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Abstract

Initial flash flood event of February 7, 2021 occurred in Raunthi Gadhera that originates from Nanda Ghungti peak
(6309 m) and flowing from South to North meeting with Rishiganga at an elevation of 2315 m asl at right angle.
Flooded water in a huge amount flowed down through the same that damming at the confluence of Raunthi Gadhera
with Rishiganga. Wherein back flowed of water saturated bouldary debris together with ice chunks along the
Rishignaga upto 500 m. After breaching of temporary dam at confluence, this left behind a huge amount of sediments
over Rishiganga upto at an elevation of 2389 m asl and blocked the course of the same resulting in an artificial lake is
formed. Flooded water gushing down along the Rishiganga washing away a functional hydropower project of 13.2
Mw capacity on Rishiganga upstream of Rini and to the downstream severe damage under construction hydropower
project of 520 Mw of National Thermal Power Corporation (NTPC) at Tapoban on Dhauliganga river. Apart from
these washing away 5 pedestrian bridges over Dhauliganga river along with 1 RCC motorable bridge over Rishiganga.
204 people went missing, including 9 inhabitants and 2 Police personnel, of these body of 83 people could be recovered.
The study highlights causes of lake formation and suggestions for mitigating future threat from the same in
downstream.

Keywords: Flash flood, Narrow gorge, Paleo lake, Dhauliganga valley, Nanda Devi massif and Higher Himalaya

1. Introduction

The state of Indian subcontinent of Uttarakhand located in the center sector of the Himalaya has a long disastrous
history before its creation because of hydrometeorology, fragile geology, adverse topography and high seismicity
resulting in numbers of natural hazards occurred in the same region. Some of the major disastrous events which
occurred over the past in this region wherein a numbers of fatalities had happened are Sher-Ka-Danga landslide of
1880 Killing 151 people, Uttarkashi earthquake of 1991 killing 768 people, Okhimath landslide of 1998 killing 101
people, Malpa landslide of 1998 killing 221 people, Chamoli earthquake of 1999 killing 100 people (Atkinson,1886;
Kumar and Mahajan, 1994; Bist and Sah,1999; Paul et al., 2000; Jain et al., 1999)1 Apart from, a number of streams
like Kali, Bhagirathi, Alaknanda, Mandakini rivers and their tributaries have been blocked manifold due to rock fall,
debris slide, debris flow, avalanche and moraine/glacier sediments in the region (Khanduri, 2021). Subsequent
breaching caused enormous loss of life, property and infrastructure into downstream.

Landslides are however occurred due to inherent geology, multiple quakes together with steep slope, high relief, frost
action and rainfall. Earlier, a number of hill slopes of Uttarakhand have witnessed massive landslides related
incidences. These include (i) in year 1857, a massive landslide reportedly blocked the flow of the Mandakini river for
three days in Rudraprayag; (ii) in 1868, a landslide triggered upstream of Chamoli blocked the course of Alaknanda
river; (iii) in 1893, a massive rock fall triggered near Gohna which blocked the course of Birahiganga river, a tributary
of Alaknanda river; (iv) in 1968, the Rishiganga blocked due to a landslide near Rini village; (v) in 1970, Patalganga,

1
Corresponding author: sushil.khanduri@gmail.com.



mailto:sushil.khanduri@gmail.com
https://www.researchgate.net/scientific-contributions/A-K-Mahajan-2163343139

Khanduri, S. / Disaster Science and Engineering 7 (1) - 2021

a tributary of Alaknanda river blocked by landslide; (vi) in 1970, Alaknanda river blocked by a landslide near Hanuman
Chatti; (vii) in 1978, the Kanauldia Gad blocked by a landslide in Uttarkashi; (viii) in 1998, Madhyamaheswar river,
a tributary of Mandakini river blocked by a massive rock fall; (ix) in 1998, Malpa Gad, a tributary of Kali river blocked
due to a massive rock fall in Kelash-Mansarovar pilgrimage route (Rautela and Pande, 2005; Pandey and Mishra 2015;
Prakesh, 2015; Gulia, 2007; Thakur, 1996; Sah and Bist, 1998; Paul et al., 2000). Out of 9 landslide incidences, 5
reported incidences of river blockade are associated with the Alaknanda valley in Chamoli district.

Likewise, a huge amount of debris brought down by streams blocked at confluence of tributaries and narrow valley
walls along the streams in the Uttarakhand region. These include (i) in 1893, Birahigang near its confluence with
Alaknanda river blocked due to debris flows; (ii) in 1930, Alaknanda river blocked near Badrinath because debris
flows; (iii) in 1970, Dhauliganga river blocked near Tapoban by the debris brought down by Dhak nala; (iv) in 1970,
Alaknanda river blocked by the debris brought down by Karmanasa Nadi; (v) in 1979, Mandakini river blocked near
Chandrapuri due to debris brought down by Kyunja Gad in Rudraprayag (Pandey and Mishra 2015; Prakesh, 2014;
Gulia, 2007). Out of 5 incidences, 4 reported debris flow incidences of river blockade are associated with the Alaknanda
valley in Garhwal region of Chamoli district.

Furthermore, some streams blocked because of moraines/glacial sediments and avalanches in the upper reaches of the
Higher Himalayan region of Uttarakhand. These include (i) in 1957, Dhauliganga river blocked near Bhapkund by an
avalanche coming from the Dronagiri river; (ii) in 1979, Alaknanda river blocked by avalanche near Bamni village in
proximity of Badrinath; (iii) in 2002, Gandhwi river blocked by glacier sediments (Bisht et al., 2002; Bisht et al., 2011).
All 3 reported avalanches and glacial sediments/moraines blockade incidences are associated with the Alaknanda
valley in Chamoli district of Uttarakhand Himalaya.

Recently, a prolonged rock fall along with glacier avalanche took place in the upper reaches of the catchment of Raunthi
Gadhera, a tributary of Rishiganga on February 7, 2021. Subsequent blockade and sudden breach of a huge volume of
water saturated bouldary debris caused again blockade at confluence of the Raunthi Gadhera with Rishiganga. This
caused reverse flowed of sediments leaden water along the Rishiganga upto 500 m and deposited a huge amount of
debris over its course and is formed an artificial lake. This lake is around 500 m in length along the Rishiganga and
around 100 m width across the same with an assumed depth of aound 20-40 m. In order to investigate the area to find
out the causes and to overcome the threat form this lake in downstream.
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Figure 1. Map depicting the devastated area
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2. The devastated area

Devastating flash flood of February 7, 2021 in Dhauliganga valley of Chamoli district in Indian subcontinent of
Uttarakhand Himalaya however took place during the winter season. An artificial lake which formed over Rishiganga
on the aftermath of initial flash flood incidence took place in the catchment of Raunthi Gadhera, a tributary of
Rishiganga. The devastated area can be approached by Joshimath-Malari motor road till Rini village, at a distance of
about 20 kilometers from Joshimath town and travel for around 10 kilometers to reach the confluence of Raunthi
Gadhera with Rishiganga as well as damming site where at present exist lake over Rishiganga (Figure 1). Joshimath
town is a famous tourist destination located in the Higher Himalaya and can be approached from Rishikesh by
Rishikesh — Badrinath national highway (NH 58).

