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2.7.1 Soil Boring Test Results

1. INTRODUCTION

This reporl described the scope and results of the soil investi-
gat.ion carried-out'on the site of the proposed Watér Treatment Plant
which is located in Amphoe Klong Luang, Pathum Thani Province. The
purpose of the investigation was to estbalish the types and charac-
teristics of the subsoil strata, and to enable recommendations to be
made concerning foundation types, founding level, safe bearing capaci-
ty for the range of structures envisaged for shorage services.

The investigation was carried out during the month of July, the
dry séason so that it may be said that dry conditions prevailing in

the subsoils.

2. SITE DPESCRIPTION

The site was located in Amphoe Klong Luang, Pabhum Thani Province
which is in an area of the Chao Phraya River Basin of Thailand as
shown in Figure 1. Most area of the site was covered with the organic

top soil about 0,30 metre thick.

3. FIELD WORKS

3.1 Locations of Boreholes

Three boreholes were required to driil to about Lhe maximum depth
of 21.45 metres belowv existing ground surface. The exact locatiouns of
the bhoreholes were shown in ¥igure 2.

3.2 Field Tesis

Standard methods for field testing secils for engineering purposes
have been established by the American Society .for Testing and
Materials (ASTM,1958). The hasic concepts are presented belows:

Standard penetration test (SPT)

In the standard penetration test a so0ils for engineering purposes
spoon is used. It is an open-ended steel cylinder which splits longi-
tudinally into two halves. These two halves are held together hy a

cutting shoe_at the lower and a coupling which connects the sampler to



the drill rod. The split spoon is driven 45 em. into the ground by
means of a 63.5 kg. weight (hammer' falling a free height of 76 cm.
The " number of hammer blows for each 15 cm. penetration is recorded.
The teotal number of blows reéquired to drive the second and  third 1§
cm. of penetration is called the standard penetration resistance N
which represents mumber of blows per 30 cwm. (Terzaghi and Peck, 1848).
After the blow counts are recorded, the spoon is withdrawn from the
borehole and a representative sample is secured. These samples -are
kept 1in dirtight jars with proper identification for visual examina-
tion and or laboratory tests.

Thin-~walled Tube Sawmpling (Shelby Tube)

For moderate Lo large jobs the shear strength of the cohesive soil
should be determined from relatively undisturbed samples. This is
usually GOHe by taking samples from the borehole by means of a seam-
less thin-walled steel tube commonly known as a Shelby tube. The tube
is 5.08 am. or 7.6 cm. in deameter and has a bevelled butting edge at
the lower end. It is connected to the drill rod and pushed by static
forece into the bottom of the hole. When the tube is aimost full (avoid
over-penebtration), it is withdrawn from the hole, removed from tLhe
drill rod, sealed at both ends with paratin, and shipped to soil
laboratory for tests.

Vane Test

A vane tester consists of a pair of thin steel blades connected to
a wvertical shaft. The tester is pushed into the ground or into the
bottom of a horehnle and a torque is applied on the shaft. If the
shaft is kept free from the surrounding soil by means of a casing, Lhe
torque required Lo shear the soil along the cylindrical surface with
blades size (Skempﬁon, 18600 .

3.3 Drilling

The rig used vas a skid-mounted type, provided with equipment for

carrying out augering, wash boring, vane tests and penetration tests.

In all cases,the hole was cased to about 10.00 metres depth to prevent




washing out of the hales and to permit more efficient water recircula-
tion during wash boring. The procedure in the field at each borehole
location commenced with an in situ vane shear test in soft soil by
using a standard vane types at a depth of 1.50 metre intervals and
also a standard penetration test at the same depth intervals. These

results were plotted on the boring log, Figure 3 to 5.

4. SOIL TPYES ENCOUNTERED

Boreholes over the site were taken to a maximum depth of about
21.45 metres. Over this range of depth, three broad and distinct stra-
ta of materials were encountered, and are described in general ternms
belows:

Stratum A: This material usually appeared directly below organic
top soil and extended to the depth between 10.60 to 16.00 metres beiow
existing ground surface around an area of Borchales. it consists of
silty clay, with occasional organic matbters and very fine sand, vary-~
ing in color from brown to dﬁrk grey. The consistency as measured by a
vane device,.was in the range very soft to medium. The =z0il in this
stratum wvas classified as CL, ML-0OL, MH-OH & CH.

Stratum B: This material was encountered beneath Stratum 4 and ex-
tended to a depth between 17.50 to 19.40 metres below existing ground
surface around an area of Boreholes. It consists of silty clay, with
occasional very fine sand and decomposed rock, varying in color from
dark to light grey, yellow to brown. The consistency as measured hy a
pocket pénetrometer, wvas in_the range sLiff to hard. The so0il in this
stratum was classified as CL and CH.

Stratum C: Lying beneath Stratum B and extended to the end of the
boreholes at a maximum depth of about 21.45 metres below existihg
ground surface around an area of the boreholes. It consists of very to
fine sand.with occasionai coarse sand and gravel, varying in color
from 1igﬁt grey, yellow to brown. Relative density as measured by a

split spoon, was in the range dense to very dense. The s0il in this



stratum was classified as SM & SW-SHM.

5. LABORATORY WORKS

Standard uethods for testing soils for éngineering purpoeses have
been established by the American”Sociéty for Testing and Materials
{ASTM, 1958). The basic concepts of the more common tests are presented
below. Details of the testing programime carried out in the laboratory,
using selected samples, are listed below. Results of the tests are
given in Seclion 6 and Appendix.

5.1 Unit weight

Unit weight of a granular soil is difficult to determine except
where the soil is at the ground surface. Granular soil récovéred by a
samplér is highly disturbed and gives no indication whatsoever of its
original unit weight. 1In practice, +the unit weight of soils is esti-
mated from the results of peﬁetration teéts.

Unit  weight of a cohesive so0il however, can be readily détermened
by weasuring the weight and volume of the soil sample. The upnit weight
of & plastic clay may be computed on the assumption that the clay is
100 per cent saturated.

5.2 Grain size analysis

Grain size distribution of a soil can he determined by sieve
analysis down Lo the size of No. 200 sieve. For determination of
smaller _fractoins, the wet method must be used. A s0il =ample is
dispersed thoroughly in distiiled water. - The sdil—water mixture is
well shaken so that all soil grains are in suspension. By means of a
hydromefer, the density of the suspension can be determined. Correla-
tion between the density 6f the suspension and the diameter of the
grains has been worked out on the assumplion that all grains 'ére
sphericél. Resulls are given in Seclion 6 and Appeﬁdix.

5.3 Water conbent

The natural water content of a soil sample is determined by weigh-

ting the sample before and after it is dried in the oven under con-




Ctrolled temperature.

The - natural "wmoisture contents of the majority of the samples
recovered were measured in order to determine a moisture content
profile. Values are given in Section 6 and Appendix.

5.4 Atterberg Limits

Liguid Limit

The liquid limit of a soil is the water content at the boundary
between the 1liquid and plastic states. A soil sample (with grains
passing No. 40 sieve) is thoroughly mixed with water and is placed in
the dish to a thickeness of 2.54 cm. at the bottom of the dish. A
groove of 1.27 cm. widih iz cut in the wniddle of the sample., The dish
iz lifted and dropped hy turning the crank. The number of drops re-
quired to closed this 1.27 cm. groove is recorded. The ligquid limit is
the water content al which 25 drops of the.-dish will c¢lose the 1.287
cm. groove.

Plastic limit

The plastic limit of a soil is the water content at the boundary
hetween the plastic and semisolid states. The water content at the
boundafy is arbitrarily defined as the lowest water content at  which
the soil can be rolled into threads 3.2 mm. in the diameter without
the threads breaking into pices.

Plastic and ligquid liumits of the majority of the cohesive sgoil
samples recovered were measured in order to determine the different
states of scils along thendepth. Values are given in Section 6 and
Appendix.

5.5 Specific Gravity

The specific gravity of a éubstance is the ratio of its weight to
the weight of an equal volumn of wabter. The specifie gravity of a mass
of so0il or rock (including air, water, and solids) is termed mass spe-
cific gravity or apparent specific gravity.

- Measurement using a standard density bottle were taken on the

majority of the recovered samples. Results are shown in Section 6.



5.6 Unconfined compression test

A relatively undistubed soil sample, usually secured by means of a
thin~walled tube, is subjected to an axial compression in a manner
similar tao the tesht of a concrete cyinder. For plastic clays, the
unconfined compression skrength is taken at. 20 pefcent strain of Lhe
sample. The sample of a stiff soil, however, will break before reach-
ing the 20 percent strain, for moét practical caSes,the shear strength
af a cohesive so0il may he taken as one-~half of ‘its unconfined compres-
sion strerngth.

