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ABSTRACT 

Most of infrastructure projects around the world have to focus on a clear understanding of geological model which may 
be determined from various sources of information. The limitation in geotechnical data and budget affects the accuracy 
of the geological model, particularly for projects of long and deep tunnel of which accessibility to the excavation points 
is difficult and far reaching. Therefore, an approach adopted for interpretation plays an important role in the level of 
uncertainty of the derived geological model. This paper focuses on the determination of the geological models at the site 
of a long water diversion tunnel project in a complex geologic setting in northern Thailand from an approach to under- 
stand the relationship between regional tectonic setting and local tectonic condition so that geological structures and 
rock mass conditions along the tunnel alignment can be assessed for a better planning of tunnel design and construction. 
The paper describes tectonic settings at regional scale (Northern Thailand and Eastern Myanmar), tectonic features and 
geologic condition in project area, geotechnical investigation and data along tunnel alignment and predicted tunnel 
ground behavior. 
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1. Introduction 

Generally, infrastructure projects require an understand- 
ing of a clear geological model of the study area which 
must be carefully determined from various sources of 
information such as the understanding of tectonic set- 
ting, geological and geotechnical site investigation data, 
laboratory test data, and geologists’ experience. More- 
over, the budget limitation of a geotechnical site investi- 
gation program particularly a tunnel project in a remote 
mountainous area is a reason of a high uncertainty of the 
derived geological model. Therefore, an interpretation of 
all information plays an important role in creating a geo- 
logical model based on those limited data. A long and 
deep water diversion tunnel project in mountainous ter- 
rain of northern Thailand is an example for this case. The 
Mae Tang-Mae Ngad diversion tunnel project is designed 
to convey water from Mae Tang River to Mae Ngad and 
Mae Kuang reservoirs (Figure 1). It was aimed to aug- 
ment water supply for people and industry in Chiangmai 
and Lampun Provinces involving over 25 km of tunnel in 
the first leg of the diversion to convey 28 m3/sec of raw 
water from Mae Tang River to Mae Ngad reservoir. The 

tunnel is located about 55 Km north of Chiangmai city. It 
follows a west-east alignment from Mae Tang River to 
Mae Ngad reservoir and traverses Mae Ping River, which 
is the main river in this region, at Km 14 + 900 of the 
tunnel length. Moreover, this tunnel traverses the 
mountainous terrain at a depth ranging from about 20 to 
758 m. The tunnel consists of 4.00 m inside diameter and 
the alignment is separated in Triassic granitoid intrusive 
and felsic volcanic rocks zone (Zone I), Ping River fault 
zone (Zone II), and sedimentary rocks belonging to the 
Lower and Upper Palaeozoic zone (Zone III). The 
geology of the study area is very complex and variable 
ranging from intact to highly fractured and weathered 
rock masses which consist of high graded metamorphic 
rocks such as gneiss, marble and low graded metamor- 
phic rock such as slate and quartzite with a lot of fault 
and fractures [1]. Carborniferous group contains domi- 
nantly thick-bedded sandstone intercalated with shale 
and siltstone. The sandstone is graywacke in reddish 
brown, red, gray and dark gray color. Moreover, igneous 
rock in this area is predominantly granite which intrudes 
between Mesozoic Era and early Cenozoic Era [2]. The 
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Figure 1. Location of Mae Tang-Mae Ngad and Mae Ngad-Mae Kuang diversion tunnel project. 

 
accuracy of design depends on the reliability of geo- 
logical features expected along the alignment from the 
geologic investigation and geological model. This paper 
focuses on a good understanding on geological model of 
the project area in view of the past tectonic events. The 
relationship between regional tectonic setting (Northern 
Thailand and Eastern Myanmar scale) and local tectonic 
settings (Chiangmai province) and geological structure 
data in the study area play an important role to under- 
stand the geological model of the study area which is 
based on the existing data, field investigation data, bore- 
holes data, laboratory test data, and geologists’ experi- 
ence. The concept of geological model for assessment of 
tunnel ground behavior along the alignment followed the 
Austrian Guideline for the Geotechnical Design of Un- 
derground Structure [3]. 