Meteorologically, it is observed that heavy concentrated precipitation events occur several places in this region every
year not only during monsoon season, as pre monsoon also (Khanduri, 2020). This is mainly attributed to change in
climate and rainfall pattern (Kumar et al., 2010; Praveen et al., 2020). Even though the region witnessed slight rainfall
during the days preceding the incidence, winter rainfall in Uttarakhand had been below normal during 2020-21 (Table
1). However, the region experienced precipitation on February 4 and 5, 2021 and snow fall occurred in the high altitude
region of Dauliganga valley. It is evident from the Tapoban and Auli which are located at an altitudes of 2000m asl
and 2600m asl respectively. Between 6 and 7 February, 2021 Tapoban experienced 2.8°C and 5.4°C whereas Auli
experienced 6.0°C and 9.6°C respectively in minimum and maximum temperature (Data Source: Uttarakhand State
Disaster Management Authority).

Table 1. Avarage monthly rainfall in the area around the devastated region (Data source: Uttarakhand State Disaster

Management Authority).
Place Rainfall (in mm)
October November December January February
2020 2020 2020 2021 2021 (till 13th)
Tapoban 7.5 0 5 19.5 8.5
Auli 10 2 35 14 145

Figure 2. Washing away power house of Rishiganga hydropower project of 13.2 MW capacity upstream of Rini
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Multipule intermittent damming and ensuing flash flood of Rishiganga and Dhauliganga river caused washed off a
functional hydropower project of 13.2 Mw capacity on Rishiganga upstream of Rini (Figure 2) along with a RCC
bridge of 60 m span over Rishiganga on Joshimath — Malari road at Rini in which disrupted connectivity for the people
of 13 villages (Figure 3). To the downstream of this the floodwaters caused severe damage to another under
construction hydropower project of 520 Mw of NTPC at Tapoban on Dhauliganga river (Figure 4). 204 people went
missing, including 9 local people and 2 Police personnel, of these body of 83 persons could be recovered. Besides this
heavy losses were incurred by public infrastructure and other properties.

Figure 3. Washed off motorable RCC bridge over Rishiganga on Joshimath — Malari State Highway at Rini

Figure 4. Severely damaged barrage of Tapoban-Vishnugad hydropower project with aggradation of river bed at
Tapoban
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3. Methodology

With the help of Handset Global Positioning System (GPS), taking the coordinates in and around the lake site. During
the course of the fieldwork in the area devastated by flash flood geological observations were taken all along the
Rishiganga valley with specific focus on an artificial lake which formed over Rishiganga at an elevation of 2389 m asl
that falls in Survey of India toposheet numbers 53 N/13, 53 N/14 and 53 N/15. These toposheets on the scale of 1:50000
have been use to prepare the location map of the area using Geographical Information System (GIS) software (Arc
Info 9.3).

4. Geomorphological and Geological set up

Initial flash flood incidence of February 7, 2021 occurred along the North flowing Raunthi Gadhera that originates
from the glaciers of Nanda Ghungti (6309 m asl). It has confluence with Rishiganga to the East of Paing and Murunna
villages and maintains a tectonically controlled NW-SE course that originates from the glaciers of Nanda Devi massif
(Figure 5). It meets with Southwest flowing Dhauliganga river at Rini village that originates in the proximity of Niti
pass. From Rini to Tapoban Dhauliganga river maintains a tectonically controlled E-W course and thereafter flows
from NW-SE to meet Alaknanda river at Vishnuprayag.

Figure 5. Panoramic view of Nanda Devi massif (camera looking East of Rini)

The Rishiganga valley exhibits characteristically distinct rugged mountainous topography of the Higher Himalayan
terrain. The imprints of geological structures and lithology are observed in the area in the form of strike ridges and
deeply incised valleys. The area is observed to be dissected by several ridges and the ground elevations vary from
about 1960 m asl at Rini to 7817 m asl at Nanda Devi massif which is second highest peak of the India.

Exposures of Higher Himalaya are thrusted over the rocks of Lesser Himalaya, along a Northerly dipping Main Central
Thrust (MCT) passes across the Alaknanda river at Helang. Overlaying MCT, Helang, Joshimath, Suraithota and
Bhapkund Formations which constitute medium to high grade metamorphic rocks. Helang Formation represents low
to medium-grade rocks of greenschist facies while Joshimath, Suraithota and Bhapkund Formations constitute medium
to high grade rocks of amphibolite facies are separated by Northeasterly dipping Vaikrita Thrust in this region, passing
across the Dhauliganga river near Rini. (Heim and Gansser, 1939; Valdiya, 1980; Valdiya, 1989; Jain et. al., 2014).
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At the confluence of Raunthi Gadhera with Rishiganga, mostly exposures of quartzites of Suraithota Formation are
observed on the right bank of Raunthi Gadhera as well as both the banks of Rishiganga having with vertical cliff. These
rocks are medium to course grained, greyish coloured, medium to thickly foliated and slightly to moderately weathered
in nature. Rocks exposed in the area are generally observed to strike NW-SE with moderate dips towards NE. Other
two prominent joints were observed to dip towards W and NW at steep angles (70° / 270° and 70°/310°) along with a
vertical joints was observed to strike NE-SW (90°/70°).

5. Cause of damming Rishiganga

The flash flood incidence of February 7, 2021 was unexpected during winter season in which surprised everyone as
also scientists of various domain across the worldwide. They made their sincere effort to reconstruct the sequence of
this flash flood disaster. Based on the analysis of the satellite imageries, the huge rock mass sliding down from the
long distance which generated energy that was held responsible for quickly melting snow and ice available in the area
and fragmentation of detached landslide mass as well as glacial sediments initiating a debris flow that rushed
downslope (Dave Petley, 2021; Shrestha et al., 2021; Shugar et al., 2021). Similarly, based on the field investigations
carried out proximity of the affected area reveals that multiple intermitent damming added the discharge causing flash
flood disaster situation occurred in downstream wherein massive damage and distruction have been taken place,
perticularly in Rini and Tapoban (Rautela et al., 2021; Khanduri, 2021).

Figure 6. Rishiganga lake curved out channel from the center of the lake through which water is
continuously draining out

According to villagers, they had heard sound of boulders falling in the early morning 0200 hours on February 7, 2021.
On the basis of same, a prolonged rock fall along with glacier avalanche triggered over Raunthi Gadhera, a tributary
of Rishiganga in the area which blocked the course of the same at an elevation of 3600 m asl. Subsequent breach
resulting in a huge volume of water saturated bouldary debris gushing downstream. Key blocking at the confluence of
Raunthi Gadhera with Rishiganga at an elevation of 2315 m asl by the same resulting in reverse flowed of water
saturated debris along the Rishiganga up to 500 m. Increasing hydrostatic pressure, breaching of tomporary dam at
confluence where released of water saturated debris with great force into downstream.

