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I 

WELDED-WIRE REINFORCED EARTH 
(MECHANICAlLY STABILIZED)

EMBANKMENTS WITH COHESIVE BACKFILL ON SOFT CLAY
 

SUMMARY
 

Existing data on 
the proposed backfill materials collected
through extensive studies of 
past researches and project reports
are included in this 
report. These backfill materials consist

weathered clay, lateritic residual 

of
 
soils, and clayey sand.
Informations on the commercially available reinforcing materials,


were likewise collected. These materials 
are the Tensar geogrids,
welded wires, steel bars, and bamboo grids. Relevant engineering

properties and characteristics 
of the above materials are

presented. The site 
for test embankments was investigated for the
subsoil properties based on 
 in-situ and laboratory tests
conducted in the past researches. The available subsoil data forthe site reported by various investigators are also included
this report. Meanwhile, the laboratory 

in 
and field testing spaceshave been ccquired and Theprepared. containers for backfillmaterials have been made and filled with collected samples. Therosearch personnel has been organized and presented in this 

I pnl.t 

I GENERAL
 

For the period from September, 1987 to June, 
 1988 the
 
following activities were undertaken:
 

(i) Hiring of personnel and designation of work.
 

(ii) Procurement of laboratory space and 
 construction 
of
 
pullout testing room.
 

(iii) Procurement and 
 clearing of the field experimental
 
land for test embankments.
 

(1v) Collection of existing data on 
the proposed backfill
 
and reinforcing materials, 
anu the subsoil properties

of the test embankment site. 

(v) Sampling, collecLion and storage of backfill materials
 
for laboratory testing.
 

(vi) Planning and design of 
pullout test equipments.
 

II LABORATORY AND FIELD SITES 

The laboratory site acquired for this project is shown inFigs. I and 
2. The pullout testing machine will be constructed in

this room. This room 
also serve as offices of the research
 
personnel. 
 The container for testing materials for backfill is
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shown in 3. 	 for
Fig. The site field experiments are shown in
 
Figs. 4 and 5. The full scale test pmbankment and full scale test
 
fill will be constructed at this site. This site is located
 
inside the AlT campus as shown in Fig. 56.
 

III BACKFTLL MATERIAL SAMPLES 

The representative samples collected for backfill materials
 
for reinforced earth construction and for pullout shown
test are 

in Figs. 6 and 7. These materials are now placed inside the
 
container shown in Fig. 3.
 

IV RESEARCHl PERSONNEL
 

The research personnel of the USAID Reinforced Earth Project
comprises o[ 2 Research Associates, 1 Doctoral and 2 Masteral 
Students. The names are listed as follows: 

1. Research Associates: Mr. Beni Lekhak
 
Mr. Casan L. Sampaco
 

2. Doctoral. Student : 	Mr. Shivasanker
 

3. 	 Mastera] Students : Mr. UI Amin
 
Ms. Chilvier Cisneros
 

The photos of the personnel involved in the project will be 
included in the next report. 

V PLANS FOR THE NEXT REPORTING PERIOD 

The laboratory tests 
for backfill, materials are presently

cornducted at the Soil Engineering Laboratory of AIT. These tests
 
aim to investigate the engineering properties 
of the backfill
 
materials when used in the construction of the reinforced earth
 
test eiibankmenits. The dat - obtained from these investigations

will be reported next: 	time. The backfill materials presently

tinder to0t- are: weathored Bangkok clay from AIT campus, reddish
brown cl.ayey and gravelly lateritic soils from Saraburi, and
 
light-bcown clayey sand 
from Ayutthaya. Also, the longitudinal

tensile strength tests of the reinforcing bars, will soon be
 
conducted at the Structural Engineering Laboratory of AIT to
 
verify the existing data collected. The test data will be
 
included in the next report.
 

Structural design of 
the pullout testing cell. is presently

worked out. it is planned to complete the design and construction
 
of this cell by 
the month of August, shortly after the arrival of
 
the pullout testing equipments from the United States. 
 The
 
pullout testing apparatus and equipments, will be purchased by

Dr. Bergado during his 
coming visit to the United States starting

July 10, 1988. The two-week visit 
 will. be spent to do further
 
research on the pullout testing procedures, and the current
 
techniques 	 processing analysis results
on the 	 and of will
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likewise be studied. The-visit will also be spent on actual
 
observations of the variods contt'uction methods of reinforced
 
earth emba nkmenits on di fticultt soil coridiLions in the United 
States. Meanwhile, laboratory test set-up and techniques for 
pullout testing are currently being reviewed from existing 
literatures. Laboratory pullout testing programs are also being

planned and studied. These testing programs will 
 be immediately

implemented right after the completion of the pullout testing 
apparatus which is scheduled around September, 1988. 

VI RESIDUAl, AND LATERITIC SOILS IN THAILAND 

Introduction 

Residual and lateritic soils are abundant in Thailand where 
they are popularly used in road construction as well as building
materials. These terminologies often indiscriminately applied to 
many red tropJcal and subtropical soils (LITTLE, 1969) including
residual soils. Exterlsive studies and field observations by
several researchers, however, reported that Thailand laterites 
are only iron-enriched and are not true laterites, and thus,
considered to be lateritic soils in their initial stages of 
1latery i vz, i (Hl. 

.I was believed that the average residual and lateritic 
soils present no problem in their evaluation using standard test 
procedur-es aind classification criteria. However, field surveys of 
existing borrow pits in Thailand, revealed that lateritic soils 
are not only hiqhly variable in-situ, but a].so highly susceptible 
to change in engineering properties when removed from the borrow 
pit and exposed to a new envi ronment. Several- observations show 
1 11,1 Illi!; ()f lilt (,riitic m lte ials resultcan in eitheY 
improved durability and strength characteristics or complete
disintegration and loss in strength, depending on handling,
method of preparation and environmental factors. 

This report presents the review of existing data and 
observations obtained from several researches, project reports
and field surveys of the laterite sources in Thailand. It is 
believed, that recognition of the problems associated with these 
types of materials, both in the laboratory and in the field, can
 
somehow develop awareness and useful basis of the laboratory

testing programs appropriate to the given condition being 
studied. 

Origin and Formation 

Residual and lateritic soil formatirns are found in great
abundance in Thailand. In their studies and field survey of Over 
70 borrov, pits in Thailand, VALLERGA & RANANANDANA (1969)
concluded, that Thailand laterite is a hardened material formed 
by the primary weathering of nontransported soils, or by the 
secondary enrichment and cementation of transported or
 
nontransported 
 soils. In chemical and mineral composition,
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laterite is rich in the sesquioxides of aluminum and iron. It is 
nearly void of bases and primary silicates, but may contain large 
am-unts of quartz and kaolinite. In physical composition, it 
occurs as a hardened aggregate of consolidated or unconsolidated 
p1 isolIi- i c ssrs , consolidated vesicular masses, or cemented 
pre-exist ing material s, such as quartz, in pisolithic or
 
vesi-cular st ructures. 

Lateritic soils, on the other hand, are those which contain
 
hematite and have a red color, but which do not consist of hard 
laterite nodules or Iblocks in- pl.ace (SOIL AND PAVEMENT 
CONSULTANTS, 1968). Rest;,arches and field surveys revealed, that 
]ateritic soils, rather than laterites, exist in great abundance 
in Thaiand. Based on the i r method of formation, these lateritic 
soils can be divided into two group-, namely: primary and 
secondary lateritic soils. 

1. Primary Lateritic Soils 

A primary 1ateritic soil is an iron rich soil which 
forms in place over the parent bedrock and which derives its iron
 
(,)111I I I' ton m,)m' I2 ii ,a r" iyi hr ui nar nti-hnd rock.I('11 fif 	 I1ho A 
well-devw'Iop(t d primary lateritic soil profile in Thailand usually
contains the following gradationai horizons from the surface to 
the bedrock (II)NGSNO , 1969): 

i) surface soil.;
 
ii) 	 hard, dry lateritic nodules of coalescing masses
 

of pea-sized hematite spheres together with a
 
little clay;
 

iii) clay matrix with a high percentage of small,
 
stiff, incipient laterite nodules of soft limonite
 
(iron hiydroxide);
 

iv) clay matrix with soft, moist, plastic iron oxide
 
inclusions of all. sizes;
 

v) -grey clay containing limonite inclusions or stains
 
in the fissures;
 

vi) decomposed bedrock (gravel, sand, silt and clay);
 
vii) fresh bedrock.
 

The Atterberg limits are generally lowest at 
 the
 
laterite horizon and increase with depth until the decomposed
 
bedrock is reached.
 

2. Secondary Lateritic Soils
 

Secondary lateritic soils are defined as those 
 which
 
are trainsported from its bedrock source, then altered 
 by the
 
introduction of iron oxide-cementing agents which carried
are 

into the !;oil y percolating gro'indwater. They are usually devoid 
of horizons and exhibit variable concentrations of red iron 
oxide, depending on the heterogeneity and on the variations in 
soil permeability in the particular deposit. The contact between
 
secondary lateritic 
 soils and the bedrock is usually quite
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distinct. The Atterberg limits of secondary deposits are usually
 

lower than those of primary deposits. 

Physiogqraphjic Features 

A field study made by soil engineers and engineering

qeoLogists il Thailand in 1967 
to evaluate sources of lateritic
 
materials, described thp details of geologic setting, laterite
 
formation, borrow pit profile and 
 physical properties.

Accordingly, as shown in Fig. 8, Thailand is divided into 

physiographic regions, i.e. 
The Northwest Highlands, the Chao
 
Phraya (Barigkok) Plain, the Khorat Plateau, the Southeast Coast,
 
and the Peni sular Pliovince.
0 


The cl imate i.s an important factor in the laterite and 
res'dual. soil formation, and Thailand has slightl.y different 
cli mate for each region. For instance, the highlands has a mild 
subt ropi cal c imate with moderate seasonal. rainfall; the plateau
has a monsoonal climate alternating between flood and wch seasons 
and pa.ched dry seasons; the Southeast coast and peninsular areas 
have a tropical rain forest climate with no prolonged dry spells.
Thus, tihe geology of Thailand is characterized by rocks of 
diverse geo I ic character covered with soils of variable 
drainage cliaracteristics in the humid monsoonal- environment. This 
leads to deop soi 1 weathering and rapidly fluctuating ground 
water movem)t in most areas, prime factors in laterite 
format i on. The dist-ribution of existing lateritic soil sources 
thloughout thie counLry is given in Fig. 9. 

1) The Northwest Hlighlands 

The highlands is a high relief area covered 
 by well
drained so i Is 
and underlain by folded complexes of limestone,
 
granite, shales, sandstones, and thin metamorphic equivalents
 
(VALLERGA c RANANA\DANA, 1969). Laterites in this region are
 
iron-stained decomposed granites. 
Some areas ave medium-hard,
 
pea-sized, black, hematite nodules mixed into a 
 stiff, moist,

clayey sand groundmass. They are'permeable and is constantly wet
 
with seeplao . These, 
 Iateri to noduLIes are the materials of
 
interest for road aggregate and quarries can be found in Sukothai
 
and in Lamphoon provinces.
 

2) The Chao Phraya Plain 

The region is covered by a thick sequence of wet,
 
poorly-drained soils and underlain at great depth by 
shales and
 
sandstones. Laterite materials in this region are of hard,

angular nodules of hematite and occur to a depth of about 120 cm. 
In the groundmass of silty clay) the 
hard nodules are difficult
 
to break with a geologic pick and had a random and imperfectly

formed vesicular fabric (VALLERGA & RANANANDANA, 1969). HONGSNOI
 
(1969) 
 and MAZIIAR (1969) reported that in Saraburi, lateritic
 
soils contain silty and sand-sized particles and are iron
cemented with nodules. BOONSRI 
(1971) studied the shear strength
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characteristics of compacted lateritic soil from
a obtained a
 
borrow piit, 5 km from Saraburi. From the visual inspection, the
 
soil appeared to be a clayey gravel, largely composed of rock
 
fragments with clay which was rather with
sticky soft
 
consistency. The 
soil was found to exist it, a band at a depth of
 
1.5 - 2.0 meters froT1 the surface and directly overlying the 
parent rock. 

3) The Khorat Plateau 

The region is a flat area covered by less than 6 meters
 
of well-drained soils and underlain by sandstone, shale, salt
 
beds and occasional extrusive igneouF- rocks such as rhyolite.

Nodular laterites which are secondary or primary in variety, were 
found to exist in this region. Most of the laLeritic soils in 
tLis regioll, however, are more predominant secondary lateritic 
soils (VAI,,ERGA & RANANANDANA, 1969). BOONSENER (1977) found 
graveLly laterite, piso]. i ct atc and beddedater ite massive 

la teri to in Khon Kaen. A poorly cemented gravelly laterite
 
('onsistliI (JV about 45% gravel, 40% sand, and 15% of silt and 
cl.ay and occu r r jn up to a depth of 3 m can be found in Ban 
NoWmchai. In Khon Kaen University, pisolithic as well as massive 
bedded later-i te were reported. CHAMNONGPIPATKUL (1980) stated 
that latorites in Yasothorn, Ubon Ratchathani, contain ironstone 
and irot sta ined grave.s in an old alluvium and can be related to 
a sindsi ()1(, fornation. The same typos can be found in Roi Et and 
Kalasin. M01! and MAIIMOOD (1969) and MAZIIAR (1969) tested the 
sample ohta.ined from a borrow pit near the town of Khorat. The 
sample. was said to be in the initial stages of laterization, had 
soft limonitic cores and possessed only a thin skin of hard iron 
ox ide. 

4) The Southeast Coast 

The laterite formations in this region are closely

related to th( low, planar landform. They are iron-stone gravels

related to basalt parent tock, and plinthite in an old alluvium,
 
which is related to shale as the parent rock. HONGSNOI (1969) and
 
MAZIIAR ( 1969) reported the presence of yellow clayey and red
 
clayey Ia ter i t ic soils in Chantaburi Province. YONG (1975)
investigated the sample obtained from an active borrow pit which 
is about- 8 km west of Chantaburi. The sample was essentially
reddish-yellow and was described to have agglomerated at the 
surface, whereas the soil below was rather sticky and of soft 
consistency. lie attributed the agglomeration to the presence of 
iron oxi.des which usually act a- cementing agents and tend to 
agglomerate the clay particles when dry. SUWANASING (1974) found 
a nickeliferous laterite soil deposit in Prachinburi Province. 
The upper zone of laterite is dusky red to dark reddish brown and 
moderate brown with very plastic clay-like material. The middle 
zone is light brown with scattered limonite concretion in the 
upper part and earthy magnetite streaks in the lower part. The 
lowest zone varies from yellow brown to yellowish orange with 
some bands and seams of dark magnetite. These laterites occur 
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above the weathered serpentinite and serpentinite 
 fresh rock.Similar features had been observed in the Nong Katum district. 
BOONTAN (1984) visited 14 locations in this region, including
Prachinburi, Chachoeng Sao, Chantaburi and Chonburi provinces.
Tihe genr-sis and the type of laterites are studied from the
profiles. Ie( .concluded that on the basis of morphological
classification, laterites thisin region can be divided into

main groups, tnamely: lateritic rocks, lateritic gravels, 
 and
 
c ravelly and lateri tic soi Is. 

5) The Pelliinsular Proviice 

The req i on has similar features with that of the
Northwest. lighla'nds, hut w th rain forest climate. i typical
southern pit:, aid one of the largest deposits of primary laterite
in this a isireain the town of P. pit hasTra n This developed overlimestone bedrock, the soil is typical of the classic terra rosa
deposits that form ove- limestone, the iron oxides resulting from
impurities v.,athered out of the limestone. In most of this area,
the ferrug i nous enrichment is carried to a high degree by the
h i (Jgh ra in I al1 and qod permeabil ity e the soi 1. Where the soils 
are less per-meable, laterizad ion is accordingly less advanced and
I imonite0 is more common; but where the imperfectly laterized 
soils are exposed to air and surface-water flows, latcrization isacceletrated. IIONGSNO [ (1969) and MAZIIAR (1969) reported the 
presence of coarse, dark--red lateritic soils in Hua Ifin. 

Engi nee r in _r tj_e s 

Considerabl e studi es on the engineering properties of
laterite arid lateritic soils have been carried out by 
 many

authors (WINTIERKORN & CIIANDRASEKIIARAN, 1951 ; NIXON & SKIPP, 1957;
M0I & MAZIIAR, 1969; 
BRAND & HONGSNOI, 1969; FERREIRA & MEIRELES,
1969; BERGAI)O, 1976; LAM, 1979; CIIEN, 1980). 
 These studies
 
reported that residual 
 and lateritic materials may not be
 
reliably classified on the basis of standard particle 
 size 
distribution and plasticity 
 tests alone. Particle size

distribution and plasticity tests do not yield reproducible

results as they clearly are influenced by the method of handling

alid prepa rat ion during tesL. Also, the standard soil
classification 
tests upon some laterite materials have shown them
 
to be sensitive to degrees of drying, time of 
mixing and type of

dispersion agent. 
 The particle size distribution for residual
 
lateritic soils from various parts of the world 
 varies within
 
wide limits. Studies believed, that there 
are two basic factors

which underlie these inconsistencies, i.e. the vulnerability to 
degradation of some relatiVely weak nodular materials in coarse

graine t lateritic soils; and 
the cementing effect of sesquioxides

which bind the natural clay and silt size fractions into coarser 
fractions.
 

The effect of the method of preparation on the engineering
properties of lateritic soils in Thailand have been investigated
by MOI! & MAZHAR (1969), BRAND,& HONGSNOI (1969) and BERGADO 
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(1976). There weie eleven scurces selected as being

representative of the latdritic so ]s in Thailand, the selection 
of which, was based primarily on different geophysical and 
environmental conditions rather than onl specific p- "-erties of 
the soils. The loca li)ls of these samples are shown in Fig. 10. 
Geophysically, the ]ateritic soils from Chai iburi (sources £ 5,6 
and 9) are-represen-ative of the soils of ( Southeast Coast,
whil.e those from lua li.n (sources £ 10 and I I ) are representative 
of the oi Is of t he Peninsul ar Proviince. The other soils are 
representat ivo samples of the Northeast. The samples from eleven 
sites were prepared under the following three conditions: 

( ) 	Natural Water Content (NMC) - no treatment 
0 	 0 

(2) 	Air--dried Samples (AD) - dried under 25 -30 C. 
0 0 

(3) 	Oven-dried Sanmpl es (OD) - dried under 110 5 C in an
 
electric ovenl.
 

BERGA() ( 1976) studied the effect of the degree of weathering on 
the mi nova loqical , chemical and physical properties of granite 
e, i'fi'l ;i I foi-m,i iotis iii Norn hortn Thai land. It was concluded 

that these poperties at any poin~t of the deposit depends on the 
degree of woa t herin. 

I ) Mi nleaIoic lComapos itios 

MAZI1AR (1 969) reported that the major minerals present
in the clay-size fraction (< 0.002 mm) of the soil samples were 
kaolinite, some illi te and montmorilbonite or a mixture of these 
three. Quai.Jz was detected on some samples (sources £ 3,7,8 and 
9). None of the eleven samples investigated, contained halloysite 
or meta--hal.loysite. Results of the analysis are summarized in 
Table I . 