2. Regional Tectonic Setting 

Thailand and adjacent area were interpreted as being the 
product of the collision between several micro continents 
[4]. The tectonic models of Southeast Asia including 
Thailand were proposed by several authors [4-14]. The 
convergence and collision of Shan Thai block in the 
West and the Indosinia block in the East play an impor- 
tant role for eastward subduction and undertrusting dur- 
ing late Paleozoic-early Mesozoic events resulted in a 
developing fold thrust belt as show in Figures 2 and 3 
[15,16]. Moreover, [17] reported that this belt is com- 

posed largely of granite gneiss, which has been thrusted 
westward over Paleozoic limestone. The granitic intru- 
sions, which were followed by general uplift, associated 
the Triassic collision. Thereafter, relatively stable condi- 
tions prevailed. There was again overthrusting further 
west in the Late Triassic and Early Jurassic [18]. 

The cause of complex geological structure started from 
the collision of the Shan Thai block and the Indochina 
block created a mobile thrust belt during late Palaeozoic- 
early Mesozoic events [5,4,19,20] which was intruded by 
Triassic granitoids as well as the Carboniferous intrusive 
complex [21]. Thereafter, relatively stable conditions 
prevailed. Then, continuing convergence in the west of 
Thailand caused folding which has decreased towards the 
East [18]. In Late Cenozoic tectonic events, Southeast 
Asia was pushed south-eastwards and rotated. As a result 
of this collision strike-slip faults oriented NW-SE and 
NNE-SSW trending were produced [12,22]. 

Reference [6] proposed reconstruction of Southeast 
Asia tectonic history which started from high conver- 
gence rate and NE-SW convergence direction of India 
plate to Eurasia plate during Late Mesozoic. It changed 
to a more northerly direction during the Early Oligocene, 
resulting in a major episode of southeastward extrusion 
of Indochina as well as seafloor spreading in the South 
China Sea. This changing caused a termination of south- 
eastward extrusion of the Indochina micro-plate in the 
Early Miocene because of no longer in contact between  
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Figure 2. Tectonic map of SE Asia showing major fault systems and the relative movement of crustal blocks in response to 

dian plate and Sino-Burma-Thailand and Indochina metamorphic event was in the Late Triassic-Early Juras- 

  

India-Asia collision (modified from [22]). 
 
In
micro-plates. At the same time, South China block ex- 
truded to the east faster than the Indochina micro-plate 
because of northward directed collision between Indian 
and Eurasian plates resulting in changing direction of 
major strike-slip faults. Northwestern mountain range 
represents a large-scale mantled gneiss dome which is [23] 
composed of a core of granite migmatites or gneisses 
overlain by a layered metasedimentary or metavolcanic 
cover or mantle. This is a simple domal structure but it has 
a complex internal deformation history illustrated by 
minor folds of different styles and orientation [23]. 
Moreover, [24] concluded that the main gneiss-forming 

sic. Then, the collision between Indian and Eurasian 
plates pass-through western Burma micro-plate that was 
subducted underneath the Shan-Thai micro-plate, creating 
the cretaceous metamorphic core complex belt along the 
western border of Thailand and eastern Myanmar during 
Late Cretaceous and Early Miocene with detachment 
faulting [2]. Although the original tectonic events in 
northern Thailand that predominate geological structure in 
this area are poorly understood, there are several possible 
models to explain the tectonic events during Late Meso- 
zoic-Cenozoic [6,11,25-27]. One explanation could be 
that crustal thickening, uplift and igneous intrusions as- 
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Figure 3. Thrusts shown by bold black lines indicate possible major oblique reverse faults, which have restraining geometries 
under left lateral motion on NW-SE-striking strike-slip faults [32]. 
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sociated with the Eocene-Early Oligocene transpression 
reated sufficient gravitational potential and lithospheric 

tensional zone which played dominant role from strike- 
slic

instability to generate metamorphic core complexes by a 
decrease in E-W compressive stress as India moved fur- 
ther north. Another possible explanation of the meta- 
morphic core complexes is that non-uniform lithospheric 
stretching related to subduction rollback resulted in 
anomalous lower lithospheric thinning under the Doi 
Suthep and Doi Intanon areas. Consequently, the crust 
was heated, isostatically uplifted and partially melted 
resulting in the emplacement of Oligocene granites [27]. 
This was supported by the information of Doi Inthanon 
and Doi Suthep core complexes that have been docu- 
mented by several authors [2,23,28-30]. Moreover, [31] 
proposed that the western gneiss belt in northern Thailand 
can be subdivided into northern extensional (study area) 
and southern shear zone domains. 