This reverse flowed of a huge volume of water saturated bouldary debris was deposited over Rishiganga and blocked
the course of the same for 3 days between 9 and 11 February, 2021. This debris comprising of a mixture of ice blocks,
rock fragments, morainic materials and boulders of quartzite, granitic gneiss and mica schist with silty-clayey matrix.
The Rishiganga was curved out channel from the center of the lake through which water is continuously draining out
on February 12, 2021 (Figure 6).
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It is important to note that just upstream to confluence of Raunthi Gadhera and Rishiganga, occurrence of lacustrine
deposits that consist a layers of sand and pebbles on the right bank of Raunthi Gadhera which was indicating evidence
of paleo lake in the same region. These deposits has now been mostly eroded in the flash flood of Raunthi Gadhera
(Figure 7).

6. Results and discussion

Over the past decades, the Alankanda river and its tributaries like Dhauliganga, Rishiganga, Patalganga and
Birahiganga had been blocked due to rock fall, debris slide, debris flow, avalanche and glacial sediments and
subsequent breach caused devastation in downstream. These inflicted heavy loss of life and property together with
other infrastructure and natural resources. Total of 12 reported incidences of blockade are associated with Alaknanda
valley in Chamoli district of Uttarakhand. It is noteworthy that besides Patalganga and Birahiganga blockade in the
Lesser Himalayan terrain, most of the damming of streams concentrated in Higher Himalayan terrain, particularly to
the North of Main Central Thrust (MCT). This is however attributed to the geomorphology and geology. It was
observed that most of the damming of streams because of (i) confluence of tributaries; (2) narrow valley; (iii)
Thrust/Fault and folded strata; and (iv) physical and chemical weathering in rocks. It was observed that most of the
dam breached during the monsoon season.

Figure 7. Evidence of paleo lake showing lacustrine sediments on the right bank of Raunthi Gadhera near its
confluence with Rishiganga

Initial flash flood took place in Raunthi Gadhera, a tributary of Rishiganga on February 7, 2021 in the early morning
at 1015 hours. Blockade of Raunthi Gadhera by prolonged rock fall and subsequent breaching caused a huge amount
of water saturated bouldary debris gushing downstream. At the confluence of Raunthi Gadhera and Rishiganga, flooded
water saturated bouldary debris of Raunthi Gadhera directly hit the valley wall and damming the same place for a while
in which back flowed of sediments leaden discharge along the course of Rishiganga upto 500 m.

Continuously increasing hydrostatic pressure, temporary dam at confluence was breached, a huge debris mass along
with boulders and ice was dumped over the course of the Rishiganga, left behind this sediments barier water
accumulated and formed an artificial lake. Between 9 and 11 February, 2021 the course of Rishiganga was permanently
blocked by the debris brought down by the Raunthi Gadhera. The Rishiganga was curved out channel from the center
of the lake through which water is continuously draining out on February 12, 2021. As directed to personnel of ITBP
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and SDRF, physically widen the channel and cleared of obstructions of logs (Figure 8). The channel was thus widened
upto 20 m between February 22 and March 2, 2021 to ensure proper draining out water from the lake.

The flooded water of Rishiganga resulted in swiping away of an operational hydropower project of 13.2 Mw capacity
on Rishiganga upstream of Rini and severe damage to another under construction hydropower project of 520 Mw of
NTPC at Tapoban on Dhauliganga river. As many as 204 persons went missing, of these 83 bodies could be recovered
while 12 persons injured and 360 farm animals were lost in the flash flood incidence together with another property
and infrastructures.

7. Conclusions

Evolutionary history, geotectonic set up, geomorphology and hydrometeorological characteristic make the hilly region
of Uttarakhand prone to a number of natural hazards like rock fall, debris flow, flash flood, flood, avalanche etc. Apart
from these the region has witnessed earthquake several times because of the same region falls in earthquake zone 1V
and V according to earthquake zonation map of Uttarakhand (IS, 1893) where the devastated area lies in seismic Zone
V. Change in rainfall pattern along with climatic variability because of global warming due to which concentrated
heavy rainfall and cloudburst incidences are frequently occur in the area. This region has a long history of disasters
due to which thousands of fatalities while tremendous property and infrastructure losses were occurred. The same
region has also witnessed a number of natural dams formed by these natural hazards. Subsequent breach caused
enormous loss of life, property, infrastructure in downstream.

Figure 8. Personnel of ITBP and SDRF widen the channel and cleared of obstructions of logs

Based on the investigations in the area around lake site, it is suggested that initial flash flood took place in Raunthi
Gadhera on the aftermath of landslide dam breached. Another key damming of streams was observed at confluence of
the Raunthi Gadhera with Rishiganga. Occurrence of lacustrine deposits that consist a layers of sand and pebbles on
the right bank of Raunthi Gadhera just upstream of confluence point which was indicating evidence of paleo lake in
the same region.

The lake formed over Rishiganga on the aftermath of initial flash flood in February 7, 2021 that is needs detailed
geomorphological evaluation. Because of the muddy debris barrier as this is problematic during monsoon when
Rishiganga will contribute significant discharge. This will create hydrostatic pressure and the possibility of breaching
of the same cannot be ruled out. In view of vulnerability to flash flood again in the downstream by the same, estimating
regular discharge and installing early warning system for flood forecast in downstream. Apart from regular monitoring
of the lake should be done by state-of-art techniques.
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Ozet

Deprem kaynakl olarak gergeklesen sivilasma olayi, geoteknik miihendisliginin en 6nemli konularindan biridir. Bu
olay, depreme maruz kalan suya doygun, gevsek, kohezyonsuz zeminlerin artan bosluk suyu basincindan dolay1 ani
kayma mukavemeti kayb1 yagamasi olarak 6zetlenebilir. Devirsel kayma gerilmelerinin etkisi ile asir1 bosluk suyu
basinct olugmakta, zemin taneleri arasindaki bagin kaybolmasi ile zemin siv1 gibi davranmakta ve tagima giicii kaybi1
yasanmaktadir. Yapilar igin, temel alt:1 zeminde tasima giicii kayb1 yasanmas1 agir neticeler dogurmaktadir. ilk kez
Arthur Casagrande tarafindan ortaya konulan sivilagma olgusu ile alakali giinlimiizde hala arastirmalar devam
etmektedir. Zeminlerin stvilagsma potansiyelinin laboratuvar ve arazi testleri ile belirlenmesi, sivilasmaya karst direncin
arttirtlmasi1 ve 3D modelleme ¢aligmalarina siklikla karsilasilmaktadir. Bu ¢alismada, geoteknik miihendisligi i¢in
biiyilkk 6nem arz eden sivilasma konusu ile ilgili son bes yilda (2016-2021) yapilmis olan deneysel ¢aligmalarin ve yeni
yontemlerin tanitilmasi amaglanmistir.

Anahtar Sozcukler: Sivilasma, Deprem, Laboratuvar Deneyleri

Abstract

Earthquake-induced liquefaction is one of the most important issues in geotechnical engineering. This phenomenon
can be summarized as the sudden loss of shear strength due to increase in pore water pressure of saturated, loose,
cohesionless soils subjected to earthquakes. Due to the effect of cyclic shear stresses, excessive pore water pressure
occurs, the bond between soil grains is lost and the soil behaves like a liquid and a loss of bearing capacity is existed.
Loss of bearing capacity in the subsoil of the foundations has serious problems for buildings. Researches regarding the
liquefaction phenomenon are still continuing today, which was first introduced by Arthur Casagrande. It is frequently
encountered with studies to determine the liquefaction potential of soils by laboratory and field tests, to increase
resistance against liquefaction and 3D modeling studies. In this study, it is aimed to introduce experimental studies
conducted in the last five years (2016-2021) and new methods about liquefaction, which is of great importance for
geotechnical engineering.

