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b Subject: Submission of Final Geotechnical Investigation Report for existing hill road
slope protection work at TharaliGhat motor road at Km-03, Dist. Chamoli
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Sir,
We are herewith submitting the Final Geotechnical Investigation Report for existing
* bil road slope protection work at TharaliGhat motor road at Km-03, Chamoli Garhwal.
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The work on detailed geotechn, cal |

nve
rotection work at Tharali ghat motor road ztlgatlon for
Umrakhand. India. M-3, Dist,

k of
The work of detailed geotechnicg Investigation work of location of hill side

gaction was taken up to explore the construction site b

drilling in order to und‘erstand the subsurface geological czgnzl:t?:;:faf ? exr_aloratory

to assess the foundations competency & nature of gyp 8oll strata SRS
This report includes the safe gross bearing pressure for location

Geological borehole log, soil profile / roc profile table wi
i th the t
Boreholes at locations is presented at the end of this report in Appengiﬁ’:e;esmts for

PURPOSE OF STUDY

The purpose of the study was to evaluate the sub surface litho-logy up to a
depth of 15.0 m from ground level at the proposed locations, so as to develop
recommendations for foundation design. To accomplish this purpose, the study
was conducted in following phases.

 Drilling of two number boreholes at the proposed locations to determine
subsoil condition as well as to obtain representative samples for laboratorytesting.

*» Testing of representative subsoil/rock samples in the laboratory to
evaluate their index and engineering properties.

* Performing engineering analysis of all the field and laboratory data to

arrive at the safe bearing capacity & nature of sub soil/rock strata.

X INYING
" WA :
UTTARAKIAND, s O PROTECTON woug

existing hill road slope
Chamoll In the slate of

10 SCOPE OF WORK

Details of boreholes drilled on site are as follows:

1 BH-1 Tharali Ghat 'r‘\1=30u07'37.4o
= . I-
Dist. Chamoli —
\.‘ l N
2 Tharali Ghat N=30007I773
BH-2 Dist. Chamoli —
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g0, JECT NAME: GEOTECHNICAL INVESTIGATION FOR

40 FIELDINVESTIGATION

The scope of work includes mainly drilling of NX size exploratory boreholes
at locations Borehole 1 & 2 and the drilling was done up to 15.3 m depth for
location Borehole-1 & 2 at Tharali Ghat Dist. Chamoli in the state of Uttarakhand,
India.

After analysis of boreholes data, field observations, as well as lab test data,
final geotechnical investigation report prepared.

This report includes the safe gross bearing pressure for design for BH:1 & 2.

This report has been prepared based on borehole data to decipher the bed
sollrock profile, subsurface ground conditions along with necessary

recommendations.
SPT (Standard Penetration Test)
IS conducted as per IS :2131 in a borehole using split-spoon sampler of 045 m

length when the borehole has been drilled to the desired depth, the drilling tools
are removed and the sampler is lowered to the bottom of the bore hole. The

sampler is driven into the sediments by dropping 2 hammer of 63.5 kg from thef
op. Weight falling through a height of 75cm. SPT is the measure of nuntw:e; hoe

required to drive the SPT sampler every 15 cm at a prescribed fdei>15 .
Same process is repeated thrice. The number of blows recorded for the firs

yahoo.in
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Pf?l{fmu GHAT MOTOR ROAD KM-3, DIST. CH AMOL‘;OR EXISTING HILL RO
A

AD SLOPE _
» UTTARAKHAND, 1ND E PROTECTION WORK

1A

- idered as “Seat; .
. disregarded or consi eating Value® T
1!513 last two 15 cm intervals are added to he number of blows recorded for

give Sta : -
value) and are regarded as the “Penetration ndard Penetration Test (‘N

