARDHG P.
. DEPTH {m) .1 27.45 DATE ¢ 20/2/89
PROJECT . ¢ 05.02 : LAN NAH HUN GROUND EL.(m): 94.9 CHECKED BY :  WITOON S.
LOCATION :- A,PHIMAI, WAKNDME RATCHASINA GHL DEPTH (a): -0.30 DATE ¢ 20f2/89
_ , GRADATION NATURAL  ATTERBERG LIMITS (%} TaTAL
SANPLE  DEPTH (m}  USCS (% PASSING SIEVE) WATER AHD IHDICIES SP.GR UNIT SPT-H
HO, --es-mmomoee- GROUP -===m=mesmmonuommonu-ascnen CORTENT ==mmmscmcmcnumamcanousnnans G5 MWEIGHT
FROH 10 L ¥10  ¥40 2200 (%) LL: PL I L] {tfcu.n)
8-1  1.00 1.45 P-4 100 99 &7 L] 19 - . - = .697T 1.6 22
§5-2 2,00 2,45 9pP-SM - - - - - - . - - - - 26
§5-3  3.00 3.45 SP-SH - - - - 15 - - - - - 1.9 15
5.4 4.00 4,45 5P-SH - - - - - - - - - - - 12
§8-5 5,00 S.45 SP-SH 100 100 97 10 22 - - - - 2689 179 37
§§-6  6.00 6,45 SP-SM - - - - - - - - - . - 22
§5-7 .00 7.45 SP-SM - - - - - - . - - - - 22
53-8 B.00 B.45 SP-SH 99 99 50 4 21 - - - - = L9 36
§5-9  9.00 9.45 SP-SM - - - - - - - - - - - 54
§5-10 10,00 10,45 SP-SH - - - - - - - - - - - 22
85-11 11.00 11.45 SH 9 19 33 16 16 - - - - 2,698 2,05 19
§5-12 12.00 12,45 SH - - - - - . - - - - - 23
58-13 13.50 13.45 (L - - - - 33 - - - - - L.89 11
5814 14.00 14,45 CL - - - - - - - - - - - B
88-15 15.00 15.45 cL - - - - 33 45 21 2 044 2712 189 8
55-16 16.00 15.45 L - - - - - - - - - - - 12
85-17 17,00 17.45 cL - - - - 23 a 11 16 075 2.7 Al 14
§-18 18.00 [B.45 SP-SHM - - - - - - - - - - - 40
§3-19 19.00 19.45 SP-SH 10O 109 H 9 22 - - - R 201 T B WY | 48
55-2¢ 20,00 20.45 (L - - - - - - - - - - - 33
§5-21 21.00 21,45 (L - - - - - - - - - - - 37
83-22 22,00 22.45 cL - - - - 28 17 20 27 0.3 - L.g8 40
§8-28 23.00 23.45 L - - - - - - - - - - - 4l
55-24 24.00 24.45 L - - - - - - - - - - - 40
§5-25 25,00 25.45 CH - - - - (4] 53 23 o 013 2,730 2.02 42
§5-26 26,00 26.45 CH - - - - - - - - - - - 49
38-27 27.00 21,45 cH - - - - - - - - - - - 52

-----------------------------------------------------------------------------------------------------------------------

FILE : 0502-2



C-14

-----------------------------------------------------------------------------
-----------------------------------------

SUHMARY OF TEST RESULTS BORING HO.  : BH-3 NADE BY @ MARONG p.
DEPTH (s)  : 20,45 DATE o 20/2/89
PROJECT : 05.02 : LAH HAH MUN GROUHD EL. (n): 96.2 CHECKED BY :  WITOON s.
LOCATION : A.PHIHAI, NAKNON RATCHASIMA GHL DEPTH {m): -1.35 DATE -~ - 20/2/89
....................................................................................................................... ,
GRADATION NATURAL  ATTERBERG LINITS (%) TOTAL
SANPLE  DEPTH () USCS (% PASSING SIEVE) RATER AND INDICIES SP.GR  UNIT  Spry
T ] R S— CONTENT ==mmsmmmmmmeemsmsnemmneaanas Gs HEIGHT
FRON TO M0 w0 #2000 () L PL PI LI (t/cv.n)
51 100 145 sS4 - e | T - L84 i
§5-2  2.00 245 SH - - - - e e e - - §
§5-3  3.00 345 SN 100 100 & 2% 2 - - - = 249% 1.8 1
4 400 445 - - - .- - NO RECOVERY - - - - B
§55  5.00 545 SH - N - 184 3
-6 6.00 645 5S¢ - - - - N - - 15
$$-7 7,00 745 SH-S¢ 91 1 27 1T 15 11 1l 6 0.67 2698  2.02 ;
$5-8  8.00 845 BT - R I S T TN
559 9.00 9.45 SP-SH - - . B - - 9
55-10 10.00 10.45 SP-SH 100 100 94 B 25 - - - = 2492 1.9 2
§5-11 11.00 11.45 $P-SH - - - - - - - e . - B
§5-12 12,00 12,45 SP-s - - .- - e e - . . B
§5-13 13.00 13.45 SP-SH - ST T - Lt S0/%8a
§S-14 14.00 14.45 SP-SH - - - . - N0 RECOVERY - - - . %
§§-15 15.00 15.45 SP-SH 100 98 g2 7 20 - - - - 2708 1.8 S0/
$5-16 16.00 14.45 SP-SH - - e - e - .. . - B
§5-17 17.00 1745  S¢C - - - - e e e - - 9
S5-18 18.00 18.45 SH 10 99 38 24 16 - - - = 2695  2.09 50/20ca
55-19 19.00 19.45 & - . S T . - 50/10m
$§-20 20.00 20.45 SH - S ¥ R - 212 50f%a

-----------------------------------------------------------------------------------------------------------------------

FILE ; 0502-3



C-15

e R T L T e o T St A e O e oy e

SUXNARY OF TEST RESULTS BORING NB. : 8H-1 HADE BY  :  HARDNG P.
. DEPTH (m) ¢ 22.03 DATE r o 20f2/e9
PROJECT @ 05.03 : LAM PHRA PHLOENG GROUND EL.{m): 98.0 CHECKED BY :  WITOON S.
LOCATION ¢ A.PAX THONG CHAI, HAKHON RATCHASINA GHL DEPTH (m): -5,50 DATE r20{2/8%
GRADATLON HATURRL  ATTERBEAG LINMITS (3§) TOTAL
SANPLE  DEPTH {a}  USCS {% PASSING SIEVE) WATER AND INDICTES SP.GR UHIT SPT-N
N0, ---e- mmweass GROUP ====rmmvemrrmaecan vy CONTENT somwermmmmssmmananuaaaaas 65 WEIGHT
FROK 10 H 10 40 2200 (%) LL pL Pl LI {t/cu.n}
§5-1  1.00 1.45 cL - - - - 12 - - - - - . 8
882 2.00 2,45 L 100 100 100 62 12 - - - - - - 9
55-3  3.00  3.45 L 100 100 100 67 15 25 1l 4 0.9 221 .07 9
§5-4 4,00 4,45 L - - - - 19 - - - . - . k|
$5-5  5.00 5,45 5§ - - - - 18 - - - - - - 4
§55-6  6.00 4,45 5¢ 100 100 9% 40 18 25 10 15 0.53 2.111  2.04 5
85-1  7.00  7.4§ | - - - - 19 - - - - - . 17
55-8 8,00 8.45 5C . . . - 25 - - - - - - 3
8-9 9,00 9.45 S5P-SH % 62 17 3 15 - - - - 2,687  1.85 17
$5-10 10.00 10.45 s . . - . 17 - - - - - - 20
5S-11 11.00 11.4% SH 100 98 87 24 18 - - - - - - 23
8612 12.00 12.45 @l - . - - 32 - - - - - - 22
8§5-13 13,00 13.45 L 100 100 99 9 20 37 15 22 0.23 2,131 2,05 27
§5-14 14,00 14.45 {L - - . - 16 - - - - - - 18
55-15 15,00 15.45 cL - . . - 17 - - - - - - 20
85-16 16.00 16.45 Sc/CL - . - - 16 - - - - - - 24
§§-17 11,00 17.45 sefcL - . . - i2 - - . - - . 25
§5-18 18,00 18.45 SC/CL 99 98 90 46 16 25 is 10 0.1 2,69 2,04 21
§5-19 19,00 19.45 sc/cL - . - - 15 - - - - - - 25
5520 20.00 20.40 oL 9% 89 Bl 2 13 40 17 23 -0.17  2.701  2.21 50/25ca
§5-21 21,00 21.22 L - - - - 14 - - . - - - 50/23cn
§§-22 22.00 22,03 sM - . - - - HO RECOVERY . - - - 50/l

-----------------------------------------------------------------------------------------------------------------------

FILE : 0503-1



C-1g

----------------------------------------------
-------------------------------------------------------------------------

SUNMARY OF TEST RESULTS BORING NO, & BH-2 HADE BY  :  NARONG P,
DEPTH (m)  : 18.05 DATE 1 20/2/89
PROJECT : 05.03 : LA PHRA PHLOENG GROUND EL.{a)}: 90.4 CHECXED BY :  WITGON $.
LOCATION : A.PAX THOMG CHAL, NAKHON RATCHASINA GHL DEPTH (a}: 0.02 DATE to20{2/89
GRADATION NATURAL  ATTERBERG LIMITS (%) - T0TAL
SANPLE  DEPTH (a)  USCS {% PASSING SIEVE) WATER AND INDICIES SP.GR  UNIT  Spi+
I e CONTENT ==-=mmmmmmmcmmmmnemnaaean fs WEIGHT
FRON 10 T M0 K0 2200 (}) e P U (tfcu.m)
85-1  L.00 1.45  CL 100 99 91 6L 30 - - - - - - §
§§-2 200 2.45  CL 100 99 718 63 25 - - - -~ 2.2 2,05 1
88-3 300 345 QL - - - - . - . - - - . i
85-4 4,00 445  SC 100 100 86 40 20 - - - - L5 2.15 1
§5-5  5.00 5.45 SN - - - - . - - - - - - 1
85-6  6.00 6.45  CL 100 00 99 8 23 - . - - ~ .M o)
35-7 7.00 7.45 CL - - - - - - - - - - - i
$s-8  8.00 8.45  CL - - - - - - - - - - - 2
85-9 9,00 9.45 (L - - - - 24 - - - -2 L 16
55-10 10,00 10.45 cL - - - - - - - - - - - k)
§5-11 11.00 11,45  s¢C - - - - - - - - - - - 1
8S-12 12,00 12.45  SC 100 99 92 §3 17 - - - - - 2.9 I\
88-13 13,00 13.45  CL - - - - - - - . - - . 10
85-14 14,00 14.45 L - - - - 19 - - - - 2699 2,08 %
§8-15 15.00 15.45 €L - - - - . - - - - - - n
85-16 16,00 16.45 SC/CL 99 95 9 47 22 - - - - - L9 i
§5-17 17.00 17.45 (L - - - - 28 - - - - - 1.99 i
§3-18 18.00 18.05  SM - - - - . - - - - - 8050

