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Executive Summary

Naovarat Surveying Co., Ltd. has carried out geotechnical investigation for PTT gas pipeline for
gateway city industrial estate project in order to grasp the characteristics of soils along the site
and to utilize the results as basic information for foundation design. The survey was conducted
at Plaeng Yao District, Chachoengsao Province. The soil investigation commenced on the 4™ of
May 2021 and was completed on the following days.

Boring survey was conducted to inspect the ground characteristics for the utilization of
excavated soil properties for foundations design. In order to survey the soil profiles, borehole
investigation along with screw driving sounding test was performed up to a depth of 7.95 to
24.00m below ground surface. Basic physical tests were conducted at every 1.50 m intervals of
the boring survey.

This geotechnical investigation report contains the presentation of the location of boring,
sampling, soil stratification, detailed explanation of geology and soil characteristics, laboratory
test results, and report of boring soil.

1. Introduction

PTT Thailand assigned Naovarat Surveying Co., Ltd. to carry out a geotechnical investigation
program for the PTT gas pipeline for gateway city industrial estate project. The geotechnical
investigation commenced on the 4™ of May 2020 and was completed on the following days. The
details of the investigation are as follows.

Soil boring and the soil investigation drilling was carried out for ten boreholes by wash boring
process using drilling machine. The drilling process is then set to commence immediately upon
arriving, including checking the water depth. The ten continuous standard penetration test (SPT)
borehole was drilled continuously up to rock layers.

The details of the boring process and field tests illustrated on the Appendix A. The procedure
of soil classification according to the Unified Soil Classification System (USCS) are given in
Appendix B. The laboratory tests were performed in accordance to ASTM standards. Details
on tests procedure for each test are provided in Appendix C.

May 05, 2021 Naovarat Surveying Co., Ltd.
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Figure 1-1 Location of the investigated area
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2. Purpose and Scope of Work

This survey is conducted to grasp the characteristics of soil along the planned “PTT gas pipeline
for gateway city industrial estate project’” and to utilize the results as basic information for
foundations design. The following part of the report elaborates on the boring survey.

2.1 Part 1 (Boring Survey)
Boring Survey

Borings were conducted at Chachoengsao Province to survey the soil profiles. The depth of
boring ranged from 7.95 to 24.00m. The standard penetration tests (SPT) was conducted for
this boring. Basic physical tests include water content, unit weight, sieve analysis, and
Atterberg’s limits were conducted for the soil from selected samples along the depth of boring.
The quantity of borings and the tests are summarized in the Table 2-1.

The details of boring process are illustrated on the Appendix A. The method of soil
classification is given in Appendix B. Details on laboratory tests procedure for each test are
provided in Appendix C. The tests were performed in accordance to ASTM standards.

Table 2-1 Quantity of borings and the tests

No. Latt:s’:i"‘ntgry Method BH-1 | BH-2 | BH-3 | BH-4 | BH-5 | BH-6 | BH-7 | BH-8 | BH-9 | BH-10
ASTM D420,
o ASTM D1452,
1 | Soil Boring ASTM D1586, | 1 1 1 1 1 1 1 1 1 1
ASTM D1587
Standard
2 | Penetration Tests | ASTM D1586 16 7 10 5 7 7 7 16 7 12
(SPT)
Grain Size
3 | Distribution by ASTM D422 | 10 7 4 3 3 5 6 9 7 4
Sieve Analysis
4 | Atterberg's Limits | ASTM D4318 | 8 7 4 3 3 5 6 3 4 4
5 | Water Content ASTM D2216 | 16 7 7 4 3 5 7 1 7 10

Naovarat Surveying Co., Ltd.

3. Part 1 (Boring Survey)

3.1 Boring Survey

Soil borings were conducted at Chachoengsao Province for ten boreholes namely BH-1 to BH-
10. They were carried out to take the undisturbed core samples for the laboratory tests. The
borehole details are summarized in Table 3-1. Actual co-ordinates at each borehole location are
summarized and tabulated in Table 3-2. A more detailed positioning summary presenting the
geodetic parameters used in the system for the each borehole location are presented in
Appendix E of this report.

May 05, 2021 Naovarat Surveying Co., Ltd.
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Table 3-1 Borehole Detail

No. Borehole Borehole Detail Final Penetration (m)
1 BH-1 Continuous SPT and Sampling 24.15
2 BH-2 Continuous SPT and Sampling 10.65
3 BH-3 Continuous SPT and Sampling 15.45
4 BH-4 Continuous SPT and Sampling 7.95
5 BH-5 Continuous SPT and Sampling 10.50
6 BH-6 Continuous SPT and Sampling 10.50
7 BH-7 Continuous SPT and Sampling 10.65
8 BH-8 Continuous SPT and Sampling 24.00
9 BH-9 Continuous SPT and Sampling 10.65
10 BH-10 Continuous SPT and Sampling 18.45

Table 3-2 Borehole Co-ordinate (UTM/ WGS84 /Zone 47N)

Soil Survey Report

PTT Gas Pipeline for Gateway City, Plangyao, Chachoengsao, THAILAND.

3.1.1 Soil Stratigraphy of BH-1

Generally, the soil profile for BH-1 consist of layer of clayey sand and clay with various
consistencies. Detailed illustration of the soil profile as presented on the Boring Log and
summary of test results of the soil borehole are given in the Appendix E. The water table is
found at the depth of 1.50 m from ground surface. Table 3-3 summarizes the descriptions of soil
stratigraphy from BH-1 and the soil profile of BH-1 is shown in Figure 3-1.

From the grain size distribution curve, the soil at this location generally Clay, and clayey sand.
Generally the natural water content ranging from 6.35% to 32.30%.

Table 3-3 Soil Stratigraphy of BH-1

. UTM Co-ordinates
No. | Borehole Location Easting (m) Northing (m)
1 BH-1 S.A. Road 750,896.288 1,508,015.120
2 BH-2 S.A. Road 752,193.121 1,507,165.701
3 BH-3 Gate Station 753,225.757 1,506,121.383
4 BH-4 Gate Station 753,265.598 1,506,071.618
5 BH-5 Telephone Exchange Gateway 752,851.656 1,505,489.967
6 BH-6 Gateway City Primary Road 753,357.284 1,505,081.799
7 BH-7 Gateway City Road Soi 7 753,740.757 1,505,354.272
8 BH-8 Gateway City Road Soi 9 754,000.404 1,505,006.507
9 BH-9 Gateway City Road Soi 9 753,799.765 1,504,713.971
10 BH-10 Gateway City Road Soi 10 753,269.569 1,504,079.049

Note: The geodetic parameters used were in reference to:

Datum: WGS 84 datum / Zone 47N
Projection: Universal Transverse Mercator (UTM)

May 05, 2021

Naovarat Surveying Co., Ltd.

Depth (m)
Stratum Soil Description
From To

- CLAYEY SAND (SC), dense to very dense.

1 1.50 600 |- Nset 31 to 50/6” blows/inch, Wn 6.35 to 13.08%, LL 51.25 to

. ’ 56.29 %, PL. 25.60 to 26.59 %, and Pl 25.65 to 29.70 %, yt 2.16

t/m3
- CLAY (CL), very stiff to hard, low plasticity

2 6.00 9.00 | - Nspt 29 to 50/6” blows/inch, Wn 18.93 to 32.30 %, LL 48.36%,
PL. 26.13%, and Pl 22.23%.
- CLAYEY SAND (SC), very dense

3 9.00 16.50 | - Nser 50 to 50/6” blows/inch, Wn 12.15 to 18.35%, LL 39.85 to
48.75%, PL 17.44 to 22.09%, and Pl 22.41 to 26.98%.
- CLAY (CL), hard, low plasticity.

4 .16.50 19.50 | - Nset 50/6” blows/inch, Wn 16.95 to 17.22%, LL 42.89%,
PL.17.24 %, and Pl 25.65%.
- CLAYEY SAND (SC), very dense

5 19.50 24.00 | - Nspt 50/6” to 50/4” blows/inch, W 14.03 to 15.47%, LL
39.85%, PL.20.49 %, and PI 19.36%.

6 24.00 24.15 | -ROCK.

5
May 05, 2021 Naovarat Surveying Co., Ltd.
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Figure 3-1 Soil Stratigraphy of BH-1
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3.1.2 Soil Stratigraphy of BH-2

Generally, the soil profile for BH-2 consist of layer of clayey sand and clay with various
consistencies. Detailed illustration of the soil profile as presented on the Boring Log and
summary of test results of the soil borehole are given in the Appendix E. The water table is
found at the depth of 1.20 m from ground surface. Table 3-4 summarizes the descriptions of soil
stratigraphy from BH-2 and the soil profile of BH-2 is shown in Figure 3-2.

From the grain size distribution curve, the soil at this location generally Clay, and clayey sand.
Generally the natural water content ranging from 4.44% to 11.37%.

Table 3-4 Soil Stratigraphy of BH-2

Stratum Depth (m) Soil Description
From To
1 1.50 300 |- CLAY (CL), very stiff, low plasticity.
’ ’ - Nspr 26 blows/inch, Wn 4.44%, LL 37.42%, PL. 17.57%, and Pl 19.85%
2 3.00 450 |° GRAVEL WITH CLAY (GC), very dense
’ ’ - Nser 85 blows/inch, Wn 11.37%, LL 31.49%, PL. 16.69%, and Pl 14.80%
3 450 600 |~ CLAY (CL), hard, low plasticity.
- Nspr 82 blows/inch, Wn 10.63%, LL 40.25%, PL. 21.84%, and Pl 18.41%
- CLAYEY SAND (SC), very dense
4 6.00 10.65 | - Nspr 50/6” blows/inch, Wha 6.74 to 8.93%, LL 37.41 to 47.37%, PL. 20.32
to 21.89%, and PI 15.53 to 20.34%.