Value"|

5.0
Geologically the area belong to the Lesser Himalayas and lies in a tectonic
foredeep- The Lesser Himalayas are comprised of fanglomerates followed b
pedded quartzites, S|3L§S, phyllites and low-grade schists. The rock types arg
ranging from green schist to lower amphibolite facies. T i
schists, phyllites and quartzites. he main rock types are
The generalized geological succession in the district is given below:
[ Granute (1100 Ma)
(i) V’;iknta Group Unfhﬂ‘eremiated _ Purple, grey quartzite, grits and
(part)/Jaunsar Group | VatkritaMandhali- | conglomerate. thin bedded limestone-
Chandpur-Nagthat phyllite/slate, laminated greenish grey
formations phyllite/slate with lenticular greywacke,
purple green quartzite, gnt, conglomerate
Granite (19500 Ma & o
1600 Ma)
Berinag Formation - | Quartzite with penecontemporaneous mafic
()  Garhwal Group volcanics o
—-o—————--Disconformuty o
Deoban Formation Limestone-dolomite, shale
| Rautgara Formation Quartzite with penecontemporaneous mafic
volcamics .
Granite (2200-2100
Ma) _— —
Uttarkash: Formation | Quartzite with penecontemporaneous matic
L volcanic, dolomite-limestone, shale
(1) Central Crystalline | Granite (2500 Ma) e : _
Group Badrinath Formation | Garnet, stllimanite, muscovite, kyanite -
bearing gneiss, mica schust, migmatite,
calesilicate T
Pandukeshwar Banded quartzite gneiss, para-amphibolites
Formation o
Joshimath Formation | Gmnefnnc&f;chl_iﬂllmm&kwtc schust
‘.ﬁﬂ—‘:.. i ora uaimte Wh“c-rg»ue!}gﬂg-«w_w"w””“‘f A A S E—
-f{;'g“;ﬁ:m‘ Q‘u - Kyanite-mica schist, gneiss, para-amphibolite
R hll I (wa WY
: “Consultancy @yahoo.in o™
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U SIESTRATIGRAPHY

The slrala pnmanly consists of fractured Phyllite Metamorphic rock upto the
éaphh of nvestigation The startum from on an average depth of 0 Om to 0 60m s
bp sod cover/ Residual matenal The layer below 060 to 4 5m s weak &
wasthered Phyliite rock The layer further followed by highly fractured to broken
Phwlise rock up 10 average depth of 10 80m The stratum from 10 80m to 15.0m s

i W GV Gy

Rachreq &moderately strong phyliite metamorphic rock up to the depth of
Pvestigation

The ground water table at the proposed location IS not encountered dunng

~“‘9 upto the de 5 below existing ground level
pth of 15 Om
The stratligraphy encountered al the Borehole-1 & 2 at Tharal ghat Dist

I the state of Uttarakhand s tabulated below
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- 0.40 Top Soil cover/ Residual Soil Material |
-
/——
040 5.00 Weak & weathered Fractured Metamorphic rock
. ]
11.00 Highly Fractured to Broken Phyllite Metamorphi ‘
5.00 : rock |
i
11.00 15.00 Moderately Strong Fractured Metamorphic Rock |
‘ |

. . . »
Soil cover/ Residual Soil Materia \
0.00 070 Top |
0.70 4.50 Weak & weathered Fractured Metamorphic rock
Uiy i
s Highly Fractured to Broken Phyllite Metamorphic
450 10.50 iy rock
1050 15.00 Moderately Strong Fractured Me
“‘l ) T e — BN PRSI EEEES === i . ' B
. i ort in Appendix
borehole log for BH-1 & 2 is presented at the end of this rep
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The representative rock samples collected during dfifi
dlﬂﬂ"’"‘ Jab tests for the purpose of determining g g drilling were subjected to
g8 for other relevant engineering properties. The te t‘maSs characteristics as well
which were conducted as per standard codal pfactices S comprised of the following
gpecific Gravity S
Molsture absorption
Uni-axial compressive strength of rock cores

[}
Point load strength index of rock lumps

Brazilian test for tensile Strength Of Rock

o Porosity

& fciaw rep'rfesentat_ive rock sam_p_les from the investigated I‘ocations were tested f
heir specific gravity. The specific gravity of the samples tested varies from 2.63 toc:

% i P bt i oo

Th .
e representative rock samples from the boreholes were also tested for their

moi : : .
oisture absorption. The moisture absorption percentages are seen to vary from

0.38% to 0.53%.

n carried out on rock core sample

Uni-axi :
axial compressive strength tests have bee

vhere this ratio could not be

point load

o length to diameter ratio as 2.0. For rock sampies, W
intaj ;
m:talned because of short length and irregular shaped core pieces,

gth index test was carried out and an empirical correfation used to estimate

b o HERC
w:"“a’“a' compressive strength. Recommendations outlined in 1S 10785 1983
adhered o while arriving at the results. The uni-axial compressive strength

Varies
from 5.2 kg/cm? to 92.0 kg/em”.

Y@yahoo.in
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ATION FOR E
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W

ination of tensile strength of rocks by indirect tests

ly, Brazilian Test have carried out, The tensile stren

on rock Specimens,
2
|@lc:m‘2 to 26.9 kg/em

ath varies from
19.3

%presentatwe rock sam;:les from the boreholes Were also tested for their
osity- The porosity percentages are seen t
po s

O vary from 11.0% to 22.7%,
80 Eol

llow foundation transmits the load to the strata at s
AgrmSheda as shallow if it is laid at a depth equal to or less
t formance of the shallow foundation
pe 0

satisﬁed .

hallow depths. A foundation is
than its width. The satisfactory
involves following criteria that must be

We understand that the open foundation. The details of foundation are
follows:

S e i

(Strip founda}ion)

Open rounaation
2.0-4.0 l

Our recommended bearing capacities the foundation bearing on soil is
presented in Section 11.0 of this report.