- 5.7 Direct shear testi

The test is ‘conducted by means of a shear box or other'variations
of this aparatus. A shear hox is a sample éontainer which is split in
the mid-height. When a normal force N is applied the forec required Lo
start the movement of the upperhalf of the sample withrespect to the
lower half 1is measured. This test is very useful in measuring the
relationship bhetwveen  the shear strengfh and the angle of internal
friction of granular soil. The sand samples vere selected for the
Direct shear test. Resﬁlts of all the above tests are given in Secltion

6 and Appendix.

8. TEST RESULTS

A summary of values obtained from laboratory works, are given

belous:

G.1 Natural Water Contents

Range (%) Average(%)
Stratum A: 31.51-124.80 T2.T2
Stratum B: 15.26~48.74 28.34
Stratum C: 12.21-19.17 14,93

6.2 Atterberg Limits
Range (%) Average (%)
LL PL LL PL

Stratum A: 41.08-64.50 19.24-30.48 52.19 25.80




Range (%) Average (%)

LL PL LL PL
Stratum B: 29,13-64.35 12.05-21.48 45.84 17.09
Stratum C: - N.P. - N.P.
8.3 Specific QGravity |
“Range (%) Average (%)
Stratum A: 2.51-2.60 2.56
Stratum B: 2.55~2.65 2.58
Stratum C: - ‘ 2.57-2.63 2.60
6.4 Bulk Density
Range{cu.m.) Average{(cu.m.)
Stratum A: 1.5%-1.90 1.64
Stratum B: 1.71-2.18 2.03
Stratum C: 2.10~-2.29 2.22
6.5 Strength Parameters
Range Average
\g Stratum A:
N,blows/30 cm. - -
Vp,tsm. 1.220-1.830 1.500
Uc, ksc. 0.100~0.750 0D.220
Stratum B:
N,blows/30 cn. 14-52 35. 4
Up, ksc. 1.250~4.500 3.290
Uc, ksc., .130-2.960 1.770
Stratum C:
N,blows/30 cm. 45~-121 84,1
*C,Tsm 0.00 0.00
¥¢,Degree - 33.8 33.8

¥...,.Direct Shear Test




T. GROUND WATER OBSERVATION

Meazuremenl obtained at twenty four hours after drilling ground

water level to exist at the depth between 0.82 to -0.85 mnmetres below

existing ground surface around an area of boreholes. Significant fluc-

tuations in Lhe ground water table should be anticipated throughout,
the year depending upon the amount of precipitation, evaporation and

surface ren off.

8. CONCLUSIONS

8.1 General Consideration

In establishing a suitable {foundation system for the principal
building propcséd for the storage services, it is neceésary'to consi-
der Lwo espects of foundation design namely stability and settlement.

8.2 Allowable Pile Load Capacity

As shown above, +the thick layer of soft silty clay of Stratum A
is a high compressible layer. The foundation should not be spread
footings or raft foundations because it would lead to excessive sei~
t.lement so that the long pile foﬁndations are recommended.

sStudy of the 8PT-values measured in the borehole éhowns that at d
depth of about 16.00 webres below existing ground surface, Lhe SPT~

values are in the range 233 to 52 bhlows/20 c¢m. which are high enough

.o support structures. The pile’s tip éhould be founded at this depth.

Exception was on Borehole 1, the pile’s Lip should be seated at least

at. the depth of about 19.00 metres below existing ground surface. How-
ever, tLhe consolidation of underlying compressible soils, should be
taken in to consideration for the foundations design.

8.2.1 Ultimate Pile Load Capacity

The ultimate load capacity of an individual precast concrete pile

can be evaluated by the following equation:

Q, = (C_ + K_.qg.tan ¢)A_ + (C_.N_ + q.N_JA

w » =



where Q_ = ullLimate load hearing of the pile

C_ = adhesive force {{rom Figure .0

= 4,50 + 0.2 (C - 5.0 ) Tsn.

K_ = lateral pressure coefficient (from Table I
tan ¢ = coeff. of friction of cohesionless soil

(from Table o)
A = embedded area
¢ = effective overburden pressure (from Table &)

N, & N_ = bearing capacity factors {(from Figures A or B}

~A = cross sectional area of the pile’s Lip
C = average shear strength
c_, = shear strengbh at pile tip

The uliimate load capacity of various size piies where as the
pile’s tLops are at 1.00 metre below existing ground surface, are as

follows:

IT~Secbion Piles

Ultimate Load/Pile(tons)

1.22 I.26 1.30 1.40

Perimeler, cm 88 104 120 180
Tip Area ,sqg.cm 310 460 880 1240

Pile Lip elev. Pile lenglth m.

BH, 14.00 13.00 15.97 16.65 19.41 -
 15.00 14.00 15.28 18.20 21.19 -
16.00 15.00 16.59 19.75 22.98 -
17.00 16.00 92.30 26.82 31.59 -
18.00 17.00 . 46.26 61.10 110.04
19.00 ' 18.00 - 85,70 91.07 176.66
20.00 19.00 - 74.85 104.05 199.53
21.00 20.00 - 80.82 111.85 212.97
g 8,  12.00 11.00 21.78 26.56 31.77 -
13.00 12.00 28.75 35.04 41.90 -



T-Section Piles

Ultimate Load/Pile(tons)

r.2z 1.26 I.30 I.40

Pile tip elev. Pile length m.

BH,, (cont .
t4.00 13.00 36.10 43.94 52.45 -
15.00 14.00 24.39 53.94 64.29 -
16.00 15.00 - 65,40 77.91 110.69
"17.00 16.00 - 77.96 92.86 131.91
18.00 17.00 - 88.88 105.46 148.T1
19.00 18.00 - 99.80 118.06 165.51
20.00 19.00 ~ 136.50 176.12 278.07
| 21.00 20.00 - 143.71 185.42 294.50
BH, 12.00 11.00 24.58 29.97 35.86 -
13.00 12.00 31.57 38.44 45.92 -
14.00 . 12.00 38.78 47.12 56.14 -
15.00 14.00 48.76 §9.33 70.81 -
16.00 15.00 - 71.21 84.89 120.77
17.00 16.00 - 82.79 98.42 139.34
18.00 17.00 - 93.71 111.03 156.14
19.00 18.00 - 104.63 123.83 172.94
20.00 19,00 - 134,65 171.53 284.32
21.00 20.00 - 140.5T 179.32 298.58

8.2.2 Negative Skin Friction

wvhere a pile is driven through compressible soil layer to found in
relatively firm strata, there is a tendency for the compressible soil

around the pile tends to "hang up” on the pile, exerting a downward
drag force c¢alled the negative skin friction. This forece has been
calculated according to the effective stress method, using the sane

basic formula as for positive side friction (ref.8) as follows:

Qn = B;Nv.Asn
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vhere an = maximum negative skin friction
B = negative skin fricltion coefficient
= K.tan ¢
= 0.30 for normally consolidated clay with high
plasticity
Nv = average effective stress along the pile shatt
Asn = pile shaft area
Substituting these wvalues, the negative skin friction can be de-
termined ds follows:

Negative Skin Friction.Tons/Pile

.22 1.286 1.30 I1.40

BH, Qn = 12.84 15.29 17 .64 23.5%2

11.05 12,08 15.07 20,10

t

BH Qn

£

BH Qun = . 4,21 10.848 12,086 16.74

o

8.2.3 Allowable Pile Load Capacity

Where the maxisum value of the negative zkin friction is taken
into account, GLhe safety coefficient on this Force may be 1.1, while
the safely cosfiicient. on the pile working leoad varying heftween 2.0
and 2.5. In this report, we adopted 2.5 as a factor of safety. The

allowable pile load capacity can he calculated as follows:

Qa = (Qu-1.10n)/2.5
vhere Ga = allowable pile load capacitv,tons
Qn = maximum value of negative skin friction

The allowable load capacity of the precast concrete piles of
various size and lengths where as the pile’s tops are at 1.00 metre

hbelow existing ground surface, are as followus:

I-Sechion Piles

Allowable Load/Pile(tons)

.2z 1.26 1.30 1.40

el
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I-8ection Piles

BH

BH

BH

Pile tip elev. Pile length m.