-----------------------------------------------------------------------------------------------------------------------

FILE : 0503-2



c-17

-----------------------------------------------------------------------------------------------------------------------

SUNKARY OF TEST RESULTS BORING NO.  : BH-3 HADE BY  :  HAROHWG P.
. : DEPTH (1) @ 20.22 DATE : o 20{2/89
PROJECT  : 05,03 : LAH PHRA PHLOENG GROUND EL.(m): 94.4 CHECKED BY :  WITOODH 3.
LOCATION : A.PAK THOKG CHAI, NAKHDK RATCHASINA GHL DEPTH {m): -5.50 DATE t20/2/89
: GRADATION HATURAL  ATTERBERG LIMITS (%) ToTAL -
SAKPLE  DEPTH (a)  USCS (3 PASSING SIEVE) HATER AND IHDICIES SP.GR  URIT SPT-N
0O, ===moewmrenes GROUP =====wesmsmummomonccuonanae CONTENT ==rommemevmmromnnaamecnaan Gs MEIGHT
FRON 10 1] 1o Mo 200 (%) LL PL PI L1 {tfcv.u)
5.1 100 1.4% L - - - - 1 - . - - - - B
52 2.00 2.45 L 100 9 98 87 1 44 2! 23 -0,17  2.712 .69 9
§5-3 300 3.45 L 100 00 92 59 15 - - - - - - 9
85+ 4.00 4.45 cL - - - . 26 - - - - - - 3
§8-5  5.00 5.45 L - - - - 19 49 2l 28 -0.07 2.894 2.02 4
8- 6,00 B.45 L N - - - 18 - - - - - - 5
§§-7 100 7.45 cL - - - - 22 - - - - - - 17
35-8  8.00 8.45 L 160 Nn n §2 23 49 20 29 0. 28 192 3
$5-9  %.00 9.45 cL - - - - 28 - - - - - - 17
58-10 10.00 10.45 5¢ 99 91 48 24 13 - - - - 2.686 - 20
5§-11 11,00 11.45 cL - - . - 20 - - - - - - 23
§5-12 12,00 12.45 L - - - - 19 26 i 12 0.42 - LN 22
3§-13 13.00 13.45 L - - - - 20 - - - - - - 2
§5+14 14,00 14.45 sC - - . - 13 - . - - - - 18
35-15 15,00 15.45 ¢ 100 99 92 18 1§ - - - - .11 21l 20
§5-16 16,00 16,45 sC - - - - 19 - - - - - - 2
§5-17 17.00 17.45 cL 100 100 99 59 19 - - - - -0l 25
§§-18 18.00 18.45 5C - - - - 16 - - - - - . 2l
§5-19 19,00 19.45 § 100 100 97 4l 16 - - - - nnl - 23
§§-20 20.00 20.22 sC - - - - 17 - - - - - - 50/23co

-----------------------------------------------------------------------------------------------------------------------

FILE : 0503-3



----------------------------------------------------
--------------------------------------------------------------

SUMMARY OF TEST RESULTS

--------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------

PROJECT
LOCATION
SAMOLE  DEFTH {m)
ND. -=-eemecmseas
RN 1D
55-1 100 145
§5-2 200 2.4%
55-3  3.00  3.45
$5-4 400 4,45
§5-5  5.00 5.45
55-6  6.00 6,45
55-7  7.80  T1.45
§5-8 .00 8.45
§8-9  9.00 9.45
55-10 10.00 10.45
§8-11 11.00 11.3?
$5-12 12,00 12.15
§5-13 13.00 13.10
§5-14 14.00 14.05

----------------------------------------------------------------------------------------------------------------------

UsCs
GROUP

11.01 LAH HAH XAH
R. MUARG, SAKOX HAKHON

GRADATION
{3 PASSTNG SIEVE)
VR TV I YY)
100 100 99
100 100 98
9 9% 81

BORING

0.

DEPTH (o)

GROUKD

EL.{n):

GNL DEPTH (a]:

HATURAL
NATER
CONTENT

()

-----------------------------------------------------------------------------------------------------------------------

SUHMARY OF TEST RESULTS

BORING

Wo,

DEPTH (8) :
GROUND EL.{a): 95.0

GHL DEPTH (m): 0.00

-----------------------------------------------------------------------------------------------------------------------

HATURAL
RATER
CONTENT
(%)

----------------------------------------------------------------------------------------------------------------------

]
BH-1 NADE 8Y @ NARONG P,
14.05 DATE i 2302189
9%.5 CHECKED BY :  WITODH S,
-3.20 DATE 23/2{89
ATTERBEAG LINITS {%) TOTAL
ARD INDICIES SP.GR  UNIT  smy
---------------------------- s WEIGHT
VR A 4 L {t/eu.a)
- - - - - - I
. - - - 2,672 1.8 1
- - - - - - i’
- - - - 2483 2,17 ;
. . - - - - |
- . - . -0 4
- - . - - - i
- - - - .69 205 i
- - - . - - U
- - - - - - S0y
- . - - 470 1.5 50/l%n
- - - - - = 50/t
- . . . - - 50f%
BH-2 MADE BY NARDNG P.
5.03 DATE ¢ 23289
CHECKED 8Y :  WITODN §.
DATE 23{2/89
ATTERBERG LINITS {%) TOTAL
AND IHDICEES SP.GR  UNIT  SPIY
---------------------------- G5 WEIGHT
Kl P P L (t/eu.m)
. - . - 2,690 1.83 §
- - - - 894 2.05 il
- - . - 2,619 2,05 1
- - - - - . i
. - - - - L6 Sofisu
- . - - - - 50/10¢
- . - - - L7850/l
- e e . - 50/

---------------------------------------------------------------------------------------------------------------------

PROJECT LI.O1 LAN HAM KAl
LOCATION A. HUANG, SAKDN NAKHON
GRADRTION
SAHPLE  DEPTH (n)  USCS (% PASSING SIEVE)
RD. -==roweommcoee GROUP =====svermmmsncmmcnncenaaanon

FRON 10 # no o 140
-1 L00 L.45 5C - - -
§5-2  2.00 2.45 SP-S4 98 95 67
§5-3 .00 3.45 5C 95 90 83
55-4 400 4.4 5C 34 8 42
55-5  5.00 5,45 cL - - -
35-6 4.00 6.0 L -
§5-7  1.00 125 L - - -
5§-8  B.00 8.35 L - - .
§5-9  9.00 9.03 L - - -
FILE : l10t-2



.......................................................................................................................

SUKMARY OF TEST RESULTS BORING WO, : BH-3 HADE 8Y  :  HARDNG P.
: , DEPTH ()  : 19.05 DATE : o 23/2/89
pROJECT & 11.0L LAH HAH XAM GROUND EL,(m): 99.4 CHECKED BY ;  KWITOOM §S.
LOCATION : A. HUANG, SAKDH NAXNON GHL DEPTH {a): -3.00 DATE ¢ 23f2/89
GRADATION HATURAL  ATTERBERG LINITS (%) TOTAL
SANPLE  DEPTH (m)  USCS (3 PASSING SIEVE) WATER AND INDICTES SP.GR  UNIT SPT-H
O, =wemmmemmme-- GROUP ==-m=mmmomemmmmmemomncncnen COHTENT ===ewmmmmemmmsn e ccaaaas 65 WEIGHT
RO T Moop0 w0 200 (8 W L Pl LI {t/cu.n)
55-1  1.00  1.45 SH 100 9% 9 44 18 - - - - 2,463 LU 2
§-2  2.00 2.45 SH - - - - - - - . - - - 18
5-3  3.00 3,45 S - - - - 1% - - - - - - 1
§5-4 4,00 4.45 SH - - - - - - - - - - . 12
§5-5  5.00 5.45 §C 99 98 90 34 18 - - - - 268 2,14 |
55-5  6.00 5.45 5C - - . - & - - - - - - g
557  1.00 7.45 ¢ 100 100 97 12 18 - - - - 2.669  2.07 10
8- 8.00 8,45 oL - - - - . - - - - - - 35
55-9  9.00 9.45 cL - - - - - - - - - - “ 41
85-10 10,00 10.45 cL . - “ - 30 - - - - - 1.9% 2
55-11 11.00 11.45 cL - - . - - - - - - - - kY]
85-12 12,00 12.45 cL . - - - - - - - - - - 29
55-13 13.60 13.45 cL - - - - 30 - - - - 2.692 1,95 18
55-14 14,00 14.45 L - - - - - - - - - - - 20
§5-15 15,00 15.45 cL - - - - - - . - - - - 21
55-16 16,00 16.32 cL - - - - 2l - - - - - 1,71 50/29cxn
§s-11 17.00 17.07 cL - - - - . - - - - - -~ 50/%m
§5-18 18,00 18.10 cL - - - - 18 - . - - - - 50/10cs
85-19 19.00 19.05 cL - - - - - - - - - - - 50/Sca

-----------------------------------------------------------------------------------------------------------------------



C-20

------------------------------------------------------------------------------------------------

SUHHARY OF TEST RESULTS BORING HD. & 8H-i HADE BY : HARONG P,
- DEPTH (@)  : 11.08 DATE v 23/2/89
PROJECT 14,02 LAH NAH PHUAI GROUND EL.(m): 96.0 CHECKED BY-: - -WITOON §.
LOCATION : A, SI BUN RUANG, UDON THANI GHL OEPTR (m): -2.95 DATE : 23/2/8%
GRADATION HATURAL ATTERBERG LIRITS (%) - : TOTAL
SAMPLE  DEPTH (@)  USCS (3 PASSING SIEVE) HATER " AND IKDICIES - - SP.GR URIT SPT-}
HD, ==memmmmeeees BROUP ==emmmmmmmmsommmanmmm e CONTEHT --smwrmmmmmummmnemenceavane. G5 WEIGHT
FROH T . -] E10  #40  H200 (%) LL PL PI LI (t/cu.m)
§8-1 1.00  1.45 sc/oL - - - - - - - - - - - 1
§s-2  2.00 2.45 SC/oL 100 100 99 49 17 23 1 9 0.3 2.947 2.06 10
§8-3 3,00 3.45 B - - - - - - - - - - - 14
55-4 4,00 4,45 )| - - - - - - - - - - - 2
§5-5 5,00 5.45 S 9% 88 10 18 20 - - - - 2.481 - ]
85-6  6.00 6.45 cL - - - - - - - - - - - 19
85-7  7.00 7.45 S5 100 100 9N 18 19 - - - - 2,682 - 18
§5-8 B.00 8.35 SH - - - - - - - - - - - 50/20 o
55-9  9.00 9.08 (L - - - - 13 - - - - - 1.95 S8 .
§5-10 10.00 10,03  ¢CL - - . - - - - . - - < 50/3 ca
8s-11 11,00 11.08 L - - - - - - - - - - - 50/8

.......................................................................................................................

