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ABSTRACT
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Co-SupervisorAssoc. Prof. DrMu st af a Kerem Ko- kar

February 2019124 pages

Bartén Kirazle Bridge Dam construction
the purposes of irrigation and power generation and is continuing at present. By the
endofconstucti on, G°kérmak stream |l evel wil
Bar i &afranbolu (D755) Highway will be submerged under water. A new
alignment is determined for the relocation of the submerged road and named as the
AKirazl & Br i dgWih theastart @ thesnew reghway construction, the
paleoi landslide regions over the new alignment area were triggered and a mass

movement occurred at the Km: 18 + 3258 + 421 section.

The purpose of this thesis is to define the characteristtbésdandslide, to determine

the sliding surface location, to reveal the mobilized mass amount and to specify the
appropriate remediation and measurements for long term stability. For this purpose,
inT situ site investigations and laboratory tests wenelaoted. With the data obtained

from the investigation works, the landslide model was formed, and the shear strength
parameters of the landslide mass were determined by back analysis performed on three

critical sections of the model.

In addition, slope sbility analysis was performed by limit equilibrium method for

both static and dynamic (seismic) conditions. As a result of these studies, ground water



level reduction by pumping in short term, rock buttress application after temporary
toe excavation andesvatering of the area by surface and subsurface drainage

remediation phases were found suitable for the long term stability of the landslide.

Keywords:Bar t @af ranbol u (D755) Hi ghway, Kirazl é
Slope stability, Inclinometer, Be@nalysis, Remediation, Limit equilibrium analysis.
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¥Z

BARTI N KKRAZLI K¥PR! BARAJI VARYZNT YOLU
421 KESKMKNDEKK HEYELANIN STABKLKTE A4
DEJERLENDKRKL MESK

Ger,Bial &«
Y ¢ ksek,Jleiosl aon si M¢hendi sl i
Tez DanReat.DrHal uk Akge¢n
Ortak Tez:DbanKibmbata Kerem Ko-kar

K ub at,122hyf0

Bartén il sénérl aréndan ge-mekte ol an G
vV e ener ji creti mi amaceéeyl Barmr ejdenléeenndy a
gée¢negmegzde halen devam et mektedir . Bar aj

kotunun +105 metreye ul agafmanisol (DIr5d)Dbvier | i k t €

Karayolu su alténda kalacakteéere 8Kiabhtzépr
Kepr¢ Varyant Yoluo ol arak isimlendirile
g¢é¢zergahénén ge-ti]i kesim erde pal eo he
i mal at - al ékmal arénén bakl amaséylkaobiumpl i |

Km:18+32518 + 421 kesiminde b¢gyek bir kegtloe

Bu tez -alékmasénén amacé,; incelenen al a
harekete ge-en bu k¢gtlenin miktarée ve Kk
somasénda, bu k¢tleyi durdurmaya y°%°nel ik
°nlem °1I| -¢ml er i al makt éer . Bu ama-1 a, yer|
birlikte SPT ve presiyometre deneyleri, inklinometre ile izleme, vb.) ile laboratuvar

-al exmal aréndaiij ebuekni k eat aki &r mal ar y a

veriler ile heyelan modeli olukturul arak,

vii



d°ng¢k analizler Il e heyel an k¢tl esine ait

bel irtihhenmik

Li mit denge y°ntemiyle heyelanén statik ve
yapél mexteér . Bu -al é&kmanén sonucunda wuygun
pompaj il e yeralté su seviyesinin d¢gkegr gl mes
lekayp dol gu yapél masé ve son akamada uygun ye

heyel anl é k¢tleden uvuzakl aktérél masé y°ntemle

Anahtar KelimelerBar t 8afranbol u (D755) Devl et Kar ayc
Barajé, Heyelldmk| keomestad, | Gerisye d°n¢gk anal

denge analizi.
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CHAPTER 1

INTRODUCTION

1.1.Purpose and Scope

The Bartén Kirazl e Bridgse Damatedsonuthe
stream has started in 1999 for irrigation and power generation. By the help of the Dam,
which will have over 66 million cubic meters of water storage capacity, 31000 decares

of cultivated area will be irrigated and the floodhazd and ri sk over th
will be prevented. After the Dam construction project is finished, the elevation of the
G°kérmak stream | evel wi || I ncreaise to
Safranbolu Highway (D755) will be submerged. Thus,ea rhighway alignment
project has started by Y¢ksel Proje | nt e
instability zones have been occurred on that new highway alignment during the site

investigations.

This thesis covers the investigation and assessmerikis for the landslide that is
located in between the Km: 18 + 32518 + 421 segment of the new highway
alignment, which is referred to as the Bartin Kirazli Bridge Dam Diversion. The
investigation and assessment works include; site observation angssun/e situ

boring tests and monitoring measurements, laboratory tests, geotechnical parameter

estimations, landslide characterization and analysis.

As a consequence of the investigation works, landslide modelling and prevention and
remediation measuragere purposed for the landslide that is located at the Km: 18 +

32571 18 + 421 segment of the Bartin Kirazli Bridge Dam Diversion.

The location map of the study area and its vicinity is given in Figure 1.1.



Study Area

Sources: Esri, HERE, DeLorme, Intermap, increment P
Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase,
IGN, Kadaster NL, Ordnance Survey, Esri Japan, MET|
Esri China (Hong Kong), swisstopo, Mapmyindia, ©
OpenStreetMap gontributors. and the GIS User

K Commutity DA G <

Figure 1.1. Location map of the study area (Estri, 2018)



CHAPTER 2

GEOLOGY

2.1.Local Geology / Stratigraphy

The Middle Ordoviciani L o we r Devonian Erejli for mat.
sandstone and | i mestone units f erloes t he
vicinity (Serdar and Demir, 1983). The Middle Devoridrower Carboniferous aged

|l i mestones and dol omites forming the Yeél a
formation (Saner, 1979). Loweir Mi ddl e Car boni ferous Al a
consising of coal bearing shale, mudstone and sandstone has conformity with the

Yél anl & formation at the bottom and the
The Karadon formation is Upper Carboniferous aged and contains conglomerate,
sandstone, claystoraad diatomite. PermianTriassic mudstones and conglomerates
forming the ¢akraz formation has a | ater
formation which contains shale, claystone, marl, sandstone and limestone (Akman,
1993) . Bot h t hazboztfarrkaticensz have arduncordokmity with the
underlying units. Transgressively sedimented neritic limestones of Middle Cretaceou
aged Knalteée formation, flysh sedi ments o
sandstones, shales of the Lower Cretaceous Kilimli formation both have conformity

with each other from the bottom to the top (Saner et al., 1981). These formations both
unoonformably overly the older units and are conformably overlain by the Upper
Cretaceous Lower Eocene aged Akveren formati c
consisting of semi pelagic limestone, shale, calcarenite, sandstone, conglomerate and
basaltic/andesitc avas of the ¢angaza volcanic menm
iMiddl e Eocene Yéjéelca formation (Kaya et
volcanogenic sandstone, andesite and basalt has conformity with the Akveren

formation. Loweri Middle Eocer aged sandstone, shale, conglomerate units of the



¢t¢aycuma formation (Tokay, 1954) and t
member conformably overly the Yéjélca
study area is given in Figure 2.1

DESCRIPTION OF MAP UNITS

QUATERNARY E Alluvium
UNCONFORMITY
Kaynarca member (Tegk): Limestone, marl
Caycuma f¢ ion (Teg): Sand: shale,

LOWER - MIDDLE EOCENE

TRANSITIONAL

Gangaza volcanic member (KTag): Basalt, andesite
UPPER CAMPANIAN - LOWER EOCENE

Akveren formation (K Ta): Hemipelagic i shale, cal
TRANSITIONAL
LOWER CRETACEOUS - Ulus f¢ ion: Sand: shale,
TRANSITIONAL
MALM - APTIAN - Inalt: formastion: Neritic limestone

UNCONFORMITY

PERMIAN - TRIASSIC - Cakraz

Figure 2.1. Regional geological map of the study area (MTA, 2002)

h e I i m

f or mat



2.1.1.Geology of theStudy Area

The Ulus formation (Ku) forms the general geological unit observed in the study area.
Alluvium deposits (Qal) also outcrogt the lower elevations. The lithological and
stratigraphic properties of these formations are specified below.

2.1.1.1.Ulus Formation (Ku)

Akyol et al. (1974) named the alternation of turbiditic sandstones, claystones and
shales as the Ulus Formation. The namthefformation comes from the Ulus district

of Barteén City. The wunits are widely obs

Greeni grey, partly black colored, thin to middieick layered, turbiditic sandstone,
claystone, shale and the alternation of these unita foe Ulus formation (Figure

2.2). The sandstone layers have graded, parallel and convolute lamination. Partly
polygenic congl omerates were observed th
formations. Lenticular limestones (Clastic limestones and megaibs), which were

formed by transportation of the sedimented mud, carbonate, angular limestone gravels
and bl ocks from the Knalteée formation to
gravity effects, forms the characteristic rock units of the Ulum&tion. Partly

volcanic blocks were observed in the unit. The Ulus formation has lateral and vertical
conformity with the Knalteé formation. The
the Ulus formation (MTA, 2002).

The thickness of the Ulus formationdstimated to be about 2000 meters. The fossil

content of the unit is not known clearly. However, there is much more clear data about
the sedi mentation age of the Knalteé form
the Knalté f or madeidatan and ddrsiderimgdhe rstgatigraphicalt h
position of the unit, the geological age of the Ulus formation is attributed as Lower
Cretaceous (MTA, 2002).

The unit is represented by hill, hillside and basin deposits.



Figure 2.2. The sandstone and claystone units of the Ulus formation (Ku)

2.1.1.2 Alluvium (Qal)

Alluvium units are current deposits of gravel, sand and mud which sedimented over

stream beds, valley bottoms and flat areas that have formed over eanlobies. The

cl osest and biggest water source passing th
Stream (Figure 2.3).

Figure23.Vi ew t o the G°kérmak stream and Kirazlé Brid



2.2. Structural G eology and Tectonism

With the increase of tectonic activity i
Al acaaj éze, Kar adon, ¢takraz and ¢akrazbo
weathering zone. With downward eustatic movements at this pthedpland areas
reached the | evel of shel fs [/ pl atf or ms
Cretaceous, reached the level of hillsides / deep sea (From Late Jurassic to Middle
Cretaceous periods, basin conditions became suitable for the sedimegfttiteblus

formation to occur). Tectonic activities increased during Turonian and Santonian ages.
The Knalteée formation deposits were trans:
the basinal uplifting. The following tectonic activity increment thed¢usred in the
Campanian and Maastrichtian ages caused
Knalt é, Kil i1 ml: and Ul us f ormati ons i n
movements. In addition, the pelagic limestones conformably overlaid the volcanics
during that period (MTA, 2002).

2.3.Hydrogeology

The formations observed in the study area and its vicinity may transport groundwater
depending on their lithological character. These formations may allow groundwater
circulation through the joint sets and faultbe Ulus formation observed in the study
area mainly consists of claystone, siltstone and sandstone units (MTA, 2002). These
units are highly to completely weathered at the upper levels and partly contain clay,
sand and gravel units. The clay units areempeable to groundwater but clay levels
which contain sand and gravel may allow water transport depending on the coarse
grain proportions. Moreover, claystone and siltstone units are also impermeable, but
the rock units may transport groundwater througtir tliscontinuity systems. On the
other hand, alluvium units, which are observed at lower levels of study area are
per meable to groundwater. The primary wat

Stream.



2.4. Seismicity and Seismotectonics

The Earthquake Hard Map of Turkey which was lastly enacted in 1996 has been
revised by AFAD Earthquake Research Department and issued on 18th March 2018.
The revised and issued Map became effective on 1st January 2019. According to the
mentioned map, the peak ground aecion (PGA 475) value in the study area is
expected to be 0.220 g (Figuzet).

Ege Denizi

PGA 475 (g)
01 02 03 04 05

Earthquake hazard map of Turkey

Karadeniz
w ¢, .

Kastamo
@

PGA 475 (g)

01 02 03 04 05

Earthquake hazard map of Bartén region

Figure 2.4. Seismicity of the study area and its vicinity (AFAD, 2018)



In this study, the map of 475 years return period is considered instead of 43, 72 and
2475 yearshecause the peak ground acceleration expected to be exceeded with a 10%
probability in 50 years is the standard design earthquake of ground motion level.
Hence, it is considered as a more predictable hazard assessment for a 50 years of

structural designfe.

Karab¢gk Fault, which is the closest acti\
kmto the south sout hwest of the study area. The
length about 35 km, is a thrust fault that has a general trend ofiNd&V withSE

to NE dipping fault planes (Beng¢, 2017)
lies approximately 70 km to the southwest of the study area. It is a strike slip fault that

has a total length about 40 km and a general trend of BB/ (MTA, 2012).In

addition, The North Anatolian Fault (NAF) is also a strike slip fault with a total length

of 1100 kil ometers (keng©°r, 1979)71 and i
southwest of the study area. Since the most recent intense tectonic activities¢éhat

occurred in Anatolia have been triggered by the North Anatolian Fault, the source of

a potential seismic activity that is expected to occur in the study area is expected to be
triggered by the North Anatolian Fault. The Active Fault Map of the sawdg and

its close vicinity is shown in Figuiie2.5.