14.00
15.00
16.00
17.00
"18.00
19.00
20.00
21.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00
19.00
20.00
21.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00
19.00
20.00
21.00

13.00
14.00
15.00
16.00
17.00
18.00

19.00

- 20.00

11.00

12.00

13.00

14.00
15.00
16.00
17.00
18.00
19.00
20.00
11.00
12.00
13.00
14.00
15.00

16.00

18.00
15.00
20,00

Allowable LDad/Pile(tons)

T.30

I.40

1.22  T1.26
1.71 2.07  2.47 -
2.23 2.69  3.18 -
2.76 3.31 2.90 -
5.04 6.14 7.34 -
- 11.78 16.68 33.67
- 19.55 28.87 60.3%
- 22.21 53.86 69.46
- 25.60 36.98 74.84
5.40 B.70  8.19 -
.18 10.10 12.24 ~
11.12 13.65 16.48 -
14.44 17.66 21.19 -
- 22.24 26.64 38.25
- 27.26 32.62 46.73
- 31.63 37.66 §3.45
- 26.00 42.70 60.17
~ 50.68 65.93 105.20
- 53.56 69.65 111.77
7.07 B.73 10.58 -
9.87 12.11 14.80 -
12.75 15.58 18.69 -
16.74  20.47 24.58 -
- 25.22 30.19 43.29
- 29.85 35,61 50.71
~ 34.22 40.85 57.43
- 38.59 45.89 64.15
- 50.59 64.84 108.70
- 52.96 67.96 114.41

g@




I-Section Piles

Allowable Load/?ile(tons)

I.22 I1.286 1.30 I.4a0

+20.92 +31.05 +44.55 +83.70

£13.95 +20.70 +29.70 +55.80
+ Pile Bearing Capacily based on Concrete Strength (fe’=200 ksc.)
£ Pile Bearing Capacity based on Conaerebe Strength (f¢’=200 ksc.)

() Pile Bearing Capacity based on Underlying Soil Strength

8.3 Conlusion and Recommendat ions

8.3.1 The subsoils consisti generall& of silty clay and very fine
to coarse sand. These scils are variable in colour and texture exten-
ding to a depth of 21.45 metres bhelow exisﬂing ground surface.

8.2.2 These soils exist in very soft to medium consistency of
silty clay, stiff to hard consistency of underlying silty clay and
dense state to very dense state of very fine to Coarée sand at the end
of boreholes.

8.3.2 The recommended foundation system for the proposed building,
consists of the pile foundation.

8.2.4 The allowable load capacity of piles are recommended in iten

8.2.5 The allowable pile load capacity is determined by the con-
ventional equation with theoretical concern. TIf the higher pile load
capacity is required, the pile load test must be performed and
evaluated their possibility.

PR

8.3.6 The hard driving may occur in sand sothat water Jetiting
should be needed to avoid damage in reaching full desired enbedment.
Final sets should be obtained by driving without water jetting, when
dynémic formulas might be used.

8.3.7 The safely factor 2.5 is adopted.

8.3.8 The working load of a desing pile must not be higher than



wm
the allowable load of a pile’s sbructures.

8.3.9 The consolidation of underlying compressible soils should
he taken into consideratidn for foundation design.

8.3.10 The concept of design and construction enclosed herewith

must be fLaken into consideration.

8.4 Concept of Design and Construction

8.4.1 In evaluation of a foundaltion stability, the designer should

take intoe ‘consideration the following:

2 8.4.1.1 To take in to consideration, the effect of drouping

on pile bearing Capﬁcity.

8.4.1.2 To determine a vertical stress in ithe soil sufround—
ing and bhelow the pile tips by using elastic theory. If the calculated
stress exceeds the ultimate hearing capacity of the layer, the design
should be 1revised by reducing the pile load capacity, by increasing
the pile spacing or by extending the pile to another layer below.

8.4.1.5 To determine the differnLial and total settlement of
the foundation. If the ultimate_differential and total settlement are
found to be excessive, the design should.be revised by tLrying the
other type of Foundations,by increasing the pile spacing, or by reduc-
ing the pile load capacity.

8.4.2 All piles should be driven to sufficient depth to carry the
purpased load. Final penetration refusal eriteria should be determined
in the field, dependent upon the type of piie driving equipment used.

8.4.3 To obtain the required penetration, piles heavier than 3.8
tons should be driven by a hammer wiih a rated energy of at least 4.10
metre—pons. To obtain the required penetration and to prevent pile
breakage, piles  lighter than 3.50 tons should be driven by a hanmer
with a rated energy greater than 2.77 wetre-tons, and less than 4.10
net.re-tons.

8.4.4 ATl pile drivihg operations should be carefully inspected

with complete and accurate records kept for each pile driven, such as




final penetration,pile heavy and amount of downward movement on redri-
ving tip and top elevalbion, length of pile and amount of cut off.
8.4.5 To minimize ground quake to the adjacent structure, all pile
within 12.00 metres of the existing structures should be set in holes
prebored to a depth of 8.00 to 10.00 metres below the existing ground
level of other method which the engineer approved to he effective.
8.4.6 The design of ground floor structures must take the problem
of land settlement due to the load of fill, structures and other into

consideration.

9., General
The analysis and recommendation submitted in this report ére hased
upen available information. Since it is possible for variation in s0il
conditions to exist between boring locations, it is recommended that
the so0il excavation and Lhe pile driving should be inspechted by an
experienced soil-engineer to assure that the construction is operated

conformance with recommendation and foundation are seated upon suiia-

"ble materials.

This report has been prepared in order to aild in the evaluation of
this site and to assist the engineers in the design of the project,
baéed on. our understanding of design details, criteria and utilization
of the project as outlined herein. Also, if our understanding of the
design and utilizétion is not correct, we should be promptly informedr

of Lhe correct dala sothal we may revise our recommendations as appro-

priate.
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PROJECT. : o : : %
WATER TREATMIENT PLANT _
: : ' 1G.
. : FIG. 3 ]
GROUND WATER OBSERVATION. - "BORING NO. 1
: W.A.C. BORING LOG : :Ii
DATE | TIME [EL. of HOLE [EL.ol WATER . S SURFAGE ELV. :
L LocATion AMPHOE KLONG LUANG | owresanr_%/7/36
24 HR.AFTER BORING. 085 M. "PATHUM THANI DATE FINISH 25/ 7/ 36
: AOne hait Uncontined-
O-' [+ @ LIQUID LIMIT. Compressive Strength.
z = peak__gremolded.. | 1OTAL
: Yyl STANDARD. | oo s INSITU VANE SHEAR, | DENSITY.
= a - N
SCILS DESCRIPTION... | 7| = |PenerraTion. B Ona hail Pockers
E 3 f NATURAL Penelromeler Adg. Pd. P w
2 % :;ij X MOISTURE CONTENT. | SENSITIVITY P
Q1212 | sows/Fr. % KSG. Tra 3
: 0.00 30 60 20 40 80 B0 123 i 2
Organic top soil r———0.30{—|
l: ST o | X " ool-
il | NoB
iilista | | oo | ¥ olof-
i ] L
4 i
A 1513 5 00— ot X A ool
_ Very soft to medium dark grey 7 -
silty clay, cceasional very fine sand. ST4 :
..‘ y "
SIS o oy 12 do
MH-OH, MI-OL & CH ey !
':,.‘ l! a
A IrST6 o——e| ¥ a do
o | 1
Z R L |
¥4 ' ST7 o8| x & 5o
f .
g
ST8 "
% ST9 o %{ o
{77” N ~ »
// st |00l b1 | X L7} da
SHff dark ilty clay, t 16'?(}'&’;4 “1 '
1 grey silty duy, trace o /‘~Sr11 ol r A od
decomposed rock. L wsols] ¥
Dense fo very dense yellow and I{}f [SSA7 aiS )l( S
brown very fine to coarse sand, fal i
occasional  gravels. 5513|000l Y4 ]': o
SM B SW-SM ' |
7.5 sy 84 | « do
END OF BORING
25,001
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PROJECGT.

WATNER TREATMENT PLANT

FIG. &

GROUND WATER OBSERVATION.

TIME

W.A.C: BORING LOG

BORING NO. 2

SURFACE ELV.