Keywords: Liquefaction, Earthquake, Laboratory Experiments

1. Giris

Sivilagma; kohezyonsuz, gevsek ve suya doygun zeminlerde, drenajsiz sartlarda deprem kaynakli devirsel kayma
gerilmelerinin olusturdugu asir1 bosluk suyu basincindan dolay: efektif gerilmenin azalmasi olarak tanimlanabilir.
Deprem aninda yiikleme ¢ok ani gerceklestigi igin, yiik altinda sikilasma egiliminde olan zemin, bu firsati bulamaz.
Bu durum bosluk suyu basincinin artmasina ve efektif gerilmede azalmaya neden olur. Bu azalma ciddi boyutlara
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ulastiginda ise, zemin sivi gibi davranmaya baslar ve sivilagsma olayr meydana gelir. Sivilagma sirasinda, kum
kaynamasi, sevlerde akma gb¢mesi, daha az egimli yamaglarda yanal yayilmalar, istinat yapilarinda yenilmeler, tasima
giicii kaybina bagl yap1 hasarlar1 gibi birgok tehlikeli durum meydana gelmektedir (Mollamahmutoglu ve Babuscu,
2006, Kramer, 2003).

Jefferies ve Been (2016) tarafindan “Calaveras barajinin gd¢mesi hazen tarafindan incelenmis ve sivilagmadan dolay1
gdcmenin gergeklestigi belirtilmistir. (Hazen, 1918, 1920)”. 1936 yilina gelindiginde ise zeminlerin sivilasabilirliginin
degerlendirilmesinde kullanilan kritik bosluk orani Casagrande tarafindan tanimlanmistir (Casagrande, 1936). Ayn
calismada Casagrande akma sivilasmasi ve ¢evrimsel yumusamayi da tanimlamistir (Ledesma vd, 2021 ve Ismael vd
2020).

1964 yilinda pes pese yasanan Alaska, Good Friday ve Japonya, Niigata depremlerinde sivilasma kaynakli hasarlar
oldukg¢a dikkat ¢ekmistir. Deprem sonrast yapilan aragtirmalar neticesinde, sivilasma 1965 yilinda ilk kez Arthur
Casagrande tarafindan ortaya konulmustur. 1970°1i yillarda ise sivilasma potansiyelinin belirlenebilmesi igin ilk detayli
calismalar yapilmistir (Mollamahmutoglu ve Babuscu, 2006).

Sivilagma analizi; zeminin sivilagmaya yatkinliginin belirlenmesi, ilave kayma gerilmelerinin zemin direncini gegip
gegemeyeceginin  hesaplanmast ve olast deformasyonlarin tahminini kapsamaktadir. Zeminlerin sivilagma
yatkinligimin belirlenebilmesi i¢in bosluk orani, dane g¢api, dane sekli ve gradasyonu gibi zemin 6zelliklerinin
tanimlanmas1 gerekmektedir. Sivilasmanin tetiklenip tetiklenmeyecegine karar verebilmek icin ilave kayma
gerilmeleri hesaplanir ve zeminin mukavemeti ile karsilastirilir. Son olarak, sivilasma nedenli olast deformasyonlar
tahmin edilerek gerekli dnlemlerin belirlenmesi agmasina gegilir.

Sivilagma lizerine ¢aligmalar, laboratuvar ve arazi deneyleri, bitylik 6l¢ekli model testleri ile niimerik analizler olarak
siralanabilir (Onur, 2018). Arazi testleri ile blyuk hacimli zemin kitleleri test edilirken laboratuvar deneyleri maliyet
ve hiz yoniinden avantajlidir. Arazi testleri olarak; SPT, CPT basta olmak {izere sismik yansima, kuyu yukari, kuyu ici
gibi testler kullanilmaktadir. Laboratuvar deneyleri ise dinamik ii¢ eksenli basta olmak {izere rezonant kolon, bender
eleman, dinamik kesme, burulmali kesme deneyleri olarak siralanabilir. Model testlerinde ise sarsma tablasi ve
santrifiij testleri basta gelmek iizere arastirmacilarin gelistirdigi 6l¢ekli modellerde bulunmaktadir. Niimerik yontemler
ise gliniimiizde bilgisayar ve yazilim teknolojisinin gelisimi ile sonlu elemanlar, sonlu farklar, regresyon, yapay sinir
ag1 ve bulanik mantik gibi yontemlerin veriler {izerinde uygulanmasina dayanmaktadir.

Bu ¢alismada, sivilagsma konusu ile ilgili son bes yilda (2016-2021) yapilmis laboratuvar deneyleri igeren ¢aligmalar
Ozetlenmistir. Konu ile alakali gelistirilen yeni nesil metotlarin tanitilmasi ve tartigilmasi amaglanmaistir.

2. Sivilagsma Potansiyelinin Belirlenmesi Calismalar:

Abdallah vd. (2021) doygunluk derecesi ve rolatif yogunlugun; Chlef kumunun sivilagma direncine etkisini
arastirmislardir. Drenajsiz ii¢ eksenli deneyleri, sirastyla siki ve gevsek kuma karsilik gelen %12 ve %75'lik rolatif
yogunlukta ve %22, %45 ve %92'lik Skempton katsayilari i¢in 100 kPa'lilk bir ¢evresel basing altinda
gergeklestirilmigtir. Numunelerin doygunluk derecesinin artmasiyla asir1 bosluk suyu basinct logaritmik olarak
artarken igsel siirtiinme agist logaritmik olarak azalmis, maksimum kesme mukavemeti lineer olarak azalmistir. Her
iki rolatif yogunluk degerinde de olusan asirt bosluk suyu basinci sivilagmaya neden olacak kadar yiiksek olmamustir.
Ayrica Skempton katsayisinin azalmasiyla numunelerin sivilasma direnci artmistir.

Zhu vd. (2021) yaptiklari ¢alismada, ¢evrimsel ii¢ eksenli testler yaparak kum zeminlerin sivilasma davranisi iizerinde
yilikleme frekansinin etkisini degerlendirmiglerdir. Suya doygun ve doygun olmayan kum numuneler {izerinde, farkli
frekanslarda yiiklemeler gerilme ve gerinim kontrollii olarak, yiikleme yonleri de degistirilerek gerceklestirilmistir.
Sonugta, kuru kumda yapilan gerilme kontrollii deneylerde frekans etkisinin olmadigi belirlenmistir. Doygun kumda
ise gerilme kontrollii ve gerilme yonii degistirilerek yapilan testlerde, ayni ¢evrim sayisinda dlgiilen asir1 bosluk suyu
basincinin diisiik frekansta daha fazla oldugu goriilmiistiir.