The collision of India and Eurasia plates during Late 
Mesozoic and Early Cenozoic produced an E-W com- 
pression in northern Thailand resulting in movement of 
sinistral strike-slip faults in NW-SE trend (Mae Ping 
fault) and movement of dextral strike-slip faults in NE- 
SW trend (Mae Chan fault) [12,20,22,25]. Moreover, the 
movement of Mae Ping fault resulted in the left lateral 
offset of the metamorphic core complex belt and also the 
movement of Mae Chan fault result in the right lateral 
offset of this belt in northern part of Chiangmai Province 
[20]. This compressive stress should create thrust fault in 
N-S trending ([10]; Figure 3). Moreover, there are evi- 
dence of thrust fault in northern Thailand such as thrust 
along Nan Suture Zone [13]; N-trending Mae Hong Son 
fault and thrust [32]; thrust of Ob Luang gneiss at Hot 
District, Chiang Mai Province [33]; a frontal trust and 
folding zone [34]; thrust and reverse fault in the Inthanon 
zone [35]. Then, the change in stress pattern from E-W 
compression to nearly N-S compression during the Early 
Miocene resulted in changing the movement of major 
strike-slip faults into opposite direction in northern Thai- 
land also accompanied the regional E-W extension during 
the Late Oligocene to Early Miocene initiated the forma- 
tion of Tertiary basins in northern Thailand [20,25,26,36].  

In addition, [27] discussed that the strike-slip faulting 
may have more than one origin including : 1) reactivation 
of older strike-slip trends during phases of inversion ; 2) 
strike-slip transfer faults between large extensional faults; 
3) oblique-slip transtensional faults , where extensional 
faults followed pre- existing fabrics oblique to the re- 
gional extension direction. Therefore, [27] concluded that 
the relationship between strike-slip faults and rift basins in 
terms of timing of extensional and inversion is more 
complex than it can be explained by simple escape tec- 
tonic models which were proposed by several authors 
[7,8,12,37,38]. Moreover, [25] discussed that dominated 
deformation in northern Thailand was the transitional ex- 

p dominated deformation in Yunan in Southern China 
and extensional dominated deformation in northern 
Thailand. Furthermore, [26] proposed that based on data 
from Mae Kuang fault which indicated the strike-slip of 
northern Thailand it accommodates differential slip and 
rotation between adjacent sub-blocks involved in the 
tectonic extrusion of Indochina. Therefore, the recently 
tectonic models of SE Asia and the study area cannot be 
used to explain most of geological structure in this area. 
The combinations of tectonic models are appropriate to 
explain the regional tectonic events around the study area. 
Moreover, geology data should be combined with regional 
and local tectonic information for creating geological 
model of the study area. 

3. Geologic Condition of Project Area 

Geology of surrounding Chiang Mai Basin can be group- 
ed roughly into two parts; the Paleozoic rock and rock of 

nce [39] 
ral Chi- 

pe

stics 
of

the Tertiary and Quaternary Periods [21]. Refere
described that the basement rocks of south-cent
angmai basin are interbeded conglomerate, sandstone and 
shale of Cretaceous age. Moreover, those basement rocks 
can also be inferred from exposures in the uplands that 
surround the basin. Lithologies of western Chiang Mai 
basin include variably metamorphosed limestone- marble, 
gneiss and schist which are intruded by Triassic grani- 
toids as well as the Carboniferous intrusive complex [21], 
East of the Chiang Mai basin consists of unmetamor- 
phosed Ordovician sandstone and shale of the Mae Tha 
Formation [40] and upper Palaeozoic mafic volcanic 
rocks of the Chiang Mai belt. Moreover, result of bore- 
holes data in Chiang Mai basin indicated that pre-tertiary 
rocks are Carboniferous sediments and volcanics rocks 
[41]. 