Earthquakes that have occurred within a radius of 100 kilometers of the stady are

the | ast 50 year s, with a magnitude of 3
University, Kandilli Observatory and Earthquake Research Institute (KOERI),
Regional Earthquaké Tsunami Monitoring and Evaluation Centre, Earthquake

Query System. Thelistribution and range thematic map of these earthquakes are
shown in Figurei 2.6 and the list of those earthquakes is given in Tabkkel.
Accordingly, the major earthquake in this region is the Amasra Earthquake that

occurred on the 3rd of Septemb®&68 with a magnitude of 6.5.
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Table2.1. The list of earthquakes with a magnitude greater than 3.5 that have occurred indhe st

area and its close vicinity

No Date Depth (km) | Magnitude No Date Depth (km) | Magnitude
1 | 28.12.2017 5.00 3.60 41| 17.07.2000 9.00 3.50
2 | 26.07.2017 5.00 3.90 42| 09.06.2000 0.00 3.50
3 | 15.12.2016| 84.40 3.50 43| 09.06.2000 0.00 3.50
4 | 01.12.2016 240 3.50 44| 09.06.2000 1.00 3.70
5 | 18.01.2016 1.70 3.70 45| 09.06.2000 0.00 4.50
6 | 08.11.2015 8.00 3.50 46| 08.06.2000 0.00 3.50
7 | 01.11.2015 2.40 3.50 47| 27.05.2000 9.00 3.90
8 | 08.05.2015 1.30 3.90 48| 14.02.2000 2.00 3.60
9 | 02.05.2015 1.80 4.10 49 | 14.02.2000 9.00 4.80
10| 28.01.2015 7.80 3.50 50| 16.07.1999| 23.00 3.80
11| 04.09.2014 4.50 4.00 51| 05.07.1999 0.00 3.50
12| 24.11.2013 6.50 3.60 52| 04.07.1999| 22.00 3.80
13| 24.11.2013 7.60 4.80 53| 27.04.1999 0.00 3.70
14| 24.07.2013 5.00 3.80 54| 1203.1999 2.00 3.50
15| 21.07.2013 5.30 4.20 55| 17.02.1999 9.00 3.60
16| 25.02.2011 5.40 3.50 56 | 05.11.1998 4.00 3.90
17| 20.12.2009 5.40 3.50 57| 22.10.1998 9.00 3.90
18| 22.11.2009 5.00 4.50 58| 28.07.1998 1.00 3.50
19| 03.06.2009 4.00 3.50 59| 24.04.198 13.00 3.50
20| 12.11.2008 5.00 3.50 60| 02.04.1998| 11.00 3.50
21| 12.11.2008 5.00 3.80 61| 06.01.1998| 12.00 3.50
22| 12.11.2008 6.20 4.10 62| 11.08.1997 7.00 3.50
23| 15.10.2007 5.00 3.50 63| 09.06.1997 4.00 3.80
24| 07.07.2006 4.00 3.60 64| 01.11.1994| 13.00 3.50
25| 28.12.2005 6.40 4.40 65| 18.05.1994| 10.00 3.70
26| 04.10.2005 7.60 3.50 66 | 20.02.1993| 10.00 3.90
27| 04.10.2005 5.00 3.50 67| 03.02.1993 5.00 3.90
28| 04.10.2005 4.40 3.80 68| 19.05.1992 7.00 3.60
29| 08.02.2005 3.70 3.90 69| 14.04.1991] 10.00 3.60
30| 18.07.2004| 11.00 4.30 70| 06.03.1991| 10.00 3.50
31| 02.07.2004 2.00 3.70 71| 11.12.1990, 10.00 3.60
32| 17.04.2004 9.00 3.50 72| 26.05.1990 10.00 4.00
33| 28.01.2004| 10.00 3.60 73| 09.02.1990; 10.00 3.70
34| 07.09.2003 5.00 3.50 741 01.12.1989] 1000 3.60
35| 01.09.2003 9.00 3.80 75| 02.10.1989| 10.00 3.70
36| 17.08.2003| 10.00 3.60 76| 17.10.1986] 12.00 4.40
37| 12.08.2003 7.00 3.90 77| 15.05.1983| 10.00 3.60
38| 23.07.2002 5.00 4.00 78| 14.02.1983] 33.00 4.10
39| 19.12.2000 0.00 3.50 79| 28.06.1979 0.00 4.70
40| 13.08.2000 0.00 3.50 80| 27.03.1979] 10.00 3.80
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Table 2.1 (Continued) The list of earthquakes with a magnitude greater than 3.5 that have

occurred in the study area and its close vicinity

No Date Depth (km) | Magnitude No Date Depth (km) | Magnitude
81| 03.11.1978 10.00 4.20 96 | 20.09.1971 5.00 3.80
82| 12.10.1978 2.00 4.10 97 | 05.07.1971 5.00 4.40
83| 26.08.1978 0.00 4.00 98 | 04.05.1970 10.00 4.30
84| 15.11.1977 23.00 3.60 99 | 25.02.1969| 31.00 4.30
85| 25.08.1977 0.00 3.50 100| 10.01.1969 18.00 460
86| 20.09.1976 0.00 3.70 101| 28.09.1968| 38.00 4.10
87| 18.02.1976 3.00 4.40 102| 10.09.1968| 33.00 4.20
88| 04.06.1975 0.00 4.00 103| 09.09.1968| 33.00 4.60
89| 28.02.1975 0.00 3.60 104| 03.09.1968| 55.00 4,50
90| 27.08.1974 5.00 3.60 105| 03.09.1968 14.0 4.70
91| 21.10.1973 5.00 4.10 106| 03.09.1968| 33.00 4.40
92| 04.07.1972 10.00 4.10 107| 03.09.1968 11.00 4.70
93| 11.10.1971 5.00 3.70 108| 03.09.1968| 33.00 4.60
94 | 20.09.1971 10.00 4.30 109| 03.09.1968 5.00 6.50
95| 20.09.1971 10.00 4.10

2.4.1.A Deterministic Approach to Estimate PGA Value

Methods for the Next Generation Attenuation of Ground Motions (NGA) were
released by the Pacific Earthquake Research Center (PEER) in 2008 to implement the
earthquake ground motion prediction equations. These methedere developed to
estimate ground motion parameters for shallow crustal earthquakes in active tectonic
regions. During the NGA project, five different grouinthotion prediction equations
(GMPE) developed were the Abrahamson and Silva (2008), Boore\imson

(2008), Campbell and Bozorgnia (2008), Chiou and Youngs (2008) and Idriss (2008)
equations. Site response is recognized as one of the most important factors for
influence of ground motions. Accordingly, these ground motion influences are
requiredto be modeled in engineering applications. In this study, all of the GMPE
were implemented except Idriss (2008), because it does not clearly include site
response. The other four models include site response more explicitly and use the same
variable to dscribe the site condition g€¥). These models also provide predictive
relationships for the average horizontal component of ground motions (i.e., PGA)
(USCS, 2010).
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In this thesis, the weighted average value of the 2008 NGA models were determined
by the pocedure proposed by Al Atik (2009). In this procedure, the parameters;
moment magnitude (M), surface and subsurface rupture lengibs g, Rx) from

source to site, rupture width (W), local average shewave velocity (\ézo and fault

type were evalated. Moment magnitude was estimated by the M = a + b log (SRL)
relation (Wells and Coppersmith, 1994). In this relation; SRL is the Surface Rupture
Length and a and b are the coefficients according to the fault typevas estimated

by Standard Penettion Test (SPT) Correlations of Hasancebi and Ulusay (2007).
Thereatfter by this calculation, peak ground acceleration (PGA), peak ground velocity
(PGV) and 5% damped pseudbabsolute acceleration spectrum were estimated.

This method was performed fdiree different fault lines passing close to the study

ar ea, which ar e; the Karabg¢gk Faul t t he

De v

The Karab¢k Fault is a reverse fault with a -

to the study area is aboB6 kilometers. The Devrek Fault is a strike slip fault with a
total length of 40 kilometers and its distance to the study area is about 70 kilometers.
Lastly, the North Anatolian Fault is also a strike slip fault with a total length of 1100

kilometers andts distance to the study area is about 70 kilometers.

The estimated PGA values with median plus one stdnel@or predictions (PGA +
) for three different fault |lines are

Table2.2. Summary of the estimated PGA values

Fault Line M (assigned) PGA ( PGA
Karab¢k F 6.40 0.140 Q0.244)
Devrek Fault 6.50 0.043 (0.075)

North Anatolian Fault 7.40 0.079 (0.135)

14
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Regarding the calculated results, median
are accepted to give a more critical and predictable estimation. In other words, PGA

+ 0 values indicate the maximum horizont :
generates the most critical PGA value (0.244 g) for the study area that is relatively
consistent with the PGA value proposed by the recently revised 2018 AFAD
Earthquake ldzard Map of Turkey for the study area.
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CHAPTER 3

PHYSIOGRAPHY AND CLI MATE

3.1.Geographical Location of the Study Area

Bartén is |l ocated at the western part of
Province is surrounded by the Black Sea at the northhes 59 km of shoreline.

Nei ghbouring provinces are Kastamonu at
Zongul dak at the west. The Barit eéBarPtréonviin
surrounded by steep mountains and cliffs at the east, west ah¢ wbith are not

hi gher than 2000 m. The highest poi nt [
watercourse of the Province is the Barte
Bartén stream is the G°kérmak stream, w
G°kermak stream merges the Bartén stream
the Bl ack Sea. Bartén has a rugged terrai
energy flow of the Bartéen stream and its
around the <city <center of Barteén (Bart é
Directorate, 2015).

The study area is located approximately 1.5 km southeast of the Derbent Village. The
Go°kérmak stream and the D755 hitghontlay 1 s ¢
Additionally, the study area and its vicinity are examined geomorphologically
throughout a circular area with a radius of 2.5 km. Accordingly, the highest point is

892 m and the lowest point is 41 m above the sea level in this area. The alteraige

is around 321 m above the sea level. The maximum slope throughout the area is
measured to be 52 % in the northorthwestward direction and the minimum slope

is measured as 0 %. The average slopes are in betwé&ef71% and classified as
ADispeep sloped (Erol, 1993). The basin p
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vall ey is the G°kérmak stream valley, whi ch
elevation of + 52 m. The study area has approximately + 170 m altitude where the

basin relief ofthe area is calculated as 1762 = 118 m.

3.2.Climate
Bartén which i s |l ocat ed in the Bl ack Sea re
summer s ar e cool and the winters ar e war m

precipitation area in almost all seasoretsgnore precipitation especially in autumns

and winters. Precipitation is as rain in the summers and as rain and snow in the winters.

The average temperature is 21A C in the sumr
humid climate and the relative huntiyivaries between 76 8 5 %. Barteén recei
most of its precipitation in October, November and December. The average

precipitation varies between 3060 mm in the summer and 100120 mm in the

winter. The average annual precipitation is in between I002 00 mm ( Kar ab ¢ k
Provincial Directorate of Environment and Urbanization, 2012).

The climatic data of the Derbent Village, which is the nearest location to the study

area, was obtained from Climate Data (2018). According to the data of years between

1982and 2012, the annual average temperature o
has the highest average temperature with 22.
AC. The annual average precipitation of Dert
July with an average precipitation of 51 mm and the most fluvial month December has

116 mm. The most fluvial period is between October and January. The annual

temperature data graph is shown in Figure 3.1, and the annual precipitation data graph

is shown in Figur&.2.
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Figure 3.1. Averagetemperature values of the Derbent Village (Climate Data, 2018)
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Figure 3.2. Averageprecipitation values of the Derbent Villageli(@ate Data, 2018
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CHAPTER 4

SITE INVESTIGATION

The site investigation consisting of site observation and surveys,situ tests,

monitoring and laboratory tests are explained in this section.
4.1.Engineering Geological Mapping

Engineering geological map and ssosections of the study area were prepared based
on site observations and previous geological mapping studies F®yared.2, 4.3,

4.4 and 4.5). According to borehole and inclinometer data, the geological model of
the area was created. The locationghaf boreholes, cross sections, landslide and
formation boundaries, groundwater level and the alignment of the new highway are
shown in the engineering geological map and in the geologigabtechnical cross
sections of the study area. The depth andahdslide boundary of the sliding mass

were determined according to inclinometer readings. The area is represented by

Landslide Material (Hm), Ulus Formation (Ku) and its weathered levels (Wi5).

Figure 4.1. A view from field studies
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Figure 4.2. Engineering geological map of the study area
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4.2.Drilli ng Study

Borings with a total depth of 451.00 meters at 11 locations were executed in the project
area for identifying the soil / rock types and structural features along the landslide
area, determining the engineering geological properties of the formaatbbserving

the groundwater level (GWL), selection of disturbed (SPT) soil samples and rock core
samples representing the ground profile for laboratory testing. BoreholesiasitLin

tests were conducted in accordance with the Research EngineeriingS&echnical
Specification (205); prepared by Republic of Turkey General Directorate of
Highways, Department of Research and Development. Soil and rock (core) samples
obtained by boreholes were placed and kept in core boxes. To measure GWL;
circulatonwat er i n the boreholes was emptied by u:
of each work day and GWL measurements were recorded for each borehole next
morning. In addition, perforated PVC pipes were installed in the completed boreholes

for periodic observain of GWL. The results were recorded on the borehole logs.

Borehole locations are given in Figure 4.6, a summary of borehole data is given in
Table 4.1, and a representative example of the borehole logs and core box photographs

are submitted in App. A and App.T B respectively.

83((;:1-33!ranb0fu~)re,
&

-

BKH-11
BKH:08i © BKH09i BKH-0Zis°.

BKH- 1011 OMMCBKH SBKH057BKH 061
-10i1 BKH-041 CBKH-02i

(o)
BKH-03i

BKH-01i

Figure 4.6. Location of boreholes at the study area
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Table4.1. Summary of borehole study

Coordinates (TM337 ED50)

Borehole ID Depth |Inclinometer | GWL
N (X) E (Y) Elevation (m)| (M) Depth (m) | (m)

BKH i 01i (¥) | 4 599 495.579 456 450.029| 173.406 45.00 45.00 1.00
BKH i 02i |4599636.964 456 590.094| 151.344 45.00 45.00 5.00
BKH i 03i |4599601.066 456 359.258| 139.428 30.00 30.00 4.00
BKH 1 04i | 4599 661.164 456 420.183 122.17 50.00 50.00 3.00
BKH 1T 05i |4 599 695.943 456 565.305 122.056 60.00 60.00 2.50
BKH T 06i |4 599 699.787 456 694.801 141.500 45.00 45.00 6.00
BKH T 07i |4599 751.403 456 665.867 122.973 45.00 43.50 2.50
BKH T 08 |4 599 749.419 456 291.134 120.083 30.00 30.00 2.30
BKH T 09i |4 599 731.255 456 420.500 104.500 35.00 35.00 7.50
BKH T 10i |4 599 663.39] 456 360.472 121.250 36.00 36.00 3.00
BKHT 11 |4599 768.08] 456 663.142 118.250 30.00 T 1.50

(*) Ai

0

re bgrehades with inclinorheker measurements.