BH-2

0.0m _— E """"""""" L ;‘;’;.;Qiﬂ5’50;0;0""‘05030‘."'
= - X L RRRERRARS
-E' 2 —— CLAY (CL) VERY STIFF /
% ) GRAVEL WITH CLAY (GC) VERY DENSE ity
g E CLAY (CL) HARD
§ Som[— [EECECClreadite s s iieniiiee
& F =
§ 8.0m[—— s

10.0m__ I

o~ END OF BORING 10.85m

Figure 3-2 Soil Stratigraphy of BH-2
7
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3.1.3 Soil Stratigraphy of BH-3

Generally, the soil profile for BH-3 consist of layer of clayey sand and clay with various
consistencies. Detailed illustration of the soil profile as presented on the Boring Log and
summary of test results of the soil borehole are given in the Appendix E. The water table is
found at the depth of 0.30 m from ground surface. Table 3-5 summarizes the descriptions of soil
stratigraphy from BH-3 and the soil profile of BH-3 is shown in Figure 3-3.

From the grain size distribution curve, the soil at this location generally Clay, and clayey sand.
Generally the natural water content ranging from 9.81% to 22.20%.

Table 3-5 Soil Stratigraphy of BH-3

Soil Survey Report PTT Gas Pipeline for Gateway City, Plangyao, Chachoengsao, THAILAND.

Depth (m)
From To

Stratum Soil Description

- CLAYEY SAND (SC), very dense
1 1.50 4.50 | - Nspr 47 to 50/4” blows/inch, Wn 9.81 to 12.04%, LL 25.15%, PL. 18.36%,
and P16.79%.

- CLAY (CL), hard, low plasticity.
2 4.50 10.50 | - Nspr 75 to 50/1” blows/inch, Wn 3.38 to 22.29%, LL 33.71 to 40.02%, PL.
23.45 to 28.74%, and PI 10.26 to 11.28%

- GRAVEL WITH CLAY (GC), very dense

8 | 1080 ] 1200 1 Noer 501" blowsfinch, Wn 13.65%.

4 12.00 | 15.45 | -ROCK

MSL 31877 BH_3
D.DmL
z.ﬁ'ﬂt i s T s oty Ry e g Q= Ml I B 3w o
F = - CLAYEY SAND (SC
aom[__ [=---zi-i--- DENSETOVERY DENSE
,§, E.nmil_
@ F
I | CLAY (CL) HARD
£ gom|
g F
a8 r
ﬁ GRAVEL (GP) VERY DENSE
®
o
ROCK

END OF BORING 15.45m

Figure 3-3 Soil Stratigraphy of BH-3
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3.1.4 Soil Stratigraphy of BH-4

Generally, the soil profile for BH-4 consist of layer of clayey sand and clay with various
consistencies. Detailed illustration of the soil profile as presented on the Boring Log and
summary of test results of the soil borehole are given in the Appendix E. The water table is
found at the depth of 0.30 m from ground surface. Table 3-6 summarizes the descriptions of soil
stratigraphy from BH-4 and the soil profile of BH-4 is shown in Figure 3-4.

From the grain size distribution curve, the soil at this location generally clayey sand. Generally
the natural water content ranging from 8.64% to 16.57%.

Table 3-6 Soil Stratigraphy of BH-4

Stratum Depth (m) Soil Description
From To
- CLAYEY SAND (SC), dense to very dense
1 1.50 7.50 | - Nspr 32 to 50/5” blows/inch, Wn 8.64 to 16.57%, LL 29.31 to 39.17%, PL.
17.29 to 26.12%, and Pl 12.02 to 13.05%.
2 7.50 7.95 | -ROCK
0.0m ——
E z2om[
2 |5 Bl b oy s Py A A
2 sl : CLAYEY SAND (SC)
[ B 7 : =~ DENSE TO VERY DENSE
g K = R i i e
-5 80m——
£ u
& som - -
(=] o END OF BORING 7.95m
100m____
1zoml__
Figure 3-4 Soil Stratigraphy of BH-4
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3.1.5 Soil Stratigraphy of BH-5

Generally, the soil profile for BH-5 consist of layer of clayey sand and clay with various
consistencies. Detailed illustration of the soil profile as presented on the Boring Log and
summary of test results of the soil borehole are given in the Appendix E. The water table is
found at the depth of 1.00 m from ground surface. Table 3-7 summarizes the descriptions of soil
stratigraphy from BH-5 and the soil profile of BH-5 is shown in Figure 3-5.

From the grain size distribution curve, the soil at this location generally Clay, and clayey sand.
Generally the natural water content ranging from 9.27% to 13.56%.

Table 3-7 Soil Stratigraphy of BH-5

Depth (m)
From To

Stratum Soil Description

- CLAYEY SAND (SC), medium dense to dense
1 1.50 4.50 | - Nspr 21 to 49 blows/inch, Wha 9.27 to 13.24%, LL 22.87 to 32.46%, PL.
10.87 to 16.29%, and P1 6.58 to 21.59%.

- CLAY (CL), hard, low plasticity.

2 4.50 6.00 - Nspt 50/4” blows/inch, Wh 13.56%, LL 35.42%, PL. 19.14%, and PI
16.28%
3 6.00 10.50 | -ROCK
BH-5
E
o
[=]
=
@
(]
L
B r
g
& somr ROCK
8
W0om_
120mC END OF BORING 10.50m

Figure 3-5 Soil Stratigraphy of BH-5
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3.1.6 Soil Stratigraphy of BH-6

Generally, the soil profile for BH-6 consist of layer of clayey sand and clay with various
consistencies. Detailed illustration of the soil profile as presented on the Boring Log and
summary of test results of the soil borehole are given in the Appendix E. The water table is
found at the depth of 1.00 m from ground surface. Table 3-8 summarizes the descriptions of soil
stratigraphy from BH-6 and the soil profile of BH-6 is shown in Figure 3-6.

From the grain size distribution curve, the soil at this location generally clayey sand. Generally
the natural water content ranging from 7.74% to 11.71%.

Table 3-8 Soil Stratigraphy of BH-6

Stratum Depth (m) Soil Description
From To
1 1,50 300 |- CLAYEY SAND (SC), loose
' ! - Nspt 9 blows/inch, Wn 7.74%, LL 22.63%, PL. 14.18%, and Pl 8.45%.
- CLAYEY SAND (SC), dense to very dense
2 3.00 9.00 - Nspt 39 to 50/6” blows/inch, Wx 8.01 to 11.71%, LL 25.55 to 41.18%, PL.
15.77 to 18.86%, and Pl 9.78 to0 23.21%, yt 2.13 t/m?
3 9.00 10.50 | -ROCK
BH-6
oy R R R R R IRII IR,
[ S S B
= | e TOPSOL Sisisn
= Ami— |g2E55a: CLAYEY SAND (SC) LOOSE
° [ e e iR et SR
£ 40m[__ 7 =
8 - =Z= CLAYEY SAND (SC)
Y DENSE TO VERY DENS
%‘ 8.0m _—
D : e
B P
el
e [ it Ao s e PRI IS HGA
12&'\1: END OF BORING 10.50m
Figure 3-6 Soil Stratigraphy of BH-6
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3.1.7 Soil Stratigraphy of BH-7

Generally, the soil profile for BH-7 consist of layer of clayey sand and clay with various
consistencies. Detailed illustration of the soil profile as presented on the Boring Log and
summary of test results of the soil borehole are given in the Appendix E. The water table is
found at the depth of 1.50 m from ground surface. Table 3-9 summarizes the descriptions of soil
stratigraphy from BH-7 and the soil profile of BH-7 is shown in Figure 3-7.

From the grain size distribution curve, the soil at this location generally Clay, and clayey sand.
Generally the natural water content ranging from 7.84% to 14.30%.

Table 3-9 Soil Stratigraphy of BH-7

Soil Survey Report PTT Gas Pipeline for Gateway City, Plangyao, Chachoengsao, THAILAND.

Stratum Depth (m) Soil Description
From To
1 150 300 |° CLAYEY SAND (SC), medium dense
- Nspt 21 blows/inch, Wn 7.84%, LL 25.55%, PL. 19.57%, and P1 5.98%.
- CLAY (CL), very stiff, low plasticity.
2 3.00 4.50 | - Nspr 26 blows/inch, Wn 14.30%, LL 34.63%, PL. 21.45%, and PI 13.18%,
1t 2.15 t/m?
- CLAYEY SAND (SC), very dense
3 4.50 10.65 | - Nset 85 to 50/6” blows/inch, Wn 9.09 to 12.30%, LL 27.61 to 36.64%, PL.
12.42 to0 24.64%, and P1 12.00 to 22.51%.
BH-7
L ; R0 a0 " S 5 E S ol o
= E pror i RS
E aom[ 2
o r
.g 4om[
§ EM_— Ei pe i g e M e ol e
b C E CLAYEY SAND (SC)
B oww— [ __ VERYDENSE
(] [-
Wwom_  FC =
T END OF BORING 10.65m
Figure 3-7 Soil Stratigraphy of BH-7
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3.1.8 Soil Stratigraphy of BH-8

Generally, the soil profile for BH-8 consist of layer of clayey sand and clay with various
consistencies. Detailed illustration of the soil profile as presented on the Boring Log and
summary of test results of the soil borehole are given in the Appendix E. The water table is
found at the depth of 2.50 m from ground surface. Table 3-10 summarizes the descriptions of
soil stratigraphy from BH-8 and the soil profile of BH-8 is shown in Figure 3-8.

From the grain size distribution curve, the soil at this location generally Clay, and clayey sand.
Generally the natural water content ranging from 7.55% to 20.80%.

Table 3-10 Soil Stratigraphy of BH-8

Stratum Depth (m) Soil Description
From To
1 1.50 300 |- CLAY (CL), hard, low plasticity.
’ ’ - Nspr 40 blows/inch, Wn 11.25%, LL 40.12%, PL. 22.22%, and Pl 17.90%
2 3.00 600 |- CLAY (CL), stiff to very stiff, low plasticity.

- Nser 11 to 29 blows/inch, Wn 16.18 to 20.80%, yt 2.00 t/m?

- CLAY (CL), hard, low plasticity.
3 6.00 15.00 | - Nspr 36 to 50/4” blows/inch, Wn 8.75 to 17.39%, LL 41.71 to 45.48%, PL.
20.19 to 25.11%, and Pl 20.37 to 21.52%, yt 2.06 to 2.21 t/m3

4 15.00 | 16.50 |- ROCK

- CLAY (CL), hard, low plasticity.