Thung Song Group which belongs to the later part of 
the Ordovician possibly extending into the Silurian, is the 
oldest rocks in the project area. Limestone with some 
shale horizons are mainly rocks of this group. Then, the 

lagic sedimentation spread and continued into the 
Devonian. The prevailing rock is sandstone or slightly 
metamorphic sandstone. Occasionally, limestone deposit 
in a shelf environment occurs. Moreover, the clastic 
marine sedimentary rocks, known as the Thong Pha 
Phum Group, conformably overlies the Thung Song 
Group [16]. This group is interpreted as having been 
deposited itself to back-arc settings during Siluro-Devo- 
nian, extending up into the Caboniferous in places. Sand- 
stone, shale (siltstone) are mainly rocks of this group. 

Various Carboniferous-Permian sequences overly the 
Thong Pha Phum Group. Limestone was deposited in the 
Late Carboniferous. Moreover, there are some red beds 
in the uppermost Carboniferous with the characteri

 an extensional continental setting which mostly occur 
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in sedimentary zone near Mae Kuang reservoir. Rocks of 
this sequence are mainly sandstone, shale (siltstone) and 
limestone of mainly Lower-Middle Permian age, which 
forms striking karst landscapes wherever it crops out. 
Then, large areas were uplifted to form highlands in the 
Pliocene to early Pleistocene. Weathering process and 
the formation of slope debris and river deposits devel- 
oped into the Holocene [16]. The lithology of the project 
area can be divided into three zones as shown in Figure 4 
that are Triassic granitoid intrusive and felsic volcanic 
rocks zone (Zone I), Ping River fault zone (Zone II), and 
sedimentary rocks belonging to the Lower and Upper 
Palaeozoic zone (Zone III). There are mainly igneous and 
metamorphic rocks such as granite and marble in zone I 
which is highly fractured and local faults. The influence of 
granitiod intrusion and tectonic faulting and folding on the 
rock mass structure affect to highly variable dip orienta- 
tion and angle of bedding planes. Next in zone II, there is a 
highly tectonically disturbed boundary zone which is a 
large fault zone along Ping River. This zone consists of 
many rocks type such as sedimentary, metasedimentary, 
and metamorphic rocks which are mostly pyrite, cale- 
silicate, metasiltstone, and metasandstone. However, the 
geological structure was influenced by complex tectonic 
impact resulting in variation of dip and strike directions 
and several joint zones. Most of fault zones are located in 
this zone because there are influences from several obli- 
que strike-slip faults. Finally, in zone III compose of me- 
tasandstone, quartz wacke and pebbly sandstone. There 
are fewer joints of rock mass because of local influence of 
moderate to slightly tectonic disturbance. 

4. Tectonic Approach and Geological 
Structure of Project Area 

Reference [41] indicated that there are many faults and 
 geologi- 
nd com- 

pa ex structures which 

movements in Chiang Mai basin. Therefore, the
cal structures are separated into several blocks a

rtments, resulting in more compl
were documented by several authors [9,11,13,27,29,42]. 
Moreover, the west of the Chiang Mai basin is a region 
of high-grade metamorphic rocks that are overlain by a 
detached cover of low-grade Palaeozoic metasedimentary 
rocks of the Shan Thai terrain as Doi Suthep and Doi 
Inthanon metamorphic core complex, north and west of 
Chiangmai city. Those metamorphic core complex may 
represent the mid-crustal extension of a detachment fault 
that accommodated major approximately east-west 
crustal extension [23,30]. Consequently, northern Thai- 
land is interpreted to represent a region of predominantly 
extensional tectonics associated with strong oblique pre- 
existing fabrics [25]. Moreover, [25] suggested that ex- 
tensional stress in northern Thailand have dominated  
over the strike-slip dominated stress systems. Although 
the stress system of northern Thailand may seem to dis- 