4.3.In 1 Situ Tests

Tests consisting of Standard Penetration Tests (SPT),

pressuremeters and

inclinometers were performed in boreholes. A summary of thie situ tests are

presented below.

4.3.1.Standard Penetration Tes$ (SPT)

Standard Penetration Tests (SPT) were performed at regular depth intervals of 1.50

meters. Representative disturbed samples were taken in accordance with the standards

of Republic of Turkey General Directorate of Highways, Research Engineering
Senices Technical Specification (@6) and ASTM D1586 11 standards, in order to

determine the consistency of the soil and of the completely weathered upper sections

of the rock units. SPT (N) values are presented numerically and graphically in

borehole log@nd a representative example is given in App. It should be noted

t hat

t he

SOIi

I/

r ock

sampl es

wer e

transf e

Rock Mechanics Laboratory for laboratory geotechnical testing and geotechnical

characterizationTable 4.2 gives a summary of the Standard Penetration Test results.
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Table4.2. A summary of the Standard Penetration Test results

SPT Blow Numbers

Borenole | pepth (m) [ 0715 | 15130 301 45 | g N Formation
alue
(cm) (cm) (cm)
1.50 | 1.95 3 5 5 10 Landslide material (Hm)
3.00 | 3.45 1 2 3 5 Landslide material (Hm)
450 | 4.95 3 3 4 7 Landslide material (Hm)
BKH i O1i 6.00 | 6.45 3 3 3 6 Landslide material (Hm)
7.50 | 7.95 5 6 8 14 Landslide material (Hin
9.00 | 9.45 7 11 12 23 Landslide material (Hm)
10.50| 10.95 18 20 22 42 Ulus formation (Kui W5)
12.00| 12.18 14 R 1 R Ulus formation (Kui W5)
1.50 | 1.95 2 4 6 10 Landslide material (Hm)
3.00 | 3.45 6 6 5 11 Landslide material (Hm)
BKH 1 02i | 450 | 495 13 40 19 59 Ulus formation (Kui W5)
6.00 | 6.45 18 23 38 61 Ulus formation (Kui W5)
750 | 7.63 R ) 1 R Ulus formation (Kui W5)
1.50 | 1.95 2 3 6 9 Landslide material (Hm)
3.00 | 3.45 3 5 6 11 Landslide material (Hm)
450 | 4.95 2 5 8 13 Landslide material (Hm)
6.00 | 6.45 6 10 25 35 Landslide material (Hm)
7.50 | 7.80 6 13 R R Landslide material (Hm)
BKH i 03i 9.00 | 9.45 4 11 15 26 Landslide material (Hm)
10.50| 10.95 10 18 27 45 Landslide material (Hm)
12.00| 12.45 8 19 23 42 Landslide material (hh)
13.50| 13.95 9 14 17 31 Landslide material (Hm)
14.00| 14.45 6 11 13 24 Landslide material (Hm)
15.00| 15.45 7 15 13 28 Ulus formation (Kui W5)
16.50| 16.91 26 36 R R Ulus formation (Ku)
150 | 1.95 4 5 12 17 Ulus formation (Kui W5)
3.00 | 345 5 7 8 15 Ulus formation (Kui W5)
4.50 | 4.95 8 10 10 20 Ulus formation (Kui W5)
BKH 1 04i | 7.50 | 7.95 11 15 20 35 Ulus formation (Kui W5)
9.00 | 9.45 9 16 22 38 Ulus formation (Kui W5)
10.50| 10.95 10 28 36 64 Ulus formation (Kui W5)
12.00| 12.45 25 43 36 79 Ulus formation (Kui W5)
1.50 | 1.72 13 R i R Ulus formation (Kui W5)
3.00 | 3.45 24 26 38 64 Ulus formation (Kui W5)
BKH 1 05i | 4.50 | 4.75 23 R i R Ulus formation (Kui W5)
750 | 7.95 10 22 24 46 Ulus formation (Kui W5)
9.00 | 9.20 40 R T R Ulus formation (Kui W5)
1.50 | 1.62 R i T R Landslide material (Hm)
3.00 | 3.45 5 8 7 15 Landslide material (Hm)
450 | 4.95 4 7 8 15 Landslide material (Hm)
BKH i 06i 6.00 | 6.45 4 11 15 26 Landslide material (Hm)
7.50 | 7.60 R i i R Landslide material (Hm)
9.00 | 9.45 9 11 15 26 Landslide material (Hm)
10.50| 10.95 28 33 45 78 Landslide material (Hm)
12.00| 12.45 14 29 40 69 Ulus formation (Kui W5)

28




Table4.2. (Continued) A summary of the Standard Penetration Test results

SPT Blow Nunbers

B°1gh°'e Depth (M) [ 07 15 | 157 30 [ 307 45 ?,ZLS Formation
(cm) | (em) | (cm)
1.50 | 1.95 8 13 23 36 Ulus formation (Kui W5)
3.00 | 3.45 6 12 19 31 Ulus formation (Kuir W5)
BKH 1 07i | 450 | 4.95 7 10 15 25 Ulus formation (Kui W5)
6.00 | 6.45 16 28 25 53 Ulus fomation (Kui W5)
7.50 | 7.95 21 28 30 58 Ulus formation (Kui W5)
1.50 | 1.95 2 2 3 5 Landslide material (Hm)
3.00 | 3.45 0 1 2 3 Landslide material (Hm)
BKH i 08i 450 | 4.95 3 3 4 7 Landslide material (Hm)
6.00 | 6.45 6 11 16 27 Landslide material (Hm)
7.50 | 7.95 20 27 31 58 Ulus formation (Kui W5)
9.00 | 9.45 22 33 47 80 Ulus formation (Kuir W5)
1.50 | 1.95 7 26 10 36 Ulus formation (Kui W5)
3.00 | 3.45 6 8 12 20 Ulus formation (Kui W5)
450 | 4.95 6 8 25 33 Ulus formation (Kui W5)
6.00 | 645 7 9 15 24 Ulus formation (Kuir W5)
7.50 | 7.95 9 10 12 22 Ulus formation (Kuir W5)
BKH 1 09i | 9.00 | 9.45 7 10 11 21 Ulus formation (Kui W5)
10.50 | 10.95 6 9 12 21 Ulus formation (Kui W5)
12.00| 12.45 6 11 18 29 Ulus formation (Kui W5)
13.50| 13.95 11 20 22 42 Ulus formation (Kuir W5)
15.00| 15.45 13 19 28 47 Ulus formation (Kuir W5)
16.50| 16.95 14 20 30 50 Ulus formation (Kuir W5)
1.50 | 1.95 3 4 7 11 Landslide material (Hm)
3.00 | 3.45 5 10 12 22 Landslide material (Hm)
450 | 4.95 6 33 15 48 Landslide material (Hm)
6.00 | 6.45 5 7 12 19 Landslide material (Hm)
750 | 7.95 8 13 19 32 Landslide material (Hm)
BKH 7T 10i | 9.00 | 9.45 5 11 15 26 Landslide material (Hm)
10.50| 10.95 8 33 28 61 Landslide material (Hm)
12.00| 12.45 7 21 20 41 Landslide materiall{m)
13.50| 13.95 12 18 26 44 Landslide material (Hm)
15.00| 15.45 10 12 17 29 Ulus formation (Kui W5)
16.50| 16.95 14 24 46 70 Ulus formation (Kui W5)
150 | 1.95 10 10 12 22 Avrtificial fill (Yd)
3.00 | 3.45 12 17 21 38 Artificial fill (Yd)
BKHT 11 | 450 | 4.95 12 12 11 23 Artificial fill (Yd)
6.00 | 6.45 13 16 10 26 Ulus formation (Kui W5)
7,50 | 7,95 18 32 25 57 Ulus formation (Kui W5)
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4.3.2.Pressuremeter Test

Pressuremeter tests were performed in accordance with ASTM D4¥/1Standards

in order to deermine the elastic properties of the geological units in the study area.
Louis Menard GA type pressuremeter with a 60 mm N type probe was utilized. For
each test location, deformation modulug)(Bimit (P) and net limit (R) pressure

with respect to a&riable depth were determined. All of the test results are given in

Table 4.3 and a representative example of the test graphs are given in@G\pp.

Table4.3. A summary of the pressuremeter test results

Borehole P_re_ssuremeter Pressuremeter _
D Depth (m) limit pressure modulus Formation
(Pin) (kg / cn¥) (Ep) (kg / cn¥)

3.90 0.44 64.25 Landslide material (Hm)
6.90 3.21 25.00 Landslide material (Hm)
9.90 13.76 249.04 Ulus formation (Kui W5)
12.90 21.64 499.25 Ulus formation (Kui W5)

BKH i O1i 16.40 30.58 300.85 Ulus format@on (Ku)
20.40 44.17 401.23 Ulus formation (Ku)
24.40 59.20 2486.78 Ulus formation (Ku)
28.40 65.69 914.71 Ulus formation (Ku)
31.40 49.48 1540.85 Ulus formation (Ku)
35.40 43.65 70490.07 Ulus formation (Ku)
2.40 3.12 67.50 Landslide material (Hm)
5.40 17.55 199.98 Ulus formation (Kui W5)
8.40 15.03 153.96 Ulus formation (Kui W5)
11.40 27.78 602.37 Ulus formation (Kui W5)
14.40 66.72 1585.46 Ulus formatia (Ku)
17.40 44.83 3303.34 Ulus formation (Ku)

BKH i 02i 20.40 43.75 1209.49 Ulus format@on (Ku)
23.40 75.87 9408.80 Ulus formation (Ku)
26.40 44.63 71799.87 Ulus formation (Ku)
29.40 44.68 70567.01 Ulus formation (Ku)
32.40 62.17 913.90 Ulus formation Ku)
35.40 69.35 3502.27 Ulus formation (Ku)
38.40 43.44 848.06 Ulus formation (Ku)
41.40 44.27 5051.70 Ulus formation (Ku)
3.90 3.90 64.83 Landslide material (Hm)
6.90 9.80 93.94 Landslide material (Hm)
9.90 7.21 90.65 Landslide matedl (Hm)
13.40 18.99 440.94 Landslide material (Hm)

BKH i 03i 14.90 3.66 89.61 Ulus formation (Kui W5)
17.40 78.51 1331.87 Ulus formation (Ku)
20.40 43.13 1365.04 Ulus formation (Ku)
23.40 46.25 5688.28 Ulus formation (Ku)
26.40 43.48 7078.85 Ulus formaton (Ku)
29.40 45.03 4552.72 Ulus formation (Ku)
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Table4.2. (Continued)

A summary of the pressuremeter test results

Borehole Ere_ssuremeter Pressuremeter '
D Depth (m) limit pressure modulus Formation
(Pn) (kg / cnm?) (Ep) (kg / cn¥)

3.90 7.57 62.84 Ulus formation (Kuii W5)
6.90 8.97 154.62 Ulus formation (Kuii W5)
9.90 19.6 292.74 Ulus formation (Kuii W5)
12.90 43.29 1782.05 Ulus formation (Kui W5)
15.90 42.84 1022.93 Ulus formation (Ku)
18.90 43.31 1652.56 Ulus formation (Ku)

BKH 1 04i 2190 49.97 8110.05 Ulus formation (Ku)
24.90 43.01 2643.88 Ulus formation (Ku)
27.90 49.64 4655.49 Ulus formation (Ku)
30.90 43.55 70426.45 Ulus formation (Ku)
33.90 43.46 70271.73 Ulus formation (Ku)
36.90 55.31 5888.56 Ulus formation (Ku)
39.90 43.13 71045.23 Ulus formation (Ku)
2.40 12.08 223.14 Ulus formation (Kui W5)
5.40 41.01 1205.77 Ulus formation (Kuii W5)
9.90 38.92 595.16 Ulus formation (Kuii W5)
12.90 50.53 1064.79 Ulus formation (Kuii W5)
15.90 44.04 5933.49 Ulus formation (Ku)

BKH i 05i 18.90 46.25 7032.67 Ulus formation (Ku)
21.90 42.40 4871.49 Ulus formation (Ku)
24.90 43.78 3466.59 Ulus formation (Ku)
29.40 42.27 728.46 Ulus formation (Ku)
32.40 63.76 2699.67 Ulus formation (Ku)
35.40 68.01 6289.03 Ulus formaion (Ku)
38.40 42.52 1980.16 Ulus formation (Ku)
2.40 3.35 64.56 Landslide material (Hm)
5.40 7.90 99.95 Landslide material (Hm)
8.40 29.13 975.63 Landslide material (Hm)
11.40 30.28 297.95 Ulus formation (Kui W5)

BKH i 06i 15.90 33.32 413.10 Ulus formation (Kuii W5)
21.90 42.19 332.24 Ulus formation (Ku)
26.40 43.25 838.67 Ulus formation (Ku)
30.90 77.87 1533.13 Ulus formation (Ku)
35.40 36.05 237.55 Ulus formation (Ku)
38.40 38.04 1088.23 Ulus formation (Ku)
3.90 12.38 13545 Ulus formation (Kuii W5)
6.90 23.01 489.36 Ulus formation (Kuii W5)
11.40 44.00 3947.69 Ulus formation (Ku)
14.40 45.20 868.02 Ulus formation (Ku)
17.40 43.79 3684.93 Ulus formation (Ku)

BKH i 07 20.40 43.80 2397.32 Ulus formation (Ku)
23.40 47.97 6476.09 Ulus formation (Ku)
26.40 67.99 1643.74 Ulus formation (Ku)
29.40 61.37 4237.14 Ulus formation (Ku)
32.40 43.72 5608.53 Ulus formation (Ku)
35.40 44.18 8612.24 Ulus formation (Ku)
37.40 65.75 4054.51 Ulus formation (Ku)
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Table4.2. (Contirued) A summary of the pressuremeter test results

Borehole Pressuremeter | Pressuremeter '
D Depth (m) | limit pressure modulus Formation
(Pn) (kg / cn?) (Ep) (kg / cn¥)