2) Chemical Properties 

a) pl
 

1)[I is a term used to express the hydrogen ion 
colceitt rt ionl, or more precisely, hydrogen ion activity. A pH
value of less than 7 indicates an acidic substance. Table 2 
summarizes the ph values of each of the 11 samples from Thailand 
as determined by MAZIIAR (1969). The values indicate that all
 
soils tested were 
acidic, wiich is one of the basic conditions of
 
laterization in soils. It was also found out 
that oven drying of
 
the samples yield lower pi! values.
 

b) Soluble Salt Content
 

Table 2 also shows the values of the soluble salt
 
content expressed in meg. NaCl/100 gm as determined on the
 
portion passing U.S. standard No. 10 sieve. Different methods of
 
preparation did not show any significant effect on 
 the values
 
obtained.
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c) Organic Matter Content 

Readily oxidizable organic matter (organic carbon) 
was
 
determined and then converted 
to the total organic content. Table
 
2 summarizes the results of the organic matter tests. The report

shows 
 that organic content in a]l of the soils decreased due to
 
oven-dryi ng. 

d) F ee- ron )xide Content 

A large portion of the total iron in soils is 
frequently in the form of oxides which may exist as discrete
 
particles, as coatings on soil minerals, and as cement between
 
mineral particles. Quant:itative determination of these free iron
 
oxide content is of interest because of their importance in the

laterizat ion process. The 
free iron oxide content of each of the
 
eleven ]ateritic soils are tabulated in Table 2.
 

e) DeCIree of Laterizati on 

Laterization, as deli ned by the SOIL & PAVEMENT
 
CONSULTANTS (1968), 
is the intense concentration of hematite 
 in
 
soils. Cemetation lateritic soils
in is due to the presence of
 
free iron oxide, which may exist ii three different forms, viz. 
hematite, limonite, and goethi te. 
The process of laterization is
 
dictated y the amount of free iron oxide coating, i.e. hematite, 
on the 5(~i part icles dlue to the higher cementing effect of 
hemaLi . tiha the Uwo ot1er forms. They further concluded, that
 
the la tritos of Thailand are only iron-enriched soils and are
 
not true laterites. Their hiema tite and
content mechanical
 
resistance can be further increased if they excavated
are and
 
cxposed to air and flowing water. Available data on the chemical
 
composit ion of some of the samples, suggest that the soils are
 
non laterite accor;ding to the definition based on the

silica/alumina ratio (SIIUSTER, 1969). However, consideration of
 

factors that 
 are 

soils in thieir initial stages of laterization (MAZHAR, 1969).
 

some other indicate the eleven samples lateritic
 

3) Plysical P roerties 

a) Specific Gravity and Unit Weight
 

Specific gravity of laterites is generally higher than
 
most of the nonlateritic materials and usually ranges between 2.5
 
and 3.6 and may the
vary with size fraction. It increases with
 
iron content, with age of 
formation, and with cementation, and
 
may either increase or decrease with depth of the various 
 levels 
in the deposit . Unit weight of laterites follow the same pattern 
as the specific gravity (VALLERGA & RANANANDANA, 1969). Ranges of

the specific gravity values for the 11 
 samples tested are
 
summarized in Table 3.
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b) Particle Size Distribution
 

VAILERGA & RANANANDANA (1969) investigated about 57 

sources of lateritic soils in Thailand and observed that the 

particle size distribution of laterites is extremely varied and 

erratic. Because the distribution covers all size fractions, from 

clay to large gravels, it is impossible to derive an acceptable 

genera l izat-on. On the other hand, MOIH & MAZIIAR (1969) reported 

that only 2 samples indicated a decrease of 4 to 5% in clay 

content du( to oven-drying. Soil- from sources 3,4,6,7 and 8 show 

except i ena I cases by iot indicating any effect of the pre-test 

preparationi. Tab e 4 summarizes tHie resuL.ts of the grain size 

analysis, wh i Ie Ihe gradation curves are plotted as shown in 

Fig. 11. Similar r-e.s;ults were obtained by BERGADO (1976). 

c) Atterherg limits 

The Atterbe rg limits, so commonly used to classify 

soiLs for ei jineerinq pu rposes, seem ko be of limited assistance 

i n classifying ]ateriti.c soils because of the extremely wide 

variations ohtained by many investigators. VALLERGA & RANANANDANA 
(1969) reportted a miniIL1mum 1 iuDid limit value of 18% and a maximum 

of 97% for the lateritic soiis of Thailand. The variation of 

plastici ty iidex ranges fromi no plasticity to a maximum of 51%. 

Table 5 cl ives the range of tHe Atterberg limit values of each of 

the samples from eleven sources in Thailand. It was reported that 

the liquid limit of all the soils decreased due to oven-drying. 

This could bost be explained by the decrease in clay content upon 

drying. 011 th, other hand, no significant effect of the pre-test 

preparation was observed on the values of the plastic and the 
BERGADO (1976) reported that the
shrinkage limits. lowever, 


plastic arid shrinkage limits of granite residual soils of
 

Northern Thailand, are significantly affected by the pre-test
 
soils
preparation. Figure 12 shows the plasticity chart of the 11 


tested. It can be seen that soils 3,7,9,10 and 11 fall at or
 

above the "A" line, indicating the presence of montmorillonite as
 

one of the clay minerals.
 

d) Engineering Classification
 

Reports from many researches suggest that the systems 
present for the soils of temperateof classification available at 


regions are not suitable for laterite soils formed in tropical
 

Hlowever, in the absence of a suitable classification
regions. 

system, these systems are usually employed for lateritic soils.
 

in Thailand
Representati.ve samples obtained from 11 sources were
 

classified by MAZIIAR (1969) as tabulated in Table 6. As can be
 

seen, some soils such as samples £ 1,2,5 and 6, were classified
 

as MlI or OII for the fine fractions using the Unified Soil
 
the sources given in
Classification System. Description of soil 


the study, did not mention that the samples have high organic
 

contents. This demonstrates the limited applicability of the
 

current soil classification systems for the case of lateritic
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soi.s, which, as a r-osult, not very reliable for the prediction 

of the engineering behaviour of those materials.
 

e) Compaction Characteristics
 

Moisture content - dry density curves are reported to
 

be subjected to wide variations resulting from material
 

degradation during compaction. For a given soil and using a given
 

compactive effort, results of maximum ury densities may range
 
3 3
 

from approximately, 1.36 t/m to as high as 2.32 t/m Optimum 

moisture coitents cover a range of about 6 to 20 percent. MOI & 
MAIIMOOD (1969) observed that optimum moisture content of a 

compacted lateritic soil is sensitive to moisture equilibration 

before compaction. To partially overcome the effects of
 

degradation during testing, the majority of the investigators 

agree that new materi al must be used with every point 

(et er1ii 11,1!i -)Il. Ta)1 (,presents thIe suIimary of the results 

obtained by IIHNGSNOIV (1969) for the lateritic soils of Thailand. 

The test was carried out using the modified Proctor compaction 

test. Comparison of results for different pre-test conditions 

shows that drying caused air increase in the maximum dry density 

and a decrease in the optimum moisture content. 

f) Strenqth Characteristics 

Studies on the undisturbed, remoulded and compacted 

laterite and lateritic soils concluded that the shear strength 

characteristics of Iaterite and lateritic soils have been found 

to depend significanti1y on the parent rock, the degree of 

decomposition, laterization and dessication, as well as the pre

test preparation of the samples. The strength had been determined 

by unconfi led compress ion, California Bearing Ratio (CBP), 

stabilomet or tests aii. triaxial tests. InvesLigators reported 

that strength characteristics of lateritic soils are as varied 

as any of the other properties described previously. The greatest 

variation occurs generally in the CBR values that have been found 
to vary frnm 1 to 78. 

II()NG]SNOI (1969) observed that the method o sample 

preparatIon had a significant effect on the strength and 

compaction characteristics of the 11 samples studied. The major 

factor involved was the change in the clay fraction brought about 

by pre-treatrmont, but this effect cannot be predicted on the 

basis of soil type alone, unless laboratory tests are run. MOH & 

MAHIMO() (1969) investigated the strength chiaracteristics of 

compacted lateritic soil.s from Khorat, Northeastern Tha.iland by 

means of triaxial and stabiloometer tests. Isotropically 
(CIU) tests with pore pressure
consolidated-undrained 

measurements on 12 samples compacted, either at optimum or on the 

wet side of- optimum, was carried out.. The specimen were saturated 

at back pressures ranging from 550 to 690 kPa. They found out
 

that at constant dry density, samples compacted wet of optimum
 

had lower shear strengths and higher excess pore pressures. Table
 

8 and Figs. 13 and 14 show typical results obtained.
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A study by BOONSRI (1971) on the shear strength of two
 
lateritic soils from Thailand revealed that the compactea samples
 
behaved just like heavily overconsolidated soils. In all of the
 
tests, the maximum deviator stress has never reached a peak, but 
the rate of increase decreased greatly after about 10-12% axial
 
strain. lie also found out that the placement moisture content had 
Little effect on the 0 of a clayey sand (from Chantaburi), but 
the ( of clayey gravel (from Saraburi) did increase as the 
moisture content increased. Figures 15 and 16 show the plots of 
obliquity ratio (o /o ) vs. axial strain (r) for the two soil
 

1 3 
samples compacted at optimum and at the dry side of optimum (95% 
density). Tll total and effective stress paths and strength
 
envelopes for (0 /a ) , are given in Figs. 17 and 18. The
 

1 3 max 
stress patlhs and strength envelopes at 12% strain for the two 
samples are also shown in Figs. 19 and 20. Table 9 summarizes the 
shear strength parameters in terms of the total and effective 
stresses, while the undrained strength parameters are given in
 
'Fable 10.
 

A clayey, gravelly lateritic soil from Chantaburi, 
Thailand was investigated by YONG (1975) to study its shear 
strength cilaracterj sti cs at saturated and partially saturated 
conditions. lie concluded that the samples tested without back 
pressuring, generally have higher undrained strength than those 
tested with back pressuring. It was found out that for the test 
series -ith back pres'3ure to saturation, samples compacted at 
optimum moi sture conl ent exhibit highest undrained shear 
strength. For samples tested without back pressuring, those 
compacted at optimum moisture content tends to have higher 
undrained strength at low consolidation pressures, but as 
consolidation increases, samples compacted dry of optimum, 
indicated the highest strength. The strength envelopes of the 
samples tested without back pressuring tends to fall below those 
tested with back pressuring. It was also concluded that, 
saturated sample have higher 0 but lower c than those of 
unsaturated samples. Table 11 shows the shear strength parameters 
in termis of effective stress and Table 12 summarizes the 
undrai,nd e;t parameters.ngthl 


g) Other Properties
 

Other properties of lateritic soils such as
 
permeability, swelling, etc. have also been investigated by some
 
authors. Because of their granular characteristics, lateritic
 
soils are considered to be permeable and can provide adequate
 
drainage. it is reported, however, that the coefficient of
 
permeability decreases as the material degrades and becomes more
 
clayey and plastic. Usually, lateritic soils are generally of low
 
permeability because of the high percentage of clayey fines.
 
Swelling problems a'.-e not considered significant in laterites and
 
lateritic soils because they generally contain clay minerals like
 
kaolinite that have low swelling characteristics.
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VII THE WEATHIERED BANGKOK CLAY 

Introduction
 

Embankments constructed on soft marine clays 	with frictional
 
large amount of
materials like sand and gravels cost a lot due to 


transportation expenses involved. Engineers, therefore, have been
 

always trying to find ways to lower the costs maintaining the
 

proper factor of safety. It could be achieved to a considerable
 

extent if locally available soils are utilized. Due to its
 

abundancy, the weathered clay of Bangkok Plain has been proposed
 

as one of the economically sound backfill material for the welded
 

wire earth reinforcement research project. Engineering
 

properties of this weathered clay based on the existing data and
 

observations, both in compacted and noncompacted form is
 

discussed in this section. 

The Weathered Crust 

Subsoils in the Eangkok area consist of thick deposits of
 

marine clay which have been laid down at the different times in 

the geologic history of the Chao Phraya Plain. The typical 

subsoil strata are given in Fig. 21. The weathered crust with 

yellowish-brown to dark gray color forms the topmost 2 to 4 m of 

the subsoil.. ked mntt~li ng near the surface is followed by yellow 

mottling towads the bottom of the crust, which is an indication 
of oxidation process. Oxygen in the leaching flood waters has 

changed the iron compounds present in the soil to ferrous oxides 

(red mottling) and ferric oxides (yellow mottling). The depth 

and magnitude of oxidation increases with increasing distance 

from the coast line aw thc sediments become older and have been 

subjected to greater leaching effects away from the coast. The 

engineering characteristics of this crustal zone (weathered clay 

zone) change with the time due to weathering, oxidation, 

vegetationi effects, etc. 

Index Properties
 

Early researchers like KANJANOPHAS (1969) reported the 
holes and oxidation holes accompanied by
presence of small root 


observed
some non-homogeneity in weathered Bangkok clay. It was 


that the samples were rather easily cracked and broken along the
 

cleavage planes of the fissures during extruding. It was found
 

that the initial water content varied greatly in the order of 54%
 

to 69%. Typical values of the physical and the chemical 
2.0 m
properties of weathered Clay at a depth of 0.20-1.0 m, 1.0-


and 2.0-3.0 m from AIT campus (PLANGPONGPUN, 1977; HAQUE, 1977; 

LEELASITHORN, 1978; IIEW, 1979; KANJANOPHAS, 1969; GULACHOL, 

1970; and QURESHI & MOH, 1973) are presented in Tables 13(a) and 

13(b). The general properties of weathered clay backfill used by 

BUKKANASUTA (1986) are shown in Table 14. In general, the index 

properties lie in the following range; liquid limit = 64±2 

percent; plastic limit = 27 ± 1 percent ; particles finer than 2u 

45±3 percent; specific gravity 2.71; compacted optimum 
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moisture content = 24.5±0.1 percept; and maximum dry density = 
3
 

1.55 t/m PLANGPONGPUN (1977) and LIEW (1979) investigated that 
the index properties of the sample tested with natural water 
content and air dried case are not the same (Table 15). In case 
of air dried sample, reduction in Atterberg limits takes place 
due to drying of samples followed by the increase in specific 
:;ithi co nir',n in the : I. 'h'e plasticity chart and grain size 
distribution chart of weathered Bangkok clay after PLANGPONGPUN 
(1977) is presented in Fig. 22. It was classified as inorganic 
clay of high plasticity (CH). 

Engineering Behaviour at Uncompacted State
 

1) Permeabili ty
 

BRAND & DUANGKHAE (1971) were the first to measure the
 
field permeability of Bangkok clay. For weathered clay the field
 
permeability reported, was in the order of 10 -4 cm/s. However,
 
large differences between the laboratory measured permeability
 
and field permeability were observed due to the presence of 
fissures and root holes in the weathered clay. DANISH (1975) 
found the vertical permeability of the order of 8 x 10- 5 cm/s in 
the upper weathered clay and 6 x 10-8 cm/s in the lower weathered 
clay which further drops to 3 x 10-8 cm/s. On the other hand, 
the horizontal permeability is 6 x 10- 5 cm/s in the upper 
weathered clay, 2 x 10-7 cm/s in the lower weathered clay, and 6 
x 10- 8 cm/s in the soft clay. It was observed that in general,
 
the horizontal permeability is higher than vertical. However, the
 
deviation from this general behaviour was found in upper two
 
meters of weathered zone due to weathering effect.
 

2) Compressibility Characteristics
 

The one-dimensional compressibility characteristics of
 
weathered Bangkok clay have been studied by KANJANOPHAS (1969) &
 
THUMAPRUDTI (1974) for AIT campus and Nong Ngoo Hao weathered
 
clays, respectively. It was observed that the compressibility of
 
weathered Bangkok clay increases with depth VFig. 23). It was
 
also concluded that the weathered clay has an apparent preconso
lidation which is due to the increase in the bond strength of the
 
soil skeleton brought about by weathering process. However,
 
ge~oral consolidation behaviour was reported similar to that of
 
no. mally consolidated clay. The compressibility parameters of
 
weathered Banqkok clay as compiled by YUAN (1982) are shown in
 
Table 16.
 

3) Shear Strength Characteristics
 

Shear strength characteristics of undisturbed Bangkok
 
Clay in the weathered zone were discussed by ARAYASIRI (1969),
 
MOH! et al (1969), GULACHOL (1970), TAVARAYUT (1971), WU (1973),
 
WANG (1974), MING (1975), and UDDIN (1975). The shear strength
 
characteristics of weathered Bangkok clay were investigated by
 
ARAYASIRI (1969), using isotropically consolidated-undrained
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triaxiaI t ests. It was observed that at consolidation pressure 
less than a certain pressure i the 'soil behaved in some aspects 
like slightly overconsolidated clay. For the samples consolidated 
at pressures greater than this pressure the soil behaved like 
norma ly consolidated clay. This pressure was called the 
'critica] pressure' or 'apparent preconsolidation pressure' and 
it depended on the degree of weathering. It was also reported
 
t:II,: the IfIect of weathering process onl the shear strength 
pa rameters was to decrease the angle of shearing resistance 0 
or 0' and to increase the cohesion intercept c or c'. Shear 
strength parameters after ARAYASIRI (1969) are shown in Table 
17. GULACIIOL (1970) investigated the effect of anisotropic 
consolidat ion on tI shear strength parameters using 
anisotropica] ly consolidated-undrained triaxial tests with pore 
pressure inoasu r(,lentis (Table 18). Tle effects of anisotropic 
consoliditioni on shear strength were: (i) cohesion, c, decreased 
much with depth, &rid (i i) angle of friction, 0, was increased by 
4 to 7 degrees. A comparison of shear strength parameters from 
these studies is presented in Table 19. Undrained shear strength 
of the weather-d Bangkok clay was also correlated in terms of 
consol i dat ion pressure. For apparent over consolidated clay, it 
was given by: 

sU 
2 .4 +olc tan 16.20 (depth 1 -1.8 m) ........ (1)
 

S L 1.4 + a tan 13.50 (depth 3.3-4.0 in) ........ (2)
 

where S is in terms of psi.
 
1) 

WU (1973) studied the variation of in-situ strength and
 
pore pressure of Bangkok clay from 1.5 m (weathered zone) to a
 
depth of 14 [n using anisotropic consolidated-undrained triaxial
 
tests with no lateral strain (Ko) condition. It was observed
 
that in the weathered clay layer the undrained shear strength 
decreased with depth because the properties of the uppermost soil 
layer were already altered by weathering process. It was also 
noticed that t-he pore pressure parameter A, in the weathered zone 
tended to decrease with depth. This behaviour was explained in 
light of the fact that pore pressure parameter A, depended on 
the rigidity of soil skeleton which decreases with the over 
consolidatiori pressure. 

Shear strength parameters of Bangkok clay determined 
from undrained triaxial shear tests after MOH et al (1969) are 
presented in Table 20. It was noticed that for the weathered 
clay 0, 'h', c, and c' were very nearly equal as opposed to stiff 
clay bhaviour for which c is greater than c'. Thus, although the 
Bangkrk clay in the weathered zone exhibits most of its strength 
and compressibility characteristics of a weathered clay, the soil 
appeared to be different from the truly overconsolidated stiff 
clay. QURESIII & MOl (1973) investigated the shear strength 
characteristics of Bangkok clay samples from a depth of 2 to 7 m 
using anisotropically consolidated-undrained triaxial tests on 
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samnplek. Shear strength parameters
horizontal and vertical 

obtained from this investigation are presented in Table 21. For
 

weathered Bangkok clay, BUKKANASUTA (1986) obtained an undrained
 

2 
shear strength of 2.74 t/m and angle of internal friction of 20 

tests.degrees (Table 14) using direct shear 

Engineering Behaviour at Compacted State 

The engineering behaviour of compacted weathered Bangkok 

clay from the drying crust at a depth of 0.20 to 1.00 m, in the 

AIT campus has been studied by PLANGPONGPUN (1978), HAQUE (1977), 

LEELASITITORN (1978) and LIEW (1979). A compilation of these data 

has been made by SUWONO (1979). However, in connection with the 

settlement and stability of embankments, the soil parameters are: 
and undrained strength parameters,index properties, drained 

compressibility and swelling characteristics, and permeability
 

and seepage characteristics. 

1) _Compij ressibil y Characteristics 

SUTABUTRA (1967) studied the effects of various methods 

of compaction on the compressibility of weathered Bangkok clay 

and found that the compresshility of compacted clay is highest 

if the saipl1o is prepared by kneading compaction, moderate by 

dynamic comipactlionzand the least by static compaction. LIEW 

(1979) further investigated the compressibility characteristics 

and observed that the compacted weathered clay samples behave as 

clay (Fig. 24). The shape of compression-lognatural stiff 

pressur-e citiives for stiff clay and compacted weathered clays 

appears to be very flat and showing incompressible nature. The 

values of compression ratio and modulus of consolidation were 
2 

reported in the range of 0.08 to 0.12 and 800 to 1600 t/m
 

respectively.
 