play classic simple strike-slip characteristics, this belies 
the complexity of tectonic events recorded in the basins 
such as Mae Moh and Li Basins to the south of the pro- 
ject area and Fang basin to the north [27,43]. The outcrop 
data from coal mines in Li Basin indicated the oldest 
structure unit is deformed by numerous normal faults, 
thrust faults and folds of multiple orientations. Con- 
versely, the youngest structure unit below the Quaternary 
gravels displayed very simple broad, open folds and a 
few minor normal faults [43]. North-south to NW-SE 
trend is main directions of normal faults. While main 
directions of thrust faults are NE-SW to ENE-WSW, 
E-W and NNW-SSE [43]. In particular the NNW-SSE 
normal fault trend seems to be favored. Moreover, the 
evidence of E-W thrust faults is shown in Li Basin, 
Northern Thailand which related to changing in stress 
pattern during Late Oligocene to Early Miocene [43]. 
These thrust faults were predominated by at least five 
times of inversion in Li Basin. Moreover, [27] and [44] 
showed evidence of regional basin inversion resulting in 
folding, some reactivation of normal faults as thrusts in 
Chiang Mai basin and the vicinity. The inversion events 
related to geological structure along tunnel alignment at 
road cut near Mae Ping river (km 14 + 900), and Mae 
Rerm reservoir (km 19 + 500) that are the tectonic im- 
pact by thrust faults lied near E-W trending (Figure 5). 
However, evidence of thrust fault along tunnel alignment 
related only with minor tectonic events. Moreover, the 
data of boreholes from Mae Tang-Mae Ngad and Mae 
Ngad-Mae Kuang diversion projects showed similar in- 
formation. Although, there are no more evidence to sup- 
port the relationship between geological structure along 
Mae Tang-Mae Ngad and Mae Ngad-Mae Kuang pro- 
jects, this belies the relationship on the tectonic events 
between both projects which were supported by a simi- 
larity of data from boreholes. Reference [16] indicated 
some evidence of the thrust system in Mae Ngad-Mae 
Kuang Diversion Tunnel Project. Frequent core loss, 
abundant fault gouge as well as extremely low RQD 
values reflect the intense tectonic impact on the rock mass 
by thrust faulting. The evidence of thrust fault contact is 
found in a borehole in the area (Figure 6). The mud- 
stone/shale has been altered close to the fault contact, 
which is indicated by the discoloration from an original 
reddish color to a light brownish grey. Moreover, the core 
reflects the complex and heterogeneous composition of 
the rock mass within the thrust fault complex. Intensely 
karstified linestone boulders of variable size and portions 
of intact rock mass (e.g. sandstone, shale) are embedded 
in the fault gouge material. The thrust fault complex is 
terminated at approximately the middle of tunnel align- 
ment by a system of strike-slip fault, which displaces the 
fault rocks of the thrust zone against sandstone and shale. 
Moreover, geotechnical data in Mae Tang-Mae Ngad di- 
version tunnel project showed similarity of fault contact 
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Figure 4. Geology of Mae Tang-Mae Ngad diversion project. 
 

  

 

Figure 5. Evidence of minor thrust faults along road cut at Mae Ping River (km. 14 + 900). 
 
in zone I (km 9.92 - km 20.00) which showed frequent 
core loss, abund

QD values, reflecting the intense tectonic impact on rock 

evidence from [18] which explained the cause of folding 
tion decreasing 

towards the East, were supported by field observation 
ant fault gouge as well as extremely low affecting the Mesozoic molasses forma

R
mass by faulting. However, no clear evidence of thrust 
fault contact was found in this project site. In addition, the 

data in the project in that more folding and fault zones 
exist from km. 0 + 000 to 20 + 000 and then decreases to 
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Figure 6. Quartzitic sandstone/fault gouge thrusted on top of 
red shale in the borehole data (dhw-5) of Mae Ngad-Mae 
Kuang diversion project, depth: 112 m - 128 m. 
 
the end of tunnel. The complex geology is mostly in Tri- 
assic granitoid intrusives and felsic volcanic rocks zone

etamorphic 
nd granites intrusion events related to geological struc- 

 in developing countries. As geotech- 
Ngad 
sisti- 

ely. 
Th

 
(zone I) and Ping River fault zone (zone II) which are in 
the West. It decreases towards the East in sedimentary 
rocks zone (zone III). Moreover, there are m
a
ture at km 0.00 - 9.27 which is granite intrusion into 
limestone or Paleozoic rock resulting in the rocks in this 
zone to have different dip and strike directions. Moreover, 
there is migmatite which is a rock at the frontier between 
igneous and metamorphic rocks. Migmatites formed 
under extreme temperature conditions during prograde 
metamorphism, where partial melting occurred in pre- 
existing rocks. 