5.40 2.66 50.66 Landslide material (Hm)
8.40 19.58 393.15 Ulus formation (Kui W5)
11.40 19.75 285.44 Ulus formation (Kui W5)
14.40 37.34 938.11 Ulus formation (Ku)

BKH 1 08i 17.40 42.56 1691.18 Ulus formation (Ku)
20.40 42.90 1314.63 Ulus formation (Ku)
23.40 43.74 74029.69 Ulus formation (Ku)
26.40 80.95 3538.41 Ulus formation(Ku)
29.40 45.19 5162.32 Ulus formation (Ku)
3.90 5.60 94.48 Ulus formation (Kui W5)
6.90 7.02 186.17 Ulus formation (Kui W5)
9.90 11.52 255.66 Ulus formation (Kui W5)
14.40 11.58 366.95 Ulus formation (Kuir W5)

BKH 1 00i 17.40 11.91 113.26 Ulus formation (Kui W5)
20.40 46.08 1010.43 Ulus formation (Ku)
23.40 34.26 348.56 Ulus formation (Ku)
26.40 62.57 1388.11 Ulus formation (Ku)
29.40 43.74 2253.06 Ulus formation (Ku)
32.40 43.58 3824.89 Ulus formation (Ku)
3.90 5.72 95.66 Landslide material (Hm)
8.40 7.71 215.07 Landslide material (Hm)
11.40 9.89 166.20 Landslide material (Hm)
14.40 7.52 101.25 Ulus formation (Kui W5)

BKH i 10i 17.40 10.82 212.22 Ulus formation (Kui W5)
20.40 57.90 1110.43 Ulus formation (Ku)
23.40 51.89 2072.51 Ulus formation (Ku)
27.40 42.94 1618.55 Ulus formation (Ku)
31.40 42.93 875.90 Ulus formation (Ku)
35.40 43.30 2284.14 Ulus formation (Ku)
2.40 5.10 36.45 Artificial fill (Yd)
5.40 7.73 157.66 Avrtificial fill (Yd)
8.40 3521 590.15 Ulus formation (Kuir W5)
11.40 25.08 447.14 Ulus formation (Ku)

BKH i 11 14.40 40.53 749.64 Ulus formation (Ku)
17.40 28.07 248.91 Ulus formation (Ku)
20.40 33.37 352.09 Ulus formation (Ku)
23.40 43.12 981.31 Ulus formation (Ku)
26.40 52.50 2243.92 Ulus formation (Ku)
29.40 51.81 1054.34 Ulus formation (Ku)
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4 .3.3.Inclinometers

In slope stability problems, it is necessary to verify the shape and location of the failure
surfaces and the character of the mass movement. As the slope movement®oan be

slow and insensible to the eye, instrumentation and monitoring is highly important and
desirable for the analysis of slope stability. Inclinometers are used to monitor and
measure deformation through the profile of borehole in landslide areas. The
philosophy of this method is measuring deformation normal to the axis of borehole by
passing a probe along the borehole and measuring the inclination of the probe with
respect to the line of gravity. Accordingly, inclinometers with a total depth of 419.50
meters have been installed in 10 boreholes at the study area and readings have been
taken according to the ASTM 623013 standard during the period from 07.06.2016

to 13.07.2016 (Table 4.1). Al coll ected
DepthandTi med graphs and a represinAlsati ve e

summary of inclinometer readings are given in Table 5.2.
4.4.Laboratory Tests

In order to determine the relevant physical and index properties of the disturbed (SPT)
samples taken from thsmil units and completely weathered zones of the rock units in
the course of the drilling works, the following laboratory tests were executed on the

samples collected from the borings:

A Natural water content

A Atterberg limits

A Sieve analyses

A Unified Soil Classification (USCS)

On the other hand, core samples were tes
and Rock Mechanics Laboratory for determining the physical and mechanical
properties of the rock samples obtained from boreholes. The relevemhecbanics

tests were unit weight, uniaxial compressive strength, modulus of elasticity. A

representative example of the laboratory test results were given in &pp.
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CHAPTER 5

ENGINEERING GEOLOGIC AL CHARACTERIZATION OF
THE LANDSLIDE

5.1.Landslide Phenomenon ad Types

Nearly all slopes ultimately degrade by the natural processes of weathering and down

slope transport. On most slopes, this is a continuous and a very slow process.

Landslides occur where a slope remains static for a long period and then fails in a

single dramatic event (Waltham, 2009). Landslides may occur in various material

types such as (Varnes, 1978):

A

A

Rock described as a hard or firm mass that was intact and in its natural place
before the initiation of movement.

Soil described as an aggate of solid particles, generally of minerals and
rocks that either was transported or was formed by the weathering of rock in
place. Gases or liquids filling the pores of the soil form part of the soil.

Earth described as material in which 80 % oreraf the particles are smaller
than 2 mm, the upper limit of sand sized patrticles.

Mud described as material in which 80 % or more of the particles are smaller
than 0.06 mm, the upper limit of silt sized particles

Debris containing a significant ratof coarse material where 20 % to 80 %

of the particles are larger than 2 mm, and the remainder are less than 2 mm.

Slope failures are the result of gravitational forces acting on a mass which can creep

slowly, fall freely, slide along some failure suré& or flow as a slurry. Stability can

depend on a few complex variables, which can be placed into four general categories
(Hunt, 2005);

35



Topographyd in terms of slope inclination and height

Geologyd in terms of material structure and strength

To To o

Weatherd in terms of seepage forces and-nffiiquantity and velocity

A Seismic activityd as it affects inertial and seepage forces

Varnes (1978) classified the landslides into five kinematically distinct types. These

types are; fall, topple, slide, spreatdlow (Table 5.1).

Tableb5.1. Classification of Landslides (Varnes, 1978)

TYPE OF MATERIAL
TYPE OF MOVEMENT ENGINEERING SOILS
BEDROCK . _ .
Predominantly coars¢ Predominantly fine
FALLS Rock fall Debris fall Earth fall
TOPPLES Rock topple Debris topple Earth topple
ROTATIONAL
SLIDES Rock slide Debris slide Earth slide
TRANSLATIONAL
LATERAL SPREADS Rock spread Debris spread Earth spread
Rock flow Debris flow Earth flow
FLOWS )
(deep creep) (soil creep
COMPLEX Combination of two or more principal types of movement|

A Falls are abrupt movements of geologic material masses, such as rocks and

boulders that become detached from steep slopes or cliffs. Separation occurs

along discontinuities such as frag, joints, bedding planes, and movement

occurs by freé@ fall, bouncing, and rolling. Falls are strongly influenced by

gravity, mechanical weathering and the presence of interstitial water.

A Toppling failures are distinguished by the forward rotatioa ahit or units

about some pivotal point, below or low in the unit, under the actions of

gravity and forces exerted by adjacent units or by fluids in cracks.
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A Slides: Although many types of mass movements are included in the general
term Al ae thard restigiveause tofhthe term refers only to mass
movements, where there is a distinct zone of weakness that separates the slide
material from more stable underlying material. The two major types of slides
are rotational slides and translational stide

A Lateral Spreads: Lateral spreads are distinctive because they usually occur on
very gentle slopes or flat terrain. The dominant mode of movement is lateral
extension accompanied by shear or tensile fractures. The failure is caused by
liquefaction, theprocess whereby saturated, loose, cohesionless sediments

(usually sands and silts) are transformed from a solid into a liquefied state.

A Flows are very rapid movements of soil and rock debris which may, or may

not, begin with rupture along a failure sacé.

In addition to these types, a combination of two or more of the above types is known
as a complex landslide.
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Material

Movement ROCK DEBRIS EARTH

?ohﬂuch_on flows
Periglacial debris flows)

©.g. composite, non-circular
part rotational/part translational
shide grading to earthflow at toe

Figure5.1. Landslide classification by Varnes (1978) and Cruden and Varnes (1996) babed o
type of movement and material
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5.2.Mechanism of Mass Movement

According to the results of the insitu tests performed at the study area, a mass
movement is determined atKm: 18+ 3288 + 421 segment of th
Bridge Dam Diversion (Figure5.2 and 5.3). The crown of the landslide is located at

an elevation of + 205 m and has a width of 200 m at the southern slope of the road cut.

The landslide narrows down to 95 m towards the middle part of the road. The toe of
the |l andslide descends to elevation + 60
main mas of the landslide has a length of 490 meters and the width varies between

90 to 210 meters. The maximum thickness of the landslide mass is measured to be 30

meters.

The area has the characteristics of a fossil landslide terrain. A new mass movement
activaion has occurred in the fossil landslide area by the effects of surface and
groundwater conditions and disturbance during road construction. However, the most
important factor of this landslide hazard should be mentioned as thé mmaade
influence on natre. The toe of the activated mass is observed to extend towards the

G°keéermak Stream Vall ey.

According to drilling and inclinometer data, the mass movement is located at the
contact of the Ulus formation (Ku) and its highly to completely weathered (X&)

levels. The landslide material (Hm) observed in the study area is represented by sandy
lean clay with gravel (CL), silty gravel with sand (GM) and blocks of the weathered
levels of the claystoné siltstonei sandstone units. Hence, the grain size of the
landslide material has a very wide range. Accordingly, movement characteristics of
the sliding mass differ variously, such as slumgarth flows and debris slides
observed together. Within this context, the movement type of the mass is classified as

ACogmMmex Movemento according to Varnes 197
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Figure 5.2. A side view of the morphology of the landslide area

Figure 5.3. A view of the morphology of the lastide area
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5.2.1.Depth of Sliding Mass

A total number of 10 inclinometers were installed in the boreholes in the study area in
order to determine the mass movement and the depth of the sliding surface. Six (6) of
these inclinometers (Tabie5.2) were evaluatedithin the investigation related with

the landslide. On the average, readings were taken for a period of 30 days in each
location. Three of these inclinometers (BKH)4i, 08i and 09i) were located outside

of the landslide area but the other 3 (BKIA1i, 03i and 10i) were located inside the
landslide area. According to the readings, the depth of sliding mass was measured to
lie between 9.20 to 14.20 meters. BKI91i is located at upper levels and 30 m north

of the landslide crown. The velocity of the #lid mass is measured to vary between
0.43 and 3.91 mm / day. The fastest movement amongst all measurement points was
measured at a depth of 14.80 m that possessed a velocity of 11.85 cm / month in BKH
i 03i. In addition, no movement was observed in BKB4i and 09i. In addition, a

small scaled landslide occurred at the artificialifitock contact as detected in BKH

i 08i.

Table5.2. A summary of inclinometer readings

Sliding mass
Borehole | Depth | Inclinometer i
D (rﬁ) Depth (m) R1e_ﬁg|eng Depth | Amount | Velocity VeIocityh
(days) (m) (mm) | (mm/day) | (cm/ month)
BKH 1 01i | 45.00 45.00 32 9.80 43.00 1.34 4.06
9.20 85 2.66 8.06
BKH i 03i | 30.00 30.00 32
14.80 125 3.91 11.85
BKH i 04i | 50.00 50.00 31 i i i i
BKH i 08i | 30.00 30.00 32 6.80 23.00 0.72 2.18
BKH 1 09i | 35.00 35.00 26 i T | i
12.00| 10.00 0.43 1.30
BKH 1 10i | 36.00 36.00 23
14.20 | 23.00 1.00 3.03
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5.3. Geomechanical Properties of Units

The borings, i situ and laboratory tests have been condlicterder to determine

the mechanical and physical properties of the soil and rock units prevailing in the

project area and for obtaining the relevant parameters for geotechnical design. The

lithological and geomechanical properties of these units ataiegd in this section.

The study area is represented by Landslide Material (Hm), Artificial Fill (Yd), Ulus

Formation (Ku) and its highly to completely weathered levels (KW5). The

geological and geotechnical properties for these units are summaeiosd blote

that, degrees of rock mass weathering are classified as; W1 (Unweathered (Fresh)),
W2 (Slightly weathered), W3 (Moderately weathered), W4 (Highly weathered) and
W5 (Completely weathered) according to ISRM (1981).

5.3.1.Landslide Material (Hm)

Landslice material (Hm) with a varying thickness of 4i1104.80 meters was observed

in the investigation area to consist of sandy lean clay with gravel units. Sandy lean

clay with gravel (CL) consisted of gréydark greyi greenish grey light browni

yellow 1 yellowish brown, stiff to very stiff, locally moderately stiff, moist, low to

medium, locally high plastic; 2030 % sandy, fine to coarse grained, locally friable;

157 20 % gravelly, fine to coarse grained, angular fragments of claystaredstone

origin.

The results of the laboratory tests performed on samples taken from Standard

Penetration Tests (SPT) and pressuremeter tests performed on the landslide material

are given below.
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Water content (W
Liquid limit (LL)
Plasticity index (P1)

Sieve analysis (+4)
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Sieve analysis-00) 34.402®000 89.90 %
Solil classification (USCS) CH, CL, SC, SM, GM

Pressuremeter limit pressurenfP 0.44 kgf/crAO n® 18 . 992 kgf [/ c¢cm
Pressuremeter modulusyjE 25.00kgf/crAO ,® 975.63 kgf / cm

5.3.2. Artificail Fill (Yd)

The artifical fil (Yd) observed in the study area has a varying thickness of G480
meters and is formed of fills of the existing roads in the study area and geomaterial
residues of cut slope that were constructed in the past. In addition, artificial fills are
repreented by sandy lean clay with gravel units. Sandy lean clay with gravel consisted
of greyi dark greyi yellowish brown, stiff, moist, low to medium plastic; 230 %
sandy, fine to coarse grained, friable; 125 % gravelly, fine to coarse grained,

anguar fragments of sandstone origin.

The results of the laboratory tests performed on samples taken from Standard

Penetration Tests (SPT) and pressuremeter tests performed on the artificial fill are

given below.