CONCEPTS FOR FOUNDATION ANALYSIS

by
: k has been done
Bearing Capacity Analysis for Well Foundations on R

ing methods.

) ; -+ 12070.
0) Presumptive values as published mallﬁ es) as per IS: 12070.
Y} Based on rock mass rating (RMR V

. 70.
core 1S:120
(W) Estimate of safe bearing pressure frin 18

\h"MY@yahoo.in
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NAME: GEOTECHNICAL INVESTY
ﬁa’fgﬂ GHAT MOTORROAD KM-3, DIsT, g;rl\?g:l? Sﬁx‘m‘c HILL RoLp
Afl" ARAKHAND, Ta SLOPE PROTECTION S
- ased on RQD recorded for the boreholes t,
) " Or majori .
@d“‘:( The estimate of the quality of rock based o ;]0”1‘;' of the drilling runs is
v P ok mass quality index Q. Rock mass il QD can then be yseq 1o
, in -
o alues given by Hoek and Brown 1980 ang p, 1 9€x Q is read from the
iv - :
0" that exists between RQD and Q (Refer Barton et eig 1':3 due consideration to
a ) «“n ! 4 1 )
[eio' eference values given by Hoek and Brown 1 980 are tapy )- Rock mass quality
de¥ ™ Quality of Rock Rock Mass Qual; AtoH D

Exceptionally good 1()0(3I al;tg Index ‘Q° !

Extremely good W

Very good 100 - 4 ‘

Good 20-10
‘ — Fair 10-4

’ Poor 4.1 :

 Very Poor 1-01 —

Extremely poor 0.1-001 ﬁ

Exceptionally poor 0.01 - 0.001 ‘

We now have a complete sequence for estimating RMR of the stratum below

foundation level. The table below gives net safe bearing pressures based on RMR

I and is adopted from (iS: 12070 1987) Tabie 3.0:
lu

Chesification No. I 11 11 v l v
Description of Rock ggc?c,l Good Fair Poor 5} Very Poor
RMR 100-81 | 80-61 | 60-41 40-21 | 20-0 »
Qs o’ 600 - 448 | 440-288 | 280-151 | 145-90-58 | 55-45-40

The safe bearing capacity table attached at the end of this report gives safe

“lowable bearing pressures based on the results of uni-
uality Index “Q" based on

f rock quality designation
is 2.55.Based on this
le above is 44.0t/m? and

axial compressive strength

and rock mass rating calculations. The value of Rock Q
"ssults obtained from drilling of the borehole and study 0
"as been taken as 0.01 and rock mass rating calculated
Yalue safe allowable bearing pressuré according to the tab

: i d locations.
ke adopted as a representative value for the investigate

.consu]tanc > _@A"«j ?C’ )‘”\‘;\_‘"‘,‘.‘;r
Y@yahoo.in = G



: of saf i ;
gen carried out on rock core sample wit, i e bearing capacity

has P
gdepths where RQD was low, the samples collected duri

Ng drilling were of shorter
ength these samples hi%d to be cut angd reshaped so as to have lenath to
giameter ratio 2.0. The safe bearing pressure is estimateq from the equation (IS:

12070 1987):
gs =qc x Nj
g = Safe bearing pressure (gross)
qc = Average compressive strength of the rock core
Nj =Empirical coefficient depending upon the spacing of discontinuities

in the present case the value of Nj has been taken as 0.1. This is because the
discontinuities are closely spaced.
gome vertical as well as inclined cracks in the rock mass have been observed. As
aresult a few rock cores recovered from the bore hole were split into two pieces.
Correction factor of 0.50 on account of orientation of continuous joints in the slope

+n1m has heen applied
L TG s i T

The following table presents our recommended values of gross bearing

pressure for the foundations:
. ing on rock stratum
Foundation Beal ;.eeommeﬂéﬁdﬁ;l
_Gross Bearing. |
e Pfé?SLéfQ' i
im

C{Jns . i 7 % e aelty Vo
tancy @yahoo.in Jen VT et
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dations

above recommen are based o,

d test locations and results of Iaborator;‘?eﬁeld data collgc
les recovered from test bore holes. st carrieq out o

In case the proposed structyre g

and/or the actual subsoil conditiong varied durin

foundation are found to be different fropm it h%J‘ﬁth
gonsultants are to be referred for further atti;;C(;IQD.
construction work at site. ‘ pri

The
fimite

ted from the various
samp

N the soil/rock

f €Xcavation for various
been reported above, the
or to taking up to actual

existing ground level

(Ground level at the time of investigation): The table below gives recommended

pearing capacity at the above mentioned depths.
The typical calculation for foundation bearin
Annexure-A.