DATE £L. of HOLE [EL.ol WATER

LOCATIO

- AMPHOE KLONG LUANG

DATE START 25/ 71/ 36

24 HR.AFTER BORING. 0.67 M. “PATHUM THANI DATE FINISH 26/ 7/ 36
S
: AOnehalf Unconlined-
g ® & LIQUID LIMIT. Compressive Strength.
z peak_..cyremolded TOTAL-
; wiwl .} stanparo- INSITU VANE SHEAR | DENSITY.
SOILS DESCRIPTION... [ & | & | . |eencrnanon | & PASTIO T ®5ns mail Pockar
g-: § EE « NATUHAL Penatrometer Rdg. Pd.Yw
61_ E 8 MOISTURE CONTENT. {& SENSITIVITY -0
@1 @1 ©| grows/FT. ' o KSC. 1im.3
_ oco| 30 &0 20 40 60 8D T2 3 1.2
Organic top soil. —20{F :
Soft grey and brown sitty clay, truce ?
of organic matters. %
Y 74 S8 L. ¢ “
-~ .
o ;“x\ " L d .
. o—p " i
. n
Very 3})fi to soff 'dmk grey silty oo | ¥ Iy do
clay, occasional very fine sond.
CH, MOl B CL StS 8
L
/ STé o—® | X ‘% elo
_ 0004~ 1000} o i ,
Stiff dark grey sitry dlay. < Ms17 oo | x b b0
cL 12001 / ,4" -\‘
74/’ SS8 23 [y ,X A E? 84
. I A
e : sl
. . o . O ]
Very sfiff to hard light grey, yellw:s‘JC 559 a ; b "
brawn and brown sitty clay, occasional 1500 1 N !
very fine sand and decompose rock. "/ S B P & °
i 1
43 1 a |
CHR CL ATSSN o 4 9 g
7 % ;
(s 52 of |- d ab
19,0044 1
~ Very dense grey and yellow very 53| 000 ) 4 a0
fine to cearse sand, nace of gravels. ' ’ !
sM nss|ifiss b do-
END OF BORING
2500+




PROJECT. :
WATER TREAYMENT FPLANT _ . :
. ' . Fla. 5 I
GROUND WATER OBSERVATION. | W.A.C: BORING LOG _ BORING NO. . 3 -
DATE | TIME |EL. of HOLE [EL of waATER e - SURFAGE ELV,
' L oeATION, AMPHOE KLONG LUANG DATE START 27/ 7/.36
24 HR.AFTER BORING. 0.62 M. : " PATHUM THARNI DATE FIMISH 2877736
: : i : AOng half Unconfined-
: ® @ LIQUID LIMIT. Gompressive Sirength.
: : g : w peak.. Oremolded...| 1O TAL
il I STANDARD: { o pscne Lt INSITU VANE SHEAR | DERSITY.
SOILS DESCRIPTION... i |z |z |PeneTRATION] : & Sne Tl Poskat -
E g. I . NATURAL Penelromeler Rdg. Y, Pw
2]z E MOISTURE CONTENT. |e SENSITIVITY -0
21912 sows/Fr. s, KSC. M3
El 000 30 &0 20 40 B0 80 12 3 12
Organic top sol 20 '
B o—T¢ H ﬂ o
L
Very soft to medium dork grey
sitty clay, occasional very fine sand ] A
and decayed wood. st o y: -0
) ’
7 by
M OL,CH, MH-OH & CL - o—e |¥ ‘ do
f!
SLE o-—t" X k oo
WOI4 [t AT \
SHiff grey silty day. /ltst7 o x" . A‘c{ -p
cL 005 _//_ _ . \ \
T SSs | & Or——1—e Ay ..
7 . -
“ | A‘
: A ftss9 £y b . 4 >
Very stiff o hard tight grey, yellowish /; . ! \ :
brown and brown silty clay, occasional fF 7 Hlss 10 15001 37 oo ; b
very fine sand. / ] | ;
| .
CHE €L ?”5531 e ? als
‘ -
s 52 of¥ a1y ob
. 19401 /] 7 \ / :
Very dense light grey and yellounsh 593 g ol- 1208 ;) do
‘brown very fine sane, occasionat coarse [ : p . :
sand and gravel. s a5 7 " wd 4 do
END OF BORING
2500
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3.1.1 Housing Eslates in Bang Bua Thong

Table 3.1.1.1 Housing Complexs

No. of H.H.

{Planned}

6.56

No. Name of H.C Populatlon Pop. Denslty {Area Coverage| No.oftS.T.P Remarks
{per./ha) {ha)
1. |Chollada 2,012 8,048 73 109.92 3 Future
(i —~Under estimation
Construction 2,112
2—Planned)
2. |P. Phasuk 700 2,800 292 9.60 1
3. |Chantima 1,000 4,000 208 19.20 1
4. |Busarin 1,251 5,004 255 17.76 3
{Under — Construction)
5. |C. Rungraung 500 2,000 160 13.28 1
6. |Busakorn 336 1,344 280 4.80|  None
(Under ~ Construction) {(Planned)
7. |Pichada 585 2,340 357 MNone

3-1




Figure 3.1.1.1 LOCATION OF HOUSING ESTATES IN BANG BUA THONG
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3.6.1 Existing Public Roads in the Design Area
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3.7.1 Soil Boring Test Results

1. INTRORPUCTION

This report described the scope and results of the soil investi-
gation carvied out on the site of the proposed Water Treatment Plant
which 1is located in Amphoe Bang Bua Thong, Nonthaburi Province. The
purpose of the investigation was to estbalish the types and charac-
teristics of the subsoil strata, and to enable recommendations to he
made concerning foundation types, founding level, safe bearing capaci-
ty for the range of structures envisaged for storage services.

The investigation was carried out during the month ‘of July, the
dry season so that it may be said that dry conditions prevailing in

the subsoils.

2. SITE DESCRIPTION

The site was located in Amphoe Bang Bua Thong, Nonthaburi Province
which 1is inm an area of the Chao Phraya River Basin of Thailand as
shown in Figure 1. Most area of tLthe site was covered with the fiil
soil about 1.00 metre thick. Exception was on Borehole 2, the site was

covered with an organic top soil about 0.30 wmetre thick.

3. FIELD WORKS

3.1 Locations of Boreholes

Three horeholes were required to drill to about the maximum depih
of 21.45 metres helow existing ground surface. The exact locations of
the boreholes were shown in Figure 2.

3.2 Field Tests

Standard methods for field testing seoils for engineering purposes
have been established by the Awmerican Society for Testing and
Materials (ASTM, 1958). The basic concepts are presented belows:

- standard penetration test (SPT)

In the standard penetration test a soils for engineering purposes
spoon is used. Tt is an open-ended steel cylinder which splits longi-

tudinally into two halves. These two halves are held together by a



cutting shoe at the lower and a coupling which connects the sampler to

the drill rod. The split spoon is driven 45 cm. into the ground by
means of a 63.5 kg. weight (hammer? falling a free height of 76 ‘cm.
The number of hammer blows for each 15 cm. pengtrabion is recorded.

The total number of blows required to drive the second and third 15
cm. of penetration is called the standard penetration resistance N

vhich represents mumber of hlows per 30 cm. (Terzaghi and Peck, 1948).

After the blow counts are recorded, the spoon is withdrawn from the

borehole ‘and a representative sample is secured. These samnples are
kept in airtighit Jjars with proper identification for visual examina-
tion and or laboratory tests.

Thin-walled Tube Sampling (Shelby Tube)

‘For moderate to large jobs the shear stfength of the cohesive soil
should be determined from relatively undisturbed éamples. This is
usually done by Laking samples from the borehole by means of a seam-
less thin- walled steel tube commonly known as a Shelby tube. The tube
is 5.08 cm. or T.56 cm. in deqmptpr_dna has a bevelled butting edge 1t
the -lower end. It is connected to the drill rod and pushed by static
force into the bottom of the hole. When the tube is almost full (avoid
over-penetration), it. is withdrdwn from the hole, remcoved from the
driil rvod, sealed at both ends.with parafin, and shipped to soil
laboratory for tests.

Vane Testl

A vane tester consisis of a pair of thin steel blades connected to
a vertical shaft. The tester is pushed into the ground or into the
bottom of a borehole and a torque is applied on the shaft. 1If the
shaft is kept free from the surrounding soil by means of a casing, the
torque required to shear the soil along the cylindrical surface with
blades size (Skempton, 1950).

3.2 Drilling
The rig used was a skid-mounted type, provided with equipment for

carrying out augering, wash boring, vane tests and penetralion tests.




In all cases,the hole was cased to about 10.00 metres depth to prevent
washing out of the holes and to permit. more efficient water recircula-
tion during wash boring. The procedure in the field at each borehole
location' commenced with an in situ vane shear test in soft soil by
using a standard vane types at a depth of 1.50 metre intervals and
also a standard penetration test at the same depth intervals. These

results were plotted on the boring log, Figure 3.

4. S50IL TPYES ENCOUNTERED

Borehbles_over the site were taken to a maximum depth of about
21.45 metres. Over £his rdhge of depth, three broad and distinct stra-
ta of materials were encountefed, and are described in general ternms
belows:

Stratum A: This material usually appeared directly below £ill soil
and extended to the depth between 10.50 to 11.70 metres below existing
ground éurface around an area of Boreholes. It consists of silty clay,
with occasional organic matters and very fine sand, varying in color
from brown to dark grey. The consistency as measured by a vane device,
was in the rangé very soft to medium. The soil in this stratum was
classified as CL, ML-OL % CH.

Stratum B: This material was encountered beneath Stratum A and ex-
tended to a depth between 13.40 to 14.80 metres below existing ground
surface ardund an area of Boreholes. Tt consists of silty clay, with.
occasional very fine sand, varying in color from dark grey to brown.
The consistency as wmeasured by a pocket.penetrometer, was in the range
pedium to very stiff. The soil in this stratum was classified as CL.

This material did nof. appear around an area of Borehole 3.