FILE : 1402-1

-----------------------------------------------------------------------------------------------------------------------

SUHHARY OF TEST AESULTS BORING HD. @ Bi-2 HADE BY 1 HARDNG P,
DEPTH {a)  : 6.05 DATE : 23289
PROJECT ¢ 14,02 LAH HAM PHUAI GROUND £L,(a): 92,85 - CHECKED 8Y +  WITOOW S,
LOCATION : A. ST BUN RUANG, UDON THAKI GWL DEPTH (m): -0.05 DATE p 23/2/89
GRADATIDA HATURAL  ATTERBERG LINMITS (3) 107TAL
SAMPLE  DEPTK (a)  USCS (% PASSING SIEVE) HATER AHD INDICIES SP.6R  URIT SPT-H
RO, ==ewvmesmsaes GROUP ==--=sssmmvmmmmnomocmceenanay CONTEHT ======mccmsmoommomnnnncioae G5 WEIGHT
FROH 10 #H f10 M0 2200 (%) Lt P Pl L (t/cu.n)
§5-1  h.00 1.45 SP-SH 66 42 20 8 10 - - - = .61 - 29
5%-2  2.00 2,45 SB-SH - - - - - - - - - - - i
5$-3 .00 3.45 SH 82 66 39 12 15 . - - = 2,679 - 9
§8-4 400 4,45 sCfCL 100 100 9 48 11 - - - - L1 2,09 20
55-§ 500 5,20 SH 63 48 26 14 12 - - - . - - 50/20co
55-6  6.00 6,08 SN - - - - = HO RECOVERY - - - - 50{5ca

-----------------------------------------------------------------------------------------------------------------------



-----------------------------------------------------------------------------------------------------------------------

SUAMARY OF TEST RESULTS BORING hO. : BH-3 BADE BY : NAROKG P.
o ' DEPTH (a)  : 10.19 DATE s 23289
PARJECT - :. 14,02 LAM NAM PHUAI GROUNO EL.{m}: 93.48 CHECKED BY : WITOON §.
LOCATION : -A. SI BUN RUANG, UOON THAHI GHL OEPTH (m): -3.10 DATE : 23/2/89
GRADATION HATURAL  ATTERBERG LIMITS (%) TOTAL
SAHPLE  DEPTH (m)  USCS (3 PASSING SIEVE) WATER ANO IHOICIES SP.GR UNIT SPT-H
HO, ==v=m====n=a- GROUP =====e--=cmecmccecamaacmncnns CONTENT -vm-mevomonemcmanccaccncuame Gs HEIGHT
FRON 10 7] 5o B40 2200 f1) LL L PI LI {(t/cu.r)
55-1 1.00 1.45 cL 100 100 99 70 Il 25 16 g -0.5  2.709 2.08 22
55-2 2,00 2,45 cL - - - - - - - - - - - 26
55-3  1.00 .45 L 100 100 99 80 17 - . - - 2,692 2,05 14
55+4 4,00 d4.45 SH - - - - - - - - - - - 24
§5-5  5.00 5.45 SM-SC 95 80 52 32 8 19 12 T =0.97 2.662 1.85 kY
55-4 6.00 §.45 SH-SC - - - - - - . - - - - 44
85-7 1.00  1.40 M 68 54 34 15 11 . - - - - « 50/25 ca
55-8 8.00 8.45 SM - - - - - . - - - - ~ 50/15 cn
55-9 9.00 9.10 SH - - - - 12 - - - - 2.6868 1.9 50/10 ca
85-10 10.00 10.18 SM - - - - - - - - - - - 50/18 ca

-----------------------------------------------------------------------------------------------------------------------

FILE : 1402-3



R

-------------------------------------------------------
----------------------------------------------------------------

SUKMARY OF TEST RESULTS BORING NO. : BH-1 HADE BY @ HARONG P,
DEPTH (a)  : 8.27 - DATE : o 25/2/89
PROJECT @ 15.07 LaM SOM GROUNG EL.{m): 98.5 CHECKED BY :  WITOOH 5.
LOCATION : 4. OEY UDOM, UBON RATCHATHANI GHL DEPTH {a}: not found DATE T 282M
GRADATION NATURAL  AYTERBERG LIMITS (%) T0TAL
SAHPLE  DEPTH {m)  USCS {% PASSING STEVE) NATER AND INDICIES SP.GR UNIT  sary
HO, =-=wmemeemsas 1 CONTENT ==-m====msemmmmmmsommsenaaas s NEIGHT
FROM T L1 M0 #4000 (%) L AL PL LI {t/cu.m)
5s-1 1,06 1.45 SH 100 100 99 28 9 - . - - 2687 L.&4 1l
$5-2 2,00 2.45  SM - - - - - - - - - . - !
85-3 3,00 345 SH 100 9% 9% 4l 13 - . - - 2.6% 1.79 ;
5§-4 400 4.45  SK - . - - - K0 RECDVERY - - - - ?
§5-5  5.00 5,45 SN - - - - - N0 AECOVERY - - - - 1
55-6  4.00 645 85C/CL [00 100 99 49 23 - - - - 2708 2.07 l
88-7 .00 7.45  SH - - . - - - - - - - - n
§-8 8,00 @&.12  SH - - - - 14 - . - - 2123 - 50{lda
§8-9 842 8.27  SM - - - - - - . - - - - 5015
FILE & 1507~1
SUKHARY QF TEST RESULTS BORING HO. : BH-2 NADE 8Y  :  NARONG P,
0EPTH (a) 1 1.4% DATE r 25/2/89
PROJECT  : 15.07 LAN SOM GROUKD EL.{a): 93.4 CHECKED BY :  HITOON S.
LOCATION : A. DET UDOM, USDX RATCHATHAKI GHL DEPTH (a}: +1.80 DATE ¢ 25/2/89
GRADATION NATURAL  ATTERBERG LINITS (%) TOTAL
SAHPLE  DEPTH (a)  USCS (% PASSING SIEVE) RATER AHD INDICIES SP.GR  UNIT  SPT-H
HO, mmewmmeeeees GROUP =wmecwmmmommamacmmcsmannanaan COHTENT =---r=somsccrimtccmsncnonons G HEIGHT
FRON 10 84 HO 240 2200 (%) LL L Pl LI {t/cu.n)
$5-1  L.00 [.45 S% 98 95 & 2t 22 - - - - 2897  l.B0 4

-----------------------------------------------------------------------------------------------------------------------

FILE : 1507-2



Cc-23

.......................................................................................................................

SUNHARY OF TEST RESULTS © BORING ND,  : BH-3 KADE BY  :  HARDNG P,
DEPTH (n)  : 9.08 DATE ;25289
PROJECT & 15.07 LAK SON GAOUKD EL{a): 98,4 CHECKED BY :  WITODH S.
LOCATION : A, DET UDOK, UBON RATCHATHANI GHL DEPTH (n): -3.90 DATE : 25/2/89
GRADATION NATURAL  ATTERBERG LIHITS (%) TOTAL
SPLE  DEPTH {s) USCS (% PASSING SIEVE) NATER AD INDICIES SP.GR UNIT  SPT-N
MD, -emmmeeemeees R CONTENT =====smmmmmssmsnnmnsanensans Gs WEIGHT
RN D B ¥0 %0 #200 (3) LWL pL PI LI (t/cu.n)
-1 100 145 o - - .- IS . .= e 2% 200 9
52 200 245 oL - - - - T - - 12
$5-3 300 345 oL - S ¢ - 19 59
-4 400 445 oL - - - - T - - 18
55 5.00 545 L - - - - - - - - 2moan 23
$§6 600 645 oo - - - - T T - - 7
§$-7  7.00 1.4550-SK 100 98 98 9 2 - - - - 2493 1,75 9
-3 8.00 BILSP-SH 100 100 97 10 19 - - - - - 163 50/1cR
-9 9.00 9.08 SN - - - - 16 - = - - - - 50/8cs

-----------------------------------------------------------------------------------------------------------------------



. APPENDIX D

PHOTOGRAPHS OF COREBOX SAMPLES



(1) Bridge No.01.01
Bridge Name HUAI KAE

BH-1,2,3

rw; H
HRIDCE HA ML , HUAL K&t

B

MO T RING
BRIDGE NAME 1AL b2

BH- | RH

t




(2) Bridge No.02.05
Bridge Name HUAI KHUM MUM
BH-1,2,3

NO. | 2 pRlGE O 0205
BRIDGE NAME

H”r\'i HHHM MU

.......

jlsmure Nu[ 0z ny YN
1WA WHUM ML 7

_BHI- 2

li 2113 EdIIJ i6ive 3ﬂ}¥3 20

S, BRI AL 1 S by

;W eo 00 99 .‘o

'''''

-

HUAF KHUM M UM

BH- 3 o

112{3[4at5}6 tBlS m
fH12[3fratis|ie f': 131:5 20 .

m'-"u— -
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REVIEW OF THE CONTINENTAL MESOZOIC STRATIGRAPHY OF THAILAND

Nares Sattayarak
Mineral Fusls Divislon
Department of Minaral Resources
Bangkok 10400, Thailand

INTRODUCTION

The continental Mesozoic redbeds are widely distributed throughout the
ountry, especially in the Khorat Plateau, from which the group's name was
ptzined. The rocks are predominantly red clastic, i.s., sandstone, silt-
tone, claystone, shale and conglomerate. The Khcrat Group rests uncon-
ormably on older rocks, generally of Paleozoic age, but occasionally it

verlies the Permo-Triaasic 1=neous rocks and/or Lower to Middle Trisssic
edimentary rocks.

The Khorat Group was previously reviewed in Thai by Nekornsri (1975)
nd in English by Kulasing (1975) and Ramingwong {1978). This ‘Ppaper 18

n autempt to update the knowledge so far reported about the Xhorat rocks
nd thelr equivalents.

REVIEW OF PREVIOUS WORKS

Lee (1923) was the first geologist who noted the non-marine Mesozoic
focks in the Khorat Plateau and divided them intc Upper and Lower Group,
he Triasslc age was given.

Brown et al. {1953) named the Khorat Series to represent the conti-
pental redbeds and the marine Triassic limestone of northern Thailand.
Fhe sequence consists of interbedded sandstone, conglomerate, shale and
farly limeatone. No fossil was found except some petrified Wood.

La Moreaux et al., (1956} divided the Khorat Series, following Chali=-
bhan and Bunnag (1954), inte three members and assigned the age of thia
pequence to the Triassic period. Thelir subdivision are as [ollows:

L Phu Kradung Member is the oldest member it lies unconformably on
‘aleozole roecks. The lowest part began with the basal conglomeratse and was
Aubsequently overlain by massive purple shale with minor sandstone.




From the Phu Kradung Formation: the lower jaw of the new crocodi)
species, Sunosuchus thailandicus (Bufietaut and Ingavat, 1980},

From the Huai Hin Lat Formation: Cyclotosaurus cf. posthumus ?raaf
(Ingavat and Janvier, 1981), Ceratodus cf. ssechucnensis (Dipnoi) (Marts M
and Ingavat, 1982), aquatic chelonian gen. et sp. indet. (Broin et al.) P
Phytosaur (Buffetaut and Ingavat, 1982).