2) Swellinq Characteristics
 

PLANGPONGPUN (1977), LEELASITIIORN (1978), SUWONO
 

(1979), and LIEW (1979) have discussed swelling characteristics
 

of compacted weathered Bangkok clay. Within the range of
 

variation of dry density and molding water content applied in his
 

investigation, PLANGPONGPUN (1977) observed that swelling and
 

swell, pr-essure were governed by the molding water content and dry 
cause larger
density. Higher dry density and lower water content 


swelling and swell pressure as shown in Figs. 25 and 26. The time
 

to reach maximum swelling and equilibrium swell. pressure tenr to
 
water content and increase
increase with the decrease in molding 

in dry density. PLANGPONGPUN (1977) suggested that for clay 

embankment construction areas where soaking might occur, the 

degree of compaction should be lowered due to the expected large 

swelling and high swell pressure. LEELASITIORN (1978) tested a 

number of Bangkok compacted clay sabjected to alternate soaking 

and drying simulating the seasonal variations in moisture content
 

and found that maximum swell remained constant. It was also found
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that for specimens compacted at optimum water content, the
 

volumetric swell decreases with an increase in compactive effort.
 

3) Permeability Characteristics
 

HAQUE H1977) measured the permeability of compacted AIT
 
-7 

weathered clay in the order of 10 cm/s and found that structure 
is the most important variable influencing the permeability of 
compacted clay. Specimens compacted wet of optimum showed 
permeability value 2 or 3 times less than samples compacted dry 
of optimum, other conditions being almost equal. 

4) Thixotropic Behaviour 

Thixotropy is defined as the increase in the strength 
of soil with time. TIIIRAWAT (1968) investigated thixotropic
 

characteristic of compacted weathered Bangkok clay and reported 
that it is th ixotropi.c in nature where the thixotropic behaviour 
increases with 
compaction. Ho
strain. 

we
increasing 

ver, these 
molding 

effects 
water 

decreas
content 

ed with 
and 
the 

energy 
increase 

of 
of 

5) 2t V(,fl h Chirlctorist-ics 

Various researchers like TAVARAYUT (1971), HAQUE
 

(1977), PLANGPONGPUN (1977) and LEELASITHORN (1978) have studied
 
the strength characteristics of compacted weathered Bangkok clay
 
by means of undrained strength, effective strength, tensile 

strength and CBR strength. TAVARAYUT (1971) conducted 

Unconsoljdated-Undrained (UU) triaxial tests to study the 

undrained triaxial strength of compacted weathered Bangkok clay 

(AT campus) and found decreasing strength with an increasing 

molding water content at various confining pressures for a given 

strain of 0.054 in/min (Fig. 27). It was noticed the specimens 

compacted near and at optimum moisture content exhibited a higher 

strength increase than the specimens compacted at other water 

contents. PLANGPONGPUN (1977) concluded that CBR value and 

undrained shear strength (determined by means of unconfined 

compression tests) of compacted clay increased with both the dry 

density and molding water contenL It was also observed that the 

increase in CBR value and undrained strength due to the increase 

in dry density of samples compacted on the dry side of optimum 

was greater than that of samples compacted on the wet side. 

Regarding the effects of soaking on undrained strength, 

PLANGPONGPUN (1977) and LEELASITORN (1978) found that CBR values 
and undrained strengths decreased sharply due to soaking an the 
effect of soaking on these parameters increased with the degree 
of compaction (Figs. 28 and 29). 

RUENKRAIRERGSA (1968) conducted consolidated-undrained 
triaxial tests with pore pressure measurement for three 

differently compacted (dynamic, static, and kneading) samples. 

The strength of specimen prepared at the same molding water 

content were in the descending order as static, dynamic, and 
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kneading (Fig. 30). The excess pore pressure developed were in
the descending order as kneading, dynamic, and static (Fig. 31 
For the sane compaction method, specimiens prepa red dry of optimum
generally yielded higher strength and lower pore pressureexcess 
than those compacted at- wet of opt. imum (Figs. 32 and 33). 

IIAoUFE (1977) made a serios of' tests oi compacted AIT 
clay , whicl iniclude uncon fi ed compression (UC), isotropically
consol ida Led-unidrained (CIU) and isotropicalIy consolidated
drained (CI)) tests. Unconfined compression and unconsolidated
undraimed tests result:s showed similar variation in strength with 
deInsity and molding water content. like previois investigators
the undrai ned strength fromn both UC and PU tests increased with 
d ry density aril decreased with moldi.ng wat r content. As shown 
in Fig. 34, for a UC tests the undrained strength increased from 
10.4 t /in2 to 19.8 t/in 2 correspondirq to the increase of dry
I If,'-; Iy I I (II I . '1 1 /m 1( 1 .5 t/m I . ; i mii Ilo I y, tle und:ained 
strength from UU tests incieased from 12.1 t/m to 15.0 t/m 2 (24%
increase) cor.respond inc to an increasei n t-lie dry density from 
S.11 t:/im to 1.55 t/m (Fig. 35). 'Tile variation of undrained 
t iren LIi wit hi mold ing water content fromn UC arid UU tests are 

presented in Figs. 36 and 37. These figures also illustrate that 
the soaked specimen had lower strength than unsoaked, but at 
higher water content the di fferences were quite small. The 
stress -strai n behaviou r of samples from UC and UU tests were 
reported I: he different in nature. UC test s showed a more 
Pro mi1)et hr i t I Ic behaviour than UU testis. However, it was
observed Hhat: when the molding water content was increased, this 
hi I:lel beIha ioviolr disappeared and the stress-st-rain curves for 
the lnsoaked and tle soaked specimen became similar with the 
max i mum shea- st ress mobil ized at large strains (F'f ! 10%). This 
conc~lisi on is shown i i Figs. 38 and 39, where fai lure strain is 
related t) no Idi ng wa ter content and d! y density. A comparison 
of UC and IP rcra i nod sIt rergt ls is; shown in Fig. 40, where UU 
test:s showod Iiimlior valt I:han UC tests. The strength difference 
was most pronournced on thre dr:y side and was almost negligible on 
the wet side. 

No rmma i7ed excess pore pressure vs. axial strain 
rel at ionslip shniowed that i t increoaes rapidly (to a maximum value 
at 47 st-rain) and decr:easing gradually due to dilatancy of the 
specimen when approa-ching failure (Figs. 41a,b). Pore pressure 
parameter A vs. axial strain relationship also showed similar 
trend. Tie peak value of the pore pressure parameter were 
reporLed a-s 0.6 t:o C.67. The pore pressure coefficent at failure, 
A , was fotmnul in the range of 0.3 to 0.4. Effective stress paths 

f 
and stress envelopes are shown in Figs. 42 and 43 for unsoaked 
and soaked samples, respectively. The undrairied stress paths are 
sim lar to those fol]owed by Iightiy-overconso idated clay.
*II(, (IfIi ieI ! ;Iergtlonrs f rom CID tests was i 1.most twice the 
undrained strenigth from CIU tests where the strength increased 
with the increase in consolidation pressure (Fig. 44). The values 
of the effective shear strength parameters from CIU and CID tests 
are presented in Table 22. For soaked samples the values of
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2 
cohesion, c' and friction angle, 0 were 4.6 t/m and 25.5
 

d
 
degrees, respectively.
 

6) Tensile Strength
 

LELASITlORN (1978) used split (Brazilian test) test to
 

investigate He tensile strength of compacted weathered Bangkok 

clay. A t-ypical behaviour shown in Fig. 45 de )nstrates its 

bri tle behaviour. The increase in tensile strength with 

increa-,ing tensile stress before tihe failure is very small. This 

brittle behavioir seemed to decrease with an increase in molding 

water conteiit, a decrease in compactive effort on the dry side of 
optimu1m, and an irincrease in compactive effort on the wet side of 

opt i lum. It was found that- in general tle tensi 1e strength of 

compa c ted c I ay i- rrea ses wi.:l i an inc rea sc in molding dry density 
0il the d ry side of optimum as shown in 'ig. 46. However, the 
t.ensiile s treng tih oni the wet: side of opti mum is 1.Ow. 

VIII R1 I NFUIC ' NG MATER.IALS FOR TIHE REINFORCEI) EARTH EMBANKMENTS 

-I.r1Luoduct-ion
 

inI ()*r- iji elemenit .s in a rei nforced earth structure can be 

in the form of strip, anchor, sheet or grid reinforcement. There 

exist a variety of materials which can be used as reinforcing 
materials, bui the most commonly used are metals, geotextiles and 

geogrids.
 

Metals are commonly made in the form of strip reinforcement
 

which hias either plain or ribbed surface. The metals being used
 
or
for reinforcing elements are stainless steel, galvanized steel 

coated steel strips. Aluminum and copper are also employed. 

(;e(t ox t. i Ies a re mad f rom fabrics arid polymers which 

const itutoi tHe f ibln.rs. These fabrics may be woven, knitted, or 

nonwovoni. The geotext i les also differ by the type of polymers. 

Tlhe Imlost commonly used polymers are polyester, polypropylene, 
po]yethytoe and po1yamide. All these polymers were reported to 

have Ii il1mohuln ica 1 st rength. 

Geg r i (Is (consi st, of transverse and longitudinal members, 

where the t r;ansvverse members run parallel to the face of 

structurew le<,wilongitudinal members run perpendicular to the 

face. Th is type of reinforcement was at first developed using 

steel mesh (itANC; et- a] , 1977), and later, polymer was utilized 
in tlh, form of mesh reinforcement (JONES, 1985). Studies on 

thep )Iloit st Ionqt-h of bamboo geogrids were also reported 
recen t Iv. ho,-)grid s have a good interlocking characteristics due 

to the trrinsverse members which behave as strip footings or 

anchorages. Th,is transverse members interlocking, results in a 
better perforimance of grids than that of plain or strip 

rein forcement. 
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Tensar Geoqgjjs 

Tensar Geogrids are a range of very high tensile strength 
polymer grids which have been developed specifically for the 
rei n[orcoienit of soils. They are manufactured from specially 
se.ect.ed po 1yoIef ins tzo produce consistent and chemically inert 
eng ineor rig materials, suitable for long-term reinforcement. The 
open grid StL r'icture permits tie soil particles to interlock 
through lie apertUres, with each transverse rib acting as a 
discrete anchorage point. This enables very efficient 
moli) 1izatV ion of the tensi-e strength of the geogrid. The soil
grid interlock creates an integral reinforced structure with 
either granllar or cohesive soils. This unique property, combined 
with the polymer's inherent resistance to chemical attack, has 
permit ted the i r use in many innovative design solutions. Such 
designs have proved to be cheaper, qui.cker and safer alternatives 
in a iiiimbe r of dif[ferent applications (NETLON , LTD. ) . Tensar 

geogrids may either be uniaxia.l1y or biaxially orientated. 
lii a>ia ally (r i etLta Ild grids, such as Tensar SR2, are manufactured 

by stretching the punched sheet. in one direction under carefully 
controlled conditions. Biaxially orientated grids, such as Tensar 
SS2, are produced by st-retching uniaxially orientated grids, 
again ildni( r careful y cont rolled conditions, in the direction 
norma I to t:he l x iial or ientation. The nomenclature for 
un i axial I I ,lind bi a IIy or i lentated grids is illustrated in Fig. 
117. The t yp ica 1 set of di mensions that descri be the geometry of 
Toilsar g(eoqr (s, ar-e provided in their respective specification 
shlee:s shown in the Appendix. 

! ) !l' i 1iI T st :; 

'I'lle two t ypes of tensile testing which have been 
developed for Tensar geogrids are: the Quality Control Tests 
(CIIEETIIAM, 1983) and the Index Tests (MCGOWN, 1982). Quality 
Control 'lests are i:apid tests used to monitor the variability in 
strength of the googrids, wh iI.e the Index Tests are designed to 
provide a means by whici the properties of all soil reinforcing 
material,s could I)e compared, under standard rate of strain test 
cond it i ons. A typical load extension curve for a uniaxially 
or ientaied Tonsar SR2 grids when tested under index test 

conditiotis, is shown in Fig. 18. Figure 49a,b also illustrate the 
typical load extension curves for the longitudinal and transveLse 
roIl di rect ions of a biaxial product when tested at Index 
cond iLions. 

2) Long-Term Creep Tests
 

Al I. polymer products exhibit time-dependent load 

extensioni behaviour, i.e. they creep under the application of a 
constait. load. The pre-stretching operation of the Tensar process 
minimizes this effect. This phenomenon is particularly important 
since designs for permanent works require that reinforcing 
elements may be subjected to 'constant loads for periods up to 120 
years. A thorough examination of the long-term creep properties 
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of Tensar geogrids has been undertaken at the University of 
Strathclyde and in the laboratories of Netlon Limited. A creep 
sample is loaded and the extension with time is recorded. Typical 

0 
c reep CI ryes foi Ten sar S2 ;at 20 C is shown in Fig- 50. The 
creep ITrfl)rmaice shows, thiat after the iniLial exteirion has 

taken place due to the app]icat-ion of the load, the creep strains 
are small. A comprehensive description of the creep test method 
is given by MCGOWN (1982). 

Bamboo
 

lamnboo is a iative plant of tropical and sub-tropical areas 
and i s def inted as a perennial grass belonging to the 
monocot-yledoiieae class. They usually consist of jointed hollow or 
rarely sol id clums which are urili ke tree trunk in its structure 
and met hiod of gIrowth. Most of tIe species are usually 1 to 5 

0( )itiche- iin (1 iret ,r and (1 w up to a iren i IIqt of 50 t-o 60 feet but 
sonle are as large in diameter as 12 inclhes and reach a height of 
100 f (eto even more . The i rate of growth is very rapid, which 
can solet.irins eI oilqate as much as 2 to 3 ft per day. The 

rid i v i (1.1 1 b-lmbho() Clur i s dividel into nodes, a rid i nt er -nodes. 
13cause t lie great('st amoult of met: i stemati c tissue for the 
Ioigqa [ noi of mfit e lnode is foutnd just above the node, the upper 

poLtioil iS generally the weakest part of the clum. There are 
abc it. 1.:0 pecies of bamboo reported whi-ch are known to exist in 
the wor ld. 

The tensile strength of bamboo was observed to be about four 
times of its compressive strength. COX & GEYMAYER (1969) found a 
tensile strength in the order of 6000 to 25000 psi and the 

6 6 
mod1.u s of elastjcity of 1.26 x 10 to 4.01 x 10 psi. It was 
a] so c conclt led that the stress-strain relation was essentially 
linear arid exhibited a brittle type of failure. An average 
compressive strength of 8000 psi. and modulus of elasticity of 

6 
2.16 x 10 ps' was obtained by GLENN (1950). It was further 
concluded that tfio average extreme fiber stress for seasoned clum 
was higlher than for green unseasoned cum and it depended upon 
the posi [ ioning of the outer perimeter in the case of split 
c urns. 

DURRAN] (1975) studied the bond slip and bamboo stress 
relationiship to decide the permissible bamboo stress required in 
the des igii of bamboo reinforcement for crack control in 
pavenrenlIs. P ai Ruak variety of bamboo, knowi scient:ifically as 
Thyrsostachys Oliveri Gamble, a common variety in Thailand, was 
used in the irivestigaLion. The typical tensile strength obtained 
from the investigation is summarized in Table 23. A study on the 
pullout resistance of bamboo grids of the same variety, was 
carried out by BUKKANASUTTA (1986). It was observed that bamboo 
grids have higher pullout resistance per unit area than that of 
the Tensar SS2 geogrids. One major disadvantage of using bamboo 
is their low durability due to their susceptibility to decay. 
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Metals
 

The critical condition iii an embankment on soft clays is the 
short term stabi lity where only undrained shear strength of the 
soil is mobili sed to resist the embankment loadings against 
lateral spread inq or rotationaI fai Iure. In guch cases only 
meta I ic rei nforcmIents wh i ch have high stiffness, low 
extens ibi I i ty a,,d high modulus in the form of grids have been 
found to be most effective against lateral spreading. 
GeosyntlietLic reinforcements meet most. of the strength criterion, 
lhow('vr, t hey [aii to ke-,p tlie st-riaiii range in the structure 
with in tl()]erable I imits due to their low modulus. Locally 
manufactured steel reinforcements in the form of mats have been 
widely used in Thailand for highway embankments. Steel bars of 
diameters r-angiiici from 4mm to 28 mm manufactured by local Thai 
companies are ithundantly available in the market. Tensile 
strength tests on these reinforcement bars belonging to various 
grade sizes and manufactured by different local companies have 
been maoe at AIT St r ctura I Engineering and Construction 
Di vision. Thes( results have been corupiled and presented in 
Tables 24, 25, aind 26. Specifications for these reinforcement 
bars as per: 'Thai standards TIS 20-1984 aind TIS 24-1984 are shown 
i1n Tab] Fs 27 and 28. Ariot liri- clear possibility lies ,ith the 
applicat ion of steel meshes whiich have ben popular in ferrocement 
struire11 's. Commoi wire meshes have either hexagonal opening or 
s q la re open i lig. Meshes wit.h hexagonal opening aye also referred 
as chiickn wire mesh or aviary mesh. They are not structurally 
effic i eut as meshes with square openings because the wires are 
not or i(,t f ini the directions o[ the principal (maximum) 
st.resses. Mshes with square openings are available in either in 
welded form or in woven form. Welded form meshes have a higher 
modul us anid heinc( hiih stiffness. Woven wire meshes are more 
flexible and easier to work with than the welded mesh. In the 
[errocenetit app] icat ions , these wire mesh reinforcements are 
usual Lly designed on the basis of ASTM standard A-185 or, 
equivalentt. The recommended design values cf yield strength and 
effective modulus for steel meshes are shown in Table 29. 
Similarly, typical stress--strain curves for steel meshes are 
presented in Fig. 51. 

IX 	 SUBSOIL PROPERTIES OF THE PROPOSED SITE FOR THE USAID
 
REINFORCED EARTH TEST EMBANKMENTS
 

Introduction
 

'The USAID Research Project on reinforced earth is planning
 
to construct. a full-scale, fully-instrumented reinforced earth
 
embanklment using the most efficieiit reinforcement as obtained
 
from the laboratory pullout tests. The possible backfill
 
materials are the weathered Bangkok clay from AIT Campus, and the
 
cohesive residual lateritic soils from Saraburi. The proposed
 
site is to be located at thje campus of the Asian Institute of
 
Technology (Rangsit Area), about 42 km north of Bangkok which is
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within the physiography of the Chao Phraya Plain. It is thus 
required to collect the existing data of the subsoil propertiesat t: hes it-e as out 1 i ned i i Task 1 of this research project 

Several extensive investJgationis had alr eady been made in
fh,' pIst Ito study the si te which is directly adjacent to the 
p roposeod exporimlnItal s ite. 0IIITA & H1O (1 982) ini t i a ted the study
of t Ile AIT test embankment, which was constructed i i an open
foiel( area, nor tI of the Academic Building. A study of the case 
hi st ory of tlIeI, embankment settlement and stabi lit y was made as it 
was beirig loaided inuto a soft clay ground. The study covers the 
durit ioni, from Oc-tober,198(0 to March,1982. 

Additional studies were carried out by MOY (1984), JIAN
 
(1983) , and CIEN (1984). DANZUKA (1985) performed the reliability
anall ys is of this t-est embankment. Actual results reported by
these a u th ro:s , ind i cat ed some simiarity in the trend, and 
compare( va I.lues were found to vary only slightly. 

T] 1 a I.anyok sIb so _1ss 

The subso i I-s in thte C! ao Phraya Plaiin (Fig. 52) are alluvial 
ma r i no de ) s i t s. 'I't, top Iaye r compri sos ot weathered clay which 
varie s in dlepth from 1.5 m to 4.0 mi depending on fhe location. 
UIdo tie wea t nor ,d c Iay [ ayer, a sof t clay layer may extend up
to 8 -o 11 m, t- I , followed by a medium Io st i f f clay layer.
.;iit).' rn IV, (enii( sand arid gravel ,ayers alternate with stiff 
clay Iayers Ito an indeterminate dept-h. DuI-i ng the period of 
sed i met) ta t ion, I.lh doposi tion occurred in the northern plain
f irs t , t-hen i I:tie c i t y a roa of Ba ingkok . Thus, the subsoil1 in the 
northeri plain is slightly older and the engi neering properties 
may sl ightly vary from that of the Bangkok City area. The typical
Subsoil prof i les from nort-hi to south part of the Chao Phraya 
Plain are shown in igs. 53, 54 and 55. 

Si te locatiJoni 

The site of tle proposed test embankments is located at the 
campus of the Asian Irrstitute of Technology (AlT) as shown in
Fig. 56. The subsoil condition is within the physiography of the 
Chao Phiaya Plain where the clay subsoil.s can also be classified 
as Bangkok clay. However, certain r.nigireering properties such as 
the undra i ned shear strength and overconsolida ti on ratio
(0. C. R. ) , are slightly di f ferent from the Bangkok area. As 
rerported by OIITA & HO (1982), the O.C.R. value here showed a 
great scatterI a I 1( t Ie undirai ned sh ear strength is s i gh tIy higher
than that obLser-ve(d in the Bangkok ar:ioa. Al. though [lie Bangkok
clay is ioiria 1 y consol idated, the maxi mum effective past 
p ressure is I 1genera .y reater than the effective overburden 
oressure by 50 to 70" dle to aging (secondary consolidation). 