5. Geotechnical Condition along Tunnel 

Although geotechnical and engineering geology data are 
very important for the project’s success, the budget 
limitation is even more important for geotechnical inves- 
tigation program
nical investigation program in Mae Tang-Mae 
diversion project with only 2705 m. of boreholes, re
vity, seismic refraction and geology field mapping along 
tunnel alignment. The total length of boreholes repre- 
sents only 10 percent of the tunnel length that is 25,643 
m long. This is different from several projects in other 
countries that investigated more than 100 percent of the 
tunnel length.  Seismic refraction is used to determine 
only for shallow soil and weathering rock layers. It 
cannot be applied for deep ground layer which is at the 
tunnel position. Therefore, seismic refraction data cannot 
be a representative of geological data at the tunnel 

position. Although geological field mapping is applied to 
determine surface geology data along tunnel alignment, 
all surface geology data cannot be determined because of 
vegetation covers. Therefore, geology data was deter- 
mined only along the valley, check points and road cut. 
While the budget of geotechnical investigation program 
in many developed countries is around 1.5 - 2.25 percent 
of the construction cost [45], this budget is more than 
enough to be used for interpretation a geological model 
of study area. Conversely, the budget of geotechnical 
investigation program in Mae Tang-Mae Ngad diver- 
sion tunnel project is limited to be used for data collec- 
tion. Therefore, the interpretation of geological model 
(Figure 4) in this project is mostly based on boreholes 
data, geological field mapping, laboratory testing result, 
and geologist opinion of Panya Consultant Co., Ltd. 

All geological data such as boreholes data, geological 
field mapping and laboratory testing result (Table 1) are 
determined for a good understanding in geological model 
in the study area. The result of laboratory testing shows a 
high quality of rock properties in zone I, moderate qual- 
ity in zone III and low quality in zone II respectiv

is is related to geology features along the tunnel 
alignment which are good rock in zone I, fair rock in 
zone III and weak rock in zone II. The lithology of the 
project area can be divided into three zones as shown in 
Figure 4. Firstly, from the inlet to approx. km 9.92 the 
alignment traverses there are mainly highly fractured and 
local faults. Moreover, there is a fault zone at km 9.27 - 
9.80 that may be a contact of granite and marble. How- 
ever, there are indistinct evidence of contact position and 
type of fault. In this zone the dip orientation and angle of 
bedding planes is expected to be high variable due to the 
influence of granitiod intrusion and tectonic faulting and 
folding on the rock mass structure. The evidence is 
shown in the borehole (DHT-7/1) km 9 + 918). There are 
highly variable of angle of foliation and slickenside due 
to many depths. There are folding on the rock mass 
structure due to granitoid intrusion and oblique strike- 
slip faults [26] resulting in the contact of metamorphic 
and granite rocks to be a metamorphic aureole and it is 
folded by compression of a granite rock mass. Most 
faults are expected to run perpendicular to the tunnel 
alignment. The risk of tunneling through the fault is con- 
sidered to be low. However, ground water plays an im- 
portant role for tunnel excavation because reveling 
ground and flowing ground may occur in this fault zone 
as much as in impure marble zone at km 0.55 - 3.04 that 
karst zone and flowing ground can be found. The tunnel 
alignment at borehole DHT-7/1 cuts through the contact 
of metamorphic aureole between marble and granite. 
Most of granite is the melting of metamorphic rock 
around this area. Secondly, the tunnel along km 9.92 - 
20.00 will be excavated through different rocks such as 
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Table 1. Engineering properties of Mae ng-Mae Ngad diversion tunnel project. 