SUMMARY

The continental Mesozoic roeks in Thailand can be divided provincizllyf
into the Khorat-Phayao basin and other small separated basins (Bunopas,}i
1978, Pitakpaivan and Chonglukmani, 1978), The Khorat-Phayao basin is parti;
of the huge basin, so-called "Indochinz basin". It is believed that this
basin covered the areas of the eastern part of northern Thailand, the}
eastern Thailand, the northern part of Campuchea, the northeastern Thailang
and can be traced across the border to Laos and probably to southern China,
The basin is roughly trending NW-SE direction. Thus, the source rocks ars
the Chieng Saen massif, the Xhun Tan grani%e, the concealed igneous rocks in
the central plain, the Chon Buri massif, the Pailin .massif in Campuches,}
the Xontum, Rao Co and Song Ma massif in Viet Mam. The basin is probebly
connected to the Lampang sea by the NW end and/or probably to another se:f
in Campuchea. The thickness variation of the Nam Phong and Phu Kradung
Formation shows that the basin center is more or less parallel to the line
between Khon Kaen and Maha Sarakham. Lower to Middle Triassic Sediments.

Lower to Middle Trisssic Sediments

The Indosinian orogeny uplifted the Permisn basin. Compressional forces
caused the Permian series to be folded and faulted. The continental Mesozolc
sediments started to accumulate since the Scythian in some area in the

north, contemporaneously with the beginning of the Marine Triassic Lampang
Group (Hahn and Siebarhuner, 1982),

From the field observation in ths northeastern and north-central
Thailand, e.g. at Phu Hin Kong, Chum Phae, just west of the Huai Hin Lat
type locality, the redbeds start with basal conglomerate containing
pebbles of limestone. Overlying the redbeds is the interbedded sequence
of reddish brown conglomerate and sandstone with an intercalation . of
voleanic rocks at the upper part. - Subsequently, conglomerate beds with
pebbles of voleanic rocks are encountered again. The sequence is followed
by the black shale of the Hual Hin Lat Formation. :

The section along the Pitmanulok-Lom Sak Highway and its vicinity
starts with the basal conglomerate that rests unconformably on the Permain
limestone. The sequence is followed by predominant gray beds, but redbeds
wer observed locally. After that the pyroclastic rocks appear. Redbeds are
found again in the upper part showing an intercalation with the volcanic
rocks. The true redbeds belonging to the Khorat Group overlies this
sequence with an inferred contact. The correlation between these two

strata above both conglomerate beds is inferred, but, possibly they are
equivalent,



The difference in natures of folding was found in these two sequences,
together with the presence of igneoun dikes in the lower unit, and, in
addition, the Permian limestone was [ound as a thrusted sheet above the
volcanic rocks. The latter two criteria are not seen in the nearby Khorat
Group. The data suggest possibly an unconformity. The environment of depo-
sition is considered to be a rlluvio-lacustrine type. Unidentified bone
fragments and fossil plants are found. The age of the unit is Middle
Triassic (Maranate, in print} and probably a continuation from the Lower
Triassic. These continental sediments occurred in the north~central and
northeastern part of the country while in the weatern and northern part

marine deposits were (ound. By the reasons already mentioned, the new
rock unit is suggested.

The Hual Hin Lat Formation

After the late stage of the Indonisian orogeny, probably in Carnian,
the Huai Hin Lat sediments were deposited in the separated paleo-hasins.
The contacts with the older Triassic rocks were more or leas unconformable.
The depositional environment was considered to be a fluvio-lacustrine type.
Hestricted basina were typical, and the limestone is believed to be a
lacustrine deposit {(Broiln et al. 1982). According to the paleogeography it
can be noted that, in some areas, the Huai Hin Lat Formation comprises only
redbeds, while in other areas it may contain a minor gray beds. Since the
positions of the Horian beds are located in the middle part of the sequence,
the base of the Hual Hin Lat Formation are considered to be Carnian
{Chonglakmani and Sattayrak, 1978).

The Ham Phong Formation

Just before or when all small-separated basins were (1llled with the
Huai Hin Lat gsediments, the Nam Phong Formation satarted its accumulation.
The deposits were transitionally changed into redbeds from the gray beds
below. As the matter of fact, the Nam Phong Formation is the loweat forma-
tion of the Khorat Group where the Huai Hin Lat is absent, e.g. in the high
lands and the basin flanks. It 1s predominantly reddish brown and resistant
sandstone, siltstone and conglomerate. No fosgil was found but the age is
considered to be between those of the Huai Hin Lat and of the Phu Kradung
Formation, 1i.e., HRhaetian. The [f[luvio-lacustrine environment was its
depositional environment.

The Phu Kradung Formation

Deposition of the Phu Kradung Formation took place when the Indochina
basin was a huge basin. This unit rests unconformably on the Pre-Khorat
rocks at the basin [lanksa. Ward and Bunnag (1964) noted the contact between
the Nam Phong and Fhu Kradung Formation at the limestone alternating zone.
The formation 1s characterized by predominantly claystone in the lower
part, and with some massive sandstone intercalation in the middle part,
while the upper part consists of masnive sandstone interbedded with clay-
stone. The interpreted marine ingresaion based on the presence of a
Plesiosaur tooth at Nong Bua Lam Phu (Ward and Bunnag, 1964) was doubtful
due to a recent discovery of the [resh water crocodile bones (Buffetaut and



" Ingavat, 1980) probably at the same locallty. The fluvio-lacustrine deposi-
tlonal environment 1s again assigned to the Phu Kradung sediments (Rahn,
1982 a). The claystone represented the flood plain deposits, while sand-
stone was the channal sand of the meandering streams. The upper sequence
characterized a gradually change to the Phra Wihan rocks's environment. The
age of this formatlon 1s Lower Jurassic {Hayami, 1968, Hahn, 1982 a).

The Phra Wihan Pormation

The formation comprises massive, resistant, light-coloured sandstone
with some interbedded siltstone and comglomerate. Pebbly sandstone usually
are encountered in the upper part of the section. The sequence reveals a
deposition of bralded streams. In some areas, it resembles the (luvio-
lacustrine deposits (Hahn, 1982 a). The fossils indicated the Upper Triaasic
to Lower Jurassic age. The age of the formation is conaidered to be the
Middle Jurassic.

The Sao Khua Formation

This formation 13 known as the less-resistant, reddish brown-~coloured
siltatone lying in between the more resistant sandstone. Aside from the
marine pelecypods {(Ward and Bunnag, 1964, Huhn, 1982 a), Pleaiosaur tooth
(Hahn, 1982 a) and Icthyosaur tooth (Takai, 1963}, other types of fossils
and the rock characteristica suggest the contlnental depositional
environment. The age of the Sao Khua Formation is Upper Jurassic.

The Phu Phan Pormation

This formation is characterized by massive beds of light-colotured,
pebbly sandatone and conglomerate. The average thickneas 1s about BO
meters, but at Nam Phung Dam site, it is about 400 meters thick. The middle
part of the MNam Phung agection comprises the redbeds containing Lower
Cretaceous pelecypods {(Kobayashl, 1968). Paleocurrent measurements in the

-northern part of the Khorat Plateau was studied by the author. The result

suggests the S-SW and/or W current direction which is similar to that of
"the Phra Wihan Formation. Hahn {1982 a) considered the Phu Phan Formation
as a typlcal fluviatile sediments,

The Khok Kruab;Formation

The redbeds overlying the Phu Phan Formation represent the Khok Kruat
Formatlion. It rconsists predominantly of sandstone with some siltatone and
claystone. The fluviatile environment is suggested and the deposition took
place in an arid climate. Gypsum nodulea and lenses were aobserved. The
foaail found in its equivalent beds, the Ban MNa Yo Formation, pointa to
the Upper Cretaceous age (Kobayashi, 1968).

The Maha Sarakham Formation
This formation is thought to rest unconformably on the underlying

Knorat atrata (Japakasetr and Workman, {n print) thus, raiaing the problem
about its status. This rock unit consists of the Lower, Middle and Upper



Rook 3alt with 2 units of claystone i{n between, The unconformity does not
ohow a strong discordance, thus a disconformity 1s suggested (Japakasetr
and Workman, in print}. The depasitional basin, 15 quite aimilar in
shape to that of the older Knorat sediments. The Khorat and Sakon Hakorn

basins were the same bapin at that time., The age of this formation ia
inferred as the Upper most Cretacaocus.

The Phu Tok Pormation

This informal formation was mapped by Sattayarak and Sutheetorn
(1979). It consigts of two sandstone typea, one with very large-acaled
croasbedding and the athar with amall wavy atructures, The sandstona was
described as a red-coloured, fine-grained, well sorted and friable rcck.
The Bross characteristics of this formation resembled an eolian deposita,
The strata are found abovae the Xhok Kruat Formation, but, correlation with
the Maha Sarskham Formation :s not conclusive. It was probably deposited
oontemporaneoualy, but in different environment, with the rock salt. This

formation, on the other hand, 1is possibly younger than the Maha Sarakhaz’
Formation aa it lies unconformably on tha latter.

The Upper Claystonas

The sequence conslsts typically of brick red-coloursd olaystone, silt-
stone and sandatone with gypsum snd anhydrite lenses and/or nodules. This
unit rests unconformably on the Maha Sarakham Formation (Japakaseir and
Workman, in print). Its sge is likely to be Tertiary mora than Mesozoic.
Furthermore, the sandastone resembled that of the Phu Tok Formation. If this
la. true, the two unita would be of the same age but wWith a alightly
different environment of deposition. This unit croppsd out in the central
part of the Plateau, It was probably accumulated in two aseparated basins,
the Khorat and Sakon Hakorn basina, alter %the Himalayan orecgeny bullt up
the Phu Phan anticlinorium.
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QH“\j Designation: D 1586 ~ 67 (Reapproved 1874)

Standard Moethod for

PENETRATION TEST AND SPLIT-BARREL

SAMPLING OF SOILS!

This Stundurd js lssued under the fised designution D §586: the number immcdintely following the designation indicates the
er of original adaption or, in the case of revitian, the veur of ast revision, A number in pureniheses indicales the yeur of

st rzapprovat,

Thiz method hay been approved for use by agencies of the Deporiment of Defente and for listing In the DoD Index of

Specificailons ond Standerds.

1. Scope

L.l This method describes a procedure Tor
using a split-barrel sampler to obain repre-
sentative samples of soil for identification
purposes and other laborutory tests, and 1o
obtain 2 measure of the resistance of the soil to
penetration of the sumpler.