SPT (N) 22 O SPT (N) O 38

Water content (W 10. 90 n@&® D2W50 %

Liquid limit (LL) 29.60 % O LL O 30.50 %
Plasticity index (P1) 13.00 O PI O 13.20

Sieve analysis (+4) 25.10 % O + 4 O 33.40 %
Sieve analysis-200) 34.902®%000 50.80 %

Soll classification (USCS) CL, SC, GC

Pressuemeter limit pressure @ 5.10 kgf /cidO n® 7. 73 2kgf [/ cm
Pressuremeter moduluspfE 36.45kgf /crAO ,® 157.66 kgf / cm
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5.3.3.Highly to completely weathered Ulus Formation (Kui W5)

Highly to completely weathered Ulus formation (KW5) was obseved in boreholes
performed in the study area with a thickness varying from 0.40 to 15.30 meters and
represented by sandy lean clay with gravel (CL), silty gravel with sand (GM) and
highly to completely weathered claystonesiltstonei sandstone units. Sdy lean

clay with gravel consisted of gréydark greyi light browni yellowish browni stiff

to very stiff, moist, low to medium plastic, locally high plastic;i2B0 % sandy, fine

to coarse grained, friable; 1015 % gravelly, fine to coarse grainexgular, hard,
locally slightly hard fragments. Partly sandstone originated blocks were observed.
Silty gravel with sand consisted of grey, very dense, moist, locally wet, fine to coarse
grained, hard, locally friable; 2030 % sandy, fine to medium gnad; 15/ 20 %

fines with low to medium plasticity clay.

The results of the total core recovery (TCR) and rock quality designation (RQD)
values and the laboratory tests performed on samples taken from Standard Penetration
Tests (SPT) and pressuremeterggsrformed in the highly to completely weathered

Ulus formation are given below.

Total core recovery (TCR) 43 % O TCR O 100 % (Avg. 80 %
Rock quality designation (RQD) 0 % O RQD O 26 % (Avg. 2 %)

SPT (N) 15 O SPT (N) O 47 (Avg. 42)
Water content (A 6.50 @ @3W20 %

Liquid limit (LL) NP and 32.90 % O LL O 43.50 %
Plasticity index (PI) NP and 12.80 O Pl O 25.70

Sieve analysis (+4) 0.00 % O + 4 O 74.00 %

Sieve analysis-200) 12.502®000 97.70 %

Solil classification (USCS) CL, SC,SM, GC, GM

Pressuremeter limit pressurenfP 5.60 kgf /crAO W® 43 . 292 kgf [/ c¢cm
Pressuremeter modulusyjE 62.84kgf/crAO ,® 1782.0% kgf [/ c¢cm
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5.3.4.Ulus Formation (Ku)

Claystone, siltstone and sandstone units with partly brecciated levels in the
investigation area represent the bedrock that form the Ulus formation. Claystones are
greyi dark grey, blackish grey, friable to slightly hard, locally soft, weak to very

weak, moderately to highly weathered, locally completely weathered. The joints are
20BA0pA, 45A, open, smooth, localliyitsl icke
filled. The joints could not be observed due to weathering in some sections. Siltstones

are greyi dark grey, slightly to moderately hard, locally friable, moderately weak to

weak, locally extremely weak, slightly to moderately weathered, locally highly
weat her ed. Open joifi7Z&§Aarepen, teki mmangesr
slickensided, locallyclays i I 't f il l ed. I nfilled jodints a
up to 3 cm thickness. Sandstones are gréight grey, moderately hard to hard,
moderately strong to strong, locally moderately weak, slightly to moderately
weat her ed. Open joinit7THDAar d oicml it lye shamge
smoothtoslckensi ded. Infilled joints are 30A
thickness. The joints could not be observed due to weathering in some sections.
Brecciated levels are gréydark grey, friable, locally slightly hard, very to extremely

weak, lacally weak, moderately to highly weathered, locally completely weathered.

The results of the rock mechanics tests conducted on the core samples obtained from
the boreholes in the study area with relevant total core recovery (TCR) and rock
quality designabn (RQD) values and pressuremeter tests performed in Ulus

formation (Ku) are summarized below.

Total core recovery (TCR) 40 % O TCR O 100 % (Avg. ¢
Rock quality designation (RQD) 0 % O RQD O 100 % (Avg. 514

Uniaxial compre4sdVRae @t B8ng§ohMPa
Unit weight (%) 23.14kN/mMO¥0O 25.69 kKN / m
Elasticity modulus (B 0.70 GPal®». E0O GPa
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Pressuremeter limit pressurenjP 25.08 kgf /crAO n® 80. 952 kgf [/ ¢
Pressuremeter moduluspfE 237.55 kgf / crAO p B 41029.69 kgf / crh

In addition, the results of laboratory tests performed on samples taken from Standard
Penetration Tests (SPT) performed in weathered upper levels of Ulus formation are

given below.

SPT (N) R (Refusal)
Water content (Wn) 10.70 %
Liquid limit (LL) 32.10 %
Plasticity index (PI) 12.80
Sieve analysis (+4) 18.90 %
Sieve analysis-200) 45.80 %
Soil classification (USCS) SC
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CHAPTER 6

DETERMINATION OF GEO TECHNICAL PARAMETERS

6.1. Empirical Approach (Effective Parameters)

Geotechnical paraeters of the landslide material (Hm), which represented by very
stiff sandy lean clay with gravel (CL) units, are determined below:

Unit weight
“Y= 18 kN / n¥ (Carter & Bentley, 1991) (Table 6.1)
Table6.1. Typical values of natural density (Carter & Bentley, 1991)

TYPICAL VALUES OF NATURAL DENSITY

Natural density (kg / M

Material Bulk density* Dry density
Sands and gravels: very loose 17007 1800 13007 1400
loose 18007 1900 140071 1500
medium dase 19007 2100 1500i 1800
dense 20007 2200 17007 2000
very dense 22007 2300 20007 2200
Poorlyi graded sands 17007 1900 13007 1500
Well i graded sands 18007 2300 14007 2200
Well i graded sand / gravel mixtures 19007 2300 15001 2200
Clays: unconsolidated muds 16007 1700 9007 1100
soft, operi structured 17007 1900 11007 1400

| typical, normally consolidated 18001 2200 130071 1900
boulder clays (overconsolidated 20007 2400 17001 2200
Red tropical soils 17001 2100 13007 1800

Effective strength (Long term) parameters

True angle of (effective) internal friction:

Plnen= 19. 78 % ( M& a% (Qitock,1953) (Figure 6.1)

With the calculated value, angle of internal friction is determineddas = 2 8 A .

a7



N
o

30

y Effectixyle of Internal Friction, ¢°d

[any
o
I

Residual Angle of Internal Friction, ¢’r

Angle of Shearing Resistance, ¢’ (°)
S
T

20 40 60 80 100 120
Plasticity Index, PI (%)

o

o

Figure 6.1. Range of shearing resistance angle and plastradgx in clays (Gibson, 1953)

Effective cohesion value:

c6 = W x (unmeetal., 1997)

W@ (Angle of shx&Aing resistance) =

U = Coefficient according to soil type (= 30
c6 = 30 x tan (28) = 15.95 kPa
Table62.U coefficient values for different soil ty]
Soil Type O+ tan«o
Soft clay 51 10 0.351 0.45
Medium stiff clay 107 20 0.401 0.55
Stiff clay 2071 50 0.501 0.60
Soft silt 0i 5 0.501 0.60
Medium stiff silt 57 15 0.5571 0.65
Stiff silt 157 30 0.601 0.70
With the calculation above, c6 i's determined

Geotechnical parameters for the landslide material are determined as;
Y= 18 kN / m3

cO6 = x%B =« P28 A
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Analyses regaidg residual shear strength parameters that represent a more realistic
situation since they present an account for the sliding displacement of the landslide

failure surface are presented in Section 7.2.
6.2.Rock Mass Rating (RMR)

The ARock Mas systemawas degelogedRiy Bigniawski (1989). In this
method, five different parameters are considered in order to perform rock mass
classification. These parameters are:

A Strength of the Intact Rock Material

A Rock Quality Designation (RQD) value
A Spacingof Discontinuities

A Condition of Discontinuities

A Ground Water Conditions

In this method, each parameter receives a specific humeric value according to the
specific properties of the rock mass. Then, the sum of these numerical values is
adjusted by disadinuity conditions. The adjusted total value is defined as the RMR

value.

The RMR calculation of the rock units of the Ulus formation (Ku) has been performed
(Tables 6.3 and 6.4). Then, using the equation GSI = RNBRHoek and Brown,
1997), Geologicabtrength Index (GSI) values were obtained for the same units (Table
6.5).
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Table6.3. Rock Mass Rating (Bieniawski, 1989)
for highly to completely weathered Ulus formation {KW5)

A. CLASSIFICATION PARAMETERS AND THEIR RATINGS

Parameter Range of values
Point-load For this low range -
Strength p >10 MPa 4-10 MPa 2-4 MPa 1-2MPa uniaxial compressive
of strength index test is pi
1 | intact rock |Uniaxial comp. >250 MP. 100 - 250 MP 50 - 100 MP: 25 - 50 MP. 5-2511-5] <1
material __|strength @ 4 B 4 MPa § MPa § MPa
Rating 15 12 7 4 2 1 0
Drill core Quality RQD 90% - 100% 75% - 90% 50% - 75% 25% - 50% <25%
2 Rating 20 17 13 8 3
Spacing of discontinuities >2m 06-2.m 200 - 600 mm 60 - 200 mm <60 mm
3 Rating 20 15 10 8 5
Very rough surfaces |Slightly rough Slightly rough Slickensided surfaces [ Soft gouge >5 mm
Not continuous surfaces surfaces or thick
Condition of discontinuities |No separation Separation < 1 mm Separation < 1 mm Gouge < 5 mm thick or
4 (See E Unweathered wall Slightly weathered Highly weathered or Separation > 5 mm
rock walls walls Separation 1-5 mm  [Continuous
Continuous
Rating 30 25 20 10 0
Inflow per 10 m None <10 10-25 25-125 > 125
tunnel length (I/m)
Ground |(Joint water press)/
5 | water |(Major principal ) 0 <01 0.1,-0.2 0.2-05 >0.5
General conditions Completely dry Damp Wet Dripping Flowing
Rating 15 10 7 4 0
B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)
Strike and dip orientations Very favourable Favourable Fair Unfavourable Very Unfavourable
Tunnels & mines 0 -2 -5 -10 -12
Ratings Foundations 0 -2 -7 -15 -25
Slopes 0 -5 -25 -50
C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 100 ) 81 80/ 61 60 41 40 21 <21
Class number | Il 1 v \%
Description Very good rock Good rock Fair rock Poor rock Very poor rock
D. MEANING OF ROCK CLASSES
Class number | Il 1] \% \
Average stand-up time 20 yrs for 15 m span | 1 year for 10 m span | 1 week for 5 m span | 10 hrs for 2.5 m span | 30 min for 1 m span
Cohesion of rock mass (kPa) > 400 300 - 400 200 - 300 100 - 200 <100
Friction angle of rock mass (deg) >45 35-45 25-35 15-25 <15
E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions
Discontinuity length (persistence) <1m 1-3m 3-10m 10-20m >20m
Rating 6 4 2 1 0
Separation (aperture) None <0.1 mm 0.1-1.0mm 1-5mm >5mm
Rating 6 5 4 1 0
Roughness Very rough Rough Slightly rough Smooth Slickensided
Rating 6 5 3 - 0
Infilling (gouge) None Hard filling < 5 mm Hard filling > 5 mm Soft filling < 5 mm Soft filling > 5 mm
Rating 6 4 2 2 0
Weathering Unweathered Slightly weathered Moderately Highly weathered Decomposed
Ratings 6 5 weathered 1 0
3
F. EFFECT OF DISCONTINUITY STRIKE AND DIP ORIENTATION IN TUNNELLING**
Strike perpendicular to tunnel axis Strike parallel to tunnel axis
Drive with dip - Dip 45 - 90T Drive with dip - Dip 20 - 45Y Dip 45 - 90Y Dip 20 - 457
Very favourable Favourable Very unfavourable Fair

Drive against dip - Dip 45-90Y

Drive against dip - Dip 20-457

Dip 0-20 - Irrespective of strikeY

Fair

Unfavourable

Fair
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Table6.4. Rock Mass Rating (Bieniawski, 1989) for Ulus formation (Ku)

A. CLASSIFICATION PARAMETERS AND THEIR RATINGS

Parameter Range of values
e m For this low range -
Strength ot Ioaq >10 MPa 4-10 MPa 2-4MPa 1-2MPa uniaxial compressive
of strength index is preferred
1 | intact rock |Uniaxial comp. >250 MP. 100 - 250 MP 50 - 100 MP: 25 - 50 MP. 5-25§1-5| <1
material __|strength @ = a 8 MPa § MPa | MPa
Rating 15 12 7 4 2 1 0
Drill core Quality RQD 90% - 100% 75% - 90% 50% - 75% 25% - 50% <25%
2 Rating 20 T 13 8 3
Spacing of discontinuities >2m 06-2.m 200 - 600 mm 60 - 200 mm <60 mm
3 Rating 20 15 10 8 5
Very rough surfaces |Slightly rough Slightly rough Slickensided surfaces [Soft gouge >5 mm
Not continuous surfaces surfaces or thick
Condition of discontinuities |No separation Separation < 1 mm Separation < 1 mm Gouge < 5 mm thick or
4 (See E Unweathered wall Slightly weathered Highly weathered or Separation > 5 mm
rock walls walls Separation 1-5 mm Continuous
Continuous
Rating 30 25 20 10 0
Inflow per 10 m None <10 10-25 25-125 >125
tunnel length (I/m)
Ground |(Joint water press)/
5 | water |(Major principal ) 0 <041 0.1,-0.2 0.2-05 >0.5
General conditions Completely dry Damp Wet Dripping Flowing
Rating 15 10 7 4 0
B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)
Strike and dip orientations Very favourable Favourable Fair Unfavourable Very Unfavourable
Tunnels & mines 0 -2 -5 -10 -12
Ratings Foundations 0 -2 -7 -15 -25
Slopes 0 -5 -25 -50
C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 100 ) 81 80) 61 60 41 40 21 <21
Class number | Il 11 v \
Description Very good rock Good rock Fair rock Poor rock Very poor rock
D. MEANING OF ROCK CLASSES
Class number ! Il i} v \
Average stand-up time 20 yrs for 15 m span | 1 year for 10 m span | 1 week for 5 m span | 10 hrs for 2.5 m span | 30 min for 1 m span
Cohesion of rock mass (kPa) > 400 300 - 400 200 - 300 100 - 200 <100
Friction angle of rock mass (deg) > 45 35-45 25-35 15-25 <15
E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions
Discontinuity length (persistence) <1m 1-3m 3-10m 10-20m >20m
Rating 6 4 2 1 0
Separation (aperture) None <0.1 mm 0.1-1.0mm 1-5mm >5mm
Rating 6 5 4 1 0
Roughness Very rough Rough Slightly rough Smooth Slickensided
Rating 6 5 — 3 1 0
Infilling (gouge) None Hard filling < 5 mm § Hard filling > 5 mm Soft filling < 5 mm Soft filling > 5 mm
Rating 6 4 2 2 0
Weathering Unweathered Slightly weathered Moderately Highly weathered Decomposed
Ratings 6 5 weathered 1 0
3
F. EFFECT OF DISCONTINUITY STRIKE AND DIP ORIENTATION IN TUNNELLING**
Strike perpendicular to tunnel axis Strike parallel to tunnel axis
Drive with dip - Dip 45 - 90T Drive with dip - Dip 20 - 45Y Dip 45 - 90Y Dip 20 - 457
Very favourable Favourable Very unfavourable Fair

