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5.4 Yerevan Cemetery Landslides

5.4.1 Technical Geological Features from Yerevan City the Southeast to Kotayk Marz South

(1) General Condition

The region along by-pass road M-15 of Yerevan City to Kotayk Marz is a concentrated zone of landslides.
The geological features which are the primary causes of the landslides are described here.

Figure 5.4.1 and Figure 5.4.2 show the geotechnical engineering situation in these areas. Table 5.4.1
shows stratigraphy and facies of these areas. The landslides in this region have been generated chiefly
because the residual soil is of sedimentary rock or tuff origin. Landslides are caused more easily among
rocks of both origins. “Terrace deposit”, “Pyroclastics” and “Mudflow” are distributed at, or near, the head
of the landslide. These materials are pervious or partially pervious, and they supply underground water to
the landslides.

Table 5.4.1 Stratigraphy and Facies

Age | Symbol Name Facies
/color
T glc Alluvial deposit Gravels, cobbles, sands, fines,
S c3 Embankment soil Fine-grained soil
% k/c Colluvial deposit Cobbles, garbles, fines
Residual soil , partially colluvial | _. . L
c2 deposit (hard Wsathereé/ wff. tuff Fine-grained soil with some sands,
breccia) gravels
cl 5;;:)2?3' sml(h,afdartlalIywcé(;![lhu;:aadl Fine-grained soil, reddish brown in
sedimentary rock) general.
k/b Terrace deposit C_:obbles, gravels, sands with some
fines
.} Basalt Hard rock
@D
@ Tuff Moderate hard rock
o .
2 Tuff breccia Moderate hard rock
> . -
Pyroclastics pyroclastics, loose
rT;rtla Sedimentary rock Siltstone, sandstone, conglomerate
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(2) anapE»U=3(CY” NaOU=N=iTa0 —~ E%aUY»Ac UST»A"ailA N»RuradAl=Up 3é3¢=306Ya0 -Aasynr»h (b) The clay soil of hard weathered tuff

(2) Problem Soils Erasible and Easy Forming Surface of Rapture Reddish brown color is a remarkable feature of this soil. This soil is moderately dispersive (very erodable).
(a) PA0U=N=3AU3Y YT TS TU3(CY S&3iC T31C -AadY A (c1) This soil/weathered rock contain montmorillonite/ swelling clay minerals

Pa0U3N3AT3T YW T3T03(CY 383AC T3iA E3lY T3A3T14aiU &0VC  -»f»%U3YA6C 8a03Yug

UST»A adlAc »YA3U=eail: 206 -nasYrA N»po NaOU3N3h»EC , — T3Y UC 03YC EAaRar 2ACYU»ALE - »finthll3YA0C
Eadai313Nan»n: 206 -nasYrA/ NaOUSN3AT3E 3A43AA &3AaiY3TalU o VAYWUARCEEAYCTH G/ a6éaad 3 »E3Y U364l 1331140

T31C UCY»Ai3EY»i, anayu Taiwm3Tiadl »Y A=Al 3&43nC é3NU3YC Uar3T3(0ail — T3%0aiu »Y
3+3%3Y6 6TASLCUB0TAY T31C Ry Tr»ii»U3YaoC &a03Yuadl, x»00i3TuC UST»AadlAA
T30»EC ¢ W3Ap»i»E 3(e ACYL NaUSNSATZT 3EAAECTHC Ung (1»0YST40Y R3T3Y3T3 - 4lY - 460VC):

(@) The clay soil of weathered sedimentary rock (c1)

The clay of weathered sedimentary rock is widely distributed around the subsurface of the cemetery
landslide. This soil is erodable, and some big piping halls are admitted. This soil/weathered rock contain
montmorillonite/ swelling clay minerals that accumulate in the vicinity of fresh rock boundaries and form
an extremely low-strength clay layer. In the cemetery landslide, surface of rupture is recognized in this
hard weathered silt stone (yellowish brown color). (c) TR&GY W3(CY casn UST3T3i3a0 AS+3YO»EC YET TS T0Y»

é3A3T3Y1C / Tatlasic3t Yewi3uY»iA (NCY ead3YuC Tasw3Tasly»n) NAZu»Tan3(CY YiasA»iA
A3+3Y0»EC T3U UB&3Uu AS+3Y0»EC Y(aoA »Y N3Y1Ce3YaoU: 20e YiatAA &»ra ¢ ai éwan-»rYi=3
cadi USTT3T3A3AC 1»AC »AA YRTZT NCIASTECT u3irasAlasyY»hi ew»0140 - AadYi»i: €a03YUY»Hic
ET3hax»A -WYTall »Y 3(é »ATad AS+3YO»EC YEWTSTUY»AC ~ &CY1 NaOU3N=3AU3Y Yeri=103(cY
3&3f¢/ TasyC 63NU3YC UaT3T3 (c1,c2):

(c) Permeable terrace deposit and colluvial deposit

Terrace deposit/ colluvial deposit (old landslide accumulation)/ pyroclastics are pervious or partially
pervious material. This material supply underground water to the above mentioned hydraulically
problematic soils. Scarps of the landslides are admitted in the vicinity of the boundary of these pervious
deposit and the clay soil of hard weathered sedimentary rock/tuff (c1,c2).