Stratum C: Lying heneath Stratum B and extended to the end of the
boreholes at a maximum depth of about 21.45 metres below existing
ground surface around an area of the boreholes. It consists of silty
very finé sand with occasional coarsge sand and gravel, varying in

color from grey, yellow to brown. Relative density as weasured by a



split spoon, was in the range loose to very dense. The soil in this
stratum was classified as SM & SP-SM.

There was a thin substratum of very dense light grey and brown
clayey very fine sand (Cl) in the middle depth of this stratunm. This

soil was classified as SC.

5. LABORATORY WORKS

Standard methods for testing soils for engineering purposes have
been establiéhed'by the American Societyﬂfcr Testing and Materials
(ASTM, 1958). The basic concepts of the more common tests aré presented
below. Details of the testing programhe carried out in the laboratory,
using selected samples, are listed below. Results of the tests are
given in Section 6 and aAppendix.

5.1 Unit weight .

Unit  weight of a granular soil is difficult to determine except
where the soil is at the ground surface. Granular sbil recovered by a
sampler is highly disturbed and gives no indication whalsoever of its
original unit weight. 1In practice, the unit veight of soils is esti-
mated from the results of penetration tests.

Unit weight of a cohesive soil however, can be readily determened
by measuring the weight and volume of the soil sample. The unit weight
of & plastic clay may be computed on the assumption that the clay  is
100 per cent saturated.

5.2 Grain size analysis

Grain size distribution of a soil can be determined by sieve
analysis down to the size of No. 200 sieve. For determination of
smaller fréctoins, the wet method must be used. A s0il sample _is
dispersed thoroughly in distilled water. The soil—watér mixture is
werll  shaken so that all soil grains are in suspension. By means of a
hydrometer, the density of the suspension can be determined, Correla~
tion . between the density of the suspension and the diameter of  the

grains has been worked out on the assumption that all grains are




spherical. Results are given in Section 6 and Appendix.

5.3 Water conbkent

Thé natural water content of a soil sample is deltermined by wveigh-
ting the .sample before and after it is dried in the oven under con-
trolled temperature.

The natural moisture contents of the majority of the samples
recovered were measured in order to determine a moisture content
profile. Values are given in Section 6 and Appendix.

5.4 Atterberg Limits

Liguid Limit
The liguid limit of a soil is the water céntent at. the boundary
between the liquid and plastic states. A soil sample (with grains
passing No. 40 sieve) is thoroughly mixed with water and is placed in
the dish to a thickeness of 2.54 c¢m. at the bottom of the dish. A
groove of 1.27 cm, width is cut in the middle of the Sample. The dish
is lifted and dropped by turning the crank. The number of drops re-
gquired to closed this 1.27 cw. groove ig recorded. The liquid limit is
the wabter content at which 25 drops of the dish will close the 1.27
cm. groove.

Plastic Iimit

The plastic limit of a soil is the water content at the boundary
belween Lhe plﬁstic and semisolid states. The water content at the
boundary - is arbitrarily defined as the lowest water content at which
the soil can he rolled into threads 3.2 mm. in the diameter. without
the threads breaking into pices.

Plastic and liquid 1liumits of the majority of the cohesive soil
samples recovered were measured in order tq determine the different
states of soils alongs Lhe depth. Values are given in Section 8 and
Appendix.'

" 5.5 8pecific Gfavity

The speéific gravity of a substance is the ratio of its weight to

t.he weight of an equal volumn of water. The specific gravity of a mass



of s0il or rock (including air, water, and solids) is termed wmass spe-

cific gravity or apparent specific gravity.

Measurement using a standard density bottle were taken on the.

majority of the recovered samples. Results are shown in Section 6.

5.6 Unconfined compression test

A relatively undistubed soil sample, usually secured by means of a
thin-walled tube, is Subjeéted to an axial compression in & manner
similar to the test of a_concrete cyinder. For plastic clays, the
unconfined compression strength iz taken at 20 percent strain of the
sample. The sample of a stiff scil, however, will break before reach-
ing the 20 percent strain, for most practical cases,the shear strength
of a cohesive soil may be taken as one-half of ils unconfined conpres-
sion strength.

5.7 Direct shear test

The test is conducted by means of a shear box or other variations
of this aparatus. A shear box is a sample container which is split in
the mid-height. When a normal force N is applied the forec required to
start the movement of the upperhalf of the sample withrespect to tLhe
lowver half is measured. This test is very useful in wmeasuring the
relationship between the shear strength and the angle of internal
friction of granular soil. The sand éamples wvere selected for the
Direct shear test. Results of all the above tests are given in Section

6 and Appendix.

6. TEST RESULTS

A summary of valuves obtained from laboratory works, are given
helows:

6.1 Natural Water Contents

Range{%) Average (%)
Stratum A: 36.47-90.08 86.20
Stratum B: 23.48-52.02 39.97
Stratum C: 14.13-25.88 18.85
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6.2 Atterberg Limits

Stratum A:
Stratum

Stratum C:

6.3 Specific Gravity

Stratum A:
Stratun B:

Stratum C:

6.4 Bulk Density

Stratum A:
Stratum B:
Stratum C:

C.:

6.5 Strength Parameters

Stratum A:
N,blous/30
Vp,tsm.

Uc,ksc.

Stratum B:
N,blows/30
Up, ksc.

Uc, ksc.

cm.

chn.

LL
24.95-48
27.84-42

20.585

24.60

1

¢

1

0

Range (%) Average (%)
14.40 14.40
Range (%) Average (%)
PL LL PL
.92 18.12-26.28 36.72 21.6%2
.00 15.16-15.04 33.87 17.65
N.P. 20.585 N.P.
12.06 24.60 12.06
Range (%) Average (%)
2.48-2.68 2.62
2.59-2.70 2.63
2.57~-2.61 2.59
2.61 2.61

Range(cu.m.)

Average(cu.m.)

1.50-1.84 1.64
1.71-2.0% 1.83
1.38-2.27 2.08
2.18 2.18
Range Average
.220-2.440 1.540
. 220-0.640 0.400
3-28 13
.500-~3.500 2.330
L7T70~1.520 2.630



Range Average

Stratum C:

N,blows/30 cm. 3-110 55.86
XC, Tsm 0.00 -~ 0.00
*@,Degree

Cx: ; . .

N,blows/30 cn. 59 | 59

¥....Direct Shear Test

7. GROUND WATER.OBSERVATION

Measurement obtained at twenty four hours aftef &rilling ground
waler level to exist at the depth betweén 0.35 to 1.75 mnetres below
existing ground surface around an area of boreholes. Significant fluc-
tuations in the ground water table should be anticipated throughout
the year debending upon the amount of precipitation, evaporation and

surface ren off.

8. CONCLUSIONS

8.1 Geperal Consideration

In establishing a suitable foundation system for the principal
building proposed for the Water Treatment, it is necessary to consi-
der two espects of foundation design namely stability and settlement.

8.2 Allowable Pile Load Capacity

As shown above, +the thick layer of soft silty clay of Stratum A

is a high compressible layer. The foundation should.not be spread
footings or raft foundations becauée it would lead to excessive set-
tlement so that the long pile foundations are recommended.

Study of the SPT-values measured in the borehole showns that at a
depth of about 16.00 metres below existing ground sufface, the SPT-
values are in the range 49 to 110 bloﬁ5)30 ¢m. which are high enough
to support structures. However, the consolidation of underlying com-

pressible soils, should be taken in to consideratibn for the founda-




tions design.

8.2.1 Ultimate Pile Load Capacity

The ultimate load capacity of an individual precast concrete pile

can be evaluated by the following equation:
Q, = (€ + K_ .q.tan ¢)A_ + (C_.N_ + q.N_1A

where Q_, = ultimate load bearing of the pile
C_ = adhesive fbrce (from Figure C.)
= 4.50 + 0.3 (C - 5.0 ¥ Tsn.
K_ = lateral pressure coefficient (from Table b)
tan ¢ = coeff. of friction of cohesionless soil
(from Table c)
A = embedded area

= effective overburden pressure i(from Table aj

N_ & N_ = bearing capacity factors (from Figures A or B)
A_ = cross sectional area of Lhe pile’s tip
c = average shear strength
C_ = shear strength at pile tip

The ultimate load capacity of various size piles where as the
pile’s tops are at 1.00 metre below existing ground surface, are as
¥

follows:

I-Section Piles

Ultimate Load/Pile(tons?

1.22 I1.726 1.30 I.40

Perimeter, cm 38 104 120 160
Tip Area ,s¢g.cn 310 460 660 1240

Pile tip elev. Pile leﬁgth m.

BH, 12.00 11.00 17.26 20.65 24.19 -
13.00 12.00 24.16 29.20 34:59 -
14.00 ' 13.00 32.84 40.03 4Ar7.72 -



I-Section Piles

BH

BH,

BH

Pile tip elev. Pile length n.

