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Jabalpur: Ambience and Urban Agglomeration
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JABALPUR: AMBIENCE AND URBAN
AGGLOMERATION

& Jabalpuris located on the northern bank of Narmada
river. The urbanagglomerationis restricted by Narmada
riverin the south and Pariat riverin the north and mid level
plateau in the east. The western limit is
geomorphologically unrestrained and the city extends
overNarmada plain

& Jazbalpuris known as Samskardhani-the cultural capital
of central India with abundance of historical monumesnts
The temple complex of Chausath Yogini of Kauta cult of
12 century ( Karchuwh Dynasty ) epitomizes the
archaeological importance

® Bargl Reservoir (Rani Awanti Bai Sagar) - a multi-
purpose hydro-technical project across Narmada river,
has added to the ecultural ambience and resource
potential

® Rich fertile soil, network of canalg, abundance of ground
water, ready availability of scientific inputs from
Agricultural University (JNKWY) at Jabalpur provide
resource parameters for accelerated agrcultural growth
in the hinterdand. Jabalpur would soon emerge as agro-
industrial center.

® Jabalpuris known for its picturesque terrain. Dhuandhar
watertall at Bheraghat and rack-cut gorge in marbles are
natural marvels. Hence the city is an important
destinationin touristmap of India.

® Jabalpuris located on the Bombay Howrah Railway line
The highway NH-7 connecting Cape Comarin and
Varanasi, passes through the city.
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[ 55} Model for Microzonation: a Flow sheet

A GENERALIZED FLOW OF ACTIVITIES FOR
SEISMIC HAZARD & RISK MICROZONATION OF URBAN AGGLOMERATION

GEOSCIENTIFIC PARAMETERS SEISMIC PARAMETERS
h & 8

Y i 2 x: ¥
GEOPHYSICAL SEBMOMETRY:
GEOMORPHOLOGICAL & ||| 1uy sioat mopgL | | TECTONIC & STRUGTURAL e R STRONG & WEAIC
LAND USE MODEL BCALE 125,000 MODEL pibstd
{SCALE 125.000) i {1-1MILLION/1 :25 00D ) {1:1 MILLIONA:25,000)

+
1= LEVEL GROUND CATEGOREZATION BAGED ONSURFACE SEISHOMETRIC ZONATION BASED ON SESSMOTECTONIC PROBABILITY,
CHARACTERISTICS [1: 25 000 SCALE] LINE, AREA SOURCE SEISHOTECTONIC PROVINCES [SCALE 1:1 MILLION]

GEDgrEgg:IECRAéET)TH})%?(TE SOURCE MODELS: FAULT LINE — LOCATION
{9,VC, D) & LAB 5T UDIES STRUCTURE, PROVINCE; WAVE PATH MODEL NUMERICAL/ANALYTICAL
&MWACRO SESMIC DATA MODELING

GROUND WATER/ SATURATDN

> NEAR SURFACE GEOPHYSICAL WODEL

{(SHEARWAVE-VE LOCITY- ¥, V" V. ),
c ON

GEOTECHNICAL
PARAMETERS

Bt ‘
GRANULOMETRY r h 4 A 4 3
2" LEVEL GROUND CATEGOR IZATION BASED ON EART HQUAKE PARAMETERS -TIME SERIES WITH EACH
SOURCE DSHA/PSHA. SCALED SOURCE - EXTENDEDSOURCE
ESTIMATIONOF SITE NESHBURE AL ATIRUIES M AEDENGE SONTRAST P-5V.5H SYNTHETIC SEISHOGRAL, RESPONSE SPECTRA
“AMPLINCATION FAULT EFFECTS, BASIN EFFECTS ETG (SCALE 125,000 ) L
S & NON SR MODE ¥

3 LEVEL HAZARD MICROZONATION MAP:
GROUND RESPONSE CATEGORIZATION [SCALE 1: 25,000]

VULNERABILITY ANALYSIS OF ENG. & ’—.4— ANTHROPIC/
Non ENG STRUCTURES. ADMINIST RATIVE
CULTURAL
_ﬂ SITE SPECIFE SPECIFIC | COSTASPECTS OF | — PARAMETERS

SESMICSAFETY ASSESSMENT ‘ | EXFOSURE

SEISH IC RIS ANALYSISWITH
EDR & PCD INDICATORS

ENGINEERING
SEISMOLOGICAL
PARAMETERS

‘ SEISMIC HAZARD & RISK MICROZONATION OF URBAN AGGLOMERATION, SCALE: 1: 25,000 ‘
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e Ground Characterization: Methodology & Salient Findings