The locati.ons of tle proposed site arid the AIT test 
embankIent studied by OHITA & 110 (1982), are also shown in Fig.
56. As can be seen from the figure, the area studied is directly 
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adjacent to the proposed embankment site of the USAID research 
project. Two horeholes of 3 inches diameter and one of 10 inches 
ill diali10e r, WeII, made by )IITA & 1I1) (1982) to collect undisturbed 
sarp'_es for subsoil properties at the site. These samples were 
taken con t i.nuously from the ground surface down to a depth of 8 
meters. ,a t':-, MOY (1984) made inother two boreholes at the north 
a rId souitl side of th-e tost embniikment. 

Soil Prof i. .e 

The soi.l. profile in AIT Campus as shown in Fig. 57, varies a 
lIttle f rom area to area. The thickness of the weathered clay 
varies from 1.5 in to 2.0 m at the crust, and sometimes, the 
weathering effects do extend to somewhat greater than the depth 
of 2 i as reported by LADD et a1 (1971). The weathered clay is of 
dark- brow1 color embedded wit h rust -colored clay, which becomes 
less as tihe soil depth increases till the soft clay layer. This 
weatlered clay usually has cracks and fissures due to alternate 
cycle of wee:fill(q and drying. The water table is at 1.0 m to 1.5 m 
be Iow tl w (I Ieve,I but t hi s I evel. may go up down,1r()lid and 

ldiIg O(.)l Ih se oi.o sea 

The s! )f I lay Liver is mediurm dark gray in color. There are 
pct'; of i It and sand .1enses in th i s layer. Sometimes 
sl ickonsie s 4 vertical and horizontal orientation are found. 
The soft ci ay is reported to vary in thickness in this campus. 
O1ITA & 1i1 (19812) arid MOY (1984) reported that, the soft clay 
layer extends to a depth of 7.5 m to 8.5 in at the site. Below 
riris soft clay layer is the st iff clay layer. 

La bora t or y __'r ssLs 

1 ) Index Properties 

Table 30 and Fig. 57 show the general index properties 
obtained by MOY (1984) while Table 31 shows the general index 
properties reported by OTITA & 11O (1982). A quite similar trend of 
results, except for a few points, can be seen in Tables 30 and 
31. The observed higher values of the natural moisture content in 
the wea l ired clay zone was aLttributed to the difference in 
season when samples were collected, since the properties of of 
the weathered clay in the crusst layer is very subjective to 
weather change. Although the previous results of OTITA & HO (1982) 
showed quite randomly scattered values with depth, and the total 
unit weight showed higher values than the result of MOY (1984), 
on the overall, the results of both studies showed a similar 
trend with those obtained by TSAI (1981). 

2) Coimpressibility Characteristics 

There were two series of oedometer tests carried out by 
MOY (1984), namely, the standard oedometer test employing a 
double load increment after 24 hours duration, and the special 
oedometer test, employing a small load increment (0.1 to 0.2 
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2 
kg/cm ) method which usually took more than 24 hours duration for 
o-e loading. From the oedometer tests, the compressibility 
characteristics of the subsoil are represented by the parameters 
such as the initial void ratio, maximum past pressure, 
coef ficient of consolidation, compression index and swe11ing 
index.
 

Table 30 shows the summary of these parameters for both 
thee standard and special oedometer tests. TIe results of OIITA & 
11O (1982) using the standard oedometer test is summarized in 
Table 31. It cant be seen that both sets of results show that the 
compres si i I i ty and swelling indices were smaller in the 
weathered clay 1ayer than in the soft clay layer, and so was the 
void rat.i 'Ihe of 	 determined bothTo coefficient consolidat ion, by 
the Tay lor' s square root of time fitting method and the 
Casaqrande's logarithim of time fitting method, found to bewas 
higher for the weathered clay than for the soft clay. 

The maximum past pressure was determined from the 
,I eq 1) (urva itsin (asagrande's method. Table 30 and Fig. 58 

show the results: of maximum past pressures from oedometer tests. 
Results obtaia ned by various investigators in their study of the 
ATT s ii soils, are also sl.own in Fig. 58, where a similar trend 
can be obs;erv('d. In the weathered clay layer, the maximum past 
pressure i ncrea .- s with depth unti.l 2 m while in the soft clay 
layer, I ie vae vario between 5 to 10 t /m . The maximum past 
pressure nf I lte weatlhered clay is largely dependent on the 
a pparent overotisolidation caused by tihe cycles of dessication. 
'IThere is no observed trend which inidicates some changes in the 
maximurm past pressure since the first research in 1969. 
KANJANOPIII\S, (1969) and TAESIR1 (1976) reported that the small 
incrome load ratio is the better determination m-thod for 
maximum past pressure than the double increment load method which 
usually yi.el ds much lower values. 

-3)Strength Properties 

a) 	 Anisotropically Ko Consolidated Undrained Triaxial 
Te s t s 

The consolidated anisotropic (K O ) undrained triaxial 
compressi on atnd extension tests with pore pressure measurement, 
were carried out by MOY (1984) to determine the undrained shear 
strength of the clay. TANTIKOM (1982) suggested a Ko value of 
0.68 for tire weathered clay and a Ko value of 0.60 for the soft 
clay. A shearing rate of 1% per hour as suggested by LADD & FOOTT 
(1974), was used in all the above tests. Table 32 shows the 
summtary of t he test restults obtained. The effective stress paths 
of the Lriaxia l compression and extension tests are shown in Fig. 
59. it can be seen from the triaxial compression tests, that 
almost all of the soil samples converged to a similar Kf-line,. 
but in the extension tests, the results were quite scattered. 
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It was also reported that the degree of weathering was 
nonhomogeneous in the weathered clay layer and pockets of sand 
and silt lenses were embedded in the soft clay layer. DANZUKA 
(1985) concluded that there are two domains of soft clay having 
different character of the presence of sand and silt lenses. 
Domain 1 at 2 to 7 m depth includes 0.23 percent density of the 
lenses, and domain 2 at 7 to 9 m depth contains 19.3 percent 
densit-y of t he lens, s. Since the extension test is very 
sensitive, the scattejed data obtained was attributed to this 
nonhomogenei ty. 

The normalized undrained shear strength of the triaxial 
tests is plotted with the overconsolidation ratio as shown in 
Fig. 60. The result is compared with the steeper curve obtained 
by LADD et al (1971), who used the SIANSEP method to determine 
the undrained shear strength of the soft Bangkok clay. The 
difference was attributed to the slightly different undrained 
shear strength properties in the AIT campus compared to the 
Bancgkok area, as well as to the different test procedures 
employed. 

The variation of anisotropy effect of the clay with the 
overconsolidation ratio is shown in Fig. 61. LADD et al (1971) 
reported, that the anisotropy K , increases with O.C.R., and 

s 
stiff fissured clays may exhibit a pronounced anisotropy greater 
than unity for heavily overconsolidated clay. On the average, the 
ratio of the undrained shear strength obtained from extension 
tests to that of compression tests (S /S ) of the soft 

u(ext) u(comp)
 
clay was found to be 0.80 as shown in Table 32. The result agrees
 
well with thiat obtained by EIDE & HOLMBERG (1972), who used the
 
anisotropy vane tests on the soft Bangkok clay.
 

b) Isotropically Consolidated-Undrained (CIU) Tests
 

Two series of CIU tests using different consolidation
 
pressures were carried out by OHTAi& HO (1982). A back pressure
 

2 
of 200 kN/m was applied for 24 hours in the first series, then 
the sample was isotropically consolidaLed to an effective 
overburden pressure for at least another 24 hours. In another 
test, consolidation pressures exceeding well above the maximum 
past pressure was applied for at least 48 hours in four steps 

2 
(i.e. 0--20-40-80-150 kN/m ). In both series, the samples were 
then subjected to shear stresses under strain-controlled 
conditions by increasing the axial strain at the rate of 0.2%, 
0.5%, 1%, 2%, 5%, 10%, or 15% per minute. The normalized 
effective mean principal stress vs. normalized deviator stress 
are shown in Tables 33 and 34 and Figs. 62 and 63. The variation 
of the friction angle based on effective stresses is presented in 
Fig. 64 and Table 35. 
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c) 	Unconsolidated Undrained (UU) and Unconfined Compression
 
(UC) Tests
 

BERGADO et al (1986) conducted a series of laboratory
 
triaxial tests at various locations in the AIT campus. Values of
 

the undrained shear strength obtained from these tests are
 

compared with the other tests as shown in Fig. 68. OI1TA & 110 
(1982) performed unconfined comrpression tests. Table 36 and
 

Fig. 64 present the variations c.f (I and E with depth.
 
u 50
 

Field Tests
 

1) 	Field Vane Shear Tests
 

MOY (1984) carried out six field vane shear tests in
 

November, 1983 before the additional excavation of the trench on 

the south side of the AIT Jankment. The other vane test was 
performed in early January, 1984 after the excavation to check 
the changes in the properties due to the excavation which caused 

large cracks in the embanikment. The latter test, however, did not 
show any sigi f icant change in the strength of the subsoil. 

Tho undrained shear strength obtained from the field 
vane shear t-ests was higher than that of the Bangkok area, and 

2 2 2 
range from 1.7 t/m to 3 t/m . The remoulded strength is 0.5 t/m 

with a medium sensitivity of 2 to 4.5. The test results were 

similar to that obtained by BRAND et al (1972) which was also 

conducted at the AT campus. The results obtained above were 

quite similar to the undrained shear strengths previously 
reported by OJITA & 110 (1982). Although their tests were carried 

out both in the area affected by the embankment, there was no 

significant difference in the strength of the soft clay. BERGADO 
et al (1986) measured the undrained shear strength from four 
sites in the AIT campus and the average values obtained are 

can be seen that in the soft clay zone,
illustrated in Fig. 65. It 

the strengths are slightly increasing with depth, ranging from
 

2 
0.25 to 0.35 kg/cm . They also reported that at the embankment 
site (behind ET Building), the weathered clay layer extended to 

2.0 to 2.5 indepth and the soft clay ended at 8 m depth.
 

2) Dutch Cone Penetration Tests
 

There were five Dutch cone tests carried out by
 

KIIALEQUE (1984) near the test embankment. The Dutch cone
 

resistance with depth at five locations near the embankment are
 

shown in Fig. 66. The Dutch cone resistance was very high in the
 

weathered clay crust and reduced with increasing depth. On the
 

contrary, the Dutch cone resistance was observed to slightly
 
increase with depth for the soft clay layer. There were some
 

scattered results of lower resistance in the weathered clay
 

layer, and higher resistance at the depth of 3.5 to 5.5 m in the
 

soft clay. The scattered points on the low strength side in the
 

weathered clay layer, was attributed to the local failure or
 

fissures in the clay. On the other hand, scattered points on the
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high strength side in the soft clay layer, was attributed to the 

presence of sand and silt lenses. The average test results from
 
the four sites in AIT campus obtained by BERGADO et al (1986) are
 
also plotted in Fig. 66. Both data sets showed similar trend with
 
depth.
 

3) Pressuremeter Test
 

BERGADO et al (1986) derfor ed a series of
 

pressuremeter test at four locations in the AIT campus. At each
 
site, the tests were done in three locations. Values of undrained
 
shear strength are plotted in Fig. 67 as average values with
 
depth for the weathered, soft, and stiff clay layers. The
 
calculated values of the undrained Young's modulus E for the
 

up 
soft clay layer is given in Fig. 70. The modulus value was found 

2 2 
to vary between 20 kg/cm and 60 kg/cm 

4) Screw Plate and Plate Load Tests
 

BERGADO et at (1986) also conducted a series of screw
 

plate and p]-ate load tests from 3 locations in AIT campus. The
 
calculated undrained shear strength from these tests were
 

-
compared with the pressuremeter test result as illustrated in
 
Fig. 69. Comparison of the undrained modulus values obtained from
 
these three tests are also shown in Fig. 70. The field and
 
laboratory test results for the undrained shear strength of the
 
:;tH! :;P)i K;, Wcwii K ) 8 mt I dl h o' in' c, I ' itI I 1-2. 68. 

-28



REFERENCES
 

ARAYASIRI, M. and NELSON, J.D. (1970), Shear Strength 
Characteristics of Bangkok Clay in the Weathered Zone, 
Research Report No. 8, AIT, Bangkok. 

BERGADO, 1).T. (1976), Engineering Properties of Granite Residual
 
Soil Along the Hod-Mae Sariang Highway, M.Eng. Thesis
 
No.899, AlT, Bangkok.
 

BERGADO, D.T. , KHIALEQUE, M.A., NEEYAPAN,R. and CHANG,C.C. (1986),
 
Correlations of In-Situ Tests in Bangkok Subsoils,
 
Geotechnical Engineering, Vol.17.
 

BERCADO, D.T. and IIUAN, N.M. (1987), Undrained Deformability and
 
Strength Characeristics of Soft Bangkok Clay by the Screw
 
Plate Test, Geotechnical Testing Journal, CTJODJ, Vo1.10,
 

1 1 3 1 2 2
 No.3, pp. - .
 
BOONSENER, M. (1977), Engineering Geology of the town of Khon
 

Kaen, Northeastern Thailand, M.Enq. Thesis, AIT, Bangkok.
 
BOONSRI, N. (1971), Shear Strength Characteristics of Compacted
 

Lateritjc Soils, M.Enq. Thesis No.399, AIT, Bangkok.
 
BOONTAN, A. (1984), Engineering Classification of Laterites
 

and Lat,-ritic Soils, M.Enq. Thesis No. GT-83-3, AIT, Bangkok.
 
BRAND, E.W. and HONGSNOI, M. (1969), Effects of Method of
 

Preparation on Compaction and Strength Characteristics of
 
Lateritic Soils, Proc. Specialty Session on Eng. Properties
 
of LaK_.Soils, VII. TCSMFE, Mexico City, Vol.1, pp. 107-116.
 

BRAND, E.W. and DUANGKIIAE, S. (1971), The Permeability of Bangkok
 
Clay, Research Report No. 1,3, AI?, Bangkok.
 

BRAND, E.W. , MUKTABIIANT, C. and AKRAPONGPISAI, S. (1972), 
Comparative Study of Undrained Strength Measurements of a 
Soft Clay, Proc. 3rd SE Asian Conf. Soil Eng., AIT, Bangkok. 

BUKKANASUTTA, A. (1986), Laboratory Pullout Tests Using Bamboo
 
and Tensar Geogrids Including a Case Study, M.Eng. Thesis
 
No. GT-85-25, AlT, Bangkok.
 

CHAMNONCP1PATKUL, P. (1980), Remote Sensing Studies of Some 
I Icu;H€tn(M (;FaVOI ; and P1linLtlite in Thailand, Ph.D. Thesis, 
Cornell University, New York. 

CHANG, J.C., IANNON, L.B. and FORSYTH, R.A. (1977), Pull
 
Resistance and Interaction of Earthwork Reinforcement and
 
Soil, Transportation Res. Rep. No.640, pp. 1-7.
 

CIEN, I.P. (1984), Settlement and Stability Analysis of
 
Embankment on Bangkok Soft Clay in AIT Campus (Phase IV),
 
M.Eng. Thesis No. GT-83-22, AIT, Bangkok.
 

CHEN, J.S. (1980), Geotech'ical Parameters for the Design of
 
Structures in Residual Soils, M.Eng. Thesis No. GT-80-1,
 
AIT, Bangkok.
 

CHEETHAM, G. (1983), Quality Control Test Methods Used in the
 
Production of Tensar SR2, Internal Report, Netlon Limited,
 
England.
 

COX, 	F.B. and GEYMAYER, H.G. (1969), Expedient Reinforcement for
 
Concrete for Use in Southeast Asia, Technical Report C-69-3,
 
U.S. 	Army Engineers WES.
 

-29



DANISH, J.A. (1975), in-Situ and Laboratory Permeability of 
Bangkok at Ngoo Ilao and Rangsit, M. Eng. Thesis No. 765, 
AIT, Bangkok. 

DANZUKA, M. (1985), Reliability Analysis of AIT 'Pest Embankment, 
M.En . Thesis No. GT-84-10, AIT, Banigkok. 

DURRANI, A.-J. (1975), A Study of Bamboo as Reinforcement for 
Slabs on Grade, M.Enq. Thesis No.801, AIT, Bangkok. 

EIDE, 0. and IIOLMBERG, S. (1972), Test Fills to Failure on Soft 
Pangkok Clay, Proc. Spec. Conf. on Performance of Earth and 
Earth-Suppforted Structures, ASCE, Purdue University, Vol.1, 
Part 1, pp.159-180. 

FERREIRA, II.N. and METIRELES, J.M.F. (1969), The Influence of 
Temperature of Ilumidification on the Geotechnical Properties 
of Lateritic Soils, Proc. Specialty Session on Engineering 
Properties of Lateritic Soils, VII ICSMFE, Mexico City, 
Vol. I , pp. 65-74. 

GLENN, II.E. (1950), Bamboo Reinforcement in Portland Cement
 
Concrete, Bulletin No.4, Clemson Agricultural College,
 
Clemson.
 

GULACHOL, C. (1970), Shear Strength Characteristics of Bangkok 
Clay in the Weathered Zone, M.Eng. Thesis No. 363, AIT, 
Bangkok. 

IIAQUE, M.A. (1977), Some Engineering Properties of Compacted 
Rangs i i- Clay Evaluated on the Basis of Laboratory Tests, 
.En . Tesi s NC). 1005, AlT, Bangkok. 

iHONGSNOI, M. (1969), Effects of Methods of Preparation on 
Comipact ton and Strength Characteristics of Lateritic Soils, 
M.Enq. Tfhesis No. 256, AIT, Bangkok. 

JIAN, Y.C. (1983), Analysis of Settlement of an Embankment on 
Bangkok Clay in ATT Campus, M.Eng. Thesis No. GT-82-21, AIT, 
Bang kok. 

JONES, C..F.11. (1985), Earth Reinforcement and Soil Structures,
 
Ist ed., Butterworths and Co. Ltd., London, England.
 

KANJANOPIIAS, S. (1969), Compressibility of Bangkok Clay in the
 
Weathered Zone, M.Eng. Thesis No. 338, AIT, Bangkok.
 

KHALEQUE, M.A. (1984), Correlation of Pressuremeter, Vane and 
Dut-ch Cone Tests of Rancsit Clay, M.Eng. Thesis , AIT, 
B,t(rmqg! kI.

LADD, C.C., MO1, Z.C. and GIFFORD, D.G.. (1971), Statistical
 
Analysis of Undrained Strength of Soft Bangkok Clay, Proc.
 
4th Asian Conf. on Soil Mech. Found. Enq., pp.135-140.
 

LADD, C.C. and FOOT,R. (1974), New Design Procedure for Stability
 
of Soft Clays, J. Geotech. Eng. Div., ASCE, Vol.100, GT7,
 
pp.763-786.
 

LAM, K.S. (1979), Strength and Suction-Moisture Retention of a
 
Compacted Residual. Volcanic Soil, M.Eng. Thesis No. GT-79
13, AlT, Bangkok. 

LEELASSITHORN, T. (1978), Strength Characteristics of Compacted
 
Clay, M.Enq. Thesis No. 1286, AlT, Bangkok.
 

LIEW, Y. Y. (1979), Compressibility and P rmeability
 
Characteristics of Compacted Clay, M.Eng. Thes! No.GT-7R i2,
 
AIT, Bangkok.
 

-30



LITTLE, A.L. (1969), The Engineering Classification of Residual 

Tropical Soils,I-Proc. Specialty Session on Eng. Properties 
pp.1-10.of Lateritic Soils, 7th ICSMFE, Mexico City, Vol.1, 


of Preparation on
MA/VIA 2.... F. - 1 6i9 , Effect o F Met hoIds 

IndOx io 1)-rties of Latevt i c Soils, M.Eriq. Thesis No. 264, 

AIT, 	 Baigilko)-k. 
toA. ( 1982), Pi ogvess Report, InternalReport PresentedMCGOWN, 

Award Steerinq Committee.thie SE;RC!Netzlon Coperative 
MINN;, II.Z. (1975), Stress-Strain Behaviour and Strength 

Cha, :ac ter ist i.cs of Wealthered Nong Ngoo lao Clay, M.Erig 

Thesis No. 769, AIT, Bangkok. 
A. (1969), Triaxial and StabilometerMoll, Z.C. and MAITMOOD, 

Specialty SessionPropert ics of Lateri t:i.c Soils, Proc. 
VI 	 Mexico
 on En q.Properties of Lateritic Soils, ICSMFE, 

1 1 0 1 2 1

City, Vol.2, pp. - .
 