Properties Zone I Zone II Zone III 

 No.of Mean Max. Min. Stand. No.of Mean Max. Min. Stand. No.of Mean Max. Min. Stand.

 Sample     Sample     Sample     

p 187 138.55 304.80 16.56 54.69 41 56.77 240.00 8.40 67.05 72 84.09 288.00 8.40 63.80

Ta 's  
Modulu t(Gpa) 

Cpeak pa) 0.  0.  0  0. 0. 0. 0. 0. 0.  0.  0 0.

Øpeak pa) 

T h  

ngent Yong
s,E

34 52.54 93.48 13.93 20.08 12 14.65 39.29 1.75 10.07 18 31.58 79.58 9.72 17.00

(M 13 17 43 .00 12 9 18 43 00 14 10 10 21 .04 06

 (M 13 36.90 44.51 29.38 4.74 9 32.08 38.20 25.26 4.97 10 35.99 45.96 30.41 4.37

Poisson's Ratio 

Cerchar Abrasivity 

9 0.12 0.23 0.05 0.06 0 0.00 0.00 0.00 0.00 11 0.12 0.16 0.05 0.04

Index 
11 4.11 5.50 1.00 1.36 0 0.00 0.00 0.00 0.00 5 2.90 4.50 0.50 1.80

ensile Strengt
(BTS) (Mpa) 

15 3.69 6.00 0.40 1.79 3 1.13 2.20 0.20 1.01 4 3.98 12.90 0.40 5.97

 
sedime etased nta nd a hi cks
In t is hi y t ic d e und
ary ally, la  fa ones on Pin iver
nd Mae Rerm reservoir. Most faults are expected to run 

e. ll e t will be v th h
s  q  w e a peb n n  

.64. , th r ults d 
folding which are mostly cut perpendicular to the tunnel 

 approx. Km 6.7 the align- 
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ntary, m ime ry, a  met morp c ro . 
his zone there 
zone. Speci

ghl
rge

ecton
ult z

ally 
 al

isturb
g 

d bo
g R

- 
 

a
almost perpendicular to the tunnel alignment. However, 
they vary in dip directions because of folding in this zone. 
The rock mass has instability along fault zone and sev- 
eral joint zones. Therefore, the tunnel may collapse in 
case of shallow shear failure and deep seated shear fail- 
ure. In addition, at the siphon tunnel passing through 
Ping River at km 13.42 - 15.60, there are both thrust and 
normal faults which were invested from field investiga- 
tion along the road cut near Mae Ping River (Figure 5). 
However, the field investigation data showed only thrust 
and normal fault which were predominated by minor 
tectonic events or due to reversion time [9]. Borehole 
data along Ping River indicated that red bed sandstone 
was put on sandstone and grey siltstone. These can be 
explained that several oblique strikes-slip faults occurred 
along this zone resulting in complex geological structures 
in this area. According to the study of aerial photographs, 
highly fractured rock mass and variable faults directions 
are supported by the origin of fault zone in this area. 
Moreover, ground water level along the tunnel alignment 
relates to water level of Ping River. Therefore, flowing 
ground may occur during tunnel excavation. Moreover, 
the tunnel along km 15.60 - 20.00 will be excavated 
through different rocks such as pyrite, cale-silicate, me- 
tasiltstone, and metasandstone which have several joints 
and folds. There are two main directions of faults that are 
NW-SE and NE-SW directions, appearing perpendicular 
to the tunnel direction. More- over, there are large zone of 
fault gouge in some places. Specially, In Mae Rerm res- 
ervoir zone, fault gauge zone was discovered (km. 18 + 
500 – km. 19 + 500) that may result in flowing ground 
from ground water problem. The complex geological 
structure is expected in this zone due to the influence of 
several oblique strike-slip faults resulting in large fault 

direction. Most of rock mass structure is sheared resulting 
in folding rock. However, the rock mass shows local in- 
fluence of moderate to slight tectonic disturbance. More- 
over, the tunnel may collapses in case of sliding along 
rock bedding and fault zones. 