Zhu vd. (2021) Ayrik Eleman Metodu (Discrete Element Method — DEM) kullanarak gevsek kumlarin statik yiikler
altindaki gerilme tarihgesinin sivilasma davranisi lizerine etkisini incelenmislerdir. Gerilme tarihgeleri drenajli olarak
cevrimsel ve saf kayma kuvvetleri olarak uygulanmig daha sonra drenajsiz monotonik {i¢ eksenli deneyler
gergeklestirilmistir. Sonugta, gecici sivilagma tiim numunelerde goriilmiistiir. Saf kesmeye maruz kalan numunelerde
olusan deviator gerilmenin ¢evrimsel kaymaya maruz kalmis numunelere gore fazla oldugu belirlenmistir.

Beena vd. (2021) Hindistan, Kerala’da bulunan kiy1 kumlarinin sivilasma potansiyelinin belirlenmesi i¢in tabakali bir
kutu sistemi kullanilarak sarsma tablasi ile analizler ger¢eklestirmiglerdir. Sarsma tablasi testleri i¢in katmanli bir
zemin kabi (Sekil 1) gelistirerek icerisindeki kumda olusan asir1 bosluk suyu basinct tepkilerini sunmuglardir.
Calismada, zeminin degisen rolatif yogunluklarda, sabit sallama frekansinda (1Hz) olusan asir1 bosluk suyu basinci
iizerinde zemin gradasyonunun ve temel sarsintist genliginin etkisi aragtirilmigtir. Taban sarsintisinin genligi arttikca
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ve zeminin rolatif yogunlugu azaldik¢a zemin sivilagma direncinin azaldigi, daha diisiik ylizdede ince kum igerigine
ve daha bllyuk ortalama tane boyutuna sahip kumun sivilagmaya karsi daha yiiksek direng gosterdigi belirlenmistir.

1000

Base Plate

Sekil 1. Tabakal1 kutu tasarimi (a) Onden gériiniim, (b) Tabaka élgiileri, (c) 3D goriiniim

Umar vd. (2021) Toyoura kumunun sivilagma sonrasi drenajsiz mukavemetini ve deformasyonunu, yiksek birim
deformasyonlu burulma kesme testi kullanilarak incelemistir. Zeminin saha gerilme kosullarini uygulamak amaciyla
i¢i bos silindirik bir numune {izerinde basit kesme deneyleri uygulanmigtir. Hava piiskiirtme (air-pluviation method)
yontemiyle hazirlanan numuneler, ilk olarak sabit genlikli bir drenajsiz ¢gevrimsel kesme uygulanarak sivilastirilmastir.
Testler, farkli birim deformasyon genliklerinde sonlandirilmis ve ardindan gerilme-sekil degistirme ve asir1 bosluk
suyu olusturma tepkilerini elde etmek i¢in drenajsiz kosullarda monotonik olarak yiiklenmistir. Sivilagsma sonrasi
drenajsiz kesme mukavemetinin, kalinti sekil degistirmeden 6nemli 6l¢iide etkilendigi belirtilmistir.

Giiler vd. (2021) 1999 depreminin etkisi ile sivilagmanin goriildiigli Adapazar1 bolgesinden alinan 6rneklerden farkl
bosluk oranlari ile hazirlanan siltli kum numunelerde dinamik ii¢ eksenli test sistemi ile deneyler gergeklestirmislerdir.
Ayni sartlarda hazirlanan numunelerin gegirimlilik deneyleri yapilarak, hidrolik iletkenlik ile sivilasma potansiyeli
arasindaki iliskiyi arastirilmistir. Elde edilen sonuglara gore ¢evrimsel direng orani ile bosluk orani ve gegirimlilik
katsayilar1 arasinda bagmti 6nermislerdir.

Literatiirdeki aragtirmalar, bir kumun sivilasma yasamasi durumunda, art¢i soklarda kumun yeniden sivilagma
davranisini biiyiik 6l¢iide etkileyebilecek anizotropinin meydana gelecegini gostermistir. Iwai vd. (2020) Toyoura
kumu iizerinde ardisik drenajsiz ii¢ eksenli ¢evrimsel yiikleme deneyleri gerceklestirmistir. Once tiim numuneler
sivilasana kadar ayni drenajsiz tekrarli yiklemeye tabi tutmus, ardindan sivilagtirtlmis numuneler farkli kalinti
deformasyonda sabitlenerek konsolide edilmistir. Konsolide edilen numuneler tekrar drenajsiz kosulda ¢evrimsel
yuklemeye tabi tutulmustur. Kalint1 sekil degistirmenin kumun yeniden sivilasma davranigini bityiik olgiide etkiledigi
belirlenmistir. Wei vd. (2020) siltli kumlarin bosluk orani sabit tutularak, tane boyutu degisimi ve ince tane miktarinin
sivilasma direnci iizerindeki etkisini agiklayabilmek icin ¢evrimsel ii¢ eksenli deneyler gerceklestirmislerdir.
Cevrimsel direncin azalimi ile ince tane orani arasinda dogrusal iligkili bir ifade tanimlanmistir. Kumun karakteristik
boyutlari ile ince taneler arasindaki oranin bu ifade ile dogru orantili oldugu ancak kum boyutlar: ile belirli bir
iligskisinin olmadig1 goriilmiistiir.

Du vd. (2020) yaptiklart ¢alismada, sivilagma sirasinda meydana gelen kum kaynamalarinin deney siireglerine dahil
edilebilmesi i¢in ii¢ eksenli test sisteminde kontrollii drenajin saglandig: bir deney diizenegi tasarlamistir. Drenajsiz
sartlarda geleneksel kesme, kontrollii drenaj altinda kesme ve sivilagsmaya kadar drenajsiz kesme ardindan kontrolli
drenaj altinda siirekli kesme olmak iizere ii¢ farkli gerilme kontrollii {i¢ eksenli deney sonuglar1 karsilastirilmistir.
Ayrica, yiiksek kesme genlikleri altinda bile zeminin artik sivilasmaya duyarli olmadigi kritik bir bosluk oranina dikkat
¢ekilmigstir. Sonmezer (2020) calismasinda, deformasyon kontrollil ve gerilme kontrollii testleri dinamik basit kesme
test cihazi kullanilarak yapmis, ince tane dagiliminin kumlarin sivilagma direncleri {izerindeki etkisini arastirmistir.
Farkli silt iceriklerine sahip iki farkli kumun sivilagma davranislari karsilagtirilmistir. Gerilme ve deformasyon
kontrollii testlerin sivilagma enerjisinde meydana gelen degisim farkli ¢iksa da kiimiilatif sivilasma enerjisi birbirine
cok yakm degerler vermistir. Ince tane icerigindeki artisin testlerde sivilasma enerjisini azalttigi goriilmiistiir. Rolatif
sikilik arttikca taneler arasindaki temasin ve sikiligin artmasina bagli olarak sivilasma enerjisini arttirdigi
gozlemlenmistir.