5 16.50 | 18.00 - Nser 50/4” blows/inch, W 8.43%

6 18.00 | 21.00 |-ROCK

- CLAYEY SAND (SC), very dense

7 2100 | 2250 | Nspr 50/2” blows/inch, Wx 7.55%

8 2250 | 24.00 |-ROCK

13
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3.1.9 Soil Stratigraphy of BH-9

BH-8
0.0m Generally, the soil profile for BH-9 consist of layer of clayey sand and clay with various
consistencies. Detailed illustration of the soil profile as presented on the Boring Log and
2.0m CLAY (CL) HARD summary of test results of the soil borehole are given in the Appendix E. The water table is
found at the depth of 1.50 m from ground surface. Table 3-11 summarizes the descriptions of
4.0m CLAY (CL) soil stratigraphy from BH-9 and the soil profile of BH-9 is shown in Figure 3-9.
Z STIF/',: TO/VE§Y STTF From the grain size distribution curve, the soil at this location generally Clay. Generally the
&.0m

natural water content ranging from 8.44% to 23.86%.

8.0m
Table 3-11 Soil Stratigraphy of BH-9
10.0m CLAY (CL
HARI:D ) Stratum Depth (m) Soil Description
From To

- CLAY (CL), very stiff to hard, low plasticity.
1 1.50 10.65 | - Nser 18 to 50/6” blows/inch, Wh 8.44 to 23.86%, LL 36.21 to 48.60%, PL.
15.27 to 27.47%, and Pl 14.10 to 28.71%

14.0m

Depth of borehole (m)
g

|I|I‘III|III|I|1|III|III III|III‘III|III|III‘III‘II"

Lk
e e S s ROCK

¥ e e e R AR AR A N
CLAY (CL) HARD 0.0m ——
18.0m E
5 2 % E 20m[
20.0m i o o B
! z o IR E aom
22.0m _:__.___::: CLAYEY SAND (SC) VERY DENSE :;:'-_:_.___: E - c e
A Ty T T o] FERATIIATIITIREL, e = LAY (CL
R
e END OF BORING 24.00m o C
Figure 3-8 Soil Stratigraphy of BH-8 b
‘m: END OF BORING 10.65m
Figure 3-9 Soil Stratigraphy of BH-9
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3.1.10 Soil Stratigraphy of BH-10
BH-10
T.
Generally, the soil profile for BH-10 consist of layer of clayey sand and clay with various Sl TOPSOIL
consistencies. Detailed illustration of the soil profile as presented on the Boring Log and
summary of test results of the soil borehole are given in the Appendix E. The water table is it CLAYEY SAND (SC) VERY DENSE -—---°-C
found at the depth of 0.50 m from ground surface. Table 3-12 summarizes the descriptions of = iy ; plaEA e
soil stratigraphy from BH-10 and the soil profile of BH-10 is shown in Figure 3-10. | — = (ELA_YET S_AN_D (:.:"C! M_EDI_ULE DﬁNS_E BT oeio s
From the grain size distribution curve, the soil at this location generally Clay, and clayey sand. _E_, 8.0m
G lly the natural water content ranging from 8.05% to 31.22% @ SLAY Ja
enerally ging Uo7 2et. = VERY STIFF TO HARD
£ &om
Table 3-12 Soil Stratigraphy of BH-10 E
Stratum Depth (m) Soil Description = 100,
From To =
1 150 300 |- CLAYEY SAND (SC), very dense B 120m CLAY (CL) HARD
' " | - Nspr 71/4 blowsfinch, Wa 9.49%. a
- CLAYEY SAND (SC), medium dense 14.0m
2 3.00 450 1. Nset 25 blows/inch, Wn 8.06%.
- CLAY (CH), very stiff to hard, high plasticity. " R e
3 450 | 9.00 |-Nspr22 to46 blowsfinch, Wa 27.07 to 31.22%, LL 65.12%, PL. 31.76%, < CLAYEY SAND (SCYVERY DENGE  --cizz-d
and PI33.36% O a3 %7 0 T Ay
CLAY (CL), hard, low plasticity. 18.0m gsossese  ROCK s e
4 9.00 15.00 | - Nspr 60 to 74/5” blows/inch, Wn 10.67 to 21.22%, LL 45.52%, PL.
21.58%, and Pl 23.94% 20.0m END OF BORING 18.45m
- CLAYEY SAND (SC), very dense . . .
5 15.00 | 17.00 | - Nspr50/5" to 50/1" blows/inch, Wy 10.38%, LL 49.67%, PL. 26.59 and PI Figure 3-10 Soil Stratigraphy of BH-10
23.08%.
6 17.00 | 1845 | -ROCK
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3.1.13 Standard Penetration Test

Result of Standard Penetration Tests of BH-1 to BH-10 are shown in Figure 3-11. The SPT N
values of the boring is within a range of 20 to 100 up to the end of boring. Significant increase in
the N value is observed at shallow depths of all boreholes with the exception of BH-5.

SPT N (blows/ft)
0 20 40 60 a0 100 120 140
0
——BH-1
2 —a—BH-2
e BH-3
4 Bk
——BH-5
& ——BHE
BH-T
8 ——a BH-8
e BH-9
% BH-10
10 -
ﬁ
‘.‘
12 “
E 14 """“----.u_
£ —~—
8 18
18
20
22 |
24 1
26
28
30

Figure 3-11 Summary of Standard Penetration Test for all Boreholes
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3.1.14 Water Content

Result of Water Content of BH-1 to BH-10 are shown in Figure 3-12. The water content of the
boring is observed to decrease gradually with the increase in depth. The highest water content
is observed at a depth of approximately 4-6m with a water content of 33% at the highest. After
the depth 8m the water content varied within the range of 10 to 20% approximately.

Water content (%)

0 10 20 30 40 50
0
—a—BH-1
2 —a—BH-2
—u— BH-3
4 BH-d
=7 ———BH-5
5 T——t ——BHE
— BH-T
a ~ e
BH-IG
T =
10 4
12 «
o A
E 14 /
§ <
o 16 ™
'\Y
|
18 ' /n
20 %
4
22 ‘,-
24
26
28
30
Figure 3-12 Summary of Water Content for all Boreholes
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3.1.15 Total Unit Weight

Result of total unit weight of BH-1 to BH-10 are shown in Figure 3-13. The total unit weight of
the samples were within the typical range of 1.5 to 2.5t/m®.

Total Unit Weight (t/m3)

1 1.5 2 2.5
0
2
4
-
]
a
E
£ 10
&
(=]
12
—s—BH-1
i4 —a— BH-2
——BH-3
BH-4
16 ——BH-5
«—BH-5
BH-T
18 BEH-8
EH-2
BH-10
20

Figure 3-13 Summary of Total Unit Weight for all Boreholes
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4. Load capacity of foundation soil

4.1 Driven Pile

Table 4-1 Safe load capacity of square concrete hammer pile

Allowable Pile Load (t)

Pile Tip Square Pile Section (m x m)
(m) 1022m | 10.26m | (10.30m | (10.35m | [10.40m | (10.45m
BH-1 -5.00 11.4 14.2 17.2 21.3 25.8 30.5
-6.00 13.6 16.7 19.9 24.2 28.7 33.6
-7.00 31.6 39.7 48.5 60.5 73.6 87.8
Allowable Load of
Concrete Failure 25.0 35.0 45.0 60.0 80.0 100.0
Pile Tip Allowable Pile Load (t)
(m) Square Pile Section (m x m)
1022m | (10.26m | (10.30m | (10.35m | [10.40m | (10.45m
BH-2 -2.00 8.0 10.0 12.3 15.3 18.7 22.3
-3.00 9.1 11.2 13.4 16.3 19.4 22.8
-4.00 24.3 30.7 37.6 47.2 57.7 69.1
Allowable Load of
Concrete Failure 25.0 35.0 45.0 60.0 80.0 100.0
Pile Tip Allowable Pile Load (t)
(m) Square Pile Section (m x m)
10.22m | 10.26m | 1710.30m | 0.35m | 710.40m | [10.45m
BH-3 -3.00 3.6 4.4 5.3 6.6 7.9 9.4
-4.00 18.2 23.3 29.0 36.8 45.4 54.9
-5.00 25.5 31.9 38.8 48.2 58.5 69.6
*llowablo Load of 25.0 35.0 45.0 60.0 80.0 | 100.0
oncrete Failure
Pile Tip Allowable Pile Load (t)
(m) Square Pile Section (m x m)
10.22m | 1026 m | 170.30m | 0.35m | 710.40m | [(10.45m
BH-4 -6.00 9.0 11.2 13.5 16.5 19.8 234
-7.00 12.3 15.1 18.1 22.1 26.4 31.0
-8.00 15.9 19.4 23.2 28.3 33.7 394
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Allowable Pile Load (t)

Pile Tip Square Pile Section (m x m)
(m) 10.22m | (1026 m | (10.30m |[10.35m | 1040m | [1045m
BH-5 -2.00 2.8 3.5 4.3 5.4 6.6 7.9
-3.00 4.2 5.2 6.4 8.0 9.8 11.7
-4.00 23.7 304 37.8 48.2 59.7 72.3
Allowable Load of
Concrete Failure 25.0 35.0 45.0 60.0 80.0 100.0
pile Tip Allowable Pile Load (t)
(m) Square Pile Section (m x m)
10.22m | 10.26m | 170.30m | (0.35m | 71040m | (10.45m
BH-6 -6.00 13.9 17.3 20.9 25.8 31.1 36.8
-7.00 18.4 22.7 27.3 33.6 40.2 474
-8.00 234 28.7 344 42.1 50.2 58.9
Allowable Load of
Concrete Failure 25.0 35.0 45.0 60.0 80.0 100.0
pile Tip Allowable Pile Load (t)
(m) Square Pile Section (m x m)
10.22m [ 10.26m | 170.30m | (10.35m | 71040m | (10.45m
BH-7 -6.00 16.8 20.7 24.8 30.4 36.4 42.8
-7.00 21.3 26.2 314 38.3 45.7 53.5
-8.00 26.4 32.3 38.6 46.9 55.8 65.3
Allowable Load of
Concrete Failure 25.0 35.0 45.0 60.0 80.0 100.0
Pile Tip Allowable Pile Load (t)
(m) Square Pile Section (m x m)
10.22m | 10.26m | 10.30m | (10.35m | 1040m | (10.45m
BH-8 -4.00 154 18.9 22.5 27.3 324 37.8
-5.00 18.2 221 26.2 315 37.2 43.2
-6.00 22.4 27.3 32.3 39.0 46.0 53.3
22
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Allowable Pile Load (t)