A=(é=icY NaOU=N=3RU3Y TasyC
T3iC -nadYrA:

The clay soil of hard weathered tuff
distributed east of the Arinberd
cemetery

@
e
S

= L

1o

i

Ve T2Tu3(CY A=A U»AT304a0UY»h
(Tady3(CY 3T3%3031), - »A»hU3YaC
3 »E3Y U3eaiU

Outcrops of sedimentary rock (tuffaceous
sandstone), the east of the cemetery

anA 3é3¢30»k  NaOU=3N=3AT3T AcYe
YewT2Tu3(CY 3&3AC T3T13(CY R»iwasy
Piping hole, 1 meter diameter which was
admitted in the clay soil of hard weathered
sedimentary rock

(1) &cY NaOU3N=3AT31 wadyC T3T3(CY -AasYr
T3AUASRST3IYST3 - 400V -40lYA 3(1 -AasYWC YTS»EC NSWT3YCR 4: fAadY WA pyanaRiasl  andw»eé
UCGCY /a3+31ai/ 1Ced»hecCi /A3+3%3Y6 NaOU3N3f»EC/ -nadYw: 20é -nasywrA/NadU3N=alsyY
343hA &3nasY3TaoU o U»YUAnCEAYCTH/ 46340 T3 TC UCY»ASEY»i: Pervious deposit/ terrace deposit and scarps of landslide
A3+3VY6»EC YEW T30/ 63A3T3Y1C Yew 1310~ 8a03YuC 13n&xi
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5.4.2 Engineering Geological Features of Yerevan City Cemetery Landslide

(1) Landslide Configuration and Profiles

Investigation activities make clear landslide configuration (Figure 5.4.3) and profiles (Figure5.4.4. and
Figure 5.4.5)

Figure 5.4.6 to 5.4.10 shows pipe strain gauge monitoring results and ground water prospecting results,
evidences of profiles of landslide surface of rupture.

(2) Cause of landslide

There are primary causes for the formation of surface ruptures as follows:

- Weathered sedimentary rock/ soil is very erodable, and piping holes form easily, it also contains
montmorillonite/ swelling clay minerals. Accumulation of montmorillonite around the boundary with
fresh rock forms the weak layer for rupture.

- In case of dip slop (dipping of stratum and slope surface is almost same direction) as the cemetery
(dipping of stratum is almost 20 degrees), the weak layer easily becomes the surface of rupture.

-Highly permeable deposit is distributed behind the landslide, precipitations percolate easily, and the
groundwater is supplied from the permeable deposit to weathered sedimentary rock/ soil. Underground
water makes the weak layer deteriorate, the ground water makes the weathered sedimentary rock/ soil
moist and heavy, and as a result the movement of the landslide becomes larger.

- Vertical or high angle weak zone such as a fault may exist in the edge part of the landslide block. But
there is no evidence.

- There are water supply pipes, and some portions are leaking. These leaks increase the supply of
underground water. (Along the H-15 road areas are have been used as orchard for 25 years. Drainage and
water leak from water pipe are induced causes of landslide activities.)

5.4.3 Methods of countering landslides from Yerevan City the Southeast to Kotayk Marz South

The main induced causes of landslides are water leakage from a water supply pipe and irrigation for an
orchard, because landslide activity begun at the same time as a summer house development and an
orchard development. The following activities are necessary initial landslide countermeasures as shown in
Figure 5.3.1.

-To prevent excessive irrigation,

-To mend the leaking water pipes

In addition, to examine the parts of the drainage works where much damage exists.

The maintenance of the H-15 road is not high priority at the current state. When this maintenance is
performed, appropriate earthworks can be planned, taking into consideration the configuration of the
landslide and the systematic road drain work are necessary.
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Figure 5.4.3 Engineering Geological Map (Yerevan Cemetary Landslide)
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Figure 5.4.4 Engineering Geological Profile (Yerevan Cemetery Landslide)

_»T»Up»ii 2005 December 2005 75



D336 W=3YaiU @a0=3YUY»AC W»EYCET3T3Y pYasA=-Ch , D31an 1 “@ad3YuY»iA b3(=er3vYail” Technical Bulletin of Landslides in Armenia, Volume 1 “Landslide in Armenia”

Pipe Strain Gauge “BG-1” “BG-1” 6 Wafi-» Y3 ¢hi=(CY NaRC%aYC 1C3iTadU
Nuburqshen! Borehole -1 Pipe Strain Gauge “BG-1" Grand Water Prospecting “BG-1”
- ] . CU=1A403T3YA0AIRY W30 3YaAiUY»h
L_ZU'DU m I DAEU»AC SAA»UY»ii
— ———— - Strain Value Resistance Change (Q cm)
D ) i i 'I T#';J.‘ —-20000 -10000 0 10000 20000 30000 010 0.00 010
g | e Ve | A==
T %0 -2 | -A%g.dw - Depth (m) A=U=Y=T3f=Ti=21A
i 1-"""“1_""'-* _ A * ¥ é»a»Uu»Ac 23-C6
) § g e ; Ual»Up»Ac 28-A
; 4 6501 200 | ——Omin
Measurement|period
From September 23™-Nobember
5 28" ,
! 65 days L e — A min
o
— -10min
6.00
1»yail=6Ccay &CT»f 8-9
3)CE .
« — 20min
8.00 |
] [] ion peaks 8-9 E = = = 30min
] U month ©10.00 '
= = =45min
a
12.00 ==60min
15 1400 | = = 90 min.
15 i == 150 min.
16 | 16.00 |
17 1,1
. '[ 1800 |
4 20 ol
20.00

UT=3f 5.4.5. PaR3T1U3Y T»6YC yawa-YI=3n, EA0AT3TY»AC 1»yanil=6C3IC wiCRC — UAYCWARCY- /ACw3ilail/, éwan-»wi= ¢i=(CY
NafnCkaYC 1Cw3ilasl “BG-17
Figure 5.4.5 Photo of Drilling Core, Pipe Strain Gauge Monitoring, and Grand Water Prospecting of “BG-1
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Figure 5.4.5 Photo of Drilling Core, Pipe Strain Gauge Monitoring, and Grand Water Prospecting of “BG-3
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