Effect of Method of Preparation
MOTI, Z.C. and MAZIIAR, M.F.(1969), 
, of latr-ni -ic Soils, Proc . Specialty

n,, ll(l,: Prop rt i(, 
is, VII ICSMPE,Sess oi on En. -Properties of Lateritic Soil 


2 3 - 3 5

Mexi.co Ci ty, Vol.1, pp. . 

MOII, 	 Z.C., N I,SON, J.D. and BRAND, E.W. (1969), Strength and 

Deformatiol Behavi oul of Bangkok Clay, Proc. 7th ICSMFE, 
2 8 7 2 9 6

Mexico City, Vol.1, pp. - . 
the


MOY, W.Y. (1984), Properties of Subsoil Related to 

Stab] I i ty and Settlement of AlT Test Embankment , M.Eng. 

Thesis No. GT-83-25, A]T, Bangkok. 
Methods and Physical Properties of
NETLON LTD. (1985), Test 

Tensar Geogrids, Pub].ication, Netlon Limited, England. 
B.O. (1957), Airfield Construction onNIXON, 1.K. and SKIPP, 

Overseas Soils, Proc. Inst. Civil Enqineers, Vol. 8, pp.25 3 

292. 
OTITA, II. aid HO, Y.C. (1982), A Trial Embankment on Soft Bangkok 

RR-146, AIT, Bangkok.
Clay (Phase I- Il), Res. Rep. No. 

PLANGPONGPUN, S. (1977), Strength Characteristics of Bangkok Clay 
No. 1014, AIT,in Relation to Pavement Design, M.Eng. Thesis 

Ba ngkok. 
M.A. 	 and MOHI, Z.C. (1973), Anisotropy of StrengthQURESIII, 

Bangkok Clay, Research Report No. 44,Characteristics of 
AIT, Banqkok. 

, Eff ects of Compaction Method on Pore
RUEKRA TREIGSA, T. (19,8 

194, AIT, Bangkok.
Pressuire Development, .E-nq. Thesis No. 

Personal Communications, Bangkok, Thailand.SIUSTER, ,1. (1969), 
SOIL AND PAVEMENT CONSJLTANTS (1969), Engineering Study of 

and Lateritic Soils in Connection with ConstructionLaterite 
of Roads, Highways, ar.d Airfields, Phase r Southeast Asia 

, Final Report to USAID, Oakland, California.(Thailand) 
SUTABUTRA, P. (1967), Compressibility of Compacted Bangkok Clay, 

M.Enq. Thesis No. 187, AIT, Bangkok. 
Geology and Nickeliferous LateriteSUWANAYING, A. (1974), 

Deposits of Ban Tha Kradan Nok, Prachinburi, Thailand, Econ. 
8 2 10 6
- . 

SUJWONO, 1.1. (1979), Engineering Properties of Compacted Clay, 

M-.gEng. Thesis No. GT-78-17, AIT, Bangkok. 

Geol. Bull., No.3, pp.


-31



TAESIRI, Y. (1976), Consolidation Characteristics of Rangsit 
Clay, M!lig. Tiesi s No. 918, AT'J, Banqkok. 

TANTIKOM, S. (1982), Ko-Measurements on Bangkok Clay, M.Eng. 
Thesis No. GT-81-13, AT'F, Bangkok. 

TAVARAYU'P, P. (1971) , Shear Strength of Compacted Clay under 

Rapid Transient Loading, M.Enq. Thesis No. 406, AIT, 
Bangkok. 

TI[RAWAT, S. (1968), Thixotropic Characteristics of Compacted
 

Bangkok Clay, M.Eng. Thesis No. 211, AIT, Bangkok. 
TIIUMAPRUDTI , A. (1974), One Dimensional Characteristics of 

Weathered Nong Ngoo Hlao Clay, M.Eng. Thesis No. 705, AIT, 
Bangkok. 

TIS 20-1984, Standard for Steel Bars for Reinforced Concrete: 
Round Bars, G.S. Steel Co. Ltd., Bangkok. 

TIS 24-1984, Standard for Steel Bars for Reinforced Concrete:
 
Deformed Bars, G.S. steel Co. Ltd. , Bangkok. 

TSAT, C.Y. (1982), A Monograph on the Engineering Properties of 
Bangkok Subsoi l, M.Enq. Thesis No. GT-81-15, AIT, Bangkok. 

UDDIN, W. (1975), Stre'-s St-aini Behaviour and Shear Strength 
Characteri stics of Weathered Bangkok Clay under Extension 
Condi Lionis, M.Eng. No. AlT, Bangkok.g'hesis 774, 

VALLERGA, [A. and RANANANDANA, N. (196)), Characteristics of 
il i . t:;,,d II ' i I M 11 1 l I 1 (uII:;I t1.1t IIigiy1, wa y 

Res. Record No.284,ljqhwayRes.-_Ioard, Washington, D.C., pp.
 

86-103. 
WANG, C.II. (1974) , Undrained Shear Strencth Characteristics of 

Nong Ngoo Tlao Weathered Clay under Ko Conditions, M.Eng. 
Thes is No. 706, AlT, Bangkok. 

WTNFERK(RN, II.E. and CIIANDRASEKIIARAN, E.C. (1951), Laterite Soils 
1 6 2 9 and their Stabilization, ighwayRes. Bull. No. 44, pp. - . 

WU, Y.M. (1973), Variation of In-Situ Strength and Pore Pressures 
of laiqkok Clay with Depth, M.Enq. Thesis No. 517, AIT, 
Bangkok. 

YONG, F.O. (1975), The Effective Stress Strength Parameters of a 

Compacted lateritic Soil, M.Eng. Thesis No. 777, AIT, 
Bangkok. 

-32



TABLES
 



I':ble I Mineralolvieal Composition of ThaliaIand Lateritic Soils (after MAZHAR, 1969). 

Mineralogical Composition
 

Soil Method Differential Thermal Analysis
 

Source of "inerals,%.
Kaolinite,%2 other 	 X-ray Diffraction

No. Prepa- _ira_ 	 I%
 

ration Sample Sample Sawple Sample

1 2 -1. 2
 

Kaolinite, interstratified
 
NMC 15.0 11.0 7.0 11.0 


clay numerals-consisting of
 
OD 9.0 10.0 9.0 8.0 	 monkmorillonite and hydrous
 

mica in random stacking
 

2 NMC 7.0 5.0 5.0 7.0 Kaolinite
 
-- 4.0OD 5.0 


Kaolinite> montmorillonite
4.0 4.0
NMC 2.0 2.0 

> illite, some quartz
OD 3.0 3.0 3.0 3.0 


- KaoliniteNC 10.0 - 4.0 

OD 12.0 - 4.0 

- Mainly kaolinite small - 10.0
NMC 9.0 

. amount of illite
 - 10.0
OD 9.0 


- 8.0 - Kaolinite + traces of illite 
NMC 19.0 

OD 19.0 - 8.0 

6 


NMC 0.4 0.2 1.0 1.2 Mixed clay kaolinite> illite
 

OD 0.6 0.3 0.7 1.0 >mont. some quartz
 

8 NMC 1.1 1.1 1.2 1.2 Kaolinite, some illite and
 

0.9 1.1 quartz
OD 1.1 0.9 


NMC 6.0 - 9.0 Kaolinite, some illite and
 

4.0 - 1.0 montmorillonite appreciably 

OD 4.0 - 10.0 - amount of quartz 

4.5 - Kaolinite, some illite -
NMC 3.2
10 

- small amount of mont. - 4.6CID 2.6 


- 3.1 - Kaolinite, some illite 
11 NMC 2.6 


OD 2.5 2.6 2.2 2.1
 

1 Analyses were carried out on clay size fraction (< 0.002 mm) 

2 Percent based on the total sample 

3 Results are for all three methods of preparation 
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(after MAZHAR, 1969).
Table 2 Chemical Properties of Thailand Lateritic Solls 

I Free Iron I 
Soil 	 Soluble Organic Matter 


Oxide I
Salt i ContentSource pH 

(%) 	 Content I
Content
NIo. 

7.76-8.21 10 56-0.670.13-0.24 

9.49-11.6 


1 I 3.85--4.19 
1
0.1.8-0.25
0.13-0.28 


3.50-3.65 

2 1 4.42-4.63 

1
1 0.20-0.240.10-0.15
3 4.45-4.81 
1
3.45-3.60
0.23-0.41
0.19
4 4.2L-4A iC] 

1 0.62-0.76 1 4.88-6.11 1 
i 5 1 4.42-4.48 0.18-0.22 

1 5.29-5 43 10.92-0,94
1 ' 446 0.11-0.18i 6 
i 2.470.45-0.464.63 0.12-0.14i 7 147T 

1.53-2..70.19-0 .39
8 	 4. c5-4.94 0 12-0 .17 1 

3.97-4.44 1(.:?1-0.340.14-0.239 1 4.04-4.20 
7.08-9.22 I0.62-0.76

10 5.77-6.30 0.24-0.47 
6.27-8.57 1 

I 5 .21-5. , 1 0.33-0.53 0.22-0.26 
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Table 3 	 Values of Specific Gravily for the Lateritic Soils of 
Thailand (artor MAZIIAR, 1969). 

Method of Preparation
Soil Source 


No. NMC 	 AD OD 

1 2.94 2.86 2.91 

2 2.88 2.86 2.88 

3 2.66 2.68 2.72 

4 2.66 2.66 2.69 

5 2.65 2.65 2.66 

6 2.63 2.63 2.63 

7 2.76 2.75 2.75 

8 2.69 2.66 2.69 

9 2.74 2.72 2.70 

10 2.67 2.70 2.68 

11 2.67 2.71 2.72 

1 

Determined on the fraction passing U.S. No. 10 sieve (2.00 mm)
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I 

Table 4 	 Grain Size DIstribution of Thailand Laterltic Soils (after MAZHAR, 1969). 

Grain Size Distribution, %
Soil Method of _ 


Scurce Prepara- Gravel Sand Silt Clay Clay
 

fNo. tion --2.00 m) (2.00 - (0.074 - (<0.005 (<0.002 nn)
 
_ __ _0.074 mm) 0.005 an) mm)
 

2 
58.3 6.4 11.0 24.3 22.0NMC 

OD3 58.8 6.3 13.5 21.4 18.0 

NMC 66.4 9.8 9.3 14.5 12.5
 
OD 	 67.2 10.2 12.6 10.0 8.0 

NMC 57.1 20.4 16.1 6.4 5.7 

OD 56.6 20.4 16.1 6.9 61 

4 NMC 62.6 13.8 7.8 15.8 14.5 

OD 61.4 14.1 7.6 16.9 15.7 

16.35 NMC 18.1 51.3 11.0 19.6 

OD 17,1 51.2 13.2 18.5 15.0
 

14.9 33.2 

6 NMC 23.2 28.7 27.0
 

OD 22.8 28.8 15.8 32.6 27.0
 

NMC 76.3 12.9 9.2 1.6 1.4
 
OD 75.9 12.6 10.0 
 1.5 	 1.3
 

NM 50.2 28.3 18.5 3.0 2.3 
8 OD 49.9 27.5 19.4 3.2 2.0 

NMC 66.4 7.4 7.0 19.2 15.2
 
OD 65.5 8.2 5.8 20.5 13.9
 

9.9 9.0 

1. 	 NMC 61.6 12,9 


OD 61.4 20.7 9.4 8.5 7.2
 

NMC 56.7 22.5 13.9 6.9 5.7 

OP 	 54.7 22.9 16.3 6.1 4.7 

2 Trisodium phosphate was used as dispersant in hydrometer analysis. 
3 

ati.ral moisture content 3ven-dried sample
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Table 5 Ranges of Atterber] Limit Values for Thailand Lateritic Soils. 

S - - . - - - : -- - - - -

Source Limit Liir. t Index Linit Activity 
..Io. ( -, 

1 36 - 43 63 - 83 32 - 4: 21 0.63 

-3 - 51 - 56 -_ 22 0.303 

4 -1 - 235 -- 11- 1. 33 

5 30 - 33 40 - 52 10 - i- 0.38 

6 34 - 39 57 - 66 3 - 2- I50.51 

7 18 - 19 20 - 22 2 - 3 is 0.34 

3 i5 - 16 16- i 1- 3 0.42 

919 - -5 29 - 40 10 - 17 0.24 

10 24 - 23 3 - 43 14 - 2: 21 0.59 

11 22 - 26 30 - 37 8- 1 14 0.66 



Tal)1e 6 	 Engineering Classification of 
(after MAZIIAR, 1969) 

Soil Hethod of Textural 

Source Preparatio Textural 


(Bureau of 

_. _Soils) 

I IIHC g-rza-e1 iy clay 

0OD gravelly clay 

2 I gravelly clay 

0D gravelly clay 

OD, gravelly clay 
01) gravelly clay 

4 111 gravelly cina 

OD gravelly clay 

MTC gravelly sandy 
5 clay loam 

01) gravelly sandy 
clay loam 

HUG grve1 Iy clay
OD gravelly clay 

M1IG gravelly Vandy 
loam
7 


OD gravelly sandy 
loam 

HG gravelly sandy 
loam
 

OD gravelly sandy 

loam -

NHC gravelly clay 

9 OD gravelly clay 

NHC gravelly sandy 

clay loam10 

OD gravelly sandy 

clay loam 

HC g:avelly sandyI 
ii loam 

OD g:avelly sandyl 

Lateritic 	 Soils it Thailand. 

Soil Classification 

BPR 	 -- -

PR Unied CAA
 
(AASIIO) (Casagra

ide) 

A-'2-7 (4) CC-Oil E-12
 

A-2-7(4) CC-OH E-10
 

A-2-7(0) CC-HII E-9 

A-2-5 (0) GC-'ll E-9 

A-2-6(l) CC-CL E-7 
A-2-4(0) GC-CL E-5
 

A--2-7 () CC-aL E7
 

A-2-4 (0) GC-OL E-7
 

A-2-7(I) SC-Oil E-9
 

A-2-4 (0) SC-OL E-7
 

A-7-5(10) SC-Oil E-1O 
A-7-5(8) SC-Oil E-8
 

A-i-a (0) CH-ML E-.
 

A-l-a(O) CH-lit E-I
 

A-l-b(O) S1.1-IllL E-1 

A--l-b(O) SHIL E-1 

A-2-6(l) CC-CL E-5
 

A-2-4(0) GC-CL E-4
 

A-2-7(0) SC-OL 
 E-7 

A-2-6(0) SC-CL E-5 

E-5A-2-6 (0) CC-OL 

E-4
A-2-4(O) CC-CL 
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'Fable 7 Compaction Properties of Lateritlc Soils In Thailand (after HONGSNOI, 1969). 

Source Test Classifi- Haxizum ,Optimum CBR. 

No. Condition cation 
(AASIlO) 

Dry 
Densitylb/cu ft 

Molsture 
Content(OHC), 7. 

at Ymax and OC 

Unsoaked Soaked 

I ITHC A-2-7 (4) 119 16 89 5 
01) A-2-7(4) 126 15 87 4 

2 NIIC A-2-7(2) 109 20 54 39 
AD - 112 20 36 56 
OD A-2-7(0) 112 19 36 42 

3 NHC A-2-6(i) 142 8 23 37 
OD A-2-4(0) 142 8 24 17 

4 1111C A-2-7(i) 122 14 45 40 
AD 124 13 28 35 

OD A-2-6(0) 124 13 82 71 

5 IlIC A-2-7(1) 111 16 34 41 

OD A-2-4(1) 112 15 64 76 

6 NMC A-7-5(10) 111 17 43 30 
AD - 111 17 35 34 
OD A-7-5(8) 112 17 35 36 

7 NIC A -1a (0) 142 12 35 63 
OD A-I-a (0) 142 10 34 57 

8 InHC A-1-h (0) 137 10 40 37 
OD A-1-b (0) 138 7 20 27 

9 1411C A-2-6(I) 128 13 40 50 
OD A-2-4(0) 129 12 27 29 

10 NHC A-2-7(0) 131 9 81 72 
OD A-2-6(0) 133 8 40 52 

II N1.1C A-2-6(0) 135 10 18 26 
OD A-2-4(0) 135 8 68 84 
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for Laterltic Soils fromTable 8 	 Typical Values of c, 0, , , 

Khorat, Northeastern Thailand (after MOIl & MAHMOOD, 1969) 

tress
 
I lo i.ftuffectiveCompa ctiion 


wrater content, equi [Ibr[atien c c 2A 

time, hours (kg/cm2 ) (o) (kg/cm2 ) (o)
 

0.385 	 25.1 0.49 32.9
 
19 (Wopt ) 24 

0 	 0.33 23.2 0.34 35.3
21. 

0.10 37.90.014 	 24.121. 
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Table 9 	 Shear Stre-,gth Parameters in terms of Total and Effective Stresses for the Clayey 
Sand from Chantaburi and Clayey Gravel from Saraburi (after BOONSRI. 1971). 

Soil At (Cl/a 3 ) max. 	 At 12% Strain 
Test Total Stress Effective Stress Total Stress Effective Stress 

Number Strength Mohr- Strengtl Mohr- Strength Mohr- Strength Mohr-
Coulomb _ Coulo m b Coulomb Coulomb 

Parameter Parameter ParameterParameter parameter Parameter Parametey Parametej 
Series 	 ...-. -Ce 4 7N CI z a ! c 0 

,
7N 

-
a' 7 

S~eries . deg- psi deg. psi degl psi deg. oSi deg. psisde dee. n g.9 

2.0 31.0 2.5 37.0 10.021.7 10.9 23." 0.0 29.7 0.0 34 2.
Soil DI 3.4 20.6 3.7 22.1
No.1 
Chan- 01 3.1 28.1 3.7 32.2 5.0 31.6 6.3 	38.0 32.0 7.0 37.2 30. 0.0 	30.2 0.0 35.6
 

taburi Wi 4.5 21.0 4.9 22.6 3.0 32. 3.9 39.4 	40.0 0.0 42.9 21. 1 6.0 29.4 7.2 34.3 

Soil D2 5.0 18.8 5.3 19.9 0.0 36.1 0.0 36.1 10.017.9 10.6 18. 0.0 29.5 0.0 34.5
 
No. 2
 

Sara- 02 2.2 25.5 2.5 28.5 1.4 31.6 1.8 38.0 12.031.7 15.2 38.2 8.0 27.4 9.3 31.2
 

W2 5.2 16.7 5.5 17.5 7.0 26. 1 8.1 29.9 16.616.6 17.4 17.1 0.0 30.1 0.0 P5.4 



Ta bi I0 UI(Jralned St.rengthL I'araimleers or thei.toritIi t Soils from 
Chairtabu'i and Saraburi (after BOONSRI, 1971). 

At Gla At 12% Strain
 

Series C $ C
U U! I! U 

pSI Degree psi Degree
 

D1 7.0 31.0 15.0, 46.0 36.3 , 11.3 

01 14.6 45.0 56.0, 110.0 56.0 , 29.2 

WI 7.8 32.0 62.0 29.6 

1)2 9.0 25.0 16.0 26.1
 

02 8.0 42.0 62.0 41.5 

142 8.0 23.9 24.0 22.6 

* Consol.idatlon Pressure Range from 0 to 60 psi 

r * Consolidation Pressure Range from 60 to 100 pot 

Note: Su C - tan 
u c u 
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Table i I 	 Shear Strength Parameters In terms of Effective Stresses of the Clayey Gravel 
from Chantaburi (after YONG, 1975). 