Pile Tip Square Pile Section (m x m)
(m) 1022m | 10.26m | (10.30m | 10.35m | (10.40m | (10.45m
BH-9 -3.00 17.1 21.7 26.7 33.7 41.3 49.7
-4.00 17.7 21.8 26.1 31.8 38.0 44.5
-5.00 21.3 25.9 30.9 37.3 44.2 51.5
Allowable Load of
Concrete Failure 25.0 35.0 45.0 60.0 80.0 100.0
Pile Tip Allowable Pile Load (t)
(m) Square Pile Section (m x m)
10.22m | 10.26m | 10.30m | (10.35m | (10.40m | (10.45m
BH-10 -6.00 11.1 13.6 16.2 19.7 23.4 27.3
-7.00 18.1 224 27.0 33.1 39.7 46.8
-8.00 22.5 27.6 32.9 40.0 47.6 55.6
Allowable Load of
Concrete Failure 25.0 35.0 45.0 60.0 80.0 100.0

1) Use factor of safety (FS) equal to 2.5
2) Use the Ultimate End Bearing value not more than 600 tons / square meter. For clay,

sediment, sand and gravel, and not more than 800 tons / square meter for rock layers

3) The values shown in this table are the values of the allowable carrying capacity of the
permissible soil layers which may be greater than the maximum safe load capacity of the
concrete used for pile foundation Therefore, the design engineer must consider the maximum
load capacity with the safety of the concrete used to make piles.
4) ** indicates pile driving in the clay layer or the sediment layer of the hardest And the sand
layer or gravel layer is very tight or the rock layer which has NSPT value> 50 times / feet will be
very difficult to hammer down Therefore, it is better to use a hammer-driven pile with a pointed
steel head to help hammer through the soil in an easier method or may require drilling (Pre
Bored) if not hammered down.
5) Allowable Load of Concrete Failure considering f= 210 ksc
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Table 4-2 Safe load capacity of | section driven pile

Pile Ti Allowable Pile Load (t)
'(?n)'p | Section (m x m)
70.22m | 10.26m | 1030m | 10.35m | 1040 m
BH-1 -5.00 11.8 14.8 18.1 21.3 25.1
-6.00 14.8 18.2 22.3 25.5 29.2
-7.00 31.9 40.1 49.1 58.8 70.1
Allowable Load of 25.0 35.0 45.0 60.0 80.0
Concrete Failure ) i ) i )
I Allowable Pile Load (t)
P'I(?J'p 1 Section (m x m)
70.22m | 10.26m | 0030m | 10.35m | 1040 m
BH-2 -2.00 8.0 10.1 12.4 14.8 17.7
-3.00 9.8 121 14.8 17.0 19.6
-4.00 24.2 30.4 37.3 45.1 54.3
Allowable Load of
Concrete Failure 25.0 35.0 45.0 60.0 80.0
A Allowable Pile Load (t)
P'I(?J'p | Section (m x m)
70.22m | 100.26m | 0030m | 10.35m | 1040 m
BH-3 -3.00 3.7 4.6 5.7 6.7 7.8
-4.00 17.3 22.1 27.2 33.8 41.5
-5.00 26.1 32.6 40.0 47.5 56.3
Allowable Load of 25.0 35.0 45.0 60.0 80.0
Concrete Failure ) i ) . )
o Allowable Pile Load (t)
P';‘:‘J'p | Section (m x m)
1022m | 10.26m | 7030m | 10.35m | 71040 m
BH-4 -6.00 9.5 11.8 14.5 16.9 19.6
-7.00 13.1 16.2 19.9 22.9 26.5
-8.00 17.2 21.1 25.9 29.7 34.1
Allowable Load of 25.0 35.0 45.0 60.0 80.0
Concrete Failure ) i ) . )
o Allowable Pile Load (t)
P'I(‘;;-'p I Section (m x m)
00.22m | 00.26m | 0030m | 10.35m | 1040 m
BH-5 -3.00 4.2 5.2 6.4 7.8 9.3
-4.00 22.3 28.6 35.1 43.9 54.1
-5.00 34.0 42.6 52.2 62.2 74.0
Allowable Load of 25.0 35.0 45.0 60.0 80.0
Concrete Failure ) i ) . )
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Allowable Pile Load (t)

Concrete Failure

P"(';;ip | Section (m x m)
[10.22m | 10.26m | 10.30m | 10.35m | (10.40m
BH-6 -6.00 14.5 18.1 22.1 26.0 30.5
-7.00 19.5 24.2 29.6 344 39.9
-8.00 25.1 31.0 37.9 43.7 50.4
Allowable Load of
Concrete Failure 25.0 35.0 45.0 60.0 80.0
Pile Ti Allowable Pile Load (t)
I(?n)lp | Section (m x m)
10.22m | 10.26m | 70.30m | 70.35m | (1040 m
BH-7 -5.00 13.4 16.6 20.4 23.8 27.7
-6.00 17.9 22.1 271 31.3 36.3
-7.00 22.9 28.3 34.7 39.8 46.0
Allowable Load of
Concrete Failure 25.0 35.0 45.0 60.0 80.0
I Allowable Pile Load (t)
P'I(‘:;-'p | Section (m x m)
10.22m | 10.26m | 70.30m | 70.35m | (1040 m
BH-8 -4.00 16.9 20.7 25.3 28.8 33.0
-5.00 20.2 24.7 30.2 34.0 38.6
-6.00 24.9 30.4 37.3 42.0 47.6
Allowable Load of
Concrete Failure 25.0 35.0 45.0 60.0 80.0
- Allowable Pile Load (t)
P'I(':‘;;'p | Section (m x m)
70.22m | [10.26 m | (10.30m | (10.35m | [10.40 m
BH-9 -3.00 16.8 21.2 26.0 31.7 38.5
-4.00 19.1 23.6 28.8 33.1 38.2
-5.00 23.4 28.7 35.1 39.8 45.4
Allowable Load of
Concrete Failure 25.0 35.0 45.0 60.0 80.0
o Allowable Pile Load (t)
P'I((:;'p | Section (m x m)
10.22m | [10.26 m | (10.30m | (10.35m | [10.40 m
BH-10 -5.00 9.2 11.4 14.0 16.2 18.7
-6.00 12.2 15.0 18.3 20.9 23.9
-7.00 19.2 23.8 29.1 33.8 39.4
Allowable Load of 25.0 35.0 45.0 60.0 80.0
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1) Use factor of safety (FS) equal to 2.5 4.2 Bored Pile
2) Use the Ultimate End Bearing value not more than 600 tons / square meter. For clay,
sediment, sand and gravel, and not more than 800 tons / square meter for rock layers Table 4-3 Safe load capacity of Circular Bored pile
3) The values shown in this table are the values of the allowable carrying capacity of the Pile Tip Gircul Aglowabtle gf:e 'S-oaf_ (t) -
permissible soil layers which may be greater than the maximum safe load capacity of the (m) 0.2Zm 'm; 326?:“%: 3:’)em ecmlgr;.(jn:n mé 0.40m
concrete used for pile foundation Therefore, the design engineer must consider the maximum > < . : .
o - BH-1 -3.00 15.0 22.1 30.2 39.3 55.0
load capacity with the safety of the concrete used to make piles. 4.00 19.7 29.1 39.8 51.8 726
4) ** indicates pile driving in the clay layer or the sediment layer of the hardest And the sand -5.00 25.0 36.8 50.4 65.6 91.7
layer or gravel layer is very tight or the rock layer which has NSPT value> 50 times / feet will be
very difficult to hammer down Therefore, it is better to use a hammer-driven pile with a pointed Allowable Load of 25.0 35.0 45.0 60.0 80.0
steel head to help hammer through the soil in an easier method or may require drilling (Pre Concrete Failure
Bored) if not hammered down. Pile Tip i Allowable Pile Load (t)
5) Allowable Load of Concrete Failure considering fo= 210 ksc (m) Circular Concrete Pile Section (m *x m)
10.22m | [10.26m | (10.30m | (10.35m | [10.40 m
BH-2 -1.00 21.8 36.6 55.2 77.6 118.2
-2.00 26.0 41.9 61.5 84.6 126.1
-3.00 18.4 26.5 35.6 45.7 62.8
Allowable Load of 25.0 35.0 45.0 60.0 80.0
Concrete Failure
Pile Tip Allowable Pile Load (t)
(m) Circular Concrete Pile Section (m x m)
10.22m | [10.26m | [10.30m | (10.35m | [10.40 m
BH-3 -2.00 3.3 4.7 6.2 7.9 10.7
-3.00 7.2 10.4 14.0 17.9 24.5
-4.00 56.1 96.3 147.2 208.7 321.2
Allowable Load of 25.0 35.0 45.0 60.0 80.0
Concrete Failure
Pile Tip Allowable Pile Load (t)
(m) Circular Concrete Pile Section (m x m)
70.22m | 10.26m | (10.30m | (10.35m | [10.40 m
BH-4 -5.00 14.2 20.6 27.9 36.0 49.8
-6.00 20.4 29.4 39.5 50.6 69.4
-7.00 27.5 394 52.5 66.9 91.1
Allowable Load of 25.0 35.0 45.0 60.0 80.0
Concrete Failure
pile Tip Allowable Pile Load (t)
(m) Circular Concrete Pile Section (m x m)
70.22m | 10.26m | (10.30m | (10.35m | (10.40 m
BH-5 -3.00 8.9 13.3 18.3 241 34.1
-4.00 72.2 125.3 192.8 274.8 425.0
-5.00 72.9 125.9 193.2 274.8 4241
Allowable Load of 25.0 35.0 45.0 60.0 80.0
Concrete Failure
26 27
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Allowable Pile Load (t)