{cont.?
15.00
16.00
17.00
-18.00
19. 00
20.00
£21.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00
19.00
20.00
21.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00
19,00
20.00

21.00

14.
15.
16,
17,
18,
19.
20.
11.

12.

Qo
00
o
00
00
Go
Qo0
00

oo

i2.00

i4,

16.
17,
18.
19.
20.
11.
1z,
13.
14.
15.
i6.
17,
18.
19.
20.

00

.00

00
00
0o
00
06
0o
00
00
00
00
00
00
00
00
a0
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Ultimate Load/Pileitons)

1.22

I.26

1.440

~I1.30

47017

18.21
22.17
28.728

42,19

14.43
16.71
ig.64

£6.40

60.58
91.69
99.71
109,41

116.80

25.55
36.27
53.30
G4.73
T7TG.02
71.34
69.96

T8.96

76,97
124.72
134.89
145, 86

155,

W
)

163.

-.,a
=

175.

-1
-~

25.90
31.30

45.12

102.01
109.79
117.21
125.05
123.21
141.01
21.39
26,28
32.72
49.05
75.36
92.42
99.42
99.89
95,92

109.01

207.91
224.68
241.48¢
258.24
275.02

291.860

198.31
212.65
226.99
241,33

255.68

2790.02

152,41
189.52
201.82
197.986
183.10

210.50
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8.2.2 Negative Skin Friclion

where a pile is driven through compressible soil layer to found in

Crelatively firm strata, there is a tendency for the compressible soil

around the pile tends to "hang up" on the pile, exerting a downward
drag force called the negative skin friction. This force has been
calculated according to the effective stress method, wsing the sanme

basic formula as for positive side friction (ref.8) as follous:

Qn = B.Nv.AaAsn
where Qn = maximum negative skin friction
B = pnegative skin friction Coefficignt
= K.tan ¢
= 0.30 for normally consolidated clay with high
plasticity

Nv = average effective stress along the pile shaft
Asn = pile shaft area ‘
Substituting tﬁese values, the negative skin friction can bhe de-
termined as follows:

Negative Skin Friction.Tons/Pile

.22 1.286 I.30 I.40

BH, @Qn = 16.31  19.27  22.24  29.65

BY Qn = 10.35 12,25 14.12 18.87

1

BH Qn 10.2%9 12.07 13.92 18.58

8.2.3 Allowable Pile Load Capacily

Where the maximum value of the negative skin friction is taken
into account, the safety coefficient on fhis force may be 1.1, while
the safety coefficient on the pile working load Varying between 2.0
and 2.5. In this report, we adopted 2.5 as a factor of safety. The

allowable pile load capacity can be caleculated as follows:



Qa (Qu~-1.1Qn}¥/2.%

allowable pile load capacity,tons

i

where Qa

an

1]

maximum value of negative skin friction
The allowable load capacity of the precast concrete piles of
various size and lenghths where as the pile’s tops are at 1.00 metre

belov existing ground surface, are as follows:

I-Section .Piles

Allowable Load/Pile(tons)
I

.22 I.28 I.30 I.40

Pile tip elev. Pile length m.

BH, 12.00 11.00 2.01  2.48  3.00 -
12.00 i2.00 4.77 5.90 7.17' -
14,00 13.00 8.28 10.23 12.42 -
15.00 14.00 12.98 18.45 24.12 -
16.00 15.00 - 28.20 40.10 70.11
17.00 ' 16.00 - 31.40 44.17  76.83
18.00 | 17.00 - 35.29 48.56 B83.54
19.00 18.00 - 38.24 52.34 90.25
20.00 19.00 - 40.53 55.71 98.96
21.00 20.00 - 44.68 60.52 103,67

BH_ 12.00 11.00 4.18  5.11  6.13 -
13.00 12.00 5.76 6.98 8.29 -
14,00 13.00 8.21 10.87 13.81 -
15.00 14,00 13.77 19.88 28.33 -
16.00 15.00 - 23.60 34,59 71.04
17.00 16.00 - 25.94 37.71 76.78
18.00 17.00 - 28.20 40.87 82.52
19.00 18.00 - 20.55 43.81 88.25
20.00 19.00 - 32.99 47.07 9%.99 €
21.00 20.00 - 35.33 50.19 99.73
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I-Section Piles

Allowable Load/Pile(tons)

1.22  1.26 I1.30 1.40

BH 12.00 11.00 2.71 3.47 4,38 ~
12.00 : 12.00 2.62 4,84 6.37 -
14.00 13.00 4.79 G.60 8.91 -
15.00 14.00 7.49  10.88 15.44 -
16.00 15.00 - 16.01 24.01 52.79
-17.00 16.00 - 20.58 30.84 67.63
18.00 17.00 - 22.69 233.64 72}55
19.00 18.00 - 23.22 33.83 71.01
20.00 19.00 - 22.67 32.24 65.07
21.00 20.00 - 26.27 37.48 T76.03

+20.52 +31.05 +44.55 +83.70

*¥13.95 +20.70 +29.70 +55.80
+ Pile Bearing Capacity based on Concrete Strength (fe?=2300 ksc.)
% Pile Bearing Capacity based on Concrete'Strenth (fo’=200 ksc.)

() Pile Bearing Capacity based on Underlying Soil Strength

8.3 Conlusion and Recomnmendations.

8.3.1 The subsoils consist generally of silty clay and silty very
fine to coarse sand.  These s0ils are variable in colour and texture
extending to a depth of 21.45 metres below existing ground surface.

8.3.2 These soils exist in very soft to medium consistency of
silty clay, stiff to very stiff consistehcy of underlying silty clay
and medium state to very dense state of silty very fine Lo coarse sand
at the end of boreholes.

8.3.3 The récommendéd-fcundation system for the proposed building,
consists of the pile foundation.

8.3.4 The allowable load capacity of piles are recommended in item



8.3.5 The allowable pile load capacity is deLermined by.the con-
ventional equation with theoretical concern. 1If the higher pile load
capacity is required, the pile load test must bé performed and
evaluated their possibility.

8.3.6 The hard driving may occur in sand sothat water Jjetting
should be needed Lo avoid damage in reaching full desired embednent.
Final sets should be obtained by driving without walter jetting, when
dynamic formulas might be used.

8.3.7 The safety factor 2;5 is adopted.

8.3.8 The‘working load of a desing pile must not be higher than
the allowable load of_a pile’s structures.

8.3.9 The consolidation of underlying compressible soils shoﬁld
be taken into consideration for {foundation design.

8.3.10 The concept of design and construction enclosed herewith

must be taken into consideration.

8.4 Concepl of Design and Construction

8.4.1 In evalualion of a foundation stability, the designer should

take inﬂo consideration the following:

8.4.1.1 To take in to consideration, the effect of grouping
on pile bearing capacity.

8.4.1.2 To determine a vertical stress in the sdil_ surround-
ing and below the pile tips by using elastic theory. If the ¢alculated
slress exceeds the ultimate bearing capacity of the layer, the design
should be revised by reducing the pile load capacity, by increasing
the pile spacing or by extendiﬁg the pile to another layer below.

8.4.1.3 To determine the differntial and total settlement of
the foundation. If the ultimate differential and total settlement are
found to be excessive, the desisn should be revised by trying the
oﬁher type of foundations,by increasing the piie spacing, or by reduc-
ing the pile load capacity.

8.4.2 All piles should be driven to sufficient depth to carry the




purposed }oad. Final penetration refusal criteria should be determined
in the field, dependent .upon the type of pile drivfng equipment used,

8.4.3 To obtain the required penetration, piles heavier thap 3.5
ttons should be driven by a hammer with a rated energy of at least 4.10
metre-tons. Ta  obtain the required. penetration and to prevent pile
breakage, piles lighter than 3.50 tons should be driven by a hammer
with a rated energy greater than 2.77 metre-tons, and less than 4,10
met.re-tons.

8.4.4- All pile driving operations should be carefully inspected
with complete and accurate records kept for each pile driven, such as
final penetfation,pile_heavy and amount of downward movement on redri-
ving tip and top elevalion, 1eng£h of pile and amount of cut off.

B.4.5 To minimize ground quake Lo the adjacent structure, all pile
within 12.00 metres of the existing structures should be set in holes
prebored to a depth of 6.00 to 10.00 metres below the existing ground
level of other method which the engineer approved to be effective.

8.4.6 The design of ground floor structures must take the prdblem
of land settlement due to the load of fill, structures and other into

consideration.

9. General

The analysisiand recommendation submitted in this report are based
upeon available information. Since it is possible for variation in soill
conditions to exist between boring ldcations, it iz recommended that
the so0il excavabion and the piie'driving should be inspected by an
experienced soil eﬁgineer to assure that Lhe construection is operabted
conformance with recommendation and foundation are seéted upon suiia-
ble materials.