In addition to the geological and geotechnical condition 
along the first leg of the diversion tunnel project from Mae 
Tang River to Mae Ngad Reservoir, the condition along 
the second leg of the tunnel, Mae Ngad-Mae Kuang res- 
ervoirs diversion tunnel was also assessed and the out-
come is described heareafter. The geological condition 
along the tunnel alignment can be divided into three sec- 
tions. Firstly, from the inlet to

zon  Fina y, th unnel  exca ated roug  meta 
sand
20.00 - 

tone,
25

uartz
In th

ack
is sectio

nd 
n

bly s
ere a

andsto
e fewe

e alo
r fa

g km
 an

ent traverses mainly highly fractured and locally faulted 
quartzitic sandstone with shale and siltstone intercalations. 
Between the inlet portal and approx. Km 1.0 the dip ori- 
entation and angle of bedding planes is expected to be 
highly variable due to the influence of tectonic faulting 
and folding on the rock mass structure. The risk of tun- 
neling through the thrust fault boundary between the 
Carboniferous sandstone on top of a wide thrust zone 
(faulted shale-chert-sandstone-(Permian) limestone se- 
quence) is considered to be low. According to the drilling 
results, along the tunnel alignment the thrust fault contact 
is located below the tunnel invert. In combination with the 
fault zones, highly concentrated inflow of ground water to 
the tunnel has to be expected, with peak inflows in the 
range up to some 100 l/s and with a slow decrease due to a 
rather high volume of the fault and joint bounded aquifers. 
The main geotechnical Problems will be linked to the 
intense jointing to fracturing of the rock mass, causing 
instable conditions along the tunnel side walls and crown 
of the tunnel as well at the tunnel face. Secondly, tunnel 
section from approx. Km 6.7 to approx. Km 11.3 is lo- 
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cated in remarkable heterogeneous thrust fault zone. It 
consists of limestone blocks, varying in sizes from hun- 
dreds of meters to decimeters, which are embedded in 
sheared shale, chert and sandstone. The limestone blocks 
usually show karst features such as corroded joints, pipes 
as well as caves. In case that karstified limestone is en- 
countered at tunnel elevation, high water inflow of up to 
some 100 l/s can be expected. The thrust fault complex is 
terminated at approx. Km 10.7 by a system of strike-slip 
fault (approx. Km 10.7 to Km 11.3) which displaces the 

 

ort the complex geological structure in this area
ated by several tectonic events result- 
ology features along the tunnel align-

ive information. 

NCES 

Dating of the Doi Inthanon Core 
Complex, Northern Thailand: Implications for Extension 
within the Ind ophysics, Vol. 251, 
No. 1-4, 1995,

fault rocks of the thrust zone against sandstone and shale. 
The main geotechnical problems of this section include 
abrupt changes of weak/soft and strong / brittle rock mass, 
mixed-face conditions, difficulties with groundwater and 
highly unpredictable uncertainties. Finally, tunnel section 
from approx. Km 11.3 to outlet (Km 23.0) is followed by 
quartzitic sandstone with shale intercalations from highly 
tectonically disturbed boundary zone, which continues to 
approx. Km 11.5 The high inflow of groundwater to the 
tunnel has to be expected, with peak inflows in the range 
up to some 100 l/s, and with a slow decrease due to a 
rather high volume of the fault and joint bounded aquifers. 
The main geotechnical problems will be similar to the first 
section. 

6. Conclusion 

Although there is a poor understanding of tectonic events 
in northern Thailand, this study creates a better under- 
standing of relationship between regional and local tec- 
tonic events which predominate to geological structure in 
the study area due to data limitation. Field observation 
data supp  

 
which is predomin
ing in different ge
ment such as several thrusts and normal faults, granite 
intrusion zones, and metamorphic core complex zones. 
Moreover, geotechnical data from field observation and 
laboratory testing indicate that the main problems of 
tunnel construction relate to large faults such as karst 
topography fault, Ping River fault zone, and Mae Rerm 
reservoir fault gauge zone. Those will create reveling 
ground and flowing ground resulted from ground water 
problem. The following major results of this study help 
constrain the geological structure in the study area and 
provide focus for tunneling design and construction 
work. 
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