At 12.5 % 	StrainAt ( 1/83)mixTest 

Series Saturated Unsaturated Saturated I Unsaturated 

Compacted lb/in 2 l_ der,,. deg. dendeg. Ib/in2 lb/in2 lb/in2l 

Dry of opt. 1.3 37.6 3.5 30.9 1.4 36.9 4.2 30.1 

At opt. 0.3 38.7 3.2 33.7 0.7 36.6 3.2 33.7 

-et of opt. 2.7 35.1 2.6 32.3 .3.2 33.7 1_2.6 32.1 

rable 12 	 Undrained Strength Parameters of the Clayey Gravel from Chantaburl. 
(after YONG, 1975) 

I At ( ri/ Max At 12.5 7 Strain
 
Tes t
 

Series Saturated Unsaturated Saturated Unsaturated 

Compe.c ted Cu 2 u Cu 2 $u Cu 2 u Cu u 
lb/in 2 deg. ib/in2 deg. lb/in2 deg. lb/in- deg. 

Dry of Opt. 8.0 19.0 8.9 38.0 12.9 20.0 11.5 37.9 

At Opt. 10.9 22.2 14.1 29.2 28.8 20.0 18.3 29.8 

4.0* 24.5* 5.0* 25.0* 8.0* 23.'0* 7.5* 23.5*Wet of Opt. 

19.0** II.0* 18.8** 13.0.0* 41.0* 2.5* 36.0*9 5.1** 

* Consolidation pressure before 60 lb/in 2
 

** Consolidation Pressure after 60 lb/in
2
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------------------------------------------------- --------------------------------------------

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

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

Table 13(a) Index Properties of Weathered Bangkok Clay (0.20 in - 1.00 m) 

Property P 1iangpun I 
(1977) 

Physical Properties-
Co()ur (Irey & reddish I 

(,(),;i ; tow-Vystiff 
tn-; itu water content, % 30 I 

(;,, in SiJ~ze Di."tribut.ion 

SaIdI ( 8±3 
S It ' 47±3 

(2!45±3 

Spr'iiFic ;ravity 2.7] 

liquid liimit % 66±1 
N]anIt-ic: ti.it: I 28±1 
P1ant-i ci~ty Index 38±1 
IJ.plidli L-.y l11(lx % 0.05 
Act-i i( 

pA 3 .66 
'lot l Siluble Salt Content 

I it 3.53 
()i 9111 (', rhon 3 I 0.68 
Orqanic htt:er; % 1 1.17 

Standird Compiction Resnul ts-
Optimum Water Content: % 24.7 

3Optimum Dry Density t/in 1.55 

-I5
 

flaijue I,el a1<si.thorn Liew 
(1977) (1978) (1979) 

I4-----------4 

II 
grey reddish grey grey 

stiff stiff stiff
 
34 21 
 30 

5±1 4 17±2 
46±1 36 48±2 
49±2 60 35_+2 

2.68 2.71 2.70
 

62±1 62 60±1 
"27±1 27 24±1 
35±1 35 35±1 
0.2 0.1.7 0.17 
0.6 - _ 

3.88 5.05 

3.39 3.76 
0.84 0.68 -

1.44 1.17 

24.1 24.8 23.8 
1.55 1.55 1.55 
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----------------------- ----------------------------

-- ----- - -

Table 13(b) Index Properties of Weathered Bangriko Clay (1.00 m - 3.00 m)
 

T -------------------------------

Depth Depth 

1-00 - 2.00 m 2.00 - 3.00 m 
PGuloIcli KanjanopaTs. -- Kanjanophas Qureshi and ichol 

(1(70) (1969) 
 (969) Moh (1973) 

---------------------------------------------------- ------------------------------- IPhytsical Properties: 

C-)lour 
Coisi stency 

Dlmark Brown Brownish 
stiff 

Grey Browni!slh Grey 
stiff 

Brownish Greyi 
stiff 

In-5JciLu Wia tier ContLent 51 .26.9 54.3 62.9-4.2 79.7±7.4 
Degree o F Sa-turat ion 1m.21.8 - - 97.2±2 

Na tur1al Void I,:11io 1.37±0.33 - 2.07±0.47 
Gra in S i:-e Di stribhution; 

Sand 2.5±0.5 3 2 1.5±0.5 
silt %3o.o1.0 29 33 44.0±1.0 

Ilay % 67.5±1 .5 68 65 54.5±0.5 

Specifi c -;ivi t.71±0. 1 2.69 2.69 2.67±0.1 
li(uidi limit '! 7'.f'.. I 84.0 89.6±5.1 84.5±3.1 
Plastic limit 2. 33.90.5 39.6 38.6±2.4 33.2±6.4 
Elanti;ciLy Index % .4..:2 6 44.4 I 5].0±7.5 51.5±9.6 
I iqtuidi1ty 
A(,( iv ; 

ndex 
1 

0.10 
(.h'-

0.33 0.47 0.74±0.20 

0.85±0.09 

Ill -3.410.2 3.35 6.40 
Total Soluble !Sal't 
C(o tent. (/1 i t-1e 16 .6(I 0.1 6.57 7.23 

Or(lanic Matter I .2±0.3 1.23 7.18 
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Table 14 General Properties of Weathered Bangkok Clay
 
(After SUKKANASUTA, 1986)
 

Sa(lple SoiI descript~ion f G T passi rig PL PI %t4,nA, Wot. 
no. f%)k 1/n no. 20 (%) (%) ku/ ( 

1,i t-lr k N(Ain, 
15.65 2.70 1.82 36.01 12.2 18.3 1.88 15.0
 

cIayey sand 

(Sc) 

2 Redd i sh-hrown 

42.28 2.72 1.72 96.99 25.2 35.5 1.57 23.5 
weather:ed clay 

(C 11) 

Table 15 Effect of Met-hod of Preparation on Weathered Clay
 
(After PLANGPONGPUN, 1977) 

Fes t no. sample wL wp PI wS wn 

! % % % %7 

I ftoist 67 29 38 16 30
 
2 sample 66 28 38 16 30
 
3 65 27 38 16 29
 

averatIe 66 28 38 16( 30
 
. . .. . . . . . . . . .. . . . . .. . . .. .. ..1 . . . . . . . . 

Air (32 26 36 16 6
 
5 dried 63 26 37 16 5 
6 sample 63 26 37 16 6
 

averam. 63 37
26 16 6
 

7 Oven 61 26 35 15 

8 dried 62 26 36 16 -


9 sample 63 2 7 36 16
 
average 1 62 26 30 16
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Table 16 	 Compressib]ity Parameter oF Weathered Bangkok Clay 
(AFter YUAN, 1982) 

a) Comprssibi]ity characteristics of AIT Campus 

.............................................................
;1 	 . ...... J ... . ............ i 

peo Cc Cs Pc (t/m 2 ) 

deptho 
, m)rl 

(inn 
/Z 
lia 
IiI 

O I-
I/
I 

- -- r . 

/_Z*~* 

I 
-a 

1 

~ 
n 

~ ~~ 
Ct 

..... ... .. . ~~....... ... ...... Ii'.* 
. ... 