PREVENTIVE MEASURES & MITIGATION STRATGY FOR LANSLIDE

The observation made in the field indicates those phyliites are highly susceptible
to landslide. The flaky and brittle nature of the phyllite makes it prone to sliding
induced by triggering factors like cloudburst, blasting, road, construction etc.

The slides over phyllite, as encountered along the approach roads, leave a pile of
clay and mica in powdered form over these roads and render the approach very
sticky and slippery after a downpour.

There are a number of techniques adopted to control the landslide singly or in
combination depending on the nature of slide, terrain conditions (slope etc.)
climate (rainfall/ snow) and geological conditions. For the surfacial and deep
sheeted landslide following techniques are most effective.

g for Borehole is presented on

3) Vegetative Turfing: . . ;
itis the most effectsijve and most important corrective mzaSl;;?:gp?rltlacnutliﬁgth;
the fresh exposed surface produced by road_ cutting an tr':le ﬁrs.t ot s

growing grasses and bushes in the landslide area IS

direction.

b) Bio-Engineering: | landslide and soil erosion USng live
Itis the very economical means to contro grasses, shrubs, tree and

‘ f
Plants ang plant parts. Through plantation & " i net or vegetated

: lying } ;
bamboo, lining of grasses and shruP cutt!”_gsl;sae%pto cut down the surfacia

Stone pitching. ¢) Spraying: Certain spray 1S | 14 facilitate the vegetal

8Tosion and to improve the moisture

TUrﬁng,
% Channej;

e the

in order t0 reduc

noff:
ng the surface and sub-surface

lancy@yahoo.in




. i € drainage |
high gradlent hill slopes. The sma|| stair cases agz ;Sngonstructed In unstable
|

reduce the velocity of water. To reduce the pc)hcial rapids are made to
subsurface, percolated or perched water should be el
constructing the"tl_JAnnels across the deep sheet sjig| i oo
pipe is shallow Slildlng mass. In slide areag this methodl“relc;'l:“b i
and hydrodynamic pressure of ground water. ¢es the hydrostatic

14
E: GEOTECHNICAL INVESTIGAT
Pxo‘mlgl‘,l{vg*ﬂ" MOTOR ROAD KM-3, 1St paf\:‘)&ﬁ“ﬁl NISTING Wiy, o st
THA B ARAKHAN SLOPE PROTECT
AT AND, INDIA ‘CTION WoRk
gurface run off percolation Surfac

€ drained oyt through

no maca

g) Retaining walls and Buttresses: In areas of restricte
to other structure retaining walls and buttresses are
use full to stop the movement of freshly cut slopes d
construction sites. Low walls are used to fasten the

d space and those close
used. This is particularly
uring road and building

R toe of existing slide. This
method also reduces the artificially generated dynamic forces like blasting

Vehicle vibrations.

h) Treatment of Shape of Slope: the reduction of load of rock and soil at the head

of the slide through removing the material and changing the geometry of the hill
slope by trimming of slide mass.

that increase the volume of slide mass.

CLOSURE

“We appreciate the opportunity to perform this investigation fo_r you and have
pleasure in submitting this report. Please feel free to contact us in case of any
Clarification.

Readers are requested to send their commentg, co
SUggestions. These contributions will help us in improving
ank you once again and assure you of our best services in future.

rrections, criticism, and
ur reports in future. We
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B

/ 16 12070-1987 (Includ;
= e mendmeng |
—_J0v20

| ;;P% ANALYSIS FOR OPEN FQUNpAT =
FFERENT METHODS AS Gjygy BELo\i, BEARING &

/ﬂ{&f Dl a
peﬂ’ presumptive Va'ui’s GESS bga"ng Sapacity as per gy S BEEN
R value as per Clay au
o pasedon RM 58 5.3 of IS 1270.19g7 © 22 0f 1912070195,
2
. Phyliite
B 3
. Le

RQD valye

ﬂ"' J . Rock Core R
*  round! velpresumptive Valuzm
"//f € 5.2 of IS 12070-1957 28 %

P2 —<afe net bearing capacity e e
o = Safe g Cs = correction for orientation of joints

Gt ) :
g = safebearing capacity Ce = correction for solyi IR
e = correction for saturation / submerged condition lon cavities (inlimestone)
: msure based on rock classification:
g
: Material Gnet e
T/m
Tiassive crystalline bed rock including granite ,diorite,gneiss,trap rock 1000
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