Concrete Failure

Pile Tip Circular Concrete Pile Section (m x m)
(m) 70.22m | 170.26m | 70.30m | 70.35m | (1040 m
BH-6 -3.00 11.3 17.0 23.8 31.5 45.0
-4.00 16.2 24.3 33.7 44.4 63.0
-5.00 21.8 324 44.7 58.5 82.5
Allowable Load of 25.0 35.0 45.0 60.0 80.0

Allowable Pile Load (t)

Concrete Failure

Pile Tip Circular Concrete Pile Section (m x m)
(m) 70.22m | 00.26m | 00.30m | 10.35m | 1040 m
BH-7 -3.00 23.6 38.4 56.7 78.4 117.6
-4.00 19.3 28.5 39.1 50.9 71.4
-5.00 271 39.5 53.7 69.5 96.5
Allowable Load of 25.0 35.0 45.0 60.0 80.0

Allowable Pile Load (t)

Concrete Failure

Pile Tip Circular Concrete Pile Section (m x m)
(m) 00.22m | 00.26m | 00.30m | 10.35m | 1040 m
BH-8 -4.00 34.4 53.4 76.2 102.7 149.7
-5.00 38.6 58.7 82.5 109.7 157.6
-6.00 47.3 72.2 101.6 135.4 194.9
Allowable Load of 25.0 35.0 45.0 60.0 80.0

Allowable Pile Load (t)

Concrete Failure

Pile Tip Circular Concrete Pile Section (m x m)
(m) [1022m | 10.26m | 10.30m | (10.35m | (10.40m
BH-9 -1.00 16.0 26.5 39.5 55.1 83.3
-2.00 19.8 31.2 45.1 61.3 90.3
-3.00 52.2 87.4 131.5 184.5 280.7
Allowable Load of 25.0 35.0 45.0 60.0 80.0

Allowable Pile Load (t)

May 05, 2021

Pil(;';'ip Circular Concrete Pile Section (m x m)
10.22m | [10.26m | (10.30m | (10.35m | (10.40m
BH-10 -3.00 6.9 9.9 13.4 17.2 23.7
-4.00 22.1 34.9 50.5 68.7 101.2
-5.00 26.2 40.1 56.5 75.4 108.8
Allowable Load of 25.0 35.0 45.0 60.0 80.0
Concrete Failure
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1) Use factor of safety (FS) equal to 2.5

2) Use the Ultimate End Bearing value not more than 600 tons / square meter. For clay,
sediment, sand and gravel, and not more than 800 tons / square meter for rock layers

3) The values shown in this table are the values of the allowable carrying capacity of the
permissible soil layers which may be greater than the maximum safe load capacity of the
concrete used for pile foundation Therefore, the design engineer must consider the maximum
load capacity with the safety of the concrete used to make piles.

4) ** indicates pile driving in the clay layer or the sediment layer of the hardest And the sand
layer or gravel layer is very tight or the rock layer which has NSPT value> 50 times / feet will be
very difficult to hammer down Therefore, it is better to use a hammer-driven pile with a pointed
steel head to help hammer through the soil in an easier method or may require drilling (Pre
Bored) if not hammered down.

5) Allowable Load of Concrete Failure considering fc= 210 ksc
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1. Soil Boring

The geotechnical investigation has been conducted using wash boring method. In this approach,
a casing about 2 to 3 m long is driven into the ground. The soil inside the casing is then removed
by using a chopping bit that is attached to drilling rod. Water is forced through the drilling rod,
and it goes out at a very high velocity through the holes at the bottom of the chopping bit. The
water and the chopped soil particles rise upward in the drill hole and overflow at the top of the
casing through a T-connection. The wash water is then collected in a container. The casing can
be extended with additional pieces as the borehole progresses; however, such extension is not
necessary if the borehole will stay open without caving in. Figure A-1 shows a schematic
diagram of wash boring with motorized cathead and portable tripod.

_ ﬁl Tower Masi

Swivel Hose

Water

Swivel ]
|
f
|‘I
; | Kelly
! e

I:k:l 4| Suction

Rotary i !
Drive~_J| | Hose
: - Mud

Huoisting @
Drum—jf ===t L
I

Base Plate

_— Sundpipe

Yoke and Kelly Drive

Drive Rod
Standpipe Hose

Main
Mud Pit

Hydraulic
Cylinders

Dirill Pipe

Drill Collar

5| Bit, Replaced by Sampling Spoon
During Sampling Operations

Figure A-1 Schematic diagram of wash boring with Rotary
(Sathaporn, 2001)
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2. Soil Sampling
2.1 Undisturbed Sample

The undisturbed sample is obtained by thin wall tube. The tube is made of seamless thin tube
and is commonly referred to as Shelby tubes. To collect samples at a given depth in a borehole,
one must first remove the drilling tools. The sampler is attached to a drilling rod and lowered to
the bottom of the borehole. After this, it is hydraulically pushed into the soil. It is then spun to
shear off the base and is pulled out. The sampler with the soil inside is sealed and taken to the
laboratory for testing. The tube commonly used for very soft to medium stiff clay. The thin wall
tube samplers have outside diameters of 3 in and 29.5 in as shown in Figure A-2

|...._ — L ength os Specified in Method —- — = -
| —Gage os pi ITIII"-*| |
minl 1 Specified i3

0| LA
Inside Clearance Rafio = —~—F § dia (min)
Da Mounting Holes

Note 1 - Minimum of two mounting holes on opposite sides for Do smaller than 4 inches.

(101.6 mm).

Note 2 — Minimum of four mounting holes equally spaced for Do 4 inches. (101.6 mm)
alternatively, larger.

Note 3 — Tube held with hardened screws or other suitable means.

Note 4— 2-in (50.8 mm) outside diameter tubes are specified with an 18-gage wall thickness
to comply with area ratio criteria accepted for undisturbed samples. Users are advised that such
tubing was difficult to locate and can be extremely expensive in small quantities. Sixteen-gage
tubes are readily available.

Figure A-2 Thin-Walled Tube for Sampling (ASTM D 1587)

2.2 Disturbed Sample

A split spoon sampler commonly obtains disturbed sample. The sampler consists of a tool-steel
driving shoe at the bottom, a steel tube in the middle, and a coupling at the top. The dimension of
split spoon sampler is shown in Figure A-3.

When the borehole is advanced to the desired depth, the drilling tools are removed. The split
spoon sampler is attached to the drilling rod and then lowered to the bottom of the borehole. The
sample is driven into the soil at the bottom of the borehole using hammer blows. The hammer
blows occur at the top of the drilling rod. This testing is called standard penetration test. The
interpretation of standard penetration test is given in the following section. After driving is
completed, the sample is withdrawn, and the shoe and coupling are removed. The soil sample
collected inside the split spoon tube is then removed and transported to the laboratory.

Soil Survey Report PTT Gas Pipeline for Gateway City, Plangyao, Chachoengsao, THAILAND.
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A = 1.0t020in. {25 to 50 mm)

B 18.0 to 30.0 in_ (0457 to 0.762 m)

C = 1.375= 0.005 in. (34.93 = 0.13 mm})

D = 150+ 005-000in (381 + 1.3 -0.0 mm)
E = 010 = 0.02 in. (2.54 = 025 mm)

F = 200+005-000in (508 + 1.3-00mm)
G = 160" 1p 220"

The 1 % in (38 mm) inside diameter split barrel may be used with a 16-gage wall
thickness split liner. The penetrating end of the drive shoe may be slightly rounded. Metal or
plastic retainers may be used to retain soil samples.

Figure A-3 Split Spoon Sampler (ASTM D 1586)

3. Standard Penetration Test, SPT

Standard Penetration Test, SPT is commonly used with a split spoon sampler has outside
diameters of 2 in and 18 in length. The split spoon sampler is driven into the soil by hammer
blows weight 140 Ib (64 kg). For each blow, the hammer drops a distance of 30 in (76 cm). The
number of blows required for driving the sampler through three 6 in intervals is recorded. The
sum of the number of blows required for driving the last two 6 in the interval is referred to as the
standard penetration number, N. It is also commonly called the blows count. A detail of hammer
and a schematic standard penetration test shown in Figures A-4 and A-5, respectively. Table A-
1 gives the relative relationship among the standard penetration number at a given depth, the
consistency, the unconfined compression strength for cohesive soils and the relative density of
cohesionless soils.

A-5
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Test (Seed et al.,1985)

Table A-1 Approximate relationship among
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Figure A-5 Standard Penetration Test

the standard penetration number, the

consistency, the unconfined compression strength for cohesive soils and the relative
density for cohesionless soils. (Peck, Hanson and Thornburn, 1974)
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Cohesive Soils (CLAY) Cohesionless Soils (SAND)
(lec':v.:;'fft) Consistency s leal:g;peﬂsleige (lesv.l;:;lft) Compactness D::;?SV(?/" )
trength, qu (ksc)

0-2 Very Soft 0-0.25 0-4 Very Loose 0-15

2-4 Soft 0.25-0.50 4-10 Loose 15-35

4-8 Medium 0.50-1.00 10-30 Medium 35-65
8-15 Stiff 1.00-2.00 30-50 Dense 65-85
15-30 Very Stiff 2.00-4.00 Over 50 Very Dense 85-100

Over 30 Hard Over 4.00
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4. Hand Auger

The hand auger is the simplest method for making boreholes by at least two labor. At soft to
medium stiff clay, the auger can be used for marking boreholes up to a depth of about 6 to 10 m.
The auger is commercially available in 1 m sections. During the drilling operation, section after
section of the auger can be added, and the borehole extended downward. The auger brings the
loose soil from the bottom of the hole to the surface. The driller can detect the change into the
ground type encountered by the change of speed and the sound of drilling. Figure A-6 shows
the equipment of hand auger. Types of hand auger are presented in Figure A-7.