Keishing vd. (2020) Ayrik Eleman Metodu (Discrete Element Method — DEM) ile drenajsiz ti¢ eksenli deneylerde
bosluk orani, baslangi¢c ortalama efektif gerilme, ortalama deviatdr gerilme, deviatdr gerilme biiyiikliigii ve yoni,
bosluk suyu basinci gelisimi parametrelerinin sivilasma davranigina olan etkisini modellemistir. Yapilan
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simiilasyonlarda sivilagmaya en ¢ok etki eden parametrenin bosluk orani oldugu goriilmiistiir. Elde edilen sonug¢lardan
yola ¢ikarak, sivilasma igin gerekli olan enerji miktari ile ilgili yeni bir denklem 6nerilmistir. Denklemde ortalama
deviator gerilmeye yer verilmesiyle birlikte elde edilen modelin etkinliginin arttig1 belirtilmistir.

Morimoto vd. (2019) baslangicta statik kayma gerilmesi altinda bulunan numuneler iizerinde uygulanan dinamik
yiikiin biiyiikligiine gore sivilasma davranigini incelenmiglerdir. Deneyler yeni gelistirilen «stacked-ring apparatus»
cihaziyla ardisik olarak yapilarak, gerilme tarihgesi etkisi ortaya konmustur. Deneyler sonucunda, gegmiste uygulanan
dinamik yiikiin biiyiilk olmasi durumunda, sivilagmadan sonra numunenin rolatif sikiliginin daha fazla arttigy
belirlenmistir. Yiiksek anizotropiye sahip numunelerde sivilagma daha erken gergeklesmistir.

Mele vd. (2019) ii¢ ince taneli malzemenin gevsek, doymus ve doymamis numuneleri tizerinde ¢evrimsel drenajsiz ii¢
eksenli testler gergeklestirmistir. Doygunluk derecesi azaldikca sivilagma direncinin keskin bir sekilde arttigi
gozlemlenmistir. Sivilagmanin baglangicini ve bitigini tanimlayan viskozitenin karakteristik degerlerinin, zeminin tane
dagilimina bagl oldugu ve tiniformluk katsayisi arttik¢a arttigi gosterilmistir.

Wu and Kiyota (2019) yaptiklari ¢alismada, kayma dalgasi hizi ile sivilagma direnci arasindaki iligkiyi bulabilmek i¢in
farkl yiik gegmislerine sahip, farkli yogunluklarda ve zemin yapisindaki Toyoura kumlari lizerinde dinamik ii¢ eksenli
deneyler gergeklestirmislerdir. Yapilan deneyler neticesinde drenajli tekrarli yiiklerin kayma dalgasi hizinda artisa
sebep oldugu, ilk sivilasma deneyinden sonra numunelerin rélatif yogunluklarinin arttigi ancak kayma dalgasi hizinin
azaldig1 belirlenmistir. Sivilasma nedeniyle Toyoura kumunda meydana gelen deformasyonlarin kayma dalgasi
hizindan ziyade yogunluktan etkilendigi goriilmiistiir. Ye vd. (2019) akma sivilasmasi davranigini agiklayabilmek ve
gocme Oncesi son yukleme cevrimini belirleyebilmek icin Toyoura kumu Uzerinde dinamik d¢ eksenli testler
gerceklestirmigtir. Farkli rolatif yogunluklarda nemli sikistirma metodu ile hazirlanmis numunelerin bir grubuna klasik
gerilme kontrollii testler uygulanirken diger grubuna iki asamali olarak 6nce belirlenen diizeye kadar gerilme kontrollii
cevrimsel yiikleme, daha sonra deformasyon kontrollii monotonik yiikleme uygulanmistir. Bu yiikleme yontemi ile
akma sivilagmast meydana geldiginde numunelerin ani ¢ékmesini 6nlenebilir ve gevsek kumlarin akma sivilagsma
davranislarinin ayritili bir incelemesinin yapilmasina yardimet olabilecegi belirtilmistir.

Mase vd. (2019) Osaka’da bulunan g¢alisma alanindan aldiklari Izumio kumunun sivilagsma direnci ve ¢evrimsel
davranisimi ti¢ eksenli deney yontemini kullanarak incelemislerdir. 12,5m kadar olan derinlikten standart penatrasyon
testi ile deney numunelerini elde etmigler ve SC ve SM olarak iki farkli zemin siniflandirmislardir. Dinamik ii¢ eksenli
deneyinden elde ettikleri sivilagma direnci egrileri SC ve SM zemin siifindaki her iki kumun da daha dnceden
stvilasmis kumlarin sivilagma egrileri ile ayn1 egilimi gosterdigini belirlemislerdir.

Licata vd. (2018) italya’nin Napoli bolgesinden elde edilen siltli kumun drenajsiz gevrimsel davranigini, monoton ve
cevrimsel {i¢ eksenli testler ile drselenmemis numuneler ve sikistirilmig zemin karigimlar: iizerinde analiz etmistir.
Zeminin dogal tane boyu dagilimi korunarak, plastik olmayan kiil, plastik ince tane ile veya piroklastik kum, silisli
malzeme ile degistirilerek numuneler hazirlanmistir. Doku, tanelerin kirilmasi ve plastik olmayan ince tane igerigi gibi
0zel yapisal faktorlerin drenajsiz ¢evrimsel davramig tlizerindeki etkisini incelemek amaciyla tiim testler ayni
konsolidasyon oranina ve aym sikiliktaki numuneler iizerinde gergeklestirilmistir. Sonuglar, plastik olmayan ince kil
eklenmesinin, plastik ince tanelere gore ¢evrimsel direnci belirgin 6lgiide arttirdigini, tanelerin kirllma miktarimin
ihmal edilebilir dlizeyde oldugunu gostermistir.

Asadi vd. (2018) Yeni Zelanda'nin Kuzey Adasi'ndaki Waikato Havzasi'nda bulunan dogal pomzali kumlarin drenajsiz
cevrimsel davranisi iizerine tane sekli ve ezilmenin etkisini arastirmislardir. Dogal pomzali kum ve farkli rolatif
yogunluklardaki Toyoura kumu iizerinde gergeklestirilen drenajsiz ¢evrimsel {i¢ eksenli deneyler neticesinde, ayni
rolatif yogunlukta pomzali kumlarin sivilagsma direncinin Toyoura kumuna gore oldukca yiiksek oldugu
gozlemlenmistir. Pomzali kumlar, gevrimsel yiikleme uygulamasi altinda baslangigta biiziilme davranisi gostermis,
ancak birkac dongiiden sonra bu, ¢cok gliglii bir genlesme davranigina déniigsmiistiir. Pomzali numunelerin i¢inde kararlh
bir zemin iskeleti olusmasi nedeniyle, duraysizlik gézlenmemistir.

Yang ve Pan (2018) izotropik ve farkli oranlarda anizotropik olarak konsolide edilmis numunelere dinamik ii¢ eksenli
deney yaparak, farkli konsolidasyon oranlari ile birlikte farkli biiyiikliiklerdeki ¢cevrimsel yiiklerin bosluk suyu basinci
gelisimi tizerindeki etkisini aragtirmislardir. Yapilan deneyler neticesinde, farkli rolatif yogunluklarin ve yiikleme
kosullarinin numuneler iizerinde ii¢ farkli gégme moduna (Akma sivilagmasi, Cevrimsel hareketlilik ve Kalintt
deformasyon gocmesi) yol agtig1 goriilmiistiir. Bir numunenin c¢evrimsel yiikler altinda yenilmesi i¢in gerekli olan
enerji miktarinin ¢evrimsel gerilme biiytikliigline bagli oldugu belirtilerek, literatiirdeki baz1 verilerle de celistigi ifade
edilmistir.