1.0 5 1.21 0.11 4 0.52 0.23 4 0.10 0.021 5 226 28 
1.5 7 1.73 n.20 

I~ 

0.88I 
~~~-.

0.64 
* 

1 
-

0.08 -f 2 
f 26 

17.8 10.31 

2.0 4 1.98 0.25 18 0.90 0.24 1 7 0. 1 6 0.03 1 23 16.9 8.2 

2. 5 5 2.15 0.15 4 1.06 0.38 3 r0.14 0.05 1 'j.9 3.8 

3.0 1 ' 22S 0.22 7 1.14 5 3 0.19 0.05 7 1 9.4 

3.5 4 2.36 0.14 1 4126127 1.26 133019 0.20.1941
0.04 5 8.2 

4.0 5 2.28 0.17 12 1.17 0.20 6 1 0.19 0.03 11 10.0 3.6 

4.5 11 2.26 0.16 12 1.31 0.21 10 1 0.20 0.03 12 
5.0 14 i2.30 0.15 18 1.22 0.26 10 0.18 o005o .118 94 1 9 

b) CoerFicient. of primary consolidation Cv 
(10 - 4 cm /sec.) 

..... . . ........... .. t . . ... . . . .f . ..... .. .. 	 ... . . ... . ... .. .... ..... ............ ............. . . . ........... .. . .
AIT Campus Nong Ngoo Hao Pathum Wan Pom Prachul 
depthI
 

(m) n Ci n: i r n 'u -Y.n-u-. 

I . .... .. ... .. 	 .... .. .u -	 I. -. I - - I 0 l 0-1 2 	 2.5 - 1.0I 
'1~~~~16 2 ~~~ .-- 8 19I"2 3 18S i 	 1 ! 1.6 ...........2 2.0 .... .. . ......... J .... ..... 2:.
. .......
 

2-3 18 131 ........... ! ! .......... .. ............... ....... ....... ... .. .. _.. . ....
! 0.7 4 1.5 1.0 	 3 3..3. 
3-4 5 1.7 07 1 2 0 
4-5 16~ 1.1 0.) 1. i 0 1 2 

n sample size 
mt valuemean 

CT standard deviation 
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- -

1. 

'labie 17 - Undrained Strength Parameters 

(after ARAVASIRI, 1969) 

Depth Apparent Normally Overconoolida ted
 
Consolidated
ft. Overconaolidated 


u C .....
. -u
 

b/in2 degree lb/in2 degree !b/u 2 degree
 

4.75* 3.5 9 
 0 14 
4.0-6 2.4 16.2 0 18.3 2.4 16.2
 

13.0 2.8 9.5 0 15 

1,6-13.0 1.4 13.5 
 0 19.3 1.8 13.5
 

* Isotropic consolidation reported by ARAYASIRI (1969)
 

Table li - Undrained Shear Strength Parameters of the Weathered Bangkok 

Clay, (Ko Anisotropic Consolidation) 

(alter (U1,A"IHOL, 19-/0) 

Depth, 
 Total Stress Effective Stress
Soil ft
 

4.0-6.0 1.5 
 18.2 1.6 19.2 1.6 20.8 ,1.7 22.3
AOCC
 

11.0-13.0 0.5 
 18.2 0.6 19.2 1.0 20.5 1.1 22.0
 

4.0-6.0 0 21.8 0 23.6 0 22.8 
 0 24.8
NCC
 1.1.0-13.0 
 0 18.9 0 
 20.0 0 
 24.4 0 
 27.0
 

4.0-6.0 0.5 19.3 
 0.6 20.5 1.6 21.8 1.7 23.6
 
OCC
 

11.0-13.0 0.2 0.'
18.0 19.0 1.0 23.6 1.1 25.9
 

a, a, co F-tfn Ib/in 2
 

e, Q,, in degree
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Tab.le 19 ,e;herat -trenql-h Piarameters in Termns of Total and Effective Stresses, 
...crnJ.iirison IiFe;rn isot.rcpic anid i soL-opic Consolidation 

(af Lei GUACilOI, 1970) 

Total / Stress Effective Stress 

At (Ti- 03 ) max At ( lii.O max 
Test Depth At (COI-0,3) max 

Strength MohrCoulc(nb Strength Mohr-Coulomb Strength Mohr-Coulomb 

Parameters Poramrneers Parameters ParametersParameters ParametersSeries 

CL. C 
S e ri e s 


lb /in2 degree lb /in- cegree lb/i? degree Ib/irn degree lb/t? degree lb/in2 degree 

CIA U 4.75 2.8 80 2.8 8.1 Z." 126 2.6 12.9 2.5 12M 2.6 12.9 

1.7 22.t 1.6 20.8 1.7 22.3 
CA AU 4 0 1o6.0 1.5 18.2 1.6 19.2 1.6 20.0 

IU4 '7 5 0 11.0 0 11.2 0 16.5 0 17.2 0 16.5 a 17.2 

fA-U 410 to 6.0 0 21.8 0 23.6 0 22.8 0 24.8 0 23.8 0 26.2 

CIAU 13.0 2.2 8.0 2.2 8.1 2 3 13.0 2.4 13. 4 '2.3 130 2.4 13.4 

C.6AU 11,0 to 13.0 0J.5 18.2 0.6 19.2 1.0 20.5 1.1 22.0 1.0 20.5 1.1 22.0 

U 13 n 0 12.0 0 12.3 0 19.0 0 20.2 0 19.0 0 20.2 

AU 110 t0 13.0 0 18.9 0 20.0 0 24 4 0 27.0 0 25.0 0 27.8 

CAOU 4.0 10 6 0 0.5 19.3 0.65 20.5 1. 18 1.7 23.6 1.6 21.8 1.7 23.6 

CAOU 110o 13.0 0 .92IR 0 . . I 2.9 I 42 oII 26.7 

V Isororric Cosolidation. ARAYASIRI , 1969 
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Table -0 	 Undrained Shear Strength Parameters of Weathered Bangkok Clay 

(After rloll et a , 

Total Stress 	 Erfective Stress
 
Depth 	 Y & . 

2 	 2
m t onm 2 4 c
 
ton/m frr deg'-ree ton/r/ degree de re&
 

1.1 27.7 0.5 13 - 0.5 20 

1.5 25.6 2.0 11 9 1.8 18 13
 

2.5 24.6 0.8 1l 10 0,7 20 19
 
h.0 17.5 1.4 13 9 1.5 21 16
 

5.3 0 0 11 - 0 20 

10.5- 6.1 6.1 15 10 3.7 24 20
 

., for normally consolidated soil 

" $ for over aonsolidated soil 
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Table 33 Shear Strength Parameters of Banakok Clay (AtrQUIRESHI and MOH. .973) 

Total Stresses 
 Effective Stresqs
 

TetTy 
 pe At ( c-- --) At C(--- a--) At(

T sHistor3 of 3epth Sten t 
 Mo r tr nayhm xi
 

Seri es Test 
 M rnth Hh-
 Ste~ Mohr-
 Strength Hohr-

Parameters Coulomb Pu-ramecers Coulomb Parameters 
 Coulomb
 

Parameters 
 _Paramet ers 
 Patrame ters 
2
b/in legee/iin 2 '
 .
le
elb/i2'.ere.ib/inr
deredlb 
 iere in 
 l hl/in degreel
 

A OU AU- O- . .0 
! 1 [7.•3 2.0 1 0- 2.1 16-7 2.0 16.5 2.1 17.2 
AUH OOC2.c5 0.4 0.4.- 12.5 12.8 0.8 0 09 26.4cO.8 24.o 0.9 26.4
AOCC CAUV 1.8 1.5 18.2 1.6 19,.2 i . 0817 
 2231A 2 .
 

-Aocc cIU-v 
 2.5 0.8 J0.- 0.8 10.2 1.2 I 5 1.7 20.7 1.2 1 . 20.
 
o._.u- 5 0 -5. 
 . , . 7-' 3.7 10. 
 3.8 10.2 3,7 10.0 3.8 10.2
+ Oo A --055 4.0 3.o 


-
4.o 3o0 3.7 5.03.CAU-II '- - 3 3.7 5.0

NCA- .-. 0.0 17?.0 0.0 1.-8 
 0.0 21.5 0.0 23.2 0.0 22500 
 24.4
 
NCC CAU-H . O-.o0. 
11.0 00 11.2 0-. . 0..0 
 200 O--2.
 

-- --- NCC C IU- V O .O O O-12 O O 
 00 .
.... . . . -. 41O 

u 

.. . 11--0, - - 11.2----0. 3- 0.
+-NC uCAU' - . 21.4 oxO 21.1.5 0.0 23.2
-- 5 0- 20-0
C-AU;I.m 0.0 21.4 2919 
 .
MCC , I, 1 ,.2
d-H .7. .3 2. 2.9 190 3.1 20.24.oo.o 14.4 .3 1.0 
 .3-3U -4<.
 
GULACHOT.(1970
 

""ARAYASIRI(1970)

The-strength parameters 
were based on the average envelope.
 



Jab]e 22 Summary of the Strength Parameters and Strength Parameters from
 
CIU and CID Triaxial Tests, Samples Compacted at Optimum Water
 
Content (w = 24.1%) with 56 Blows per Layer 
'After HAQUE, 1977)
 

Effective Strength Strength Parameters
 
Type of Cosdidation
 

Soaked
Test Pressure Unsoaked Soaked Unsooked 
3 2t / m ? t / nm t m t./m . t /r.
 

CIU 15 
 9.9 9.9 At( 6
1 -63) max. 

25 15.4 132 2.8 24.90 0.8 27.1 0 

35 20.5 19.9 At(5 1 / .)max. 

2.2 25.9' 1.4 2640 

CID 15 - 18.9 At ( d 1- O)mx.
 

25 - 25.8 or (1 / 3)max.
 

40 - 38.2 
 4.6 25.50 

-.53



'iable 23" 'ypical l'',nsile Slieigi.h of 3:timl)oo (fier DURRIANI, 1975). 

Ultimate Modulus of
 
Specimen Tensile Elasticity Remarks
 

Stress (psi) (psi) x 10
 

Without node 
 18,800 2.0 Fractured at the centre 

" 30,700 2.3 " 

" 	 21,600 2.2 " 

o 	 20,300 2.1 " 

" 29,570 2.3
 
It 	 23,800 2.2 

With node 	 18,300 2.0 Failure at'node 

19,850 1.9 

24,100 2.1
 

12,200 1.9
 

.9,900 i.9
 

17,900 2.0
 

Average Tensile Strength at nodes 18,700 psi 

Average Tensile Strength of internodes = 24,130 psi 

Average modulus of elasticity = 2.11x10 psi6 
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Table 2u 

I 
Lnm 

Dia-
meter 

,mm", 

4 
4-

5 
5 

6 
6 
6 
6 

6 

T 

9 
9 
9 
9 

9 
9 

9 
9 

T:.-
Or 

Grade 

;I ES 
PC IRE 

PC IR E 


n 

SP.24 

-SD.10 

S24 
SR24 
SP24 
SR2 

SR2' 

PC'IRE 

PC-7RI E 
PC-1T7 E 
'P. 
SR24 
S.24 
SR24 
SR24 

.SR24 

SP24 

SR24 
-

Unr 
ght 

kg m 

0.10 

0.10 
0.1,S52-11!-

0.15 

4.. 
n. 1Ic 

L'l 

0 0.29 

'D.2 
0.22 

0.20 5 -0.220 
0.22 

0.6 

0.20 -0.21 2 
0.30 

f.:02 
"0.30 

0.30 
,." -7- 0.50 
_.48-0.49 

0.51 S-1.525 
0.4-0-0.499 

0.422-0.502 
0.51-12.52 

0.51 
0.35-0.36 

ild__ 
stress Streno"h Elonaat:: 

kgf mm- .kgf Tmm-

50.21 62.76 4 
44. ? 11 -rit--l.'r_ 

.!0-1 r- - '3 4. " 
. 

.. ...... 5
1	6 c: 5" a -'- E-- 26 - - ----- C.W '-

rr 4'1-n~~c 

3 5.. . . -	 .. 
~ -f i0F-

20F-S 
24.76 - 9.62 4 2. 30 	 
32.90-34.67 48.1 1 -49.52 2-cSacto-r'. 

- I o9 - . 

5 3.59 .
..- z.!Q =" 1-4.12 -I .. . . . :412o.22. 

E1.12-1 66 2..6 ' -.800...Lt--

15 


71 o -. 

. 251 1_1 o 

157.22-I5.. c4F -2 5-


3 0_4-4.04 52.50-59. ,-_Factor
35.05-37.41 48.1 0-4 8. 1-4 

37.92-38.53 52.3-53.23 
 28-5 
33.01 -40.24 46. 53-5 F.' 24-H 
33.21 -55.63 45.67-66.32 31-40 
38.44-40.28 48.-4 9.2 33-3 8 
37.1 0-7.41 90.30-51.08 24-29
31.75-33.07 44.31 -45.41 31-42 

L.Al aManufacturer 
:n Thailand 

SIS Factor-"
 

Tha "eciai '-Ire Co.JLtd.
Fa t r
 
Factor-y
 

ct 3 
Factory
 
Factor-'
 

t 

*6r 

Factor; 
Steel Co..Ltd. 
Factor-
Factor-.' 

Factory 

Fa.ctor': 
Factor

?ema r,-

Spiral "ire 

PC Seven ;ire 

TZ 

C, 

-.r 

-

3S1 
Genera 

GE 
MSI 

QSs 
SIS 
SM 

http:31.75-33.07
http:90.30-51.08
http:38.44-40.28
http:45.67-66.32
http:52.3-53.23
http:37.92-38.53
http:35.05-37.41
http:0_4-4.04
http:32.90-34.67
http:0.35-0.36
http:0.51-12.52


Dia- T[pe Unitmet..r 	 ';eight 
m . Grade g 

C) 	 Df 10 

n) 

9. 62 270K 0.44.:;h ---(, ).1-SK.--,u

.;;2 2-0K 0.44 

9.62 270K 0.44 
10 D 30 0.60-0.61 
10 ED40 0n.62 

.0 SD301 6-'~5.m2 10 SD.O 64-0.67 
105.-4.3 

12.SD.3-5.0
12 SD30 0.60-0.90 
*12 SD30 3.10.88 

12 SD40 0.902-0.91 
120 530, 0.88-0.89 
12 5 -9.0.87-0.92 
12 SD40 0.829-0.972 
12 SD40 0.89 
12 SD30 0.90 

12.4 250K 0.7-
1 2.4 2501 0.7 
12.4 250K .3 

12 270 0.8 
12.85 270K 0.79 

12.85 	 270K 0.78 
16 SD30 1.52-1.59 
16 SD40 1.570-1.580 
16 2030 2.46 

ield
 
st-IS 

kgfmm 

1' 

195.69-1,06.05I ' 

85.821-9 1- ._11 

195.69- . 
37.68 - 39.*3 10 
42.80-43.q 

-10.52 3 

.. . .
 
35.28-45.86 

3 66 -0n2 
40.06-40.37 
39.96-40.04 
45.08-42.72 
43.4-46.79 
46.92- .10 
40.99-45.36 

19.54 
102 .06-17 
1 .94-1 79.01 
182.32-184.02 
187.05-1 87.06 
185.86-1896.06 
36.43-40.27 

43.79-44.64 
36.06-38.93 

Etr.2ng.. 
kgf mmM 

0 

17 

20 .7--202.5.--- ,. ..-
-ni 


~~.43---5 .-2Cl5 
' 01 " 51 

5.1 l3 

3 	- - 5 4 

64.-;- -1 

5 -" 

51.16 -56. 0 

52.2- -63-2 
.27-2 
- 7.3 

64.6-6.-F 4 
65. 	 6-7.30-

.9 26-20 
56. -65. 
518.29 
66.6--9, 


189.80-1 90.22 
04.64-.204. 2 

200.06-203.65 
195.06-1 96.06 
53.16-57.70 

66.58-69.02 
153.61 -57.44' 

E-'!ona: n 
. 

- ',z
5 .90"6.89 
*--,,C 


22 0 

1-

2 "0-3SI 

-3. 


2-
20-25 

20-'7-anbu 

2-8 

6.-


.--. 5
=5 

7 5-S.4 
5.4- a 

6.07-7. 38 
7.60-8.69PCSvnWr 

25-35 

20-25 
28-30 

L2.cal Manuf'zZ:uz.r 
in Thai1and 

Factorv 

3 1 	 Factory 

._-.-"-


Factor~Factory 
3 IS' Factory 

BS~Tcj 

--.Factr-
GSS Factor,.-
Iteel id. C..rtd. 

525 Factor-.-
TICO Factor'y 
551 Ftr. 

actor.-
SSS Factory 

BISW Factory 

BSI Factor'
 
BSI Factory
 

Oemark, 

CSeveP 	Seven Wire 

C -NTS 

http:66.58-69.02
http:53.16-57.70
http:200.06-203.65
http:36.06-38.93
http:43.79-44.64
http:36.43-40.27
http:85.86-1896.06
http:182.32-184.02
http:40.99-45.36
http:43.4-46.79
http:45.08-42.72
http:39.96-40.04
http:40.06-40.37
http:35.28-45.86
http:195.69-1,06.05
http:1.52-1.59
http:0.87-0.92
http:0.88-0.89
http:0.902-0.91
http:0.60-0.90
http:0.60-0.61


_ _ _ _ _ __ 

nia- Type Unit Yield Tensilemeter or Weight Stress(mm) Grade kg/M 
Strength Elongation Local Manufacturer Remarkskgf/mm2 kgf/rnm (%) in Thailand 

-. - - - - .- -. - - . - i - . . - - - ... . .. ..-....... ......... ... -... .... ... 
 . . . . . .. . ....... .. . .. . .... . .

16 SD30 1.56-1.60 34.34-36.73 48 67-52.84 29-35 GSS Factory16 SD40 1.57-1.69 41.27-50.04 64.50 -/4.96 20-28 
 GSS Factory16 SD30 1.51-1.56 9.01-38.99 26.39-56.03 31.0-57.5 NTS Factory PC Seven Wire16 SD30 1.59-1.61 35.33-39.69 53.1 8-56.56 28-29 
 TICO Factory19 S,2f24 0.505-0.526 47.1 5-49.04 67.79-69.16 22-31 BSI Factory19 SR24 2.20 31.32-32.45 46.56-4 6.84 36 
 TPS Factory20 SD30 2.40-2.53 37.29-40.04 53.97 -58.73 26-33 
 BISW Factory
20 SD40 2.450-2.464 41.33-41.44 62.16-63.40 25-27
20 i SD30 1.56-1.58 35.77-39.00 50.88-57.16 28-34 

BSI Factory

BSI Factory20 SD30 2.47-2.49 34.32-34.68 50.76-50.85 32-33 GSS Factory
20 SD40 2.47-2.54 40.50-43.61 60.12-68.69 22-28 
 GSS Factory
20 SD40 2.41-2.53 40.58-63.82 j 57.18-88.97 16-31 
 NTS Factory


20 SD30 2.45-2.46 i 34.46-35.50 50.80-51.22 
 30-37
20 SD30 2.48-2.50 34.98-35.33 53.07-54.13 NTS Factory26-27 TICO Factory
20 SD30 2.40 36.63-38.60 55.34-56.13 28-29 TPS Factory25 SD30 
 3.72-3.98 34.73-44.46 51.99-68.48 23-30 
 BISW Factory
 
25 SD40 3.77-3.82 42.25-43.51 63.38-68.29 * 
 23-26 BISW Fz.ctory25 SD30 0.875-G.878 40.15-40.23 57.60-57.93 30-32 BSI Factory

25 SD40 3.802-3.832 41.38-46.55 67.60-72.44 18-23 
 BSI Faotory25 SD30 3.83-3.92 37.05-39.76 56.47-59.44 1 23-32 
 GSS Factory
25 SD40 i 3.81-3.97 41.29-46.69 I 65 62-73.63 20-24 
 GSS Factor25 SD30 1 3.72-3.73 34.10-34.82 1 52.41-52.96 1 24-26 NTS Factory
25 SD30 3.82-3.83 38.22-38.33 57.76-58.00 29-30 
 SIS Facto.v25 SD30 3.77-3.88 33.69-34.57 1 51.09-53.62 1 26-28 TICO Factory
28 SD40 4.740-4.835 40.1 4-42.13 62.82-65.59 21 -24 BSI Factory

2828 ISD40D30 I 4.69-4.874,79 40.83-46.08 64.19-73.05 1 19-24 633GS Fatr

2 Factory

38.35 f 55.88-55.97 27-28 
 GSS28 SD40 14.81-4.83 43.25-43.56 65.74-65.85 Factory
24-26 i GSS Factory
32 SD50 6.448-6.572 53.08-56.87 1 73.29-77.18 18-23 
 SIS Factory

S i _JI.__ _ __ _ _ _ __ _ __ _ _ __ _ _ _ _ _ _ 

http:73.29-77.18
http:53.08-56.87
http:65.74-65.85
http:43.25-43.56
http:14.81-4.83
http:55.88-55.97
http:64.19-73.05
http:40.83-46.08
http:4.69-4.87
http:62.82-65.59
http:51.09-53.62
http:33.69-34.57
http:3.77-3.88
http:57.76-58.00
http:38.22-38.33
http:3.82-3.83
http:52.41-52.96
http:34.10-34.82
http:3.72-3.73
http:62-73.63
http:41.29-46.69
http:3.81-3.97
http:56.47-59.44
http:37.05-39.76
http:3.83-3.92
http:67.60-72.44
http:41.38-46.55
http:57.60-57.93
http:40.15-40.23
http:63.38-68.29
http:42.25-43.51
http:3.77-3.82
http:51.99-68.48
http:34.73-44.46
http:3.72-3.98
http:55.34-56.13
http:36.63-38.60
http:53.07-54.13
http:34.98-35.33
http:2.48-2.50
http:50.80-51.22
http:34.46-35.50
http:2.45-2.46
http:57.18-88.97
http:40.58-63.82
http:2.41-2.53
http:60.12-68.69
http:40.50-43.61
http:2.47-2.54
http:50.76-50.85
http:34.32-34.68
http:2.47-2.49
http:50.88-57.16
http:35.77-39.00
http:1.56-1.58
http:62.16-63.40
http:41.33-41.44
http:37.29-40.04
http:2.40-2.53
http:31.32-32.45
http:67.79-69.16
http:35.33-39.69
http:1.59-1.61
http:26.39-56.03
http:9.01-38.99
http:1.51-1.56
http:41.27-50.04
http:1.57-1.69
http:67-52.84
http:34.34-36.73
http:1.56-1.60


Tali]e 25 	 Tensile Strength Test of Steel Welding Joint 

Weld Weld Bearing Tensile
 
S.No. Width Thickness Load Strength Remarks
 

(mim) 	 (mm) kgf kgf/mm' 

37.6 	 10 18,240 4,851 Fracture occured outside 
38.0 10 18,280 	 4,811 Welding joint outside 
37.9 	 10 18,000 4,749 Welding joint outside 
38.0 	 10 17,480 4,600 Welding joint outside 
315 10 17,600 4,693 Welding joint outside 

Table 26 	 Tensile Strength Test of Welded Steel Bars 
(After AIT, Structural Engineering and Construction Division) 

Dia- Unit Yield Tensile 	 Modulus of 
S. No. meter Weight Stress Strength Elongation Elasticity Remarks 

2(mm) kg/m kgf/mm kgf/mm2 (%) kgf/mm2 

25 3.85 43.92-45.67 60.69-66.40 20-24 20,370-28,400 

--58

http:60.69-66.40
http:43.92-45.67


Nominal Size Nominal Unight 

Nomial izeDiameter Weight 

(mm.) kg/rn 

DB12 12! 0.898 
DB16 16 1.578 

DB20 20 
 2.4r.6 

DB22 22 
 2.984 

DB25 25 3.853 

0B28 28 
 4.834 


Table 27 Specifations for Deformed Steel Bars
 

(after TIS. 24- 1984)
 

Nominal Maximum Length Allowance Weioht Tolerancesj Max. Chemical Compsition .MehanicalProprties
l


X- AreaMa.CeiaCopstn 
MehiclPpris 

2

U= ) (Mm) 
 ilk by ex nt) 

lin. 
for Avrg-J7 aat 0 

10 adoe0m 

M 

10 m ovr 1 rs. C in S + Fradelflin. Yield Hin.Tensile ElonaationanforAveageperirad 

7 [under 
 piec .,n0 Stes Stress _____
 

113 -Ot. he above for DB2B -SD401 1 8 .058 .0513 .5' SD40 40 57
201 every additi- 1
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Table 28 Specifications zfor Round Steel Bars 

,~InaT zominlirumference 
N~ominal 
 Unit Max. Length Allovancesize Diameter AllovanceSX-Area Weht 
Weig 

for Max. Chemical Composi 
(mm) 

I(mm) (nmm2) (kg/rn) (m 

V-ln
 

0mi.andunder Over l10m. for Average perp ie c eSC S IP.e% Grade Min.Yieidr s ?iin.Ten- EinnjStes sile str" t ot_,
RB6 6 18.85 
 28.3 0.222 . 55 m . Add 5 rm. t- R 6 ±5. 0 t0.0C89 9 28.27 SR 24 24 39 !63.6 0.499 -O m. to the a vRB12 12 37.70 9- 3.5 !6.10113.1 0.888 
 r vr. RB28RBlS 15 47.12 
 176.7 
 1.387 
 additional
 

in. or frac:-1
RB19 19 
 59.69 
 283.5 2.226 
 ion there cf
RB22 22 I69.12
R925 380.1 2.984
25 78.54 next to exceed490.9 3.853
P.828 28 a maximum value87.96 
 615.8 4.834 
 of 120 mme.
f-L_I ...... '' _ L 



TabIe 29 Recommended Design Values of Yield Strength 
and Effective Modulus for Steel Meshes and 
Bars 

Woven Welde' Hexagonal Expanded Longi u-
Square 

Mesh 
Square 

Mesh 
Mesh Metal 

Lath 
dinal 
Bars 

.'cI f ksi 65 65 45 55 60 
(MPa) (450) (450) (310) (380) (414) 

4J 

U,3a) )(l;r) long. , 10ksi 20 29 15 20 29 

4) -, (10 MPa) (138) (200) (104)" (138) (200) 

ti-I 0 
o E ,10 3ksi 24 29 10 10 

(103 MPa) (165) (200) (69) (69) 
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Table 20 General Subsoil Properties at thp Sitie (after , 984 

W n PLPI Gs t P., Pm Cv cc Cs

L.. ( , (70) (W) (/) (t/rr ) (/) (Mlm) (t/re&) x 1&4ccr/sec 

0. 24.7 23.7 50.4 26.7 2.70 1.87 0.8004 83.2 
T 
f0.94 7.30 

_( I-)log-t) 

16.5 17.0 0.2226 0.047

*0.75 25.5 1.86 0.8393 83.6 1.40 13.0 5.0 1.0 0.2002 .0402 

1.5 43.7 36.0 78.8 42.8] 2.67 1.71 1.2716 91.8 2.22 27.0 1.7 1.5 0.5970 0.1403 

,1.75 39.4 1.80 1.1034 953 2.0 32.0 1.5 0.4 0.3717 0.1157 

2.5 77.0 39.5 83.8 44.3 2.63 1.48 2.3962 B4.6 2.82 7.0 3.6 1-2 1.7575 -

k2.75 88.1 1.50 2.394? 96.8 2.94 6.4 1.7 02 '1920 0.178B 

3.5 

33.75 

90.3 

89.7 

428 90.4 47.6 2.62 

1 
1.48 

1.48 

2.3..4.. 9&B 

2.49B0 941 

3.30 

3.42 

m0. 

9.4 

..1.1 

2.0 

1.0 

1.0 

1.50421.0 

I1.7154 

00.1329 

0.1778 

4.5 97.8 39.3 109.0 69.7 2.62 1.46 2-5281 101.4 3.77 3.8 1.2 1.0 0.9770 0.1871 

-4-.75 90.5 1.45 2.7066 87.6 3.89 4.7 1.0 0.7 1.5329 0.1982 

5.5 84.2 37.0 101.5 64.5 2.63 1.48 224121 91.4 4.24 8.5 0.9 0.8 1.4164 0L2200 

,5.75 86.6 1.50 2.1350 85.6 4.36 7.8 1.0 0.6 1.2497 0.1828 

6.5 60.5 33.3 75.8 4.2.5 2.64 1.65 1.6174 98.8 4-81 8.6 2.0 1.5 1.02B3 0.2G24 

-6.75 60.8 1.61 1.6180 992 4.97 10.2 1.0 10.5 0.9367 0.1230 

from Special Oedometer Test) 



I37-abie General Subsoil Properties at the -TT Campus (aftzp. OHTA ,-.0 i9982 . 

a7 . ( 0/) 

Wn PL 
(t7) 

LL 
(7/) 

P! 
(') 

G. it 
( t/rr) (7) 

P.cccx 
(t/T) (t/m:) ×10 4 cm/sc 

C s 

0.5 

1.75 

130.0 

62,6 

782 

20.9 

31.3 

38.2 

.o 

1I83.2 
104.5 

23.0 

52.0 

66.0 

2.62 

2.67 

2.71 

1.93 

1.96 

1.62 

0.6 

1.95 

2.23 

91.5 

104.5 

92.9 

097 

1.36 

1.58 

2.7 

4.G 

10.0 

260 

26.0 

50.0 

!AOg) 
___gt) 

12.0 0 

10.0 10.407 

4.0 1.684 

0.020 

0.103 

0.16 
24 83.5 33.9 88.5 54.0 2.65 1.64 3.!70 69.8 1.99 5.6 2.0 1.0 1.630 C.240 
2.75 

3.35 

953 

90.2 

38.2 

36.8 

107.5 

109.0 

69.0 

72.0 

2.63 

2.70 

1.55 

1.56 

2.570 

2.659 

97.3 

91.5 

2.18 

2.52 

5.0 

6 5 

3.0 2.0 1.420 0.210 

3.9 

4.25 

53-

84-7 

9-,2 

90.8 

34.8 

3B.6 

365 

91.4 

114 .5 

103.1 

56.0 

76.0 

67.0 

2.66 

26B 

Z6 

1.61 

1.57 

.6 

2.317 

2.6-27 

244 

97.3 

973 

9B.6 

2.85 

3.05 

3.66 

9.0 

7.2 

9. 5 

3.0 

1.0 

2.0 1.590 

0.]0.s.50 

1.0 1.10-1 

0185 

0.q 

[0.54 

5.8 

S4 

6.8 

74 

&.5 

66.8 

67.3 

632 

i 

37.0 

:.8 

321 

30.8 

10.5 

104.3 

68.4 

73.4 

630 

67.0 

36.0 

43.0 

2.69 

2.63 

2.7 

2.66 

1.69 

1.70 

1.68 

1.71 

2.280 

1.414 

1.683 

2.202 

94.B 

1.242 
1.,-, 

t08.4 

7G.3 

4.00 

4.69 

5.12 

6.4 

1 
12 .3 

9.2 

3.1. 

'1.5 

2. 
2.0 

1.0 

4.0 

0.5 

1.0 

1.0 

0.5 

0.780 

I 1 
1 -3O 

0.827 

1.000 

0.220 

0 
0 22 

0,172 

0175 
7.8 35.3 36 83.7 50.0 2.67 1.92 .109 850 5.49 8.0 7.0 5.0 0.400 0.101 

- - . -. - - - -- - i 



Table 32 Suiirrn:at\ nf 'lriaxial Test Results (Anisol.ropically 1(0 C'onsolld tedIlldrtinod l'riaxi:tl Compressloll fld Extenlslonl Tests) (after MOY, 1984). 

CRU-comp. CIU-ext. 

No. Depth
Sm 

:p. 
t(/rr?) 

5':kp'
(t/rr ) 

Su S./p.
(t/rn')(t 

Af S. 
r) 

Su/p" Af S,,,/S,,, 

1 1.0 1.B7 1.27 1.71 0.91 0.05 1.63 O.B7 0.32 0.95 

2 1.75 2.22 1.51 1.71 0.71 0.15 2.40 1.00 0.38 1.42 

3 2.75 2.94 1.76 2.07 0.70 0.17 1.69 0.57 0.43 0.82 

4 3.75 3.30 1.98 2.06 0.60 0.49 2.16 0.63 0.59 1.05 

5 4.75 3.89 2.34 1.86 0.47 0.61 1.44 0.37 0.66 0.77 

6 5.75 4.36 2.62 2.36 0.51, 0.4G 1.96 0.45 0.62 0.63 

7 6.75 4.97 2.98 1.35 0.47 0.63 1.94 0.39 0.77 0.79 

-6 0 



Table 33 Summary of Triaxial Test Results (Isotropi.ai:-. Consolidated Undrained 
Triaxial Tests) (after OHTA & HO. !98-2. 

txial Strain 
Depth 0,'vo 

/ 2 )  p 
0% 0.2 0.5 1 2 5i 

JjIJr?)k/PP/Ovo q /0-v p/O(To q/OGvo [/C~o q/OvoIP/Jyvop/ Cp'ao q/~v 01p'Io q /o P /0-,',q ao<, 

0.50 32 15 0.47 0.19 0.48 0.38 0.52 0.44 0.52 0.64 0.58 0.71 0.62 0.79 0.69 
1.40 
1.75 

46 
100 

27 
31 

0.59 
0.31 

0.39 
0.18 

0.96 
0.34 

0.62 
0.51 

0.90 0.80 
0.39 I0.66 

0.35 0.98 
0.40* 0.42 

0.87 
0.34 

0.83 
0.33 

0.96 
0.39 

0.83 
0.33 

1.01 
0.34 

2.40 56 37 0.66 0.20 0.70 0.21 0.66 0.38 0.66 0.52 10.64 0.48 0.61 0.34 0.52 
2.75 50 40 0.80 0.12 0.82 0.14 0.76 0.22 0.74 0.32 0.62 0.14 0.52 0.12 0.50 
3.35 65 45 0.69 0.20 0.69 j.37 0.66 0.55 0.C3 0.68 0.58 0.55 0.52 0.49 0.49 
4.25 72 52 0.72 0.10 0.71 0.24 0.68 0.29 0.64 0.26 10.60 0.25 0.58 0.24 0.54 
5.30 95 60 0.63 0.15 0.60 0.29 0.59 0.38 0.53 0.46 0.45 0.45 0.33 0.35 0.28 
5.80 64 64 1 0.23 1.03 0.39 1.00 0.56 0.97 0.67 0.89 0.56 0.81 0.47 0.77 
6.80 92 72 0.78 0.22 0.80 0.37 0.79 0.51 0.77 0.67 0.72 0.70 0.63 0.55 0.58 
7.40 (31) 78 1 0.26 1.10 0.44 1.05 0.63 0.99 0.68 0.86 0.56 0.74 0.44 0.69 
7.80 (80) 81 1 0.21 0.95 0.44 0.93 0.45 0.85 0.53 0.79 0.50 0.73 0.39 0.65 

http:Isotropi.ai


Table 34 Summary of Triaxiai Test Results (!5oZropicall. Consolidated Undrained
 
Triaxial Tests) (after '.3HTA& HO. 1982).
 

Axial Strain
 

Depth O-o PT
 
(M) 	(kN/m2)(kN/m 2) 0% 0.2% 0.5% i% 2% 5% 10% 15% 

P_/U" q /rvpo oo q/UO pP/Uvo q/Oo P/ o0 q/O 'o0 P/07dvo q/O<vo P/'o 

0.50 150 150 1 0.21 0.91 0.30 0.99 0.56 0.83 0.67 0.69 0.76 0.59 0.78 0.55 0.87 0.60
 

1.75 150 150 1 0.05 0.90 0.22 0.80 0.29 0.74 0.32 0.65 0.27 0.50 0.24 0.46 0.24 0.43
 
2.40 150 150 1 0 0.57 0.07 0.52 0.151 0.-,4 0.21 0.37 0.23 0.25 0.20 0.60
 

2.75 150 150 
 1 0 0.91 	 0.08 0.83 0.19 0.79 0.30 0.73 0.32 0.60 0.31 0.51 0.32 0.47
 

3.35 150 150 1 0.11 1.03 0.18 0.97 0.26 0.89 0.29 0.75 0.32 0.63 0.33 0.59
 

3.90 150 150 1 0.04 0.95 0.15 0.81 0.23 0.75 0.30 0.69 0.35 0.55 C.29 0.50
 

4.25 150 150 1 0.09 0.84 0.17 0.71 0.25 0.65 0.30 0.56 0.33 0.40 0.32 0.29 0.30 0.22
 

5.30 150 150 1 0.07 0.89 0.17 0.78 0.23 0.71 0.29 0.66 0.29 0.51 0.33 0.4.5
 

5.80 150 150 1 0.07 0.94 0.16 0.88 0.24 0.80 
0.33 I0.67 0.38 0.54 0.39 0.42
 

5.80 150 150 1 0.14 0.04 0.21 0.91 0.27 0.85 0.40 0.80 0.45 0.66 0.51 0.57 0.43 0.49
 

6.80 150 150 1 0.14 0.97 0.29 0.96 0.49 0.95 0.55 0.92 0.47 0.82 0.61 0.83 0.45 0,76
 

7.40 150 150 1 0.16 0.96 0.16 0.87 0.25 0.81 0.30 0.67 0.41 0.57 0.33 0.45
 

7.80 150 150 1 0.03 1.03 0.21 0.99 0.57 0.78 0.64 0.58 0.63 0.45 0.63 0.29
 
_ __ _ ___ _ __ __ 	 ~I _ _ _ _ _ _ 



''ab]e 35 k'lrlation of Owhe [ric, lon Angle IbHsed on ffeelive Stresses with 
I)epl.h (after (>IT, & i1f, 1983). 

()liT:\ . II ( I 9+2) Past Theses 

Depth, Depth 
(i) (degree) (degree) (W) (degree) 

0.5 34.0 35.8 - 

1.4 21..1 1.25 
 19.8
 

1.75 16.4 15.0 - 

2.40 17.1 4.4 
 2.25 21.0
 

2.75 7.3 4.8 

3.35 30.5 14.7 
 -

3.90 5.7 15.5 - 

4.25 11..8 33.7 4.25 1.30
 

5.30 37.1 19.7 - 

5.75 16.4 15.3 5.5 22.7
 

6.40 21.1 15.8 6.5 23.2
 

6.80 24.1 - _
 

7.40 16.6 19.6 
 -

7.80 16.1 - _
 

8.25 21.5
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lable 26 \ iriaI.ions of he Ut.e nflined (Uompresslve Strength (q/2) and 

I':. , Iwith i I h (.t-I r ()ITA &. If(1. 

Depth (m) qu (kN/m 2 ) qu/2 (kN/m 2 

0.50 64.0 32.0 

1.40 40.0 20.0 

1.75 53.0 26.5 

2.35 36.8 18.4 

2.75 30.0 15.0 

3.35 51.0 25.5 

3.75 67.4 33.7 

4.25 28.6 14.3 

5.35 54.0 27.0 

5.75 63.0 31.5 

6.40 86.5 43.2 

6.80 Z9.0 24.5 

7.40 54.5 27.2 

7.80 57.0 28.5 

1982).
 

(kN/mE 5 0 

0.0185 1730
 

0.0050 4000
 

0.0065 4077
 

0.0035 5257
 

0.0070 2143
 

0.0075 3643
 

0.0060 5617
 

0.0076 1882
 

0.0060 4500
 

0.0082 3841
 

0.0100 4320
 

0.0095 2579
 

0.0080 3400
 

0.0080 3563
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Pig.l T'ho I i mo)ut 'restiwi g Room Showinig Tables Of Research Associates. 

Plg.2 The Pullout Testing Room Showing the Future Location of the 
Pullout Apparatus. 
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PI'g.3 (Conrt:iner I'r'orl ,fill Material Samples. 

Fi g.4 Site of hield Test.s. 
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I[ig.5 Another View of the F'leld TestlnFg Site. 

Fig.6 Lateritic Soil Samples for Backfill Materials. 
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I"iF. 7 Clayey Sand Sjarpk( s 'or B'ackfi I M.teriils.t 
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GRAVEL SAND 
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Fig.11 Particle Size Distributions of Representative Lateritic Soils of Thailand. 
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F1g. 14 Plots of Devlator Stress and Excess Pore Pressure versus Axial Strain for 
the Lateritic Soil of Khorat, Northeastern Thailand (after MOH & MAHMOOD, 1969). 
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Fig. 18 Stress Paths and Strength Envelopes of the Clayey Gravel from Saraburi 

at (.7,i.. .. (after BOONSRI, 1971). 
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(b) Sample compacted dry of optimum (95% density) 

Fig.19 	 Stress Paths and Strength Envelopes of the Clayey Sand from Chantaburi 
at 12% Strain (after BOONSRI, 1971). 
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Fig.20 Stress Paths and Strength Envelopes of the Clayey Gravel from Saraburi 
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Fig.2 1 Typical Soil Profile of Bangkok Clay
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Fig.23 
 Effect of Depth on Compression - Log Pressure Relationship of
Weathered Bangkok Clay (After IKANJANOPHAS, .1969) 
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Fig.66 Va'iltim of' Dutch Coe Rlesistince with Depth (after BERGADO et al, 1986). 
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Fig.6(7 Valj at.ion in Shear S1.re1,gLh wit,h Depth Obt.ained from Pressuremeter Test 
(after IFRGADO etA al, i986). 

-125



0 

Undrained Shear Strength , kPa
 
10 20 30 40 50 0 10 20 30 40 50 0 
 10 20 30 40 50II I I I I I I I II' 

I 1 /I 

2-f 

-Gi 

4-

Legend: 

6 

I E)--- 0 Screw Plate 
o---o Screw Plate 

0-CUC Test 

(Nc =10.18) 
(Nc= II) 

7 Behind ET Building Tennis Court Hockey Field 
~'~'UU ",iaxial Test 

z.- Pressurert.ater Is,12]1-U Vane Sheor C12,33) 

Fig.68 Comparison of Undrained Shear Strength for Screw Plate, Unconfined 
Compression (UC), Unconsolidated Undrained (UU) Triaxial, Vane Shear,
and Pressuremeter Tests (after BERGADO & HUAN, 1987). 
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Fig.69 	 Comparison of Undrained Shear Strength from Pressuremeter, Plate Load,
and Screw Plate Tests (after BERGADO et al, 1986). 
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APPENDIX
 

Properties of 
Tensar Geogrids
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Tensar SSI 
Geogrids 
Specification Roll width 
'Tensar' SS 1Geogrids were developed for (Transverse)
 
stabilising weak, low load hearing soils. I
 

e.g. for the construction of temporary and
 
permanent roads.
 

2-9mrn 0.5mm 