This report has bheen prepared in order to aid in the evaluation of
this site and to aszsist the engineers in the design of the project,
based on our understanding of design details, criteria and utilization

of the project -as outlined herein. Also, if our understanding of the



design

of the

priate.

3

10,

and utilization is not correct, we should be promptly informed

correct. data sothat we may revise our recommendations as appro-
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PROJECT. . %
| TREATMENT PLANT - *

FIG 3

GROUND WATER OBSERVATION. BORING NO. 1
W.A.C. BORING LOG

DATE | TIME |EL. of HOLE |EL.of WATER SURFAGE ELV.

DATE START 31 17/ 36 -

LOGATION.Bang btiatong ,NONTHABURI.

24 HR.AFTER BORING. 175 M. - DATE FINISH 31/7 136

AQne half Uncontined-
[ @ LIOUID LIMIT. Compressive Strength|

g TOTAL-
= n peak..gremolded...
il I STANDARD- § o o setic LT INSITU VANE SHEAR | DENSITY.
S0ILS DESCRIPTION... @ | F |z |peneTRATION. o ®0ne hall Pocke! -
& . E E « NATURAL Penetromeler Rdg, Yd.Pw
HERR MOISTURE GONTENT. |a SENSITIVITY [
® 1o 2] plows/FT. % - KSC. M3
ccof 30 60 20 40 60 80 A
Fill soil =
100t
Medium brown and brownish ? sn -8 re |e— o LYo
grey silt clay / \
cL ‘ ID—/ £12 8—-8. | e Do e
? ST3bs o D8 \‘JX he O-{m ®o
very sofl fo soft dark grey / STh p—a ¥ O 8-Of -
. Co. . d
silty clay , occasional very fine sand, % :
L % 515 8 -{-—8 £ O
516 o8
A7 Lo
é 517 ! X &£ o= &0
170 : 4
Very stiff brownish dark % 518 ; g8 /X A 9
|___grey silty cay. CL. 13 60 559 «28 ety sl e e
Very stiff brown sitty clay- €L 4, go |IB8] 4
_ b ssaof 5 @ 9 "o
Dense to very dense yellowish : s '
brown silty very fine sand. S5t 5 y‘f' _'3
SM. il 512 >- 3 ‘e
19.50{H 8 -
Dense tovery dense grey and brown e S513} z0m0 < i bt 34
very fine to coarse sand. SP5HMc E"Ef S NGB E so
. > I :
END OF BORING
-250]

i L] | B



PROJECT.
TREATMENT PLANT
' FIG. &4
F GROUND WATER OBSERVATION. : BORING NO. 2
W.A.C. BORING LOG :
DATE { TIME |EL. of HOLE [EL.of WATER ' SURFACE ELV. ~
Lo ' DATE START - 31/.7 1 36
LOCATION. BANG BUATHONG,NONTHABU :
24 HRAFTER BORING. 0.55M. | , : paTe FinisH 3177/ 36
. : AOne hall Uncontined.
; o @& LIQUID LIMIT, Cornpressive Strength!
g TOTAL-
" E, ] ® peak...gremoided... DENSITY
STANDARD- INSITU VANE SHEAR. ol
SOILS DESGRIPTION... g = 5 | PENETRATION. O PLASTIC LIMIT. T
g ;JJ £ « NATURAL Penetrometer Rdg. Pd.Yw
A E MOISTURE GONTENT. |e SENSITIVITY N S
@1 @] el sows/Er o KSG. T 3
‘ 0.00 3¢ 60 20 40 60 B8O o2 3 12
-Fill_seil —0.604 '
Soft brownish grey sitty dlay, ST 09 %] A
trace of roots.  CH. S0 ISTZ oa ]
h P> 1
Very soft to soft dark grey ﬁ( iF
silty clay , oceasional very fine SY3| b—18 ¥ o O
y b 50 !
sand,
ML-OL, CL STh —a )’J An-lm 40
STS G- | X ) O-{m -0
" -
/ STé ole % 0-—u -0
10.50_ %l 57 R E [ -
Medium grey silty clay trace /// - V
of very fine sand. % S8 S ol-u x' Aw ‘{J
CL e
1340 / %9 13 o ol
Very dense light grey and 1 ssig 130 N[ X8 &
brownish grey very fine sand, \
occasional codrse sand and gravel . SN 1Y ¥ %
SM | 58 :
SS12 : ) '
SS13Lom < ?’t ©
[}
7145 5514 90 X L&l
END OF BORING ’
| -250




PROJECT. : B ' %
FREATMENT PLANY :
. - FIG. §
GROUND WATER OBSERVATION. W.A.C. BORING LOG BORING NO. 3 . II
DATE | TIME [EL. of HOLE [EL.of WATER e . SURFACE ELV.
_ B i bia th NONTHABURI DATE START: 3147436
: .0ang pua -
24 HRAFTER BORING, 0.35 M. LOCATION.Sang . ong, . _ DATE FINISH 31/ 7/ 36
. AOne half Unconfined-
: e - LIQUID LIMIT. Gompressive Strenglh)
9 i TOTAL-
- s peak....rémolded...
: w [ w STANDARD: | () b per ) e INSITU VANE SHEAR, | PENSITY.
SOILS DESCRIPTION... L | & | 3 |PENETRATION. ®One halt Pocket -
g § £ « NATURAL Peneirome.ter Rdg. Yd.?w
I E MOISTURE CONTENT. |e SENSITIVITY &
S 1 912 ] aows/Fr. % " KSC. i3
000l 30 &0 20 40 €0 8O 1 2 3 1.2
Organic fop soil /-O%r |
A4 .
Soft brownish dark grey silty i sT1 o—4 ¥ feo—m do
clay ,occastonal organic matters 230 . : 1 :
MLOL. » L ' ; ota
- i
Very soft to soft dark grey / ST3| 50 G—8 b Ap-t—n L ]
silty clay,occasional very fine sand. / : : 1 :
cL % ST4 . B /)k =R +o
Loose to medium grey / 515 or-9 g A D-1m o)
silty very fine sand. / 5T6 ol—e A bo
SH. 7/ \
; 0 ST7 o—9 X 4 |o-n 8o
Very dense light grey { 3 L
and brown clayey vesy fine S58 ¥ o
sand. : i !
S S59 A &
. 165011571 !
Very dense light grey 53l o120 \i ? ohie «©
and brownish grey very fine \ \
sand. oy 1650+ S51% . 91 X I
= 1
Very dense fo dense yellow 1800 £ 651 o
very fine sand : ‘||
$13 :
Dense brown very fine \ I 2000 3 ‘ul
sand, occasional coarse sund and 2{-%: el sl L4 ® o
gravel.  5p_gp, /J :
END OF BORING
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3.13.4 Financial Study

Table 3.13.4.1 Selected Characteristics of Financial Roles

Financial support from the Central Gov't

Nature of Support
Deficit Financing
Capital Expenditure
Land & Construction
Equipment
Priority of Expenditure

Determiﬁation of Fees

Major Roles of Municipelity

-

1. Population criterion
2. Emergency criterion

'Specifically'desigﬁated_

Arrangements could be made

ProvincialfCentrél
Provincial/Central

: Committee

Committee & the Executive Appfoval

Local read, construction, _
education, health and sanitation
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Table 3.13.4.2 IMPLEMENTATION ARRANGEMENTS FOR SEWAGE WORKS

I !
| | I Government ]
| | L }
| Ttem | I 1T 1 |
I | | Nation | Province | ] Municipality/5.D |
L } L ] L ] L H
( 1
| Establishment of | - Investigation & plamning - "Willingness on
| sewerage plan ] by PHD participation
| Decision on the | - Approval by cabinet
| priority projects | meeting
| } 160 % 0% 0%
L 1
T 1
| | - Recommendation on
| | location and- land
| Land acquisition | size by PHO.
| | 0% 0% 100 %
| | 0% 1/ 30 % 1/
L ) 60 5 2/ 40 % 2/
5% 3 25 % 3
f 1
| } [ Design Comnittee )
| t : : I
| Design & engineering| PHD staff Represéntative Representative
} work | Designing -
| ] {by consultants)
| [ 100 % 0% 0%
1 }
[ 1
] i [ Advisory Committee———————
I ! I ] I
| I PHD staff Representative Representative
| Construction | Supervision
f | work
f | 100 % 0% 0%
f I 0% 1/ 0% 1/
| | 60 % 2/ 40 % 2/
L ] 5% 3/ : 25 % 3/
r T
I ‘ | {raining Plan
| Staff training | by PHO
i ’ ] 100 % 0% 0%
L ]
I nl
|Operation and Main- | Technical Responsible
|tenance of facilities| assistance
| i 0% 0% 100 %
I