Figure A-6 Equipment of hand auger

2) Posthole or Iwan 3) Large Helical or Worm Type
Auger Auger

1) Small Helical Auger

Figure A-7 Types of hand auger
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Figure A-7 Types of hand auger (continuous)
Reference: Figure A-6 and Figure A-7 (GERD, 2010)

5. Pocket Penetrometer

The pocket penetrometer is designed as a lightweight instrument for use by field personnel to
check visual classification of soils. It indicates consistency, shear strength, and relative
unconfined shear strength. Direct-reading scale in tons/sq.ft, or kg/sq.cm corresponds to
equivalent unconfined compressive strength. The readings obtained from the penetrometer do
not replace laboratory test results because a small area of penetration test could give misleading
results. Figure A-8 shows the pocket penetrometer devices.

Figure A-8 Pocket penetrometer devices

6. Subsurface Water Level in Borehole
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Determining of subsurface water level in the borehole is carried out according to ASTM D 4750.
The water level measuring is performed after drilling completed at least 24 hours.
7. Screw Driving Sounding Test

1) The rod is always rotated at a constant rate (25r.p.m) during the test.

2) Loading starts from 0.25kN and then keeps on increasing by 0.125kN up to 1kN.

3) After every 25cm penetration, the rod is lifted up by a few cm and rotated to measure the rod
friction.

load 0.25kM  D.375kN  O5kN  OkN Max 1kM Ok

—

== YTUp

¥ I
4 = | 7 o r ~
depth Torque I 4 4 ?
5 ™ = Hard soil
25cm =

-]
=
—
=
=
1))

Figure A-9 Screw Driving Sounding devices
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8. Spectral Analysis of Surface Waves (SASW) Testing

Spectral Analysis of Surface Waves (SASW) is a non-destructive, in-situ, test developed
by University of Texas at Austin (Nazarian and Stokoe, 1983; Stokoe et al., 1994). The SASW
method is an easy testing that uses only 2 receivers and a source or sources to generate seismic
waves, the test configuration is shown in Figure 1. The concept of this technique is to determine
the phase velocity between these two receivers placed on the ground. The surface waves are
created by a source or sources that generated energy over a wide range of frequencies. A low
frequency source is required for deeper profiling and a high frequency source is required to
profile near-surface soils. The generated waves are measured using receivers (accelerometers
or geophones). The signals from the receivers, shown in Figure 2, are recorded using a
spectrum analyzer to calculates the energy and phase of each frequency. Wave velocities are
calculated at each frequency based upon the phase-shift and receiver spacing using Equation 1
and 2. Subsequently, a dispersion curve is created and a shear wave velocity profile, Figure 3,
can be determined using a forward modeling and inversion analysis.

Vertically
Oriented Source i

|e 1

I |
Receiver 1f7] Recsiver X7
e/ i i
e -
Layer 1 Vertically Oriented Sensors(Velocity
Transduce s or Acoel erometers)

Layer 2

\ Layer 3

Figure A-10 Test configuration of SASW testing (Bay, 2002)

360
Ay =d *( J M
8
Ve = S *j’R @)
Ap = wavelength of Rayleigh waves
d = spacing between two receivers
&, = phase-shift between two receivers
Ve = velocity of Rayleigh waves
A-10

May 05, 2021 Naovarat Surveying Co., Ltd.

Soil Survey Report PTT Gas Pipeline for Gateway City, Plangyao, Chachoengsao, THAILAND.

f = frequency
w
=
% 180
= 170
] 60
W
= 0
:'_: 60
2 120
E- 180 1 L ! 1 ! !
= ] 10 0 40 50 80
Frequency (Hz)
Figure A-11 An example of phase spectrum from two receivers (Bay, 2002)
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Figure A-12 An example of shear wave velocity profile (Bay, 2002)
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9. Cone Penetration Testing

The field work shall be accomplished in accordance with ASTM standands and
following the requirements of the specification. The CPTs’ location should be marked
and surveyed in the site by the client and on good dry land access capable of supporting
10 wheel truck self - driven to each location.

9.1 Cone Penetration Testing Procedure

Cone Penetration Testings (CPTs) will be executed in accordance with ASTM D 3441
using an electrical cone. A 20 MPa static cone penetrometer apparatus was used to execute the
CPTs. The cone penetrometer is mounted on a heavy truck with sufficient weight to mobilize the
required reaction force.

CPT — data acquisition system is made by A.P. van den Berg for reading test data during
CPT testing. Data are registered by two different channels; cone resistance and local friction
and stored on a data logger for subsequent processing. Reading of all channels are taken every
20 mm of penetration.

The CPTs will be carried out by hydraulically forcing a cone into the soil by the
penetration rate of 20 - 25 mm/sec. The area of the cone tip is 10 cm? with a 60° apex. The
force required to advance the cone was recorded by means of an electric pressure meter. The
results of these measurement are plotted on a graph versus the depth and indicated as cone
resistance qc (in MN/m?).

Directly above the cone tip a friction sleeve is presented with a standard area of 150 cm?,
used for measurement of the local friction (MN/m?). These results are also plotted on the CPT
graph. The ratio between local friction and cone resistance is presented on the CPT graph as
friction ratio (%). As this ratio is more or less constant for different soil types, it is used for
identifying the various soils encountered throughout the profile.

A-12
May 05, 2021 Naovarat Surveying Co., Ltd.

Soil Survey Report

PTT Gas Pipeline for Gateway City, Plangyao, Chachoengsao, THAILAND.

May 05, 2021

A-13

Naovarat Surveying Co., Ltd.




Soil Survey Report PTT Gas Pipeline for Gateway City, Plangyao, Chachoengsao, THAILAND.

Soil Survey Report PTT Gas Pipeline for Gateway City, Plangyao, Chachoengsao, THAILAND.

Figure A-13 Cone Penetration Testing

List of Term Used and Symbols

1. DRILLING & SAMPLING

ACR = After Casing Removed HA = Hand Augering

AD = After Drilling PA = Power Augering

BCR = Before Casing Removed PP = Pocket Penetrometer

BS = Bentonite Slurry SPT = Standard Penetration Test
CA = Casing Advanced SS = Split Spoon

CR = Casing Removed ST = Shelby Tube

FVT = Field Vane Shear Test TB = Thin-Walled Bit

GWL = Ground Water Level WO = Wash Out

2. SOIL PROPERTIES

Wn = Natural Water Content GS = Specific Gravity

LL = Liquid Limit vt = Total Unit Weight

PL = Plastic Limit Su = Undrained Shear Strength

PI = Plasticity Index St = Sensitivity

LI = Liquidity Index SPT-N = Standard Penetration Resistance

3. TERM USE FOR IDENTIFYING MINOR COMPONENT OF SOIL
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Unified Soil Classification System (USCS) (ASTM D 2487)
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Figure B-1 Flow Chart for Classifying Fine-Grained Soil
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Figure B-2 Flow Chart for Classifying Fine-Grained Soil
(50% or More Passes No. 200 Sieve)
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Figure B-4 Flow Chart for Classifying Coarse-Grained Soil
(More Than 50% Retained on No. 200 Sieve)
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Figure B-6 Cumulative Particle-size Plot

Reference: Figure B-1 to Figure B-6 (ASTM D 2487 Standard Practice for Classification of Soils
for Engineering Purposes)

List of References

ASTM D 2487 Standard Practice for Classification of Soils for Engineering Purposes

B-5
May 05, 2021 Naovarat Surveying Co., Ltd.

B-6
May 05, 2021 Naovarat Surveying Co., Ltd.




Soil Survey Report

PTT Gas Pipeline for Gateway City, Plangyao, Chachoengsao, THAILAND.

Soil Survey Report

PTT Gas Pipeline for Gateway City, Plangyao, Chachoengsao, THAILAND.

List of Soil Symbols

Appendix C

MAJOR DIVISION LETTER | SYMBOLS TYPICAL DESCRIPTIONS
GwW Well graded gravels, gravel sand mixtures, little or no fines.
CLEAN
GRAVELS
GRAVEL GP Poorly graded gravels, gravel sand mixtures, little or no fines.
AND
GRAVELLY
SOILS GM Silty gravels, gravel-sand-silt mixtures.
GRAVELS
WITH FINES
COARSE GC Clayey gravels, gravel-sand-clay mixtures.
GRAINED
SOILS SW Well gradeed sands, gravelly sands, little or no fines.
CLEAN
SANDS
S SP Poorly gradeed sands, gravelly sands, little or no fines.
AND
SANDY
SOILS SM Silty sands, sand-silt mixtures.
SANDS WITH
FINES
Ne Clayey sands, sand-clay mixtures.
ML Inorganic silts and very fine sands, rock flour, silty or clayey
fine sands or clayey silts with slight plasticity.
SILTS
LIQUID LIMIT Inorganic clays of low to medium plasticity, gravelly clays,
AND CL
LESS THAN 50 sandy clays, silty clays, lean clays.
CLAY
FINE oL Organic silts and organic silty clays of low plasticity.
GRAINED
SOILS M Inorganic silts, micaceous or diatomaceous fine sandy or silty
soils, elastic silts.
SILTS LIQUID LIMIT
AND GREATER CH Inorganic clays of high plasticity, fat clays.
CLAY THAN 50
OH Organic clays of medium to high plasticity, organic silts.
HIGHLY ORGANIC SOILS PT Peat and other highly organic soils.
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Laboratory Testing Procedures

Specific laboratory testing procedures are discussed in the following paragraphs. Tests
procedures and reporting are conducted according to American Society for Testing and Materials
Standards (ASTM).

1. Natural Water Content

Weight may express the soil water content as the ratio of the mass of water present to the dry to
the dry weight of the soil sample, or by volume as the ratio of the amount of water to the total
volume of the soil sample. The water mass must be determined by drying the soil to constant
weight and measuring the soil sample mass after and before drying. The water mass (or weight)
is the difference between the weights of the wet and oven dry specimens. The criterion for a dry
soil sample is the soil sample that has been dried to constant weight in an oven at a temperature
between 100 — 110 °C (105 °C is typical). Figure C-1 shows the determination procedure of soil
moisture content.