2. Apparatus

2.1 Drilling Equipment— Any drilling equip-
ment shall be acceptable that provides a rea-
sonably clean hold before insertion of the
sampler to ensure-that the penetration test is
performed on undisturbed soil, and that wiil
permit the driving of the sumpler to obtain the
sample and penciration record in accordance
with the procedurc described in Seciion 3. To
avoid “whips" under the blows of the hammer,
it is recommended that the dril} rod have a
slifTness equal to ar greuater than the A-rod. An
"A" red is o hollow drill rod or “stecl” having
an outside dismecter of % in, {41.2 mm} and
an inside diameter of ‘% in. (28.5 mm).
through which the rotary mation of drilling is
translerred from the drilting motor to the
cutting bit. A stiffer drill rod is suggested (or
holes deeper thun 50 ft {15 m). The hole shall
be fimitcd in dismeter to between 2% and 6 in.
(57.2 and 152 mm).?

2.2 Split-Barrel Sampler—The sampler
thall be constructed with the dimensiuns in-
dicated in Fig. 1. The drive shue shall be of
hardened steet and shull he repliced or re-
paired when it bevomes dented or distorted,
The coupling head shall bave four * x-in, (12,7

'Y

mm) {minimum diameter) vent ports and shall
contain a ball check valve, I sizes other than
the 2-in. {50.8-mm} sampler are permitted, the
size shall be conspicuously noted on all pene-
tration records.

2.3 Drive Weight Assembly-—The assembly
shall consist of a 140-lb (63.5-kg) weight, a
driving head, and a guide permitting a free fat)
of 30 in. (0.76 m}. Speciai precautions shall be
laken 10 ensure that the energy of the falling
weight is not reduced by friction betwezn the
drive weight and the guides.

2.4 Accessory Equipment—\abels, data
sheets, sampie jars, paraffin, and other neces-
sary supplies should accompany the sampling
cquipment,

3, Procedure

J.1 Clear oul the hole to sampling clevation
using equipmeni thai will ensure that the
material Lo be sampled is not disturbed by the
operation, In saturated sunds and silts with-
draw the drill bit slowly lo peevent loasening of
the soil around the hole, Maintain the water
level in the hole at or above ground water level.

3.2 to no case shall a bottem.discharge bit
be permitied. {Side-discharge bits are permissi-
bic.} The process of jetting through an open-
tube sumpler and then sampling when the

' This mothud ix under the jursadiction of ASTM Com.
mittee 1-18 un Suil and Rack fur Engitecring Purpases,

Cureent editivn approved Out. 20 1967, Onginally issued
BN Huplages DD 03¥8 W T

Flivaesy, M, b, Swrfurr Exploration end Suntpding of

Nuily fur (vl Enginrering Purposes, The Lngincering

Foundursun, M5 Eust a71h 51, New York, N ¥, 10017,
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desired depth is reached shasi not be peemitted,
Where cusing is used, it muy not he driven
below sumpling elevition. Record any fuss of
circulation or cxcess pressure in drilling Nuid
during advancing of holes,

3.3 With the sumpler resting un the hottom
ul the hole, drive the sumpler with blows lrom
the 140-b (6).5-kg) hammer failing 30 in.
{0.76 m) until either I8 in, (0.45 m) huve been
penetrated or 100 bluws have been applied.

3.4 Repeut this operation at intervals nat
longer thun 5 i {1.5 m}in homopeneous strata
and at every chunge af strala,

3.5 Record the number of blows required to
effect each 6 in. (0.15 m) of penctration or
fractions thereof. The Mirst 6 in. (0,15 m) is
considered to be a seuting drive, The number of
blows required for the second and thied 6 in.
{0.15 m) of penctration added is termed the
penctrution resistance, N, If the sampler is
driven fess than 18 in, (0.45 m}, the penetration
resistance is that for the fast | 1t (0.30 m) of
penetration (if less than | ft {0.30 m) is
penctrated, the logs shall state the number of
blows aad the fraction of | ft (0.30 m) pene-
trated).

3.6 Bring the sumpler to the surfuce and
open. Describe curcluily typical samples df
soils recovered us.to-composition, structure,
consistency, color, and condition: then put into
fars without ramming, Seal them with wax or

hermeticully seal to prevent evaporation of the
soil moisture, Alfia fubels to the jur ur make
nolalions on the covers {or both) beuring job
designation, boring number, sumple number,
depth penetration record, and length of recov.
ery. Protecl samples ugainst extreme tempera-
ture chunges,

4. Report

4.1 Dautu oblained in borings shull be re-
corded in the feld and shall include the
foHowing:

4.1.1 Nume und location of job,

4.1.2 Dute of boring=—start, lnish,

4,1.) Boring number und coordinute, if
available, "

4.1.4 Surfuce clevation, if available,

4.1.5 Sumpie number und depth,

4.1.6 Method of advancing sampler, pene.
trution and recovery lengths,

4.1.7 Type und size of sampler,

4.1.8 Description of sail,

4.1.9 Thickness of layer,

4,1,10 Depth to water surface; o loss of

- water: to artesiun head; time at which reading

wis made,
4.1.11 Type and make of machine,
4.1.12 Size of casing, depth of cased hole,
4.1.13 Number of blows per 6 in. {0.15 m},
4.1.14 Names of crewmen, and
4.1.15 Weather, remarks.
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The American S«}ri;l;fur"ffjiing ond Materials taded no position respecting the valldity af ony potent rights asserted
1a connectivn with any item mentivned In thit ssondard, Users of thiy siandard are espressiy advised shag defermination
nf the volidity of any such potent rights. ond the risk of infringement of such rights, is entirely thelr own responsibility.

This standurd is subject 10 revizion al any time by the responsible technical commitiee and must be reviewed every five
years and if mot revited, rither reappraved or withdrawn. Your comments are invited cither for revision of ihis yramdord or
Jor additional standards and thould be addressed 1o ASTM Headquariers Your comnients wiil receive eareful consideratian
at o meeting of the responsible tethnical commitiee, which yow may atiend. If you feel that your comments have nor recelved
o fair hearing you thould make your views knawa 1o the ASTA! Commiltee an Standordy, [916 Roce 51, Philadelphis, Pa

19103, whick will schedule a further heoring tegarding your cammearc Falling 1atisfoction there, you may appeal 12 the
ASTM Baoard of Direciars.



45{” Designation: D 2487 - 83

- Standard Test Method for

CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES'

M standang is issued under the fixed designation D 2487; the number immediately following the designation indicates the year of
rpnal adoption or, in the case of revisian, the year of l2st revision. A number in parentheses indicales the year of last reapproval,
Lwpereript epsilon (1) indicates an editonial change since the fast revision of reapproval.

l. Scope

L1 This test method describes a system lor
thsifying mineral and argano-mineral soils for
‘"‘Einecring purposes based on laboratory deter-
Minalion of particle-size characteristics, liquid
tmit, and plasticity index and shall be used when
precise classification is required.

NOTE [-<Usc of this standard will resull in a single

dagsification group symbol and group name except -

shen a soil contains 5 10 12 % fines or when the plot
of the liquid limit and plasticity index values falls into
the crosshatched area of the plasticity chart, In these
Mo cases, a dual symbol i3 used, for example, GP-GM,
CL-ML. When the laboratory test resulis indicate that
the sail is close 1o anather sail classification group, the
borderline condition can be tndicated with two symbals
wparated by a slash. The first symbol should be the one
tased on this standard, for example, CL/CH, GM/SM,
5C/CL. Borderline symbols are pacticularly uscful
“hen the liquid {imit value of clayey soils is close to
H. These soils can have expansive characteristics and
the use of a barderline symbol. (CL/CH, CH/CL) will
alert the user of the assigned classifications of expansive
potential,

1.2 The group symboi portion of this sytem is
based on laboratory tests performed on the por-
tion of a soil sample passing the 3-in, (75-mm)
sieve (see Specification E 11).

1.3 Asaclassification system, this test method
is limited to naturally occurring soils.

Note 2—The group names and symbols used in
this test method may be used as a descriptive system

applied 10 such materials as shale, claystone, shells.
crushed rock, cte. Sce Appendix X2.

1.4 This test method is for qualitative appli-
cation only.

NOTE }—When quantitalive information is re-
quired f{or dewailed designs of impornant siruciures, this
test method must be supplemented by laboratory tests
or other quantitative data 1o determine performance
characteristics under expected field conditions,

1.5 The system is based on the widely recog-
nized Unified Soil Classification System which
was adopted by several U.S, Government agen-
cies in 1952 as an outgrowth of the Airficld
Classification System developed by A. Casa-
grande,?

1.6 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purpor! to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
gstablish appropriate sofety and health proctices
and determtine the opplicability of regulatory fimi-
tations prior 10 utse,

2. Applicable Documents

2.1 ASTM Standords:

C 117 Test Method for Material Finer Than

~ 75-pm (No. 200) Sieve in Mineral Aggre-
gates by Washing?

C 136 Method for Sieve Analysis of Fine and
Coarse Aggregates’

C 702 Methods for Reducing Field Samples
af Aggregate to Testing Size?

D420 Recommended Practice for Investiga-
tion and Sampling Soil and Rock lor Engi-
neering Purposes’

D421 Method for Dry Preparation of Sail

' This test method is under the jurisdiction of ASTM Com-
mittec D-18 on Soil and Rock and is the direct responsibility of
Subcommitiec DIR.07 on Identification and Classification of
Soils.

Current cdition approved Aug. (7, 1983, Published October
198). Originally published as D 2487 - 68 T. Last previous
edition D 2487 = 6% {1973),

1 Casagrande. A.. “Classification and Idenlification of Soils,”
Transactions, ASCE, 1948, p. 90|,

Y Annual Book of ASTM Standards, Val (4.02.

¢ Annual Book of ASTM Standards, Yol (4.08,
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Samples for Panicle-Size Analysis and De-
termination of Soil Constants®

D422 Method of Panicle-Size Analysis of
Soils*

D423 Test Method for Liquid Limit of Soils*

D424 Test Method for Plastic Limitand Plas-
licity Index of Soils*

653 Teems and Symbols Relating to Soit
and Rock*

‘D 1140 Test Method for Amount of Materal
in Soils Finer than the No. 200 (75-um)
Sicve?

D216 Method for Laboratory Determina-
tion of Water {Moisture} Content of Soil,
Rock, and Soil-Aggregate Mixtures®

D 2217 Method for Wet Preparation of Soil
Samples lor Particle-Size Analysis and De-
termination of Soil Constants®

02488 Recommended Practice for Descrip-
tion ol Soils { Visual-Manual Procedures)®

E 11 Specification for Wire-Cloth Sieves for
Testing Purposes’

1. Summary of Method -

J.1 Asiflustrated in Tabice §, this classification
system  identifies three major soil divisions:
coarse-grained soils, fine-grained soils, and highly
organic sails, These three divisions are further
subdivided into a tolal of 15 basic soil groups.

1.2 Dased on the results of visual observations
and prescribed laboratory tests, a soil is cata-
logued accarding to”the basic soil groups, as-
signed a group symbal{s) and name, and thereby
classified, The Mow charts, Fig. | for fine-grained
sails, and Fig. 2 Tor coarse-grained saifs, can be
used 1o assign the appropriate proup symbol(s)
and name,

4, Significance and Use

4.1 This test method classifies soils from any
geographic location into categories representing
the results of preseribwd labortory tests 10 deter-
mine the particie-size characieristics, the fiquid
limit, and the plasticity index.