Drive against dip - Dip 45-901

Drive against dip - Dip 20-457

Dip 0-20 - Irrespective of strikeY

Fair

Unfavourable

Fair
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Table6.5. Summary of RMR values of the rock units

Strength of Spadng of Condition of | Ground GSlI
Intact Rock | RQD Discontinuities | Discontinuities | water RMR *)
Material
Lithology c c c c
o o o o
= o = ()] = (@) = (@) (@] (@] (@]
=3 c | 2| ¢ =3 = =3 = £ = =
[ [¢] () [¢]
) ) ) o
Weatherec
Ulus 5 <60 Smooth, soft
. 1 2 3 5 filling, highly| 6 10 25 20
forrrjatlon MPa mm weathered
(Ku1 W5)
Slightly
Ulus . rough, hard
fomation | 1o | 2 | 65| 13| %01 200] g filing, | 11| 10 | 44 | 39
a mm
(Ku) moderately
weathered

* GSI =RMR i 5 (Hoek and Brown, 1997)

The strength of the intact rock material represents the weighted avetags ot

uniaxial compressive strengthi tests performed on the rock samples of the related

unit. The Rock Quality Designation (RQD) was developed by Deere (1963) and

determined as the ratio of the total length of core pieces greater than 10 cnotal the t

core run. The average length of discontinuities through the core run was calculated as
ASpacing of Di scontinuitieso. Observabl e p |

AfCondition of Di scontinuitieso.

6.3. Geological Strength Index (GSI)

The Geological Strengtindex (GSI) system was also used to estimate rock mass
properties of the rock units observed in the study area. The GSI classification was
initially introduced by Hoek (1994) and was developed by various researches during
the years. In this study, the GShart of Sonmez and Ulusay (2002) was preferred to
classify the rock units, where Structure Rating (SR) and Surface Condition Rating
(SCR) were evaluated. SCR was evaluated by discontinuity conditions observed at the
outcrops and in the core samples.obtain SR, Volumetric Joint CountJJs needed.
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Jv is obtained by the RQD = 1102.5 x J (Palmstrom, 2005) relation where RQD is
calculated from the core samples. Accordingly, intersection of SCR and SR gives the
individual GSI vdue for each rock unifTables6.6 and 6.7). A summary of th&SlI

values are given in Tab&8.

Table6.6. Geological Strength Index (Sonmez and Ulusay, 2002) for
the highly to completely weathered Ulus formation (K5)

Very Slightl
Roughness rough  Rough rol?_lghy Smooth  Slickensided
INTACT OR BLOCKY| DISINTEGRATED Rating (Rr) 6 5 3 1 °
MASSIVE
100 Slightly  Moderatel Highly
90 ” ‘rlivsﬁlar:ge(g\‘n?) Noene weathered wea(heredy we;sﬂ:;ered Decomgosed
N 5
17.51In(J,) + 79.
x 80 51n(J,) +79.8 y Hard Hard Soft Soft
) r=1.0 Infilling None <5mm  >5mm <5mm >5mm
& 70 \ Rating (Rf) 6 4 2 2
c X i
£ 60 SCR=R,+R,,+R;
50
x 5 5 3 =80 38
o 40 =4 = 3 2Lt 5
3 2 3 & 288 £8
B 30 3 3 g §3¢9 88
£ 20 — £ 3 > T8 4]
71 5 3 T8 >95 2
n N = = w8 553 5%
10 3 >8 = o 29> =@
g £ |5 £e§ SE
0 8= 5& ga %5 3%
o5 @ 3 Es 822 h-34
0.1 1 10 100 1000 @32 =2 <2 288 228 o
s ~28 888 8L xs§E Z88E
T . s x >g (== ZES® SEE SE&
Volumetric joint count, J, (jointm’) Uss SEs =55 023% us3s

SURFACE CONDITION RATING, SCR
h8 17 16 15|1413 12 1110 9 8 7 6 5 4]3 2 1 o

INTACT OR MASSIVE- Intact
rock specimens or massive o5
in-situ rock masses with very few

widely spaced discontinuities

NOT APPLICABLE

Vi
/

BLOCKY-very well interlocked
undisturbed rock mass consisting

of cubical blocks formed by three 0
orthogonal discontinuity sets
. m 65
n / /
60

[
o

VERY BLOCKY-interlocked
partially disturbed rock mass with
multi-faceted angular blocks formed
by 4 or more discontinuity sets

a
o

Structure Rating
IS
9]

a0
BLOCKY/DISTURBED/SEAMY e
-folded with angular blocks 36
formed by many intersecting
discontinuity sets. Persistence
of bedding plane or schistosity =8
DISINTEGRATED-poorly inter- 15
locked, heavily broken rock mass
with a mixture or angular and 0
rounded rock pieces
5
o
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Table 6.7. Geological Strength Index (Sonmez and Ulusay, 2002) for the Ulus formation (Ku)

Vel i
Roughness mu;. Rough SrL'?,Z‘Ay Smooth  slickensided
INTACT OR BLOCKY| VB BD DISINTEGRATED Rating (Rr) 6 5 3 i °
WASSIVE
100 Slightly  Moderately _ Highly
90 q [ [ ] ”m | ] ] I ” ;V;?;ge(g:g) Noge weaéhered westhsrad wean‘:ered Decomgosed
& %0 SR=-17.5In(J,) + 79.8| Hard Liard Bt il
e Ol
5 N r=1.0 Infilling None <5mm  >5mm <5mm >5mm
% 70 \ Rating (Rf) 6 4 2 2 0
= L =
£ 60 \ SCR=R,+R,, +R;
50
4 2 = 5 B -2 38
o 40 2 - @ 55 5]
3 2 B s £3E £8
B 30 T 5 3 T O > T
I3 2 = o5 £ 2>
S S £ = gE (]
= 20 5 s %; » >a5 >0
@ N = = &8 5E3 5%
10 g =8 g e 282 2
0 Il . gt £g g3 23 55
o5 >3 -8 Sow o2,
0.1 1 10 100 1000 &3¢ o £% 288 i28o
e s [SE] o £ > <
Volumetric joint count, J, (joint/m’ g€ SEs ZET g3ts g3fc
umetric joint count, J, (joint/m’) uss &% £55 C5as 5535

SURFACE CONDITION RATING, SCR
[817 16 15|14 13 12 1110 9 8 7 6 5 4|3 =2

Ja
o]

100
95 /
INTACT OR MASSIVE- Intact

/ rock specimens or massive &6 /99

[
rock A NOT APPLICABLE
in-situ rock masses with very few |

widely spaced discontinuities

ANXNT A

BLOCKY-very well interlocked 78 ;
undisturbed rock mass consisting
of cubical blocks formed by three L ; {
orthogonal discontinuity sets 70

[}
a

6

VERY BLOCKY-interlocked
partially disturbed rock mass with
multi-faceted angular blocks formed
by 4 or more discontinuity sets

I
a

Y
o

Structure Rating, SR
2 g 8

BLOCKY/DISTURBED/SEAMY 2
-folded with angular blocks 56
formed by many intersecting
discontinuity sets. Persistence
of bedding plane or schistosity 28
DISINTEGRATED-poorly inter- 15
locked, heavily broken rock mass
with a mixture or angular and b
rounded rock pieces
5
o
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Table6.8. Calculation of Geological Strength Index (GSI) ratings
with Sonmez and Ulusayés (2002) Char

Joint ratings
% £ GSI
. 0 = — (@)]
Lithology RQD (%) | Jv | SR %5 %’5 o SCR | GSI (RMR 1 5)
S5~ c — =~
o ] <
x =
Weathered
Ulus formation 2 43| 14 1 1 2 4 19 20
(Kui W5)
U'USJELT""“O” 65 18| 29| 4 4 2 10 | 39 39

Therefore, the geomechanical and structural properties of the rock units observed in
the study area were evaluated and the GSI values for each unit were calculated by the
RMR and the GSI methods. The obtained results from the two methods give almost
the same GSI values. To be on the safe side, GSI of 19 has been chosen forithe Ku

W5 unit (i.e., the landslide material).
6.4. Analysis of Rock Strength Using RocData

RocData is a software to determine the rock strength parameters, based on the
Generalized Hoek Brown Failure Criterion (2002). The data obtained frorm &itu

and laboratory tests are evaluated aratl@s input parameters (Tabl®) in RocData
software (v 5.006). Accordingly, the output (rock strength) parameters are obtained to
be used in landsl&l stability analysis. The input parameters used in the RocData

software are listed below:

A Uniaxial compressive strengtic(),
Geological Strength Index (GSI),
Intact rock parameter (n
Disturbance factor (D),

Intact modulus (B,

Unit weight("Y

T To To To I
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The rock strength parameters and normal vs shear stress graphs for the Ulus formation

(Ku) units obtained from the RocData software are also given in Figures 6.2 and 6.3.

Table6.9. Input rock mass paraners

Uniaxial
compressive
strength (Uici)

(MPa)

Intact rock |Disturbance| Intact Unit
GSI |parameter| factor modulus (wei gh
(mi) (D) (Ei) (MPa) | (kN / m®)

Lithology

Weathered
Ulus formation 5 19 10 0.7 1 000 24.00
(Kui W5)
Ulus formation
(Ku)

16 39 10 0 4500 25.00

Ulus Formation (Ku - W5)
Hoek Brown Classification
intact uniaxial | 5 MPa
compressive
strength
GSI | 19
mi | 10
disturbance (0.7
factor
intact modulus | 1000 MPa
Hoek Brown Criterion
mb |0.117
5 | 7.976e-006
a | 0.547
Failure Envelope Range
application | slopes
sig3max | 0.314 MPa

EAsn unit weight | 0.024 MN/m3
slope height | 20m
Mohr Coulomb Fit
cohesion [0.029 MPa
Normal Stress (MPa) friction angle | 18.101 deg
Rock Mass Parameters
tensile strength | -3.416e-004 MPa
uniaxial | 0.008 MPa
compressive
strength
global strength | 0. 157 MPa

modulus of | 25.965 MPa
— Ulus Formation (Ku - W5) - Shear vs. Normal Stress Envelope deformation

Shear Stress (MPa)

T T
0 0,174056 0,348113

Figure 6.2. Normal vs Shear Stress graph for
highly to completely weathered Ulus formation (KMV5) unit (h = 20.00 m)

The rock mass strength parameters determined for the 20.00 m highy taghl
completely weathered Ulus formation (KWW5) are given below.

"Y=24.0 kN / nd
c =29 kPa,« = 18A
E = 25 MPa
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It needs to be stated that this result was also compatible with ghBragsuremeter

Modulus (&) value obtained from pressuremeter tests (i.e., 30.63 MPa).

Ulus Formation (Ku)
Hoek Brown Classification
intact uniaxial | 16 MPa
compressive
14 strength
GSI | 39
mi | 10
disturbance |0
factor
intact modulus | 4500 MPa
Hoek Brown Criterion
mb | 1.132
s [0.001
a|0.512
Failure Envelope Range
application | slopes
sig3max | 0.504MPa
unit weight | 0.025MN/m3
slope height | 25m
Mohr Coulomb Fit
cohesion [ 0.175 MPa
friction angle [ 44,138 deg
Rock Mass Parameters
ile strength | -0.016 MPa
uniaxial | 0.497 MPa
compressive
strength
global strength | 2. 134 MPa
/ n modulus of | 670.874 MPa

< deformation
T
0;5 T'\‘

0,54

Shear Stress (MPa)

L]

Normal Stress (MPa)

— Ulus Formation (Ku) - Shear vs. Normal Stress Envelope

Figure 6.3. Normal vs Shear Stress graph for the Ulus formation (Ku) unit (h = 25.00 m)

The rock mass strength parameters determined for the 25.00 m high Ulus formation

(Ku) are given below.

"Y=25.0 kN / i
c = 176 kPays = 44A
E =670 MPa

It needs & be stated that this result was also compatible with the average
Pressuremeter Modulus dEvalue obtained from pressuremeter tests (i.e., 707.01
MPa).
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CHAPTER 7

GEOTECHNICAL ASSESME NT OF SLOPE

7.1. Slope Stability Analysis Methods

7.1.1.Limit Equilibrium Methods

Once appropriate shear strength properties such as pore water pressures, slope
geometry, and other soil and slope properties are established, slope stability
calculations need to be performed to ensure that the resisting forces are sufficiently
greater than thiorces tending to cause a slope to fail. Calculations usually consist of
computing a factor of safety using one of several limit equilibrium procedures of
analysis. All of these procedures of analysis employ the same definition of the factor
of safety anccompute the factor of safety using the equations of static equilibrium
(Duncan, 2014).