Note: percentage (%) indicates budgetary -arrangements
1/ Fifth Hational Economic and Secial Development Plan
2/ Sixth Nationa} Econemic and Social Development Plan
3/ Seventh National Economic and Social Devolopment Plan (NESDB)
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Table 3.13.4.4 Average Monthly Household Income and Expendi

tures of Municipalities in Central Region,

1988

Total Tncome 6,145 Total Expenditurael,735

Honey Income 5,056 Consumption Expenditures5,l3l
Hon Money Income 1,008 Pood k Beverage 2,055
Other Money Raceipts 8l Apparel & Footwear . 254

Household Operation 1,331
Saving 410 Piped water 55
. Ground water 5

Electricity & Ffusl 282
Hedical Care & Services 341
Personal Care 158

Transport & Communication 672

Recreation & Reading 150
Education 87
Miscellaneous 83

Hon Consumption Expenditures604

Source : Report of the 1988 Household Socio-Economic Survey Central Region
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Table 3.13.4.5

Average Monthly Household Expendi-

tures

in Central Region,

1986 and 1990

1986 Percent 1990 Percent
Total Expenditure 4,187 100 5,931 1060.0
Consumption Expenditures 3,849 91.9 5.366 20.
Food & Beverages 1,631 38.9 2,201 37.
Alcoholic Beverages 54 a1
Tobacco Products .15 90
Apparel & Footwear 216 298
Housing ' 1,002 23.9 1,452 24,
Medical Care 148 175
" Personal Care 113 144
Transport & Communicatibn 360 8.6 642" 10.
Recreation & Reading 97 121
Education 57 72
Miscelléneous _ 96 80
Non Consumption Expenditures 338 8.1 565 9.
Average Household Size 4.2 4.1

Source

Statistical Yearbook of Thailand 1992, Table 15.3

%



Table 3.13.4.6 Selected Housing Characteristics, 1990
(Percentage of Households)

Municipal Non-Municipal

Chai Nat

Tap water 76.5 9.2

Electric lighting 98.0 _ 89.8

Sanitary toilet #* 94.0 99.5

Refrigerator “ -
Sing Buri

Tap water 75.6 14.7

Electric lighting 98.7 97.5

Sanitary toilet 98.4 99.5

Refrigerator 64.2 45.3
Note i * Flush latrine and inovlded brecket latrine

Source ; 1990 Population and Housing Census : Changwat Chai HNat

Percentage of Employed Population Aged 13 Years and Over, 1990

Municipal Non-Municipal Total

Chai Nat

1. Agri, forest - 83.4 80.0
fishermen, hunters

2. Sales 31.6 4.8 6.0

3. Craftsmen, Production 12.8 5.3 5.6
worker

4. Professional 18.5 2.6 3.3

5. Services 10.7 - -

Sing Buri

1. Agri, forest 12.1 71.2 65.9
fishermen, hunters

2. Sales 15.9 12.0 12.3

3. Craftsmen, Production 33.7 7.6 10.0
worker

4. Professional 15.8 4.0 5.1

5. Services - - -

Source : 1980 Population and Housing Census, Table C




Category 1: Residence

Volume
(Cu.M.)

0--30

31—-40
41 -50
51~-60
61—70
71—-80
81--90
91100
101-120
121--160
i61—200
201 —over

Rate
{Baht/Cu.M.}

4.00
(But not less
than 20 Baht}
4.25
4.50
4.75
5.00
5.25
8.15
6.40
6.65
6.90
715
7.65

Table 3.13.47 BWAWATER TARIFF

State Enterprise
Government Agency

& Others
Volume
(Cu.M.)

0-10

i1-20
21-30
31-40
41-50
51-60
61--80.
81-100
101--120
121160
161200
201 —over

Package Rate
50 Baht

C'ategory 2 Business

Rate
(Baht/Cu.M.)

6.20
6.45
6.70
6.95
7.20
7.45
7.70
7.95
8.20
8.45
8.70

Category 3: Industrial

Volume
{Cu.M.)

0-10

1120
21—30
31-40
41-50
51--60
61—80
81-100
101-120
121160
161200
201--2,000
2,001-4,000
4,001 —6,000
6,001 —10,000

-10,001--20,000

20,001 —-30,000
30,001 —-40,000
40,001 —50,0060
50,001 —over
Cu.M.

Rate
(Baht/Cu.M.)

Package Rate
50 Baht

6.20
6.45
6.70
6.95
7.20
7.45
7.70
7.95
8.20
8.45
8.60
8.40
8.00
7.50
7.00
6.50
6.00
5.50
5.00
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" Table 3.14.4.10 BOD Discharge by Phrannungkiao Hospital, 1992

Method BOD‘Diéchérge Suspended Solid DO
(mglliter) {mp/liter} {mg/liter)
Oxidization 12.3 9 21
Table 3.14.4.11 Salmonella by Source in Isolation, Thailand,

January - December 1987

Source of Specimens

Total Human Food Animal  Animal Water Environment
Food

6,734 4,217 752 537 115 132 981

100% 14%

Source : NIH Research Paper, Page 100



Table 3.14.4.312

Fee Rate.for Wastewater and Sludge

Pattaya Municipality

Wastewater

Sludge

Type Unit
. Bahtfunit Baht/unit
Hotel 672.0 67.2 room
. Appartment, Flat 360.0 36.0 ‘roon
. Restaurant, Food shop 36.0 3.6 area of buildinglm2
. Building | 6.0 0.6 -ditto-
. House 3.6 ~ditto-

. Government Office

0.36
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Table 3.13.4.13 Patong Sewerage Plant, 1993 (Started 1989, July)

(1) Comnection Fees and User Charge

Connection fee User charge/year
House 100 400
House 2 stories 100 500
House 3 and above stories 200 : 500
Restaurant 10/m2 40 /m2
Hotel 50/Room 600 /Room
Connections: Hotel 31 units 1683 room @600 = 1,009,800
Commercial Building 65 units 135 room @500 = 67,500
Restaurant 14 units @500 = 7,000
1,084,300
(2} Income and Expenses
Year Income . Expenses
1991 991,980 _ 881,604
Electricity 46,400 :
0il 7,100 monthly
Staff 19,467
73,467
Yearly 73,467 x 12
= 881,604
(3} Wastewater Treatment Expenses
Treated Wastewater 2,250 m3 x 365 days = 821,250 m3/yéar
Expenses 881 ,604/year
Unit O&M Cost of 1.073/m3

Treating Wastewater

(4) Revenue Collection Efficiency

Collected Revenue Collection Efficiency

991,980 . 91.48 %
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‘Table 3.13.4.15 SANITATION FEES (BAHT)

Khu Khot
Garbape Collection Fees for Household Per Month
Baht
20 liter or less ' 20
20 30
40 50
60 70
80 160
100 150
200 300
300 350
400 ' 450
Commercial and Industrial Fees Per Mornth
1 cubic meter 1,500
Iin excess of 1 cubic meter 1,500
Khu Khot

*  Number of Garbége Trucks : 4 to start operation in 1993 for
the first time
% Sludge Vacuuming : Not done

* Septic tank maintenance : private sector




Table 3.13.4.16 SANITATION FEES (BAHT)

Bang Bua Thong

Garbage Collection Fees for Household Per Month

20 liter or less
20
40
60
80
100
200
300
400

Commercial and Industrial Fees Per Month

1 cubic meter

In Excess of 1 Cubic Meter

Toilet Water Suction Fee

1st cubic meter

In Excess of 1 Cubic Meter

Prachatipat

* Number of Garbage Trucks : 6

*# Sludge Vacuuming in cooperation with Patum Thani province

* BSeptic Tank Maintenance : private sector

Baht

12
16
20

24
44
64

© 84

104

400
400

60/m
40/m



Table 3.13.4.17 Sanitation Expenditures, Ang Thong, 1991.1992

11992 1991
Total Revenues 35,278 23,005
Total Expenditures 31,659 22,794
Expenditures
Cleaning 2,349 1,789
Road Construction 2,655 250
& Drainage
Budget for land 5,000 -
Acquisition
Total Revenue 35,278 23,005
Local Revenues 10,538 12,512
Income Tax 2,783 2,519
Licensing Fees 4,680 4,382
Advertising Fees 1,495 1,332

Other Revenue 1,580 5,279




Table 3.13.4.18 Property Value

(Unit : 1,000 Baht)

KHU_KHOT

High Priced Area

Road Side A 20 meter 16,000
Road Side B 20 meter 12,000
Road Side G 40 meter 12,000

Low Priced Area

Road Side A 40 meter 800
Road Side B 60

BANG BUA THONC

Land Price
Central 15,000 § wah?
Outside Central 13,000 / wah’

ANG THONG

Property Value/rai ' Igg_gate[rai
50,000 - 120
2,000,000 4,995
3,600,000 8,995
600,000 1,495
280,000 695
100,000 245
220,000 545
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