4,2 The assigning of a group namc and sym-
hol(s) along with the deseriptive information re-
yuired in Recommended Practice D 2488 can be
used to describe a soit 1o aid in the evaluation of
is significant properties for engincening use.

4.1 The various groupings of this classification
system have been devised to correlateina general
way wilh the engineering behavior of soils. This
test method provides o usefud first step in any

‘Dasy

ficld or laboratory investigation lor geotechnical
engincering purposes.

4.4 This 1est method may also be used as ap
aid in training personnel in the use of Recom.
mended Practice D 2488,

5. Terminology

5.1 Definitivns—Except as listed below, )i
definitions are in accordance with Definitiong

Note 4—For particies retained on a J-in. {75-mm)
U).S. standard sieve, the following definitions are syp.
pested:

Cubbles—panticles of rock that will pass a [Z2.q,
{300-mm} square opening and be retained on 2 3,
{75-mm;} .8, standard sicve, and

Boulders—panticles of rock that will not pass a 12

in. (300-mm) square opening

3.1 gravel—panticles of rock that will pass 4
Y-in, {75-mm) sieve and be retained on a No. 4
(4.75-mm) U.5. standard sicve with the loliowing
subdivisions:

Cuarse—passes 3-in, (75-mm} sieve and rg.

tained on ¥-in. {}9-mm) sieve, and

Finv—passes %-in. (19-mm) sieve and re.

tained on No, 4 {4.75-mm)} sieve,

3.1.2 sand-—particles of rock that will puss a
Mo. 4 {4.75-mm) sieve and be retained on a Ng,
200 {75-um} U.S. standard sieve with the lollgw.
ing subdivisions:

Coarse—passes No. 4 {4.75-mm} sieve ang

retained on No, 10 (2.00-mm) sicve,

Medium—-passes No. 10 (2,00-mm) sieve agd

retained on Mo, 40 {425-pm) sieve, and

Fine—passes No. 40 (425-pm) sieve and re.

faincd on No, 200 {75-um} sieve,

5.1.3 cloy—soil passing a No, 200 (75-pm)
U.S. standard sieve that can be made to exhibj
ohasticity {(putty-like properties) within a range of
water contents and that exhibils considerable
strength when air dry, For classification, a clay
a linc-grained soil, or the fine-grained portion of
a soil, with a plasticity index equal to or greaer
than 4, and the plot of plasticity index versys
liquid limit [alls on or above the “A" line.

5.1.4 silt—soil passing a No. 200 {15-um}
U.S. standard sieve that is nonplastic or very
slightly plastic and that exhibits little or pg
strength when air dry. For classification, a sitt
a Mine-grained soil, or the fine-grained portion of
a soil, with a plasticity index Jess than 4 or if
plot of plasticity index versus fiquid limit )y
below the A" line,

543 vrganic clay—a clay with suflicient o,
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Bnic content to influence the soil propertics. For
classification, an organic clay is a soil that would
be classified as a clay except that its liquid limit
\alue afler oven drying is less than 75 % of its
liquid limit value before oven drying.

3.1.6 organic silt—a silt with sufficient or-
gnic content 1o influence the soil propertics. For
classification, an organic silt is a soil that would
b classified as a silt except that its liquid limit
value afier oven drying is less than 75 % of its
liguid Fimit value before oven drying.

3.1.7 pear—a soil eomposed of vegetable tis-
se in various stages of decomposition usually
with an organic odor, a dark-brown to black
color, a spongy cansistency, and a texture ranging
fram fibrous to amorphous.

5.2 Deseriptions of Terms Specific 1o This
Stundard:

511 coefficient of curvorire, Ce—the ratio
IDWPADyy % Du). where Dy, D, and Dy are
the panticle diameters corresponding to 60, 30,
and |0 % finer on the cumulative particle-size
distribution curve, respeciively.

5.2.2 coefficient of uniformity, Cu—the ratio
Du/Dhy, where Dy and Dyg are the panticle di-
Jmelers corresponding to 60 and 10 % finer on
the cumulative panicle-size distribution curve,
frespectively,

6. Apparatus

6.1 In addition to the apparatus that may be
required for abtainiig and preparing the samples
and conducting the preseribed laboratory tests, a
plauticiy chan, similar 1o Fig. 5. and a cumula-
tive panicle-size distribution curve, similar 1o
Fig. 4, are required.

NOTE 5--The “UJ™ line shown on Fig. 3 has been
¢mpirically determined to be the approximate “upper
limit™ for natural soils. 1t is a good check against

erroncous data, and any test resuils that plot above or
to the ieh of it shouid be verified,

7. Sampling
7.1 Samples shall be obtained and identified

in accordance with a methed or methods, rec- .

ommended in Recommended Practice D 420 or
by other accepted procedures.

7.2 For accurate identification, the minimum
amount of test sample required for this test
method will depend an which of the laboratory
tests need to be performed. Where only the par-
ticle-size analysis of the sample is required, spec-
imens having the following minimum dry
weights are required:;

0 2487
Maximum Paeticle Size, Minimum Specimen Size,
Sieve Qpening Dry Weight
4,75 mm {No. 4} 100 g {D.25 {b}
9.8 mm (% ln.) 200 ¢ [D.5 by
19.0 mm (% in.) 1.0 kg {2.21b)
38.1 mm (1A in) 8.0kg(181b)
750 mm () in.) 60.0 kg (132 |b)

Whencver possible, the field samples should have
weights two to four times larger than shown.

7.3 When the liquid and plastic limit tests
mus! also be performed, additional materal will
be required sufficient 1o provide 150 g 10 200 g
of soil finer than the No, 40 (425-um) sicve.

7.4 I the field sample or test specimen is
smaller than the minimum recommended
amount, the repon shall include an appropriate
remark.

8. Classification of Peat

8.1 A sample composed primanly of vegetabie
tissue in various stages of decomposition and has
a fibrous to amorphous texture, a dark-brown o
black color, and an organic odor should be des.
ignated as a highly organic soil and shall be
classified as peat, PT, and not subjected 1o the
classilication procedures described hereafter,

9. Preparation for Classification

9.1 Belore a soil can be classified according 10
this test method, generally the panicle-size dis-
tribution and the plasticity characteristics of the
minus 3-in, {75-mm} material must be deter
mined. See 9.8 lor the specilic required tests.

9.2 The preparation aof the soil speciment(s)
and the iesting lor panicie-size distribution and
tiquid 1imit and plasticity index shall be in ac-
cordance with accepted standard procedures,
Two procedures for preparation of the soil spee.
imens for testing for soil classification purposcs
are given in Appendixes X1 and X4. Appendix
X1 describes the wet preparation method and is
the preferred method for cohesive soils that have
never dried out and lor organic soils.

2.3 When reporting soil classifications deter-
mined by this test method, the preparation and
test procedures used shall be reported or refer-
enced.

9.4 Although the 1est procedure used in deter-
mining the panicie-size distribution or other con-
siderations may require a hydrometer analysis of
the material, a hydrometer analysis is not neces-
sary [or soil classification.

9.5 The percentage (by dry weight) alany plus
3-in. (75-mm) material must be determined and
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reported as auxiliary information,

9.6 The maximum particle size shall be deter-
mincd {measured or estimated) and reported as
auxiliary information,

9.7 When the cumulative panticle-size distd-
bution is required, a sct of sicves shall be used
which include the following sizes {with the larpest
size commensurate with the maximum particle
size) with other sieve sizes as needed or required
to define the particle-size distribution;

J-in. {78-mm)
Ye-in{19.0-mm}
No. 4 {(4,75-mm}
No. 10 {2.00-mm)
No. 40 {425-pm}
No, 200 (75-pm})

9.8 The tesis required 1o bepcrl'ormcd- in

preparaiion for classification are as lollows:

9.8.1 For soils estimated to contain less than
5% lines, a plot of the cumulative particle-size
distribution curve of the [raction coarser than
the No. 200 (75-pm) sicve is required, The cu-
mulative particie-size disiribution curve may be
platted on a graph similar to that shown in Fig.
4.

9.8.2 For soils estimated to contain 510 15 %
fines, a cumulative particle-size distribution
curve, as described in 9.8.1, is required, and the
liquid fimit and plasticity index are required.

9.8.2,1 {Msuflicient matenial is not available 1o
determine the liquid limit and plasticity index,
the fines should be cstimated 10 be either silty or
clayey using the procedures described in Rec-
ommendcd Practice D 2488 and so noled in the
repart.

9.8.3 For soils estimated to contain 15 % or
mare [ines, a determination of the percent fines,
percent sand, and percent gravel is required, and
the liquid limit and plasticity index are required,
For soils estimated to contain 90 % fines or more,
the percent lines, percent sand, and percent
gravel may be estimated using the procedures
described in Recominended Practice D 2488 and
so noled in the report.

1. Preliminary Classification Procedure

10.1 Class the soil as fine-grained il 50 % or
maore by dry weight of the test specimen passes
the No, 200 (75-pm} sieve and lollow Section 11,

10,2 Class the soit as coarse-grained il more
than 50 % hy dry weight of the test specimen is
retained on the No, 200 (75-pm) sicve and flollow
Section 11,

11, Procedure for Classification of Fine-Grained
Soils (50 % or more by dry weight passing
the No. 200 {75-pm} sieve}

11.} The soi! is an inorganic clay if the posi.
tion of the plasticity index versus liquid limi
plot, Fig. 3, falls on or above the “A" line, the
plasticity index is greater than 4, and the presence
of orpanic matter does not influence the liquid
limit as determined in 11.3.2,

Li.4.1 Classily the soil as a fean clay, CL, i
the liquid limit is less than 50, See area identified
as CL on Fig. 3.

11.1.2 Classify the soil as a far efay, CH, if the
liquid limit is 50 or greater. See area identifisd
as CH on Fig, 3.

NoTE 6—1In cases where the liquid limit exceeds | g
wr the plasticity index exceeds 60, the plasticity chan
m2y be expanded by maintining the same scale oy
both axes and extending the “A™ line at the indicated
slope,

11.1,3 Classily the soil as a silty ¢fay, CL-ML
if the position of the plasticity index versus liquid
limit plot falls on ar above the “A” Tine and the
plasticity index is in the range of 4 to 7. See are;
identified as CL-ML on Fig. 3.

11.2 The sail is an inorganic silt if the posiliga
of the plasticity index versus liquid limit plog
Fig. 3, lails below the A" line or the plasticiy
index is less than 4, and presence of organic
matier does not influence the liquid fimit y
determined in §1.3.2,

11.2.1 Classily the soil as a sift, ML, il (he
liquid ¥imit is less than 50. Sce area identificd 3
ML on Fig. 3.

14.2.2 Classify the soil as an elastic siff, MH,
il the liquid limit is 50 or greater. See amm
identified as MH on Fig. 3.