~~~Ribs -

- -9mm 

0.8am 1 28mm - 3-3mm 38mm 

3-3rn
Junctions
Roll 
length Typical Dimensions 

(Longitudinal) 
Quality 

Roll dimensihns Physical properties Control Properties 
Length: 5on of the grids *Quality Control Approx Peak 
Width: 4m Strength (kN/m) Strain(%)
Approxdiameter: 0-4m Weight: 0.2 kg/m 2 Transverse 20.5 13.8 
Approx weight: 44kg Colour: Black Longitudinal 12.5 14.0 

Determined as a 95% lower confidence limiit 

22 o CTest 

14 20 . 

12 - 2 5. Index TIn i 

121~~Ine Test-.ide1.s 

8 14
 

2 l/ I I l~~ 2 1 C~qb 

2 4 6 I, O1lflS2 4,?.18~., 2 iY I2

0 6 

00 4 6 12 14 'A 18 20 
SSt ini 

Typical tensile st resu for',TensaSS I G ids0 4.'.pn 5 i' r 
fMcintud.ld,."ct~i2 d.V.g-P, fRb 2 20- t I2*C 

0 

Strain 

fTniese di-ot rI d 

-1,30



TensarSS2 
Geogrids Tensar, 
Specification Roll width
 
Fensar' SS2 (3eogrids were developed for (Transverse)


stabilising weak. low load bearing soils. 

eg for the c oristruction of temporary and
 
permr mrin
ro'maus 3490n -imm 

. .1 2mm 2r .... 3 0m 

m3-Omm 

Roll
 
len g th Typ , , ens,,ns
ca ,tr

(Longitudinal) Quality 
Roll dimensions Physical properties Control Properties 
Length. 50m of the grids 'Quality Control Approx PeakWidth: 4rn Strength (kN/m) Strain (%)Approx diameter 0.5i Weight: 0.3 kg/rn 2 Transverse 31.5 11.0Approx weight: 68kg Colour: Black Longitudinal 17.5 12.0 

Determined as a 95 % lower confidence limit 

OC Testl 

34 
'6 32 O.CL ,im,. 

30430
 

'44 

2C -.27 1, J.6 

-' K) Z 20-

S18 

S 12 

10 
a2C T.M.- S.nq,. RI, ',-,/-. a 0 C T.I - S~f hsn vvn
2 nO, r..,I - 4n11, . M,.7 k/- 2,,., 
 r 6j ~ r .,-h , 2%/ 2O)C*2-C 

2 4, 

2
0 0. , , . 0 ,--

0 6624 1 1120 22 0 24 6 01012 14 16 18 ,322 

TypocalI.'nsdletest m-0t k!l. .iSS2 G407 J Typicitenm~e test res~~lsFrx.Te,,,.xSS2 Geogrnds 
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Tensar SS3 1-

Geogrids Tensar,
 
Spe .ification Roll width __,_ 

(Transverse) 
'Tensar' SS3 Geogi ds were developed for T vr
 
stabilising weak, low load bearing soils. -u- --
e.g. for the construction of temporary and I
 

permanent roads. 44mrm 0.8mm
 

mm Rb--. 

51 mm 4"m 71im 
44am 

"m 4-3rnm 

RollJunctions
 

length Typ , m,,o , ,

(Longitudinal) Quality
 
Roll dimensions Physical properties Control Properties 
Length: 50m of the grids 'Quality Control Approx Peak 
Width: 4rn Strength (kN/m) Strain (%)
Approx diameter: 05m Weight: 0.24kg/m2 Transverse 27.4 10.6 
Approxweight: 56kg Colour: Black Longitudinal 16.1 16.5 

Determined as a 95% lower confidence limit 
0 C 7'.. 1 

IO (.C Lirnl f.x
 
,F 2 O C. T e $t 

1 4 I TenI.t _ . . ....


12 

24 27.4 k-- et 

E~ 

6 12 

4
 
C-;-t- FI- Te0 5,le 50m1/
 

2 O11,-,0 2,1h54r- 1 -S.,1.1 I.h50-lh - 2Cr rI C
0------.--.-- --.--.. ', n -- ---- 2 ... - ----- .
 

0 24 6 If) , 14 16 20 ? 2 6 10 Q8 8 24 0 4 8 
Stra,',S l.,8
 

Typw .alen%4,lest res',l.t, I1 -r o TypiCa lensAelest mIL1S
t ' S S3 CG , kit IufovTens.v'SS3Googyids 

L",uddmI'(hrwc h-
 32 (Tnn? .r dsrclko) 
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TensarGMI I±I.... 

Geogds Tensar.
 
Specification (Provisional) Roll width(Transverse)
 
'Tensar' GM 1 Geogrids were developed for
 
rock face protection and for the fabrication of
 
gabions and mattresses. 42mm 1*3mm
 

-- 13rm Ribs 

4 6m m - - 51 rom 51 m m ----

IW 
-- 4.2mm 

Junctions 

Roll 
length

(Longitudinal) Quality 
Roll dimensions Physical properties Control Properties 
Length: 50m of the grids *Quality Control Approx Peak 
Width: 3m Slle g( 1 (kN/m) Strain (%)
Approx diameter: O5m Weight: 0.32 kg/n 2 Transverse 15.0 16.0
Approx weight: 56 kg Colour: Black Longitudinal 15.0 26.0 

*Determined as a 95% lower confidence limit 
iOC -i O.C T-it 

16 16, 
.,I ..... 0OC UnLm . .. 

14 14
 

12~' 12 

10 Exz z 

61 6 

.nfl.n
1,h. 

2 2l0-(2 

S..-, 

0. 0 __ __ _16 24 2804 II12 20 32 36 40 0 2 4 6 8 10 12 14 16 18 20 22 24 26 

Slt ;,n YSlrnin 
ryDml , Tenwir'GAA1IGmqrd% . w'T,tl.nle, I'fd .'sllsIn Tyicaflensle tei renulls lon GMI Geoqrids 
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TensarARi 
Polymer Grids 	 Tensar.
 

Specification 
'Ten sar' A R 1po lyme r grids were deve loped 

for reirifor-ing asphalt roads and pavements 
to minimise rutting and reflective cracking, 

mm 
51 mm 4.4rnm 

r~m 

Roll Typical dimensions 
length 

(Longitudinal) 

Roll dimensions 
Length: 50m 
Width upto 4 Oi 
Approx diameter 0.5m 
Approx weight 54kg 

22n- s f i 

20, o C. Tef, 

18 0 

16I?-l 
S 14. 

Physical 
properties
of the grids 
Weight: 0.24 kg/m2 
Colour' Black 

0 
12n 
to-es 

f'xfel Te t 

r8 

4, 

.1 
0C Test.Snfo 
Ined. re~- .u 

,17brcSu 
,Rib,5 

,,n 
2I42oC C 

2 

_ _ 

4 
44mm 

" 

Roil width(Tra, ,sverse) 
____ __ ____ 

0.8m 

Rimm 
71ramn, 

4.3min 

Junctions 

Quality 
Control Properties 

'Quality Control Approx "Maximumn 
Strength Peak Shrinkage 
(kN/m) Strain (%) (%) 

Transvese 18.0 10.0 4.0 
Longitudinal 14.0 14.0 4.0 
. . .. I I[ I I, .1 !i) ' ,, kIrwe rt i i iokJi Iul srtY c 

"Demlntedf as the free relaxation in a forced circulation hotair oven at 140YC for 30 muiis. 

18 Range of Sample failure 1 

Ze 16.IG
14 OCL-f C. T, t 

n eQ C T 
- ' 

f2C LyniI 

I:: 14
2 12. 

8. 

6

.1. 

OC. Test-Sirxle R't) 5 nvim-n 
2 InrdexrIes-4 Ribs 6 Rbts 2%/min 2GC 27 

it --- ~*--r---T----r----r---,-----,.---,--
0 	 2 .1 6 8 0 4 I2I 0 2 4 6 8 10 12 14 16 18 

SStrwol ". Strailn 

Typuorntensle tesults Io TwiNsarAF rxiMn'r arkl|; Typialf tensile rssulls fir Tesar' AR I pohymer 9nds 
Trtansv,'fse rumae'ron (Longthuirtal dretiont 
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Tensar GSi 
Polymer Grids Tensar
 
Specification Roll width(Transverse)--" 
Tensar' GS1 polvmie grids were demwIojned for
 
Co i n1.nous exposure
arl s lp a pli'c ,l' ns such as fencing -.- 1 11p~r io h ,co n -


2.9mm 0.55rmn 

- 9mm 

075amn 
 .
31rm .. 3.1am .... 38mmT
 

• XJunctions' 3.2mm I 

Roll 
length Typical dinensioms 

(Longitudinal) Quality 
Roll dimensions Physical properties Control Properties
A range of roll sizes of the grids 'Qualily Control Approx Peakare available to suit tlhe Sirenath (kN/m) Strain (%)end use. Weight: 018 kg/rn 2 Transverse 17.0 8.3 

Colour: Black Longiludinal 13.0 14.0 
Determined as a 95% lower confidence limit 

20- a C 

16 SC,Lmt L.. 

-
O C, Test 
 16T-e7
 

14 .Li'l 
14 

EE II /3 Inde r-


IS0' 

0- 7 

6 
6 

CC~ie t- Sb I),2''.OC< f t-1 ",b, r.nn,/hs 2o n ?C r2-C 1 *l4 5bs sP 'n.0 CfT,11est- S-1n- Ar 29 141Fb S5nn,/n,2,niM.n Ctt .C 

0 2 4 6 J 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 
,St,,n 


Typ-Calten,%O-tesl 1 TensrvGSI polymer grids 

Straun
rrsult$ 
 Tplc2lenveftet ruults for'TenijrGSt polymer gtrds 

-135



Tensar SR2 i±GeogrIds__
Geoer19 STensar.

Specification Roll length 
'Tensar' SR2 Geogris were developed for (Longitudinal) 
reinforcing soils. 
e.a.in the constrUction of embankments and 12mm
 
vertical walls. -m
 

4.5mm max. 
4.1 mm in. 

-13rm RIbs
 

Roll Bars 
,,,,,,m
ryp,,r.,ln,,,,,
w idth 

(Transverse) Quality 
Roll dimensions Physical properties Control Properties 
Length: 30m of the grids 'Quality Control Approx Peak
Width: Im Weight: 0.85 kg/rn2 Strength (kN/rn) Strain (%)
Approx diameter: 0.41n Colour: Black Longitudinal 80.0 10.5
Approx weight: 28 kg Deternined as a 95% lower confidence limit 

0 C. Titl 

O.C.Limfn 

80 
fo 

/80 I 
60

40 / 

30' 

Iiltbt~ 25f/0, v1..ilrT.s . [I~ I/. ?0"(Ct 2"C 

10 

0 2 4 6 8 n 12 14 16 18 20 22 24 26 
Strsln
 

Typicle I lt lIM,
'sui.ts for*Ten,.'SR2Geo ird 
I -L3I6l-ud-,MdirCil 
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Characteristic strength of 'Tensar'SR2 Geogrids.
 

Lflrfhl-r 

c*. 

60 
Lorolmnc I fir. 

1

a ,m.. .),,t-.t.
,l -- Typicalcreep curves for 
" t :,a, A,'I i ,,o_l -j 
 t , kTe n~sar'SR2 at 20"C 

50I
 Iitrainfor Tensar SR2r. 

P - fO'ff 31Ce
ielf 
 hOlr. 
- I1 I 

10,3hrq. 

Z 3 0 .
 
1 0 .0 0 0 fit s 

10 ~29- i - f"1orkNIm ,it10% slrairl120 years
 

20

10 Slliple S ize: 5 bar-, x 15 ribs Isochronoun CurIve (S}"]2) 
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Temp. 20'C 

821
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Strain NO)
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0 . h l~ , lo " I to e
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