Zhuang vd. (2018) Yangtze Nehri vadisi boyunca yogun bir sekilde biriken sistli Nanjing kumunun farkli yiikleme
durumlart altinda sivilagsma sonrasi kayma modiilii azalimint aragtirmak i¢in g¢evrimsel burulmali kesme testi
gergeklestirmiglerdir. Karsilagtirma amaciyla Toyoura kumu ile deneyler tekrar edilmistir. Ayrica, membranin
numunenin mukavemeti {izerindeki etkisi de incelenmistir. Kayma birim deformasyon seviyesi %20'den biiyiik
oldugunda membran etkisinin ihmal edilemeyecegi goriilmistiir. Sivilagtirilmis haldeki Toyoura ve Nanjing
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kumlarinin kayma modiilii egrilerinin benzerlik gosterdigi belirlenmistir. Noorzad ve Shakeri (2017) yapmis olduklar1
calismada, genellikle temiz kum gibi davrandig: diisiiniilen siltli kumun sivilagma sonrasi davraniglarini incelemek ve
silt i¢eriginin kumlarda ¢evrimsel yiikleme ile elde edilen mukavemeti nasil degistirecegini belirlemek i¢in monotonik
tic eksenli testler gergeklestirmistir. %15 siltli kumda dayanim azalirken %30 siltli kumda dayanimin arttigini, temiz
kumda veya %S5 siltli kumda ise dayanimdaki degisimin ihmal edilebilir derecede oldugunu gézlemlemislerdir.

Azeiteiro vd. (2017) yaptiklart ¢alismada, dinamik {i¢ eksenli deneyinde numuneler iizerine uygulanan yiKklerin
diizensiz olmalar1 durumunda numunelerin sivilasma davranisina olan etkilerini incelemistir. Uniform yiikleme ve
biiyiik genlikli tek bir pik yiikleme dongiisii iceren drenajsiz ¢evrimsel ii¢ eksenli deney sonuglar1 karsilastirilmistir.
Tek bir yiiksek genlikli gerilme uygulanmasinin numunede gergeklesen deformasyonu hizla arttirdigi, benzer sekilde
bosluk suyu basincinda ani artiy meydana getirdigi gorilmistiir. Ayrica, bdyle bir yiiklemenin daha erken
uygulanmasinin numunenin sivilagsmast i¢in gerekli ¢evrim sayisini azalttig1 belirlenmistir.

Chang vd. (2017) plastik olmayan siltli kumun sivilagma sonrast hacimsel sekil degistirme davranigini arastirmak igin
Tayvan'daki Hsinhwa bdolgesini arastirma alani olarak se¢mislerdir. Laboratuvar testleri igin yuksek kaliteli
Orselenmemis zemin numuneleri elde edilmis, bosluk orani, ince tane igerigi ve drselenme derecesinin plastik olmayan
siltli kumun sivilasma sonrast hacimsel birim deformasyonuna etkisi aragtirilmistir. Bosluk orani, ince tane igerigi ve
Orselenme derecesinin yiikselmesi, sivilagtirma sonrasi daha yiiksek hacimsel deformasyon olacagini gostermektedir.
%20~35 ince tane igeriginin bir gegis bolgesi oldugu ve dinamik davranisin degistigini gosteren caligmalar ile uyumlu
davranis gézlemlenmistir.

Arab vd. (2016) doygunluk derecesinin kumun sivilagma potansiyeli {izerindeki etkisini belirlemek i¢in drenajli,
drenajsiz monotonik ve ¢evrimsel ii¢ eksenli deneyler gergeklestirmistir. Testler farkli rélatif yogunluklarda Hostun
RF kumu (Fransa) Uzerinde gerceklestirilmistir. Test sonuglari, Skempton katsayisi B'nin azalmasiyla sivilagsma
direncinin arttigin1 gdstermektedir. Sivilagsma direncini Skempton B katsayisi ile iliskilendirmek igin basit bir
matematiksel iligski onerilmistir.

3. Stvilasmanin Onlenmesine Yénelik Calismalar

Amanta ve Dasaka (2021) yaptiklar1 ¢alismada, suya doygun graniiler zeminin ¢evrimsel ii¢ eksenli cihaz ile
swvilagtiritlmasia karsi hava enjeksiyon yonteminin etkinligini arastirmiglardir. Degisken olarak gerinim genligi,
cevresel basing ve hava enjeksiyon basinglar1 dikkate alinarak Hint standart kumu tizerinde gerinim kontrollii gevrimsel
iic eksenli testler gerceklestirilmistir. Desatlirasyon islemini gerceklestirebilmek ve hava enjeksiyon islemini
kolaylastirmak icin, Sekil 2'de gosterildigi gibi ii¢ eksenli deney cihazi modifiye edilmistir. Gorselde mavi renkle
vurgulanan hat ile numune tabanma hava kompresorii baglanmistir. Konsolide edilmis suya doygun zemin
numunelerine hava enjekte edilmistir. Tamamen suya doygun ve hava enjeksiyonu uygulanmis zeminlerin dinamik
ozellikleri karsilastirilmistir. Zeminin hava enjeksiyon yontemiyle desatiirasyonunun zeminin sivilasma direncini
onemli 6lgtide iyilestirdigi belirlenmistir. Farkli ¢evresel basinglarin ulasilabilecek nihai desatiirasyon seviyesinde ¢ok
etkili olmadigi, hava enjeksiyonu durdurulduktan 30 giin sonra bile zemin igerisindeki havanin sistemi terk etmedigi
calismanin diger bulgular1 arasindadir.
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Geoteknik mihendisligi alaninda zeminlerin ¢esitli 6zelliklerini iyilestirmek i¢in biyopolimerlerin kullanimi son
yillarda popiiler bir arastirma konusu olmustur. Smitha ve Rangaswamy (2020) yaptiklar1 ¢alismada Kalpetta, Kerala,
Hindistan'dan elde edilen agar biyopolimeri ile farkl kiirleme siirelerinde islenmis dogal siltli kum tizerinde gerinim
kontrollii dinamik ti¢ eksenli bir dizi konsolidasyonlu drenajsiz test gergeklestirilmislerdir. 7 giin kiirlenmis, %?2 agar
biyopolimer uygulanmis zeminin kayma modiiliiniin 50. yiikleme dongiisiinde iglenmemis zemin drneklerinden %317
daha fazla oldugu belirlenmistir. Sivilasmadan kaynakli zemin hasarlarinin hafifletilmesi i¢in biyopolimerlerin gevre
dostu bir alternatif olarak kullanilma potansiyeli oldugu tespit edilmistir.