1.3 The soil is an organic silt or clay il or.
ganie matter is present in sufficient amounis 1
influence the liguid limit as determined in §1,)3

11.3.1 If the soil has a dark color and as
organic odor when moist and warm, a sscopg
tiquid limit test shall be performed on a gy
specimen which has been oven dried at110 =5
10 a constant weight, typically over night,

11.3.2 The soil is an organic silt or organy
clay if the liquid limit aller oven drying is 1y
than 75 % of the liquid limit of the origing
specimen determined before oven drying fur
Procedure B of Method D 2217),

11.3.3 Classily the soil as an organic siff o
organic clay, OL, if the liquid limit (no) Over
dried) is less than 50 %. Classily the soil a5 o



i

apanic silt, OL, if the plasticity index is less than
407 the positian of the plasticity index vetsus
bquid limit plot falls below the “A™ line. Classify
the soil as an organic clay, OL, if the plasticity
mdex is 4 or grealer and the position of the
Masticity index versus liquid limit plot falls on

% above the “A™ line. See area identified as OL
fer CL-ML) on Fig. 3.

1.3.4 Classily the soil as an organic clay or
vreanic sift, OH, il the liquid limit (not oven
dried) is 50 or greater, Classify the soil as an
weanic sift, OH, if the position of the plasticity
index-versus fiquid Jimil plot falls below the “A™
line, Classify the soil as an nrgenic clay, OH, il
the position of the plasticity index versus liquid-
fimit plot falls on or above the A" line. See area
Wentified as OH on Fig. 3.

114 1T Jess than 30 % but 15 % or more of
the test specimen is retained on the No, 200 (75-
ym) sieve, the words “with sand and/or gravel™
shall be added to the group name. For example,
I:;m clay with sand, CL; silt with sand and gravel,
ML,

11.5 If 30 % or more of the test specimen is
telained on the No. 200 (75-um) sieve, the words
"andy” or *gravelly” shall be added 10 the group
mame. Add the word “sandy™ if 30 % or more of
the test specimen is retained on the No. 200 (75-
Hm) sieve and the coarse-grained portion is pre-
dominantly sand. Add the word “gravelly™ if

~30 % or more of the test specimen is retained on
the No. 200 (75-um) sieve and the coarsc-grained
ponion is predominantiy gravel. For example,
undy lean clay, CL; gravelly fat clay. CH; sandy
silt, ML,

12, Procedure for Classification of Coarse-
Grained Seils (more than 50 % retained on
the No. 200 (75-pm) sieve)

12,1 Class the soil as gravel if more than 50 %
af the coarse fraction (plus No. 200 (75-um)
sieve] is retained on the No, 4 (4.75-mm) sieve.

12.2 Class the soil as sand i 50 % or more of
the coarse [raction [plus No. 200 (75-um) sieve]
passes the No. 4 {4.75-mm}) sieve.

1.3 {2 % or less of the test specimen passes
the Na, 200 {75-umj sieve, plot the cumuilative
particle-size distribution, Fig. 4, and compute the
coefficient of uniformity, Cu, and coefTicient of
curvature, Cc, as given in Eqs [ and 2.

Cu= Dw/Dm (”
T C = {DuPHDis % D) 1}

D 2487

where:

Do, Dy, and Dy = the panicic-size diameicrs
corresponding to 10, 30, and 60 %, respectively,
passing on the cumulative panticlessize distribu-
tion curve, Fig. 4,

NoTe 7—It may be necessary {o extrapolate the
curve to obtain the Dyp diameter.,

12.3.1 If less than 5% of the test specimen
passcs the No, 200 (75-um) sieve, classily the sail
asa well-graded gravel, GW, or wéll-graded sand.
SW, il Cu is greater than 4.0 for gravel or preater
than 6.0 for sand, and Cc is at {east 1.0 bot not
more than 3.0

12.3.2 If less than $ % of the test specimen
passes the No. 200 (75-um) sieve, clussily the soil
as poorly graded gravel, GP, or poorly graded
sand, SP, if either the Cu or the Ce criteria for
well-graded soils are not satisfied.

12,4 [l more than |2 % of the test specimen
passes the No, 200 (75-um) sieve, the sail shall
be considered o coame-grained soil with fines.
The fines arc determined to be cither clayey or
silty based on the plasticity index versus liquid
limit plot on Fig. 3. (See 9.8.2.1 if insufTicient
material available for testing).

12.4.1 Classify the soil as a clayey gravel, GC,
or clayey sand, SC, if the fines are clayey, that is,
the position of the plasticity index versus liquid
limit plot, Fig. 3, falls on or above the “A™ Jine
.and the plasticity index is greater than 7.

12.4.2 Classily the soil as a silty gravel, GM,
or silty sand, SM, if the [ines are siity, that is, the
position of the plasticity index versus liquid limii
plot, Fig. 3, falls below the “A” line or the plas-
ticity index is less than 4.

12,4.3 Il the fines plat as a silty clay, CL-ML,
classify the soil as a silty, clayey gravel, GC-GM,
ilit is a gravel or a silty, clayey sand, SC-SM, if
it is a sand,

12.5 If 5t0 12 % of the test specimen passcs
the Na. 200 {75-um) sieve, give the soil a dua!
classification using iwo group symbaols.

12.5.} The first group symbol shall corrc.
spond to that lor a gravel or sand having less
than § % fines (GW, GP, SW, SP), and the
second symbo! shall correspond to a gravel or
sand having more than 12 % fines (GC, GM, SC,
SM).

12.5.2 The graup name shall correspond to
the first group symbol plus “with clay™ or “with
silt” to indicate the plasticity characteristics of
the fines. For example, well-graded gravel with
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clay, GW-GC: pooriy graded sand with sift, SP-
SM (Sec 9.8.2.1 if insufficient material available
for testing).

Note 8—Ifthe fines plot as a sifty clay, CL-ML, the
second group symbot should be cither GC or SC. For
example, a poorly graded sand with 10 % fines, a liquid
limit of 20, and a plasticity index of & would be classi-
fied as a poorly graded sand wath silty clay, SP-SC.

1.6 Wthe specimen is predominantly sand or
gravel bul contains 15 % or more of the other
coarsc-grained constituent, the, words ‘“with
gravel” or “with sand” shall be added to the group
name. For example, poorly graded gravel with
sand, ciayey sand with gravel.

12.7 1f the field sample contained any cobbles
or boulders or both, the words “with cobbles,” or
“with cobbles and boulders™ shalli be added to
the group name, For example, silty gravel with
cobbles, GM.

13; Report

13.t The repont should include the gsoup
name, group symbal, and the results of the lab-
orotory tests. The panicle-size distribution shall

be given in terms of percent of gravel, sand, and
fines. The plot of the cumulative panticle.size
distribution curve shall be reported if used ip
classifying the soil. Report appropriate descrip.
tive information according to the procedurey iy
Recommended Practice D 2488. A local or com.
mercial name or geologic interpretation for b
materiz! may be added at the end of the descrip
tive information il identified as such., The 1oy
praceduces used shall be referenced.

NOTE 9.—Example: Clayey Gravel with Sand yne
Cubbles (GC)—46 % finc to coarse, hard, subroundey
gravel: 0% Gne to coarse, hard, subrounded wung
14 % clayey fines. LL = 38, P{ = {9; weak reacuion
with HCl; original fie!ld sample had 4 % hard, sup
rounded cobbles: maximum size 150 mm.

In-Place Conditions—Ilirm. homogencous, dn

brown,

Geologic Interpretation—alluvial fan,

NoOTE 10—Other examples of soil descriptions e
given in Appendix X1,

-14.~Precision-and Bias - - - -

{4.1 This test method provides qualitative
data only; therefore, a precision and bias stase,
ment {s nonapplicable,
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APPENDIXES

{Nonmundatory Information)

X1. EXAMPLES OF DESCRIPTIONS USING SOIL CLASSIFICATION

X 1.1 The following examptles show how the infor-
mation required in 1.1 can be reponed, The appro-
priate descriptive inforrnation from Recommended
Pruactice D 2488 is included for illustrative purposes.
The additional deseriptive terms that would accompany
the soil classification should be based on the intended
use of the classificaion and the individual circum-
slances, .

X110 Well-Graded Gravel with Sand {(GW}j—T71%
fine 10 coarse, hard, subangular gravels 23 % (inc 1o

coarse, hard, subangular sand; 4 % fines; Ce = 2.7, Cy
= |24,

X|.1.2 Silty Sand with Gravel (SM)—61 % predom.
inantly fine sand; 23 % silty fines, LL = 33, P[ = ¢
16 % fine, hard, subrounded gravel; no reaction with
HC; (field sample smaller than recommendeds, [n
Place Conditinns—Firm, stratified and contains lense
of silt | to 2 in, thick, moist, brown to gray: in-place
density = 106 Ib/N? and in-place moisture = 9 %.

X1.1.3 Organic Clay (OL)—100 % fincs, LL (ney

G-L5
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rial, lake extreme care in obiaining 3 representative
portion of the No. 40 (425-um) fraction. Typically, a
larger portion than normal has to be selected, such as
the minimum weights required in 7.2,

X3.7.1.2 To obtain a representative specimen of a

basically cohesive soil, it may be advantageous to pass
the soil through a %ein. (19-mm) sieve or other con-
venient size so the material can be more casily mixed
and then quaniered or split to obtain the representative
specimen,

X3.2.2 Process the representative specimen in ac-
cordance with Procedure B of Methed D 2217,

X3.1.3 Perform the liquid-limit test in accordance
with Method D 423, except the soil shall not be air
dried prior to the 1est.

X3.7.4 Perform the plastic-limit test in accordance
with Test Method D 424, except the soil shall not be

air dried prinr (o the test, and caleulaie the plasticity -

mndex,

X3.8 Determine the particle-size distribution as fol-
lows:

X3.8.1 IT the water content of the lraction passing
the 3-in. (75-mm) sieve was required {X 3,6.3), use the
walcr-content specimen [or determining the particle-
size distribution. Otherwise, select a representative spec-

imen in accordance with Methods C 702 with a mini.
mum dry weight as required in 7.2,

X1.8.2 If the cumulative particle-size distribution
including a hydrometer analysis is required, determine
the panticle-size distribution in accordance with
Melhod D 422, See 9.7 for the set of required sieves,

X3.8.3 If the cumulative particle-size distribulion
without a hydrometer analysis is required, determine
the particle-size distibution in accordance with
Method C 136, See 9.7 for the set of required sicves,
The specimen should be soaked until all clayey aggre.
gations have softened and then washed il:l accordance
with Test Method C 117 prior ta performing the pani.
cle-size distribution. _

®3.8.4 1f the cumulative particle-size distribution s
not required, determine the percent fines, percent sand,
and percent gravel in the specimen in accordance with
Test Method C 117, being sure (o soak the specimen
long enough 1o soflen all clayey aggregations, followed
by Method C 136 using a nest of sieves which shall
include a No. 4 (4.75-mm) sieve and a No. 200 (75.
pm) sieve.