This method is based on the definition of a safety factor that is the ratio of shearing
strength, as determined by resistive forces, to the shearing or disruptive fairee

safety factor of 1.00, the forces are exactly in balance. A safety factor less than 1.00
implies slope failure, and a safety factor greater than 1.00 indicates stability. When
the mean value of the material properties is used, the safety factefined as a
deterministic safety factor. When the material properties are entered into the analyses
as statistical populations, a probabilistic safety factor and an estimate of the probability
of slope failure may be computed (Hustrulid et al., 2001).

Theequilibrium shear stress is equal to the available shear strength divided (factored)
by the factor of safety. The factor of safety represents the factor by which the shear
strength must be divided so that the reduced strength is just in equilibriunheiith t
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shear stresst) (i.e., the slope is in a state of pssable limiting equilibrium). The
procedures used to perform such computations are known as limit equilibrium

procedures (Duncan, 2014).

The shear strength can be expressed by the M&@woulomb equation. If thehgar
strength is expressed in terms of total stresses, Eq. (7.1) and (7.2) is written as:
(Duncan, 2014)

t ——(Eq.7.1)
or
T - ——(Eq.7.2)

Where ¢ ande are the cohesion and friction angle for the soil, respectively, asd
the total normal stress on the shear plane. The same values for the factor of safety are

applied to cohesion and friction angle in this equation. Equation (7.2) can also be

written as
t o AO A% (Eq.7.3)
where
w -(Eq.7.4)
o % — (Eq.7.5)

The quantities £and «q represent the developed (or mobilized) cohesion and friction
angle, respectively. If the shear strength is expressed in terms of effective stresses
(e.g., drained shear strengths are being)usee only change from the above is that

Eq. (7.1) is written in terms of effective stresses as: (Duncan, 2014)

t — (Eq.7.6)

Where «WNrapdesent the shear strength par amet

and u is theore water pressure.
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7.1.1.1.The Method of Slices

The distribution of the effective normal stresses along the failure surface must be
known to calculate the mobilized strength for a soil. This condition is usually analyzed
by discretizing the mass of the failurl®e into smaller slices and treating each

individual slice as a unique sliding block. Most computer programs use the method of
slices, as it can readily accommodate complex slope geometries, variable soil

conditions, and the influence of external boundaayls (Abramson et al., 2002).

All limit equilibrium methods for slope stability analysis divide a slid®ass into n
smaller slices (Figure 7.1). Each slice is affected by a general system of forces (Figure

7.2).

L}
!
Surface 10 /  Soil Unit1
Load I'-‘
8 /
GWL' /7 v
i
o’
P . .
6 ) J’ Soil Unit 2
N B — . ‘
-~ P Soil Unit 3
_ﬂ-—ﬂ__ T A -~ — L - -
Failure
Surface
n=13 SLICES

Figure 7.1. Division of a potential sliding mass into slices (Abramson, 2002)
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Us ﬂ /j Us Y‘ B
Thurst Line
kW_ | o ﬁﬂ kW L h
R -1
YL =< h
W A h| “VZ
Sa —_— =y
Assumed Shear / Sk V/
£ et Sm F e b \
Surface .- N+U -—"—a  Midpoint
@ of Slice
F = factor of safety Z = left interslice force
Sa = available strength Zr = right interslice force
= C+N’ tang 6, = left interslice force angle
Sm = mobilized strength O = right interslice force angle
Ua = pore water force h = height to force Z,
Up = surface water force he = height to force Z
w = weight of slice a = inclination of slice base
N = cffective normal force B = inclination of slice top
= external surcharge [ = inclination of surcharge
ky = vertical seismic coefficient b < widih of siice
kn = horiz. scismic cocfficient . .
h = average height of slice

he = height to centroid of slice

Figure 7.2. Forces acting on a typical slice (Abramson, 2002)

The assumptions made by each of these methods tor rfre@roblem statically

determinate are summarized below (Aryal, 2006).

Bi shopds Simplified Method

In the Simplified Bishop procedure, the forces on the sides of the slice are assumed to
be horizontal (i.e., there are no shear stresses between slicgesy &@ summed in

the vertical direction to satisfy equilibrium in this direction and to obtain an expression
for the normal stress on the base of each slice. Referring to the Figure 7.3 and resolving
forces in the vertical direction, the following eqbirium equation can be written for

forces in the vertical direction (Duncan, 2014):
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Ncog +Ssin 1 W=0(Eq.7.7)
The equation for this method is written by the following equation

: T — (Eq. 7.8)

This equation is modified to compute the safety factor as:

. b b 4 24
O

(Eq. 7.9)

Figure 7.3. Slice with forces for the Simplified Bishop

Janbuds Simplified Metho

Janbuds simplified method i s beiscela) on
and the Factor of Safety is determined
Simplified Method, the method considers interslice normal forces (E) but neglects the
shear forces (T). The method satisfies vertical force equilibrium to determine the
effective base normal (N) (Janbu, 1968). Computation of the safety factor is:

"0 (Eq. 7.10)

Janbu Simplified Method;

A Satisfies both force equilibriums,

A Does not satisfy moment equilibrium,

A Considers interslice normal forces,

A Is commonly used for composite shearface.
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h

Figure 7.4. Slice with forces for the Simplified Janbu

E,

Morgensteri Price Method

The Morgensterri Price method also satisfies both force and moment equilibrium
and assumes an interslice force functibhe method suggests assuming any type of
force function, for example hailfsine, trapezoidal or user defined. This method also
considers interslice normal forces (E) but neglects the shear forces (T). For a given
force function, the interslice forceseacomputed by an iteration procedure until, F

equals k (Morgenstern and Price, 1955).

o) (Eq. 7.11)

"0 (Eq.7.12)

Morgensteri Price Method;

A Considers both interslice forces,

A Assumes an interslice force function,

A Allows selection for interslice force function,
A

Computes safety factor for both force and moment equilibrium.
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Figure 7.5. Slice with forces for the Morgensté&rPrice

7

Spencerbés Met hod

Spencer 6s method (SM) i's the same as M&
interslice forces. A constant inclination is assumed for interslice forces and the FOS
is canputed for both force and moment equilibrium (Spencer, 1967). According to

this method, the interslice shear force is expressed by:
Y OO0 é¢Eg-7.13)
Spencer s Met hod;

A Considers both interslice forces,

A Assumes a constant interslice force funttio
A Satisfies both moment and force equilibrium,
A

Computes safety factor for force and moment equilibrium.

Figure76.S1 i ce with forces for the Spencerd
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7.1.1.2.Selection of the Appropriate Slice Method

The limit equilibrium methods are based on the principles of equilibrium of the forces
and / or moments. Although they are subject to the same principles, their results are
different due to different assumptions. A summary of the differences of the most

common methods are given in Talilel.

Table7.1. Limit equilibrium methods

Limit T Equilibrium Method Characteristics

The method addresses circular failure surfaces only;

Method of Slices saisfies moment equilibrium only; does not satisfy for

(Fellenius, 1927)

equilibrium
Bi shopés Si mpl i f i|The method addresses circular failure surfaces only;
(Bishop, 1955) satisfies vertical force equilibrium only
Janbuds Si mpl i fi ¢ The methodcan be appliedto any shaped surface;
(Janbu, 198) satisfies force equilibrium only
Morgenstern and Price Method Applies to any shaped surface; satisfies all conditiond
(Morgenstern and Price, 1955) equilibrium, but side forces are assumed to beabées

The method can be applied to any shaped surface;
satisfies all conditions of equilibrium, but assumes sid
forces are parallel

Spencer 6s Met hod
(Spencer, 1967)

Regarding the rock mass <condi tiicocnlar on
falur e surface, Janbuds Simplified Method
and Price methods were performed on the stability analysis in Section 7.3. In this
regard, the results obtained with all three methods were compared in Section 7.3.7 to
reveal whch limit equilibrium method is more appropriate for the rock mass

conditions of the Bartén Kirazl é Bridge
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7.1.2.Seismic Slope Stability Method

One of the earliest procedures for seismic slope stability analysis is thie heased
procedure, in with earthquake loading is represented by a horizontal static force,
equal to the soil weight multiplied by a coefficient, which can be estimated by
empirical guidelines or codes (e.g., Seed, 1977). The pdesthtic force is then
integrated in a convential limit equilibrium slope stability analysis and the factor of
safety is computed. The computed factor of safety provides an indication of the
possible magnitude of the seismically induced displacement (Makdisi and Seed,
1978).

Pseudd static method i®ne of the first and simplest methods used in seismic slope
stability analysis which was first applied by Terzaghi (1950).

This approach is analyzed by representing the effects of the earthquake with fixed
horizontal (@) and / or vertical (g acceleratinos. However, the vertical acceleration

is neglected because the effect of the vertical force is small relative to the horizontal
force. The earthquake load is defined as a static force equal to the multiplication of

the soil unit weight atha seismic coefficient (k):
"0 —— Qo (Eq.7.14)

where;

W is total weight of the landslide material.
amax s the horizontal peak ground acceleration
kn is the seismic coefficient.

The most difficult and the most important parttbé pseudd static method is
selection of the seismic coefficient. Seed (1979), Hyne&kiffin and Franklin
(1984), Bray (1998), Kavazanjian (1997), Bray and Travasarou (2009) have
performed some pseudostatic analyses. The summary of their studiesug the

determination of the seismic coefficient, the determination of an acceptable safety
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coefficient, the comparison of the pseuidcstatic analysis results with the field

observations and the deformation analysis results are given iniTalde

Regarding the seismicity of the region, the Amasra Earthquake, which occurred in
1968 with magnitude of 6.5 is the major earthquake that is in the close vicinity of the
study area (Table 2.1). Then, the reference acceleratigrnvédue for an earthquake

with a magnitude of 6.5 was taken according to Seed (1979) from Table 7.2. This
value is also compatible with the expected peak horizontal ground acceleration (PGA
475) value (0.220 g) in the study area according to The Earthquake Hazard Map of
Turkey and he PGA value (0.244 g) estimated from the calculation of NGA models
in Section 2.4.1.

Seed (1979) has also suggested thattheadue for an earthquake with a magnitude

of 8.25 is taken as 0.75 g (Table 7.2). Considering Section 2.4.1, to evaluaie seism
condition in the stability analysis,egvalue (0.75 g) is multiplied by the acceleration
multipliers for an earthquake with a magnitude of 6.5 (0.133) and 8.25 (0.167) to
estimate the horizontal seismic load coefficient as 0.1 g and 0.13 g respectivel
Considering the seismic activity potential of the area regarding the possibility of the
estimated PGA values in between 0.2 to 0.Zkkfion2.4.1), the horizontal seismic
load coefficient to evaluate in slope stability analysis wasceded and seléed as

0.12 g.
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Table7.2. Suggested Methods for Performing Pseudostatic Screening Analysis (Duncan, 2014)

1) 2) 3) 4) ©) (6)
Reference Acceleration Strength Minimum
. S - Tolerable
Reference acceleration, multiplier, reduction factor of .
displacement
ref al aef factor safety
0.75¢g
Seed (1979) (M 4 0.133 0.85 1.15 Approx. 1 m
0.75¢g
Seed (1979) (M 3 0.167 0.85 1.15 Approx. 1 m
Hynesi Griffin
and Frankiin (P,\HAA‘“("S 0.5 0.8 1.0 1m
(1984) ‘
Recommend 0.30 m for
Brav et al using landfill
(19539/8) ' PHAock 0.75 conservative, 1.0 covers; 0.15 m
(e.g. residual) for landfill
strengths. base sliding
Kavazanjian et 0.17if PGA
I PHAsi accounts for 0.8 1.0 Im
al. (1997) o
amplification
Kavazaniian et 0.5 for freei
) PHAGi field PGA 0.8 1.0 im
al. (1997) )
determined
70 (2008) PHAsoi amplification 0.8 1.0 5cmor less
FHWA (2011) P
effects)
Spectral
Bray and accel., § Depends on | 1.0 Median or
Travasarou (5% damped| slope height ang ibestlH Varies Varies
(2009) at specified | displacement esti ma
period)

aFor fully saturated or sensitive clays.
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7.2.Geotechnical Parameters of the Sliding Surface

Geotechnical parameter estimations for the landshaerial (Hm) are determined in

this section.
7.2.1.Empirical Approach (Residual Parameters)

Utilization of the data obtained from insitu and laboratory testing, an empirical
approach was performed to determine the geotechnical parameters of the landslide
material (Hm) in this section. The landslide material (Hm) is represented by very stiff
sandy lean clay with gravel (CL). The approach follows from Section 6.1 and is re
emphasized below for the sake of clarity:

Unit weight

“Y= 20 kN / n¥ (Carter & Bentley, 891) (Table 7.3)

Table7.3. Typical values of natural density (Carter & Bentley, 1991)

TYPICAL VALUES OF NATURAL DENSITY

Natural density (kg / M)

Material Bulk density* Dry density
Sands and gravels: very loose 17007 1800 13007 1400
loose 1800i 1900 140071 1500
medium dense 1900i 2100 1500i 1800
dense 200071 2200 17007 2000
very dense 22007 2300 20007 2200
Poorlyi graded sands 17007 1900 13007 1500
Well i graded sands 18007 2300 14007 2200
Well i graded sand / gravel mixtures 190071 2300 150071 2200
Clays: unconsolidated muds 16001 1700 90071 1100
soft, open structured 17001 1900 110071 1400

| typical, normally consolidated ~ 1800i 2200 | 1300i 1900
boulder clays (overcon$idated) 20007 2400 170071 2200
Red tropical soils 17001 2100 130071 1800

Residual strength (Short term) parameters

True angle of (residual) internal friction:

Plmean= 25. 10 % ( M& a= (QGitack,1953) (Figure 7.7)

With the calculated value, angle of internal friction is determineddas = 2 2 A ..
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Residual Angle of Internal Friction, ¢’r
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T
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o
o

Figure 7.7. Range of shearing resistance angle and plgstiwex in clays (Gibson, 1953)

Residual cohesion value:

c6 = W x (umeetal., 1997)

W (Angle of shearing resistance) = 22A
U = coefficient according to soil type (:
c6 = 20 x tan (22) = 8.08 kPa

Table74.U coefficient values for di fferent soi |

Soil Type o * tan«6
Soft clay 51 10 0.351 0.45

Medium stiff clay 107 20 0.4071 0.55
Stiff clay 207 50 0.501 0.60
Soft silt 0V 5 0.5071 0.60

Medium stiff silt 57 15 0.5571 0.65
Stiff silt 157 30 0.607 0.70

With the calculation above, cd is deter mi

With this approach, geotechnical parameters for sliding surface are determined as;

"Y=20kN/m,c 6 = & kP22
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7.2.2.RocData Analysis

RocData analysis that was used to estimate the geotechnical parameters of the
landslide material (Hm) are explained in this chapter. The GSI value of the landslide
material (Hm) which was used as an input parameter in the RocData software was
determined with the same procedure as that explained in Chapter 6.3i(7dbknd

7.6) by using the GSI Chart of Sonmez and Ulusay (2002).