He vd. (2020) sivilasmaya karsi zemini iyilestirmek igin kullanilan biyosementasyon uygulamasinda, dogrudan canlt
bakteri kullanmak yerine iireolitik bakterilerin par¢alanmasindan elde edilen ham iireaz kullanarak yeni bir metot
gelistirmiglerdir. Ultrasonik hiicre parcalama yontemi kullanilarak bakterilerden ham {ireazin basartyla elde
edilebilecegi bulunmustur. Ureaz ile muamele edilen siltli kum numunelerinin canli bakteri ile muamele edilen
numunelere gore daha yiiksek kesme mukavemetlerine sahip oldugu belirlenmistir.

Zhang ve Russell (2020) ayrik aglomera Loksand liflerini kumla karistirarak zeminin sivilasmaya karsi direncini
arttirmak {izerine bir ¢alisma gergeklestirmislerdir. Karigimlara drenajli ve drenajsiz {i¢ eksenli basing testleri
uygulayarak yuklerin kum iskeleti, lifler ve bosluk suyu boyunca dagitildigi ve paylasildigi mekanizmalar
gostermislerdir. Liflerin kum iskeletinin maruz kaldigi yiik yollarmi nasil degistirdigi gosterilmistir. Liflerin
stvilagmay1 nasil onledigi ve geleneksel olarak tanimlanan bosluk suyu basinci oraninin yanlig bir sekilde aksini
belirtebilecegi tespit edilmistir.

Ciardi vd. (2020) koloidal silika jelinin zemin sivilagmasina, hidrolik ge¢irgenligine ve oturmasina olan etkilerini
incelenmistir. Dinamik ii¢ eksenli deneyleri, farkli ¢evrimsel gerilim oranlar1 (CSR-cyclic stress ratio) ve koloidal
silika jeli ylizdeleri kullanilarak gergeklestirilmistir. Ayrica numuneler lizerinde kesme kutusu deneyi ve 6dometre testi
de gerceklestirilmistir. Elde edilen sonuglar zeminin sikisabilirliginin azaldigini ve %2 koloidal silika oraninin zeminin
stvilagma direncini iyilestirmede katki sagladigini gostermistir.

Bai vd. (2019) yaptiklar1 ¢alismada polipropilen fiberlerin temiz kum zeminlerin sivilasma davranisina olan etkilerini
halka kesme testi (ring shear test) ile incelenmistir. Deney programi kapsaminda 2 farkli yogunlukta ve 3 farkli
yiizdesel igerikte polipropilen kum karisimlari test edilmistir. Deneyler sirasinda normal gerilme, kesme gerilmesi,
asir1 bosluk suyu basinci, kayma gerinimi ve diisey deplasman siirekli olarak 6l¢iilmiistiir. Polipropilen fiberlerin
etkisinin daha yogun numunelerde daha belirgin oldugu, sivilagsma direncinin arttig1 ve kumun sivilagsma sonrasindaki
yayilim davranisini engelledigi belirlenmistir.

Keramatikerman vd. (2018) yaptiklari ¢alismada, u¢ucu kiiliin kum-bentonit karigiminin sivilagma davranigina etkisini
bir dizi drenajsiz monotonik {i¢ eksenli testler uygulayarak arastirmislardir. Ugucu kiil ilavesinin daha biiyiik bir
deviatorik gerilmeye ve akissiz bir davranis olusumuna neden oldugunu gosterilmistir. Ugucu kiil ile muamele edilmis
numunelerde, rolatif yogunluk arttikca maksimum deviatorik gerilmenin de arttig1 gézlemlenmistir. Calisma, kum-
bentonit numunelerinin ugucu kiil uygulanmis numunelere gére daha diisiik sivilasma mukavemetine sahip oldugunu
gostermistir.

Simatupang vd. (2018) enzimatik olarak indiiklenmis, kalsit ¢okeltme islemi gérmiis kumun drenajsiz ¢evrimsel
davranisinin daha iyi anlasilmasini saglamak i¢in kapsamli deneysel sonuglar sunmuslardir. Keisha ve Toyoura kumu
kullanilarak tanecik boyutu, ¢evre basinci, kalsit igerigi ve ¢okeltme sirasindaki doyma derecesinin sivilagsma direnci
iizerinde etkisi incelenmistir. Kalsitin kum tanelerini baglayarak mekanik 6zelliklerin iyilestirilmesine dogrudan
katkida bulundugu goriilmiistiir.

Mikrobiyal kaynakl kalsit ¢okeltme, dinamik yiiklemeye maruz kalan kumlarin davranigini iyilestiren yeni bir zemin
iyilestirme teknigidir. Feng ve Montoya (2017) kayma dalgast hizinin yalnizca kalsitin kiitlesinden etkilenmedigini,
ayn1 zamanda pargacik temaslarinda kalsit ¢okeltisinin dagilimindan da etkilendigini gdstermeyi amaglamistir.
Mikrobiyal kaynakli kalsit ¢cokeltme ile ayn1 kalsit degerinde ancak farkli kayma dalgasi hizlarina sahip olacak sekilde
numuneler hazirlanmis ve ardindan ¢evrimsel olarak yiiklenmistir. Daha ytiksek kayma dalgas1 hizina sahip numunenin
daha biiyiik sivilasma direncine sahip oldugu gosterilmistir. Davranisin sadece kalsit kiitlesinden degil, ayn1 zamanda
kalsit dagilim modelinden de etkilendigi belirtilmistir.

Li vd. (2016) kum zeminlerin sivilasmaya karst performansinin iyilestirilmesinde geri doniistliriilmiis kauguk
kirintilarinin potansiyel kullanimimi degerlendirmek i¢in, kauguk-kum karigimlarinin dinamik davranigini rezonant
kolon ve cevrimsel U¢ eksenli testleri uygulanarak incelenmistir. Kauguk-kum karigimlarinin sonuglari literatiirden
elde edilen sonuglarla karsilastirilmistir. Karisim oraninin, dinamik kesme modiiliinii ve sivilagsma duyarliligint 6nemli
olgiide etkiledigi gosterilmistir.
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4. Yorumlar

Sivilagma dnlem alinmadiginda biiyiik deformasyonlara neden olmaktadir. Stvilagmaya karst 6nlem alinabilmesi igin
sivilasma mekanizmasinin tam olarak ortaya konulmasi gerekmektedir. Sivilasma davraniginin belirlenebilmesi igin
caligmalar giiniimiizde devam etmektedir. Ozellikle sivilasma davramigim etkileyen parametrelerin belirlenmesi ile
stvilagsma sonrasi tekrar yiiklemeye maruz kalan zeminlerin davraniginin test edilmesine yonelik deneysel ¢alismalara
literatiirde sik¢a rastlanmaktadir. Bu ¢aligmada sivilasma konusu ile ilgili son bes yilda (2016-2021) yapilmis olan
deneysel caligmalar 6zetlenmistir. Calismalardan deprem tehlikesi bulunan ve sivilagma potansiyeli olan zeminler i¢in
stvilagsma analizlerinde laboratuvar deneylerinin halen kullanildig1 gériilmiistiir. Ayrica sivilasma davranisi icin genel
mekanizmalar benzer olsa da her zemin numunesi i¢in deneysel analizlerin gerekli oldugu ve sivilasma direncinin
birgok farkli parametreye bagli oldugu sonucuna varilmistir.
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