Welghing

Cooling

Figure C-1 Determination procedure of soil moisture content.
2. Particle Size Analysis by Sieve or Hydrometer

Particle size analysis can be performed by means of sieving and/or hydrometer readings. Sieving
is carried out for particles that would be retained on a 0.075 mm sieve, while additional
hydrometer readings may be carried out when a significant fraction of the material passes a
0.075 mm sieve. Tests are conducted in accordance with ASTM D422.

In a sieve analysis, the mass of soil retained on each sieve is determined, and expressed as a
percentage of the total mass of the sample. Prior to sieving the samples are washed on a 0.075
mm sieve to remove the fine fraction and are oven dried. Figure C-2 presents the sieve
apparatus.

The hydrometer method allows measurement of the density of a suspension consisting of fine
grained soil particles and distilled water, to which a dispersion agent (sodium hexameta
phosphate) is added. This suspension is mixed using a high speed stirrer. Testing is performed
in a thermostatically controlled water bath (25° + 0.5°). The particle size is calculated according
to Stokes’ Law for a single sphere, on the basis that particles of a particular diameter are at the
surface of the suspension at the beginning of sedimentation and had settled to the level at which
the hydrometer is measuring the density of the suspension.

These calculations require a value for the specific gravity of solid particles. Generally, a value of
2.65 is assumed. When other values are used, this is included in the laboratory report. The
hydrometer results for selected particle sizes are presented as a percentage of the total mass of
the soil sample.
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Particle size is presented on a logarithmic scale so that two soils having the same degree of
uniformity are represented by curves of the same shape regardless of their positions on the
particle size distribution plot. The general slope of the distribution curve may be described by the
coefficient of uniformity, Cu, where Cu = D60/D10, and the coefficient of curvature, Cc, where Cc
= (D30)2/ D10-D60. D60, D30, and D10 are effective particle sizes indicating that 60%, 30%, and
10% respectively of the particles (by weight) are smaller than the given effective size.

Typically onboard testing is limited to determination of percentage passing the 0.075 mm (No.
200) sieve by wet washing. In some instances the particle size of coarse material is determined
by sieving. Hydrometer testing of fine grained material is conducted onshore.

.
R

T e
'!ill iln

4
B et vt et o o e

Il

)
I'|

Figure C-2 Sieve apparatus.

3. Atterberg Limits

The liquid and plastic limits, together with the resulting plasticity indices, are determined for
selected cohesive samples. Testing is performed in accordance with ASTM D4318.

Atterberg limits are determined on soil specimens with a particle size of less than 0.425 mm. If
necessary, coarser material is removed by dry sieving. The Atterberg limits refer to arbitrarily
defined boundaries between the liquid and plastic states (Liquid Limit), and between the plastic
and brittle states (Plastic Limit) of fine grained soils. They are expressed as water content, in
percent.

The liquid limit is defined as the water content at which a part of soil placed in a standard cup
and cut by a groove of standard dimensions (Figure C-3) will flow together at the base of the
groove, when the cup is subjected to 25 standard shocks. Distilled water is added as required
during soil mixing to achieve the desired consistency. The plastic limit is defined as the water
content at which a soil can no longer be deformed by rolling into 3 mm diameter threads without
crumbling. The range of water contents over which a soil behaves plastically is the Plasticity
Index, PI. This is the difference between the liquid limit and the plastic limit.
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Figure C-3 Liquid limit and plastic limit test devices
4. Unit Weight Determination

This lab is performed to determine the in-place unit weight of undisturbed soil obtained by
pushing or drilling a thin-walled cylinder. The bulk unit weight is the ratio of the mass of moist soil
to the volume of the soil sample, and the dry unit weight is the ratio of the mass of the dry soil to
the volume the soil sample. Figure C-4 shows the determination procedure of unit weight.

Final
Dimenslons

Ready to trim

Trimming

Figure C-4 Determination procedure of unit weight.
5. Unconfined Compressive Strength

The primary purpose of this test is to determine the unconfined compressive strength, which is
then used to calculate the unconsolidated undrained shear strength of the clay under unconfined
conditions. According to the ASTM D 2166, the unconfined compressive strength (C,) defined as
the compressive stress at which an unconfined cylindrical specimen of soil will fail in a simple
compression test. Also, in this test method, the unconfined compressive strength is taken as the
maximum load attained per unit area, or the load per unit area at 15% axial strain, whichever
occurs first during the performance of a test. Figure C-5 presents the unconfined compression
test apparatus.
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For soils, the undrained shear strength (s.) is necessary for the determination of the bearing
capacity of foundations, dams, etc. The undrained shear strength (so) of clays is commonly
determined from an unconfined compression test. The undrained shear strength (s,) of a
cohesive soil is equal to one-half the unconfined compressive strength (qu) when the soil is under
the f = 0 condition (f = the angle of internal friction).The most critical condition for the soil occurs
immediately after construction, which represents undrained conditions when the undrained shear
strength is equal to the cohesion (c). This is expressed as:

c=su=qu/2
where
c = Cohesion
Sy = Undrained Shear Strength
qQu = Unconfined Compressive Strength

Figure C-5 Unconfined compression test apparatus
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3. Summary of laboratory test of BH-3

SUMMARY OF TEST RESULTS

Brojest : PTT Gas for Gatew iE Date of Tesing - 1303021 Ground Warer Leved {mj -0,30m
Location ; Plaeng Yao Distnct, Chachoengsan Provings Boring Mo BH-3 Mordh | 1506121.383 Easi : THIZI5.T57
Sampin Dapth m wn Alfertog Limits (%} Grair Size Analysis L] % 5, SPT-N fbiowsdnch] 2
2
He From To (%) L FL i e “ e T P e e T and 3l =
&5-1 1.50 55 581 515 18.36 L) 8335 7225 | 50:83 | 84T JEzh | 25.685 aC an 23 22 47
55-2 o | 345 | 1204 (5] ol 50vd”
553 150 | 486 3.38 4000 20,74 12 | wooa| w31 | 9109 | M | ervz | 6285 | o 85 5} a0 75
554 600 | Ba8 | 1202 50 S04 5004
555 7.06 HE B [
556 800 s 22.30 3z 23.45 1038 10000 | 97231 | 204ET 3 | «52 | 5811 O
557 50 | 1008 | 1368 kP 10000 | 2685 | 4303 | 376 245 182 GC S
553 200 | 1245 ROCK &0 sor1
558 13.50 366 ROCK AT Ao
55-10 500 1545 ROCK i S0
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4. Summary of laboratory test of BH-4
SUMMARY OF TEST RESULTS
Progect  : PTT far Ga Gy [E Date of Tesing - Grourd Veater Leved (mij: -0030m
Location : Plaeng Yao District, hoengsan Provinee Baring Ko Morth : 150807 613 Sasl | THI2ES 508
Zampin Ceplhy m Win Asabiang Limits %) Girgin Size Analysis UsCs b a2, SPT-M | bewsinch) M
Ho Firoer T 15} L FL ] 5 a4 &0 wn | 800 | #200 | Gesup (5] um® 18l 2no It M
551 150 185 | a6d 31 17,28 202 | vz | 7483 | 5106 | o | 3255 | 2sE2 | S5C 8 38 & ™
S52 30 345 1657 {52 1 15 24 k-]
553 480 | ars | 128 5 2o 4805 | 3838 | 3135 | BC in 2 o -}
554 600 | 645 | 14m | 337 — 2612 _ aos | 10000 ThB7 | 5388 | 4738 | SC 5045 svE
554 TEn | o ROCK B0 T
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5. Summary of laboratory test of BH-5

SUMMARY OF TEST RESULTS

Project : PTT Gas for Gatewey City IE Date of Testing : 8052021 Ground Water Level {m): =1.00m
Lacalion : Plaeng Yas Districs, C2 ngses Provinee Boxirg Mo BH-5 Morth ; 1505858 95 Eas | TH2850.90
Sampl Gopih m wn Aty Linits (%) Crsir, Size Arabysin uscs |y %, SPT-N [baowainen) g
n
Mo From To L] L PL P i i wia | owo | e | ex00 | Goup wey | e | v no S =
851 150 1.95 aar 3295 10,87 21.58 B7.37 | as30 GaEE | ERS 41,66 sC ') Fi: ) 20 T
832 300 | 345 2287 | 1620 | 858 | ovaa | 7ese | eve2 | ezie | sas2 | s | sc 2 5 18 2
853 250 a7 b4z 1914 16.28 100:00 | 10000 | 2308 .90 B3 Ba o a 4 50rd" ar S0
55-4 a00 803 ROCK 504 500
555 750 7.5 ROCK S0 530
555 gan | 200 ROCK 500 500
887 1050 | 1050 ROCK 50 5040
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6. Summary of laboratory test of BH-6
SUMMARY OF TEST RESULTS
Project  : PTT Gas for Diavie of Testing 120502021 Geourel Water Lewsd {m): -1.00m
Location : Plaeng Yoo Distic), Chachoengsan Provincs Baring No - BH-G Moith © 1505060000 Eagl | T53357.00
Sampie Daplh .m wn Adlestang Limits (%) iraln Slee Aralysls uscs | % 8 SPT-H bkiwadieh) 3
Ha From Ta L) L n Pl E T @1 | w0 | @100 | w00 | Goup wo) | et | 1w | e It z
551 1.50 1.56 Tha 2283 14,98 A48 0G| S84 5 35T | 5016 | 4305 &C L] 5 4 a
852 a0 3148 i 258 1877 are or.oe anar GT.ET S580 4rav 3B &C B BOe6"
553 450 475 BH z19 1633 BEE2 A3 B4.70 AT 4270 | 2568 5C 213 a4 11 2 0
55-4 800 600 17 4118 10.B6 atin o3 fas a5 3348 | 3712 5C BlG" =
555 rsn | a0 | tome | e 2321 | w0000 | 2943 | sens | ss5e7 | 3eso | 3am | sc E Y By
554 200 | @on ROCK 500 s
55T 1050 1050 ROCK 500 SIFG
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7. Summary of laboratory test of BH-7