Table7.5. Geological Strength Index (Sonmez and Ulusay, 2002hélandslide material (Hm)

Very Slightly

Roughness  rough Rough rouah Smooth  slickensided
""ATA‘:;‘?ER BLOCKY| VB BD DISINTEGRATED Rating (Rr) 6 59 39 1 0
100 Slightly  Moderately _ Highly
; y O
90 [ [ ] ” Weathering None weathered weathered Weathered Decorngosed
N = Rating (Rw) 6 5 1
SR=-17.5In(J,) + 79.8
o 80 A Hard Hard Soft Soft
5 \ r=1.0 Infilling None <5mm  >5mm <5mm >5mm
% 70 Rating (Rf) s 4 2 o A
< -—
£ 60 SCR=R,+R,, +R¢
T 50 N
14 - 5 B -7 3%
2 40 2 o 3 2EE 5<
2 2 ® ] 288 £8
S 30 ] £ S 8o El
9 @ 2 4 Sn © Q5
= 2 = 28 E )
5 20 LH g g = 8% 20
? . % z £8 5E8 5%
10 g =8 g & 288 23
0 I 8= 5& 83 w58 gt
: ISE 25 Ezg 323 g%
0.1 1 10 100 1000 @3q =2 e 285 228
>88 3538 c8E Zs8< F88s
Volumetric joint count, J, (joint/m’) G5t ISE=%] <EZ 8E5E Gote
T >23 OB B Lo s R SHhos

SURFACE CONDITION RATING, SCR
[817 16 15|14 13 12 1 8 6 5 4|3 2 1 0

INTACT OR MASSIVE- Intact
rock specimens or massive o6
in-situ rock masses with very few

widely spaced discontinuities

NOT APPLICABLE

BLOCKY-very well interlocked
undisturbed rock mass consisting
of cubical blocks formed by three 0

orthogonal discontinuity sets 70/

AV /1A
YAV TIAVTY
| / 4
NV AN

, SR
33
N
¥

4
o

. %] VERY BLOCKY-interlocked
.| partially disturbed rock mass with

“] multi-faceted angular blocks formed
by 4 or more discontinuity sets

Q
o

Structure Rating
i’
a

a0
BLOCKY/DISTURBED/SEAMY i
-folded with angular blocks 56
formed by many intersecting
discontinuity sets. Persistence
of bedding plane or schistosity =5
DISINTEGRATED-poorly inter- 15 4
locked, heavily broken rock mass
with a mixture or angular and 10
rounded rock pieces
5
(o]
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Table7.6. Calculation of Geological Strength Index (GSI) rating

(2002)

with Sonmez and Ulusaybs
Joint ratings

a 2

Lithology RQD (%) |Jv [SR| E~ | & 2| 2& | SCR GSI
oy | s | EX
S5~ © = U=
/o) (4] =
x =

Landslide

material (Hm) 0 44| 14 0 0 0 0 9

Char

After obtaining the GSI value, the other input parameters of the RocData software for

t he

| ands|

i de

mat er i

a

| (Hm)

§),uintalst roaks

parameter (m, disturbance factor (D), intact modulus)(&Bnd unit weight"y were
determined and evaluated with the same procedure that was explained in Chapter 6.4.

uni

The material parameters determined for a slope height of 15.00 meters for the

landslide material (Hm) unit are given below (Table 7.7, Figure 7.8).

Table7.7. Rock mass parameters (For slope, height = 15.00 m)

coLrJr?IErl()a(Ise;Iive Intact rock |Disturbance| Intact Unit
Lithology stren%th (©e) GSI |parameter| factor modulus (we i gh
ci H . 3
(MPa) (mi) (D) (E)) (MPa) | (kN / m3)
Landslide material
(Hm) 1 9 7 0 1000 20.00
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Landslide Material (Hm)
Hoek Brown Classification
intact uniaxial | 1 MPa
compressive
strength
GSI
mi|7
disturbance
factor
intact modulus | 1000 MPa
Hoek Brown Criterion
mb [0.271
s | 4.063e-005
a |0.591
Failure Envelope Range
application | slopes
sig3max | 0.18 MPa

3

=)

Shear Stress (MPa)

unit weight | 0.02 MN/m3
slope height | 15m
Mohr Coulomb Fit
0,0861735 0,172347 cohesion [0.012 P2
friction angle | 16.618 deg
Rock Mass Parameters
tensile strength | -1.497e-004 MPa
uniaxial | 0,003 MPa
compressive
strength
global strength | 0.041 MPa

modulus of | 29.6 MPa
— Landslide Material (Hm) - Shear vs. Normal Stress Envelope deformation

&

Normal Stress (MPa)

Figure 7.8. Normal vs shear stress gtafor the landslide material (Hm) unit (h = 15.00 m)

Accordingly, rock strength parameters determined for a slope height of 15.00 meters
for the landslide material (Hm) are given below.

"Y=20.0 kN / m3
c=12kPasg= 17A
E = 30 MPa

It needs to be notithat this result was also compatible with the average Pressuremeter

Modulus (&) value obtained from the pressuremeter tests (i.e., 26.70 MPa).
7.2.3.Back Analysis

Estimating the shear strength parameters of a landslide material for limit equilibrium
condition (i.e., from a Factor of Safety value accepted as 1.0) is known as back
analysis. This method is performed after the determination of the relevant geometric
and geotechnical parameters of the soil / rock units of a landslide area to determine
the residuabtrength parameters of the landslide material that has just failed or is at

the verge of failure (i.e., under imminent failure conditions).
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In this regard, it is accepted that the landslide material is formed by highly to
completely weathered Ulus formatiand the common parameters have been selected
for the landslide mass. RocScience Slide 6.0 Software has been used for back analysis

through the collection of the following five geometric and geotechnical parameters:

1. The geometry of the landslide witluréace topography, profile of the slip

surface, and determination of the material boundaries,

2. The pressure of the void (pore) water at the time instability occurred, which

is required for effective stress analysis,
3. The external loads and its effecis the slope at the time of instability,
4.  The unit weight of the landslide material,
5. The strength of the landslide material along the slip surface.

The first, third and fourth components can be evaluated with reasonable accuracy from
in T situ and labratory tests. The second component, pore water pressure represents
the groundwater conditions in the stability analysis. The level of the groundwater can
be determined by the measurements within the boreholes. The fifth parameter can be
obtained by assumg limiting equilibrium conditions (i.e., a factor of safety of 1.00)

at the time of landsliding.

By back analysis, shear strength data pairs (i.e),that satisfied a safety factor value

of 1.00 along three different cross sections of the landslide slip surface were computed.
These critical cross sections were located along sections at Km: 18 Kr3518 +

368 and Km: 18 + 407, respectively (Figures 7.10 to 7.15).
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Internal friction angle, ¢ (°)

c vs. ¢ Graph

Section 1-1' (Km: 18+353)
S ection 2-2' (Km: 18+368)

e S ection 3-3' (Km: 18+407)

0 5 10 15 20 25
Cohesion, c (kPa)

N
o
(=]

>

A

Figure 7.9. Best fit lines of d « pairs obtained from back analysis

Table7.8.ci t pair values satisfying F.S. = 1.0 condition for each section

Section X1 6 Section 22 6 Section 33 6
(Km: 18 + 353) (Km: 18 + 368) (Km: 18 + 407)

c (kPa) «( A) c (kPa) «( A) ¢ (kPa) «( A)
6.00 19.18 6.00 19.50 3.00 21.60
10.00 17.78 10.00 18.05 10.00 18.86
15.00 16.04 15.00 16.24 15.00 16.04
20.00 14.30 20.00 14.42 20.00 13.72
25.00 12.56 25.00 12.61 26.00 10.94
30.00 10.82 30.00 10.80
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'Surface Type: Non-Circular Block Search
Number of Surfaces: 5000

FS: 0.999 (janbu simplified)

FS: 1.000 (gle/morgenstern-price)

FS: 1.001 (spencer)

e
W
200 200
150 150
100 W 100
50 50
50 100 150 200 250 300 350 400 450 500 550 600
Sat. Unit
- Unit Weight k [ -
Material Hame Color (kN /m3) '\:;::r;' Strength Type {kN/m2) Phi |UCS (kN/m2) m s a
Landslide Material [m} 20 21 Mohr-Coulomb 14 16.42
Ku (WS) o 24 5 Generalised Hoek-Brown 5000 0.0817051 |7.97555e-006| 0.546749
Ku = 25 26 Generalised Hoek-Brown 16000 1.13203 0.0011388 | 0.512167
Qal o 20 Mohr-Coulomb 10 32

Figure 7.10. Back Analysis of Section-1 6 ( Km: ) (Ex®orted foBrbSHide 6.0)
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Figure 7.11. Back Analysis of Section-1 6




Surface Type: Non-Circular Block Search
Number of Surfaces: 5000

FS: 0.999 (janbu simplified)
FS: 1.001 (gle/morgenstern-price)
FS: 1.002 (spencer)

50 100 150 200 250 300 350 400 450 500 550 600
Sat. Unit
Material Name  |Color |Vt WeIght | “yyoiop, Strength Type Cohesion | pu; |ycs (k/m2)| s 2
(N/m3) | (i) (kN/m2)
Landslide Material ] 20 21 Mohr-Coulomb 14 16.6
Ku (W5) ] 24 25 Generalised Hoek-Brown 5000 0.0817051| 7.97555e-006 0.546745%
Ku | 25 26 Generalised Hoek-Brown 16000 1.13203 0.0011388 0.512167
Qal ] 20 Mohr-Coulomb 10 32

Figure 7.12. Back Analysis of Section-2 6
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Figure 7.13. Back Analysis 6Section 22 6
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Surface Type: Non-Circular Block Search
Number of Surfaces: 5000

FS: 0.999 (janbu simplified)

FS: 1.002 (gle/morgenstern-price)
FS: 1.003 (spencer)

50 100 150 200 250 300 350 400 450 500
3 5 Sat. Unit -
Material Name  |Color |t WeIBHt (" bt Strength Type & Phi |UCS (kN/m2) m s a
Landslide Material o 20 21 Mohr-Coulomb 14 |16.49
Ku (W5) [5] 24 25 | Generalised Hoek-Brown 5000 0.0817051 | 7.97555e-006 |0.546749

Ku [E] 25 26 | Generalised Hoek-Brown 16000 1.13203 0.0011388 |0.512167

Qal =] 20 Mohr-Coulomb 10 32

Figure 7.14. Back Analysis of Section-3 ( Km: 18 + 407) (Exported
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Figure 7.15. Back Analysisof Section 33 6




The three curves intersect at a single point (Figure 7.9 and Table 7.8) which is
reppesented by a cohesion of 14 kPa and an

landslide material based on the back analysis.

The geotechnical parameters that are determined to be used in the limit equilibrium

analysis are given in Table 7.9.

Table7.9. A summary of the estimated geotechnical parameters of the landslide material

Parameter Empirical Estimation RocData Back Analysis
Unit weight,"Y(kN / n¥) 20.00 (*) 20.00 i
Cohesion, ¢ (kPa) 8.00 (**) 12.00 14.00
Internal friction angles ( A 22.00 (***) 17.00 16.60

(*) Carter and Bentley (1991), (**) Gibson (1953), (***) Lunne et al. (1997)

The shear strength parameters obtained from thk &aalysis were selected to be
used in the stability analysis since back analysis represents the most precise estimation

in this regard.
7.3.Slope Stability Assessment

The geotechnical remediati on methods for
discussedn this section. Considering the velocity, width, depth and length of the
landslide along with the regional topography; rock buttress implementation after toe

excavation was found to be acceptable for long term stability.

The stability analysis was perfoed on Section2 6 ( Km 18 + 368), wh
used in the back analysis. The limit equilibrium analysis was performed by the
RocScience Slide 6.0 Software with multstaged approach for stability analysis.

Janbuds SimplifiedtMetSpedcefr 63| ianas Maolr @re

methods were used in the limit equilibrium analysis.
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Factor of Safety values considered minimum 1.50 for static condition and minimum
1.10 for pseudd static case regarding Republic of Turkey General Directorate of
Highways (KGM) Research Engineering Services Technical Specification (2014) in
the stability analysis. It needs be noted that Seed (1979) have suggested a 1.15 value
for the Factor of Safety under psetdstatic conditions.

Input material parameters usiedthe stability analysis are given in Table 7.10. Each

application phase and sequence for landslide stability are summarized below.

Table7.10. Summary of material parameters used in stability analysis

Property L:ﬂ:?:':;? Ku (W5) Ku Qal Rock Buttress
Color I:I l:l D l:l l:l
Strength Type Mohr-Coulomb f;;:i;lii: P?;:i;';:: Mohr-Coulomb  Mohr-Coulomb
Unsaturated Unit Weight [kN/m3] 20 24 25
Saturated Unit Weight [kN/m3] 21 25 26
Cohesion [kPa] 14 10 5
Friction Angle [deg] 16.6 32 35
Unconfined Compressive Strength

5000 16000

(intact) [kPa]
m 0.0817051 1.13203
5 7.97555e-006 0.0011388
a 0.546749 0.512167

It needs to be noted that the back analysis case, which includes the failure surface of
Secton22 6 t hat was obtained from the incl

initial phase of the stability analysis prior to the remediation phases (Figures 7.16 and

7.17).
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Figure 7.16. Initial Phase of Section2 6 ( Exported from Slide 6.
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