X3.8.5 Calculate the percent fines, percent sand,
and percent gravel in the minus 3-in. (75-mm) fraction
for classification purposes,

N4, AIR-DRIED METHOD OF PREPARATION_OF SOILS FOR TESTING FOR CLASSIFICATION
PURPOSES

X4.1 This appendix describes the steps in preparing
a soil sample for testing for purposes of soil classifica-
tion when air-drying the s0il before testing is specified
or desired or when the natural moisture content is near
that of an air-dried state,

X4.2 I the s0il conwins organic matier or mineal
colloids that are irreversibly afTected by air drying, the
wel-preparation method as described in Appendix X3
should be used.

X4.3 Since this classification system is limited to
the portion of 2 sample passing the 3-in. (75-mm) sieve,
the plus 3-in, (7$-mm) material shall be removed prior
1o the determination of the paniicle-size charactenstics
and the liquid fimit and plasticity index.

X4.4 The portion of the ficld sample finer than the
3in {75-mm) sieve shall be obtained as follows:

X4.4.1 Airdry and weigh the field sample.

X4.4.2 Separate the field sample into two fractions
an a J-in, {75-mm) sicve.

X4.4.3 Weigh the two fractions and compute the
percentage of the plus 3-in. (75-mm) material in the
field sample.

X4.5 Dcetermine. the particle-size distribution and

liquid timit and plasticity index as foflows {sec 9.8 [or
when these tests are required);

X4.5.1 Thoroughly mix the fraction passing the 3.
in. (75-mm} sieve.

X4.5.2 1f the cumulative particle-size distribution
including a hydrometer analysis is required, determine
the particle-size distribution in accordance wilh
Method D422, See 9.7 for the set of sieves that js
required.

X4.5.3 Il the cumulative particle-size distribution
without a hydrometer analysis is required, determine
the paricle-size distribution in accordance with Test

Methed D 1140 followed by Method C 136. See 9.7 for

the set of sieves that is required.

X4.5.4 1M the cumulative particle-size distribution is
not required, determine the percent fnes, percent sand,
and percent gravel in the specimen in accordance with
Test Method D 1140 followed by Method C 136 using
a nest of sieves which shall include a No. 4 (4.75-mm)
sieve and a No. 200 (75-um) sicve,

X4.5.5 11 required, determine the liquid limit and
the plasticity index of the test specimen in accordance
with Test Methods D 423 and D 424.

Tow Anerican Sicivty fur Testing and Materials takes nn position respocting the validity of any patent rights asserted in eonnectin
with any tem mentioned in this standard, Usees of this siandard are expressly advised ihat determination of the validity of any suck
tuitent rights. und the risk of infringement of suck rights. are entirely their twn respunsibifity.

Fhis siundurd is suhjoct wo rovision of any time by the respansible technicol cunmiitee and must be revivwed every five years gnd
it ok revised, either eeappraved or withdrawn, Your comments are invited either for revision of this standard or for additional
sindurds and should he addrested tn ASTM Headguarters, Your commenis will receive careful consideration ot o meeting of the
responsible techaical committee, which vew may attend. If you feel that your comments have ol received a fair hearing you should
ke vour views kaown (o the ASTM Comnmitiee on Stundards, 1916 Race St., Philudelphiv. Pa, 19403,
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dried) = 32, LL (oven dried) = 21, PI {not dried) = 10;
el dark brown, arganic odar, weak reaction with HCl.

X1.1.4 Siliy Sand with Organic Fines (SM)—74 %
fine t0 coarse, hard, subanguiar reddish sand; 26 %
%Banic and silty dark-brown fines, LL. {nol dricd) =
3%, LL {aven dried) = 26. Pl {not dricd) = 6. wet, weak
feaction with HCI.

X).1.5 Poorly Graded Gravel with Sily, Sand, Cub-

bles and Boulders (GP-GM)—18 % fine to coarse, hard,
subrounded to subangular gravel; 16 % fine to coarse,
hard, subrounded 1o subangular sand: 6 % silty {esti-
mated) fines: moist, brown; no reaction with HCH
original ficld sample had 7 % hard, subrounded cobbles
and 2 % hard, subrounded bouiders with a maximum
size of 18 in.

*

X1 USING SOII, CLASSIFICATION AS A DESCRIPTIVE SYSTEM FOR SHALE, CLAYSTONE.
SHELLS, SLAG, CRUSIHED ROCK, ETC,

X2.! The group names and symbals used in this test
method may be used as a descriptive system applicd to
materjals that exist in situ as shale, claystone, sandstone,
tilistone, mudstone, etc., but convert to soils after ficld
or laboratory processing {crushing, slaking, e1c.),

X2.2 Materials such as sheils, crushed rock, stag,
¢lc,, should be identified as such, However, the proce-
dures used in this method for describing the particle
Sizc and plasticity characteristics may be used in the
deseriplion of the materal. I desired, a classification
i accardamce with this test method may be assigned to
3id in describing the material,

X2.3 i a classification is used, the group symbol{s)
and group names should be placed in quotation marks
or noled with some type of dislinguishing symbol. Sec
examples,

. X2.4 Examples of how soil classifications could be
Incorporated into a description system for materials
that are not naturally occurring soils arc as follows:

X2.4.1 Shafe Chunks—Retrieved as 2 10 4-in. pieces

of shale from power auger hole, dry, brown, no reaction
with HCl, Aficr laboratory procedsing by slaking in
water for 24 h, materal classificd as “Sandy Lean Clay
(CL)"—61 % clayey fines, LL = 37, P! = 16; 33 % finc
to medium sand; 6 S gravel-size picces of shale,
X2.4.2 Crushed Sandstone—Product of commer-
cial crushing operation; “Poorly Graded Sand with Silt
(SP-SM)"—%1 % finc to medium sand; 9 % sily (esti-
mated} fines; dry, reddish-brown, strong reaction with

X24.) Broken Shell;—62% gravehsize hroken

shells; 31 % sand and sand-size shell picces; 7 % fines:
wauld be classified as “Poarly Graded Gravel with Sand
{GPm,
. X244 Cnuhed Rock—Processed grvel and cob-
bles from Pit No. 7; “Poorly Graded Gravel {GP)*—
89 % fine, hard, angular gravel-size panicles: 11 %
coarse, hard, angular sand-size panicles, dry, 1an; no
reaction with HCl: Ce = 2.4, Cu = 0.9.

. PREPARA'I'IO.N AND TESTING FOR CLASSIFICATION PURPOSES BY THE WET METHOD

XJ3.1 This appendix deseribes the sicps in preparing
1 soil sample for testing for purposes of soil classifica-
hien using 3 wet-preparation procedure.

X3.2 Samples prepared in accordance with this pro-
cedure should contain as much of their natural water
content as possible and every cffort should be made
during obtaining. preparing, and transponating the
umples 1o maintain the natural moisture,

X1.3 The procedures to be followed ‘in this test
methed assume that the field sample conwins fines,
1and, gravel, and plus 3-in. {(75-mm) particles and the
cumulative panicle-size distribution plus the liguid
limit and plasticity index values are required {see 9.8).
Somie of the following steps may be omitted when they
are not applicable 1o the soil being tested,

X1.4 If the soil contains plus No. 200 (75-um} par-

Nicles that would degrade during dry sieving, use a test

"ana in. {73-mm}) sicve, being carcful ta maintain the

"procedure for determiining the pariiclessize chiriciér- "

istics that prevents this degradation,

X3.5 Since this classification system is limited to
the portion of a sample passing the 3-in. (75-mm) sieve,
the plas 3-in, (75-mm} material shall be remaved prior
to the determination of the particle-size characteristies
and the lquid limit and plasticity index,

X1.6 The portion of the field sample finer than the
3-in, {75-mm} sieve shal) be gbuained as follows:

X3.6.1 Separate the field sample into two fractions

natural water content in the minus 3-in. (75-mm) frac-
lion, Any panticles aghering to the plus 3-in, (75-mm}
particles shall be brushed or wiped off and placed in
the fraction passing the 3-in. {75-mm) sieve.

X1.6.2 Determine the air-dry or oven-dry weight of
the fraction retained on the J-in. {75-mm) sieve, Deter-
minc the total {wet) weight of the [raction passing the
Y-in, {75-mm) sieve,

X3.6.3 Thoroughly mix the (mction passing the 3-
in. (75-mm) sicve, Determine the water coatent, in
accordance with Method D 2216, of a represeniative
specimen with a minimum dry weight as required in
1.2, Save the water-content specimen (or determination
of the panticte-size analysis in accordance with X138,

X13.6.4 Compute the dry weight of the {raction pass-
ing the J-in, {75-mm) sieve based on the water content

“and tofal (Wet) weiglit. Campute” the folil diy weight of

the sample and calculate the percentage of malerial
retained an the 3-in, {75-mm} sieve,

X1.7 Determine the liquid limit and plasticity index
as follows;

X3, 7.1 Il the soil disaggregates readily, mix on a
clean, hard surface and select a representative sample
by quantering in accordance with Method C 702,

X).7.1.1 If the soil contains coarse-grained particles
coaled with and bound together by tough clayey mate-
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LIST OF TERMS USED AND SYMBOLS
1) DRILLING & SAMPLING
ACR = After Casing Removed HA = Hand Augeripg
AD = After Drilling PA = Dower Augering
BCKR = Before Casing Rcmoved PP = Pocket Penetrometer
BS = Bentonite Slurry SPT = Standard Penetration Test
CA = Casing Advanced 5§ = Split - Spoon
CR = Casing Removed ST = Shelby Tube _
YT = Field Vane Shear Test TB = Thin-Walled Bit
GWI. = Ground Water Level - K0 = ‘Wash Opt
27} SOIL PROPERTIES
Wn = Natural Water Content Gs = Specific Gravity
LL = Liquid Linmit Yt = Total Unit Weight
r. = Plastic Limit Su = Undrained Shear Strength
Pl Plasticity "Index St = Sensitivity
LI = Liquidity Index SPT-N= Standard Penetration
Resistance
3} SOIL CONSISTENCY AND COMPACTNESS
COHESIVE SOILS COHESIONLESS SOWLS
Consistency SPT-N U"CO"E;“Ed ) Relative
{Blows/FEt.) ShcaTStEEngth Compactness| SPT - N Density’
(t/m®) (Blows/Ft.) %
Very Soft 0 -2 < 1,25] | ver
. y Loose 0- 4 0 - 15§
Sort 2 -4 1.25 - 2.50| | Loose 4 - 10 15 - 35
ﬂe§{um 4 -8 2,530 - 5.00] | Medium 10 - 30 35 - 65
Stiff ' & - 15 5.00 - 10.00| | Dense 30 - 50 65 - 85
Very Stiff |15 - 30 10.00 - 20.00| | Very Dense > 50 85 - 100
Hard s 30 > 20.00

4} TERMS USED FOR

IDENTIFYING MINOR

COMPONENT OF SOIL

Term % of Sample
Truce < 10
Trace to some 10 - 20
Some 20 - 35
And 35 -~ 50
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