SUMMARY OF TEST RESULTS

Project = PTT Gas for Calewsay City [E Dale of Testing : 12052021 Grournd Waler Lavel (m): -1.50m
Location : Plasng Yao District, Chachosngsas Provincs Barirg Mo BH-T Modth - 1505354.00 Ea®! @ THIT40.00
Samgla Cngih .m W Allnrbry Limits ) t5rain Size Arabysis [R5 * 5, SPT-N (biowsdnch) E]
=
L Fromm Ta (3%) 11 Fi Fl £l & a0 | wo | s100 | s2o0 | Grep | 0 | we | 1w Ined ant z
80 1.95 The 25.55 1857 508 G708 | BET | T3S | 6438 | 5569 | 46.20 aC & L] 12 b4
3m 345 14.30 3483 21.45 1316 | 90000 | 10000 | BR4T | 8708 | TEDd | 6258 CL 215 & i 12 3
480 | 488 3443 w0 | 8265 | 7816 | 5596 | 4041 | 3208 | sC (4] k3 s0e | es
554 600 [ 630 | 1034 | 3488 | 2464 | 12on | weoa| 10w | e s | asoe | sc n o e
855 750 | 76 | 988 | 3483 | 1242 o | ronon | ores | ecae | sees | anm | sSe s L
556 200 83 10,51 13.36 W00 | 10000 | 306 B3 46 msT 253,68 5C F-] Sow S0
857 nen | wes | om =] N S
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8. Summary of laboratory test of BH-8
SUMMARY OF TEST RESULTS
Project : PTT Gas for Gatessy Giy IE Date of Testing : e ey Gmund Water Level {m)k -2.60m
Location ; Plaeng Yao Distrct, Chachosngsao Provincs Boring Mo BH-A Maorth © 150500602 Easl © 753599.99
Hample Dapth m W Alltery Limits 3] Grain Size Aralysls uscs % 8 FFT-H E
]
Ha From | To 5 u PL ] EL s | wo | wo | woo | weno | g | Y| wd | vw | o 3t =
881 150 195 1125 | 4012 222 1780 8569 | 3640 | BAT1 | SOET | BaA4 | THT =1 12 2 an 0
552 300 35 1618 =1 2 4 T 1
853 453 495 a0 L 200 13 16 =
554 ann | 645 | 17 | am 2150 | wnod| orss | 968 | sseo | sase | pavs | o 206 ] 18 18 »
555 75 T 1154 | 2548 2037 | 100,00 | 90000 | 9888 | 9708 | M.3B | BSA1 =1 221 3 Bt g S0F
S5 oo0 | @15 | 127 100.00 | o000 | 9877 | seEe | sesa | eTvE | o S 4 i
55T 151 | 1381 | ams 100,00 | 10000 | 98 | S | B2 | vams | oL ETY 50
558 1200 1215 1331 100.00 O0LOC | 10000 )| SRsZ 18- =] 215 E Ly S0F
S5 1350 | 1380 | 1263 1o | 1000 | Ggaz | SSes BTE | oL S s
85-11 1500 | 1500 ROCK L] Cri]
5811 650 | 1680 _ _ _ 19t ...u_ SRE1 _ _ 74.48 _ 8348 _ =1 504 5 rd
5512 1300 | 180 ROCE S04 500
5513 1950 12.53 ROCE, 500 50
85.14 2100 | 2105 _ _ — A _ B4 — 55.88 _ 50 B S50
5516 &) | 228 ROCE, 500 500
5516 200 | 24am ROCK S0 s
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9. Summary of laboratory test of BH-9

SUMMARY OF TEST RESULTS
Project : PTT Gas for Geteway Cty € Data of Testing : 11002 Groung Water Lewel (m): =9.50m
Location : Plasng Yao District, Chachoangsae Provincs Boiing Mo BH-9 Mardh ;150471200 Easi ; T63795.00
Sampls Deplt m Win Adlnrbarg Limis (%) Crain Stz Aralysls usCcs % 5, EPFT-N Iblowainch] ]
]
Ho. From T (%} L P Pl A w #10 #0 | =00 | 2200 | Grawp ') e 18 e Tl m
§5-1 1.50 1.85 TE3 1100 954 | ss7 | Brms CL 5 ] a 18
552 a0 345 Bda mn 10000 | 10004 | 10000 | 9958 Bav1 CL 13 pr- 15 a2
853 450 [ ams | 1es3 | 418 | zrar | 1400 | wooo| sess | orso | sess | vRse | e2m3 | oo a 18 22 w
554 g00 [ 815 | B75 wam | sers | asma | mxar | Temd oL 5" s
555 T.50 T.05 2386 4860 1249 BN 10000 § 10003 | 10000 | 9965 BaEY Th.40 L 15 z 3T Lol
556 Sae .30 1383 10000 | 9897 2543 g rr B2 84 cL 24 SOE 50
58T 050 | 1065 | 1343 waoo | ineoe | 9g2a | Tais | e2i6 | seam | o1 B
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10. Summary of laboratory test of BH-10
SUMMARY OF TEST RESULTS
Poject ; PTT Gas for Gateway City |E Date of Tesing 1405 Growrd Wiater Lewed {m: -0.80m
Location : Pheng Yao Distrot, Chachoengsan Province Boring Mo BH-10 Maorth : 1504070045 Easl : 753260 660
Sampia Dapth ®n Alleehe Limits (%) Graln Sige Analysis USCs % By SPT-N fbkewadinghl =
7
Mo From To L LL — PL _ Pl i w i wan | wico | #2000 | Geup wet | un 18 2l el z
551 150 195 2an HFP 656 | BAE6 | TA.54 | 6847 | 5534 | 4287 &0 e} 30 g | T
ot zon | 345 | mos 15 6 1§ a =
55-3 450 | 435 | 312 | esiz | 318 | 333 | oo | roooe| 1ooo0| ssss | Exsz | sase | cH ] ] 12 2
554 GO0 B4 am EH] 1 1 13 2
555 7a0 | 7o | v HEH) -] 23 2 a6
556 gon | g4 | 1oer 1] ] 5 e | ram
537 wsd | 1085 | 17 | asse | 2988 | 23se | woooo| 1oone | 10000 | wmes | esas ]| Tra | @ 35 505 SIS
558 120 12.45 = 1] [ = 31 [}
559 1350 | 1385 Lo A e SIF S5
5510 o3 | 4gs7 | z6m | zaoe | eess | oo | 5766 | 4026 | o7 | zBoa | sC 4 L 10
E5-11 i5C =0T 51
5512 ROCK. o S
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Appendix F

Soil Survey Report PTT Gas Pipeline for Gateway City, Plangyao, Chachoengsao, THAILAND.

Design of Pile Foundation

May 05, 2021
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Calculation of load capacity of pile foundations
(Pile Foundation)

The ultimate bearing capacity of a pile is determined by the following equation.
Qu = Qi+ Qe

The allowable bearing capacity of a pile is determined taking into account the factor of
safety as shown below.

Qan = (Qr+ Qe)-W,
FS

When, Qu = Ultimate bearing load (ton)
Qi = Allowable bearing load (ton)
Qr = Ultimate skin friction load (ton)
Qe = Ultimate end bearing load (ton)
W, = Weight of pile (ton)
FS = Factor of safety (2.00 to 3.00)

Ultimate skin friction load

Qr = E(fs As)
Qs = X(fsPL)
When, fs = Skin friction (ton/square meter)
As = Surface area of pile foundation (square meter)
P = Perimeter of pile (meter)
L = Length of pile for soil layer (meter)

Pile foundation (Clay)

fs = a.S,
When, o = Adhesion Factor (Figure H-1)
Su = Undrained shear strength (ton/square meter) (Figure F-2)

Pile foundation (Sand)

fs = Ks(po')a tan &
When, Ks = Coefficient for earth pressure

= 1 for loose sand and 2 for dense sand (For driven pile)
= 1-sin ¢ (for bored pile)

(po')ay = Effective overburden Stress (ton/square meter)

3 = Friction angle between soil and pile
= 3 ¢

[} = Friction angle of Soil obtained from corrected Nspr (Figure F-3)
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Ultimate end bearing capacity

Qe = QeAyp
When, qe = Ultimate end bearing capacity (ton/square meter)
Ay = Pile tip area (square meter)

For Pile foundation in clay

de = N:.S,
When, Nc = Bearing Capacity Factors (Figure F-4)
Su = Undrained shear strength (ton/square meter)

For Pile foundation in sandy soil

e = po’.Ng
When, po’ = Effective Stress at end of pile (ton/square meter)
Ng = Bearing Capacity Factors (Figure F-5) or (Table 1)
1.0 =——
g AvmagnﬂumofPack Hamonm-dﬁnrrbum ‘IBT&(E"'NB"P*} i
E - e S “—I—L e il

Eoea ==

Suchada , 1989 (Bﬂl‘ad Pile)

Adhesion Factor,o

Figure F-1. Correlation of Adhesion Factor of pile in clay with Unconfined Compressive Strength
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25 |= R, R

Standard Penetration N-value, blowift

a0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Unconfined Compressive Strength Qu, kKsc

Figure F-2. Correlation of Standard Penetration with Unconfined Compressive Strength of Clay
(NAVFAC DM-7.1, 1982)
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Figure F-3. Correlation of Standard Penetration with Bearing Capacity Factors and Angle of
Shearing Resistance (Peck, Hanson and Thornburn 1974)
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10 — —._|

Square and Circular Footing (BIL = 1)

CMIIIII.II Fdlulwg {BL =0)

Bearing Capacity Factor, N,

0 1 2 3 4 5
Depth of footing | Width of footing (Dy/ B)

Figure F-4. Bearing Capacity Factor, Nc for Foundation on Clay under ¢ = 0 condition
(Skempton, 1951)
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Figure F-5. Relation between Bearing Capacity Factor and Angle of Internal Friction of Bangkok
Sand
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Table 1. The relationship between friction angle and Bearing Capacity Factor (Nq) (NAVFAC,
1986)

¢ (Degree) 26 28 30 31 32 33 34 35 36 37 38 39 40

Nq (Driven Pile) 10 15 20 24 29 35 42 50 60 77 86 120 145

Nq (Bored pile) 5 8§ 10 12 14 17 21 25 30 38 43 60 72
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1. Driven Pile BH-1
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1.9 Soil boring for BH-9
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1.10 Soil boring for BH-10
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