Input
Study Components Output
Parameters ¥ )-omp P!
01 Ground Elevation-delinsate Units of size > wavelenglh (corlour plars, (oposheets) 1) Digtal Elevation Model
. fTeom?Ph‘obw 02 Landforms lthemorphic/ tedenomorphic urits (il Geomorphological Map
oposheets,
Romots Sersing | 0% Siope afirbutes (i) Slope Map
data, Aerial Photo) |04, Land use and land cover aftrbutes (') LandUsa/ Land Gover Map
05, Outerap Mapping and delinealion of cover areas ) Outerep Map
06 Generalzed lithological maps with atribites on age, sam entation-diagnesis and compadness | (v) Gedlogical Map
] 5;00“009;’ 07. Quarterary Geological Map showing morphic associations of cover sediments and soil (vi) Cover sediment map
08 Lithostratl graphy (measured/conceptual) showing bl in possibiliy of im pedance corirast {vi) Litho packages
00 Aliributes of sirface Rhology defined i terms of p and Vp () Seismic Aigidiy Map
() Basement contour Map
I | Basin Gorfigurtion | 10 Based on diill hole data and geophysical surveys (Seismio, Resistiviy, Gravity et
() Isopach Map
W | Gy | 11 ot montng ez ey clinete afea o vat 407 Pt R v
12_Fiek Studies :SPT, GPT, SCPT, BPT et (i) Nvalue Map
v | Gestehrical Studies [ 13 Lab Studies: Engineering prop: densty, FID, granulomelric characteristics, L, IF, &tc A
74 Dynamiosoltesting -CTT, C5T, 05 & Resonance celumn & Berder Element Tests eto classtication of soft sediment
Shear wave veloolty | 15 Accelerated Hammer Drop, Cross Hole ,Up-Hole, Dn Hole and ST
YU Studies SASWAR MASW type studies () Shearwaye velooity Maps Ve Va" Vs
Vil | Irtensity PointData_ | 16 IPD-irtensly map based on past macrossismio studies () IPD Map
17. Liquefaction based on Nvalie, and a,.. following Simpliied
Procedure of Seed & ldriss (182 ) modified atter NGEER workshop (Youd and driss , 2001) (Buifblaue action steceptioity Map
18__Landsiide hazard zonation based on TC-4 of ISSMFE (i) Landslide hazard zoration Map-prognosic
19, Site response Mags based on erpirioal elation of geology, soifoover sediment e e
Inter preted Thematic attibLtes: prognesis of Intensty ascentuations
l T PeakTrequency (Fo)
20, Experimental Site response studies (microtremor & earthaake based) / Strong motion
(o) Peak Amplification (40)
(o) Amplfication in frequenoy window of
21, Numerical/ Analytical Modeling: Ground Motion Model enginering significanoe (A

(i) Response Spectra
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. Source Charcterization and Wave Path Model

SOME OBSERVATIONS ON SEISMICITY OF JABALPUR AREA

¥ Jabalpurislocatedin the Central Indian Tectanic Zone inthe block bound by Son-Marmada Morth Fault (SN NF) and Son-Narmada South Fault (SNSF)

> Jabalpurlies in near field of mature zone of recurrent geismicity endemic to SNSF with recurrences in 1846 1993, 1997 and 2000, The recurrence is ascribed to
inverse reactivation of SNSF The seismicity is anomalously deep focal (35 km)

> SNSF zoneis characterized by anomalous high geotemal heat flow (107 mWim?), high amplitude gravity anomaly (30mal) with peak at Tikaria and Narmada
Quatemnary basin (260 km long, 40 km wide) hinged on the fault zone. The basin has undergone sinking pasi- pasy Quaternary sedimentation to accommodate
400 m thick sediment fillin 700 kyears

¥ The SNSF zone marks the southem hinge-line of the uphorsted Satpura block. The planimetric outline of the fault zone is curvilinear with cross faults in the
immediate vicinity to Jabalpur This provides conditions to constrain future seismicity.

> Determinisfically, a maximum credible Earthquake of 8.5 Mw, epicentered 20 km south of Jabalpuron SNSF with focal depth of 30 km is considered. The hazard is
estimated considering atienuation Law of Joyner and Boore (1981) and an average Base rock PGA 0f 0.1 ghas been assigned to Jabalpur.

PARAMETERS OF MAXIMUM CREDIBLE EARTHQUAKE OF JABALPUR URBAN AREA

Parameter Value Assigned Remark

Magnitude 6.5 Mw Based on Maximum Magnitude of the past seismicity.

Epicenter 23 08°N Lalitude and 80 06°E Longitude The mature zone of recurrent seismicity endemic to SNSF
Focal Depth 30Km Keeping in proximal to the brittle field domain of JBPEQ'97
Causative Fault Son Nammada South Fault Expecied source mechanism - thrust with minor strike slip
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Ground Characterization: Methodology & Salient Findings

1* LEVEL MICROZONATION: Q-D-M-P-6m CLASSIFICATION

3Blocks:
e SB-l:Blockofalluvial fill
o SB-ll : Resurrected block of varied lithology/ geologic conditions
o SB-lll: Block of effusive rock caver- dissected plateau and undulating plains

ot LEGEND
& = o 1 K Iﬁ
SCALE

B Hormen Boctordep araemay il

7o

(©) SCENARIO-EARTHRUAKE M 6.5, H 30 KM

Lithopackages : 12 typologies corttaining Cuaternary (Q), Deccan trap (D)., Mesozoic sediments (W) and Proterozeic Mata-volcanics and grarites (P) with variable seil sover
(Tunil, To < 5m Tm =5 10m TH > 10m}, with charadteristic seismie rigidity and built in impedance contrast

Units : 18 units of likely uniferm ground responise

Accentuation :  Empirically geologic attributes indicates na amplification on ott-crop areas of Deccan trap and granite; Moderate accentuations (1 intensity grade} on
Mesozoic sediments & high acoentuation (intensity grade 3) on basin margin of alluvial fill and small reclaimed units

11
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Ground Characterization: Methodology & Salient Findings

EXPERIMENTAL SITE RESPONSE STUDIES AT JABALPUR

Experiment Design:

Salient Findings:

Nakamura Type Studies (H/V ratio) based on micro tremors:
»  Long term mode: 72 Hrs, at 99 sites

»  Short term model 1 Hr, 150 sites

Earthquake based receiver function type siudies

* Reference site (RS) dependent mode with RS at Hathital
Exfoliation Dome

= Non Reference Site Mode

17 Local, 17 regional & 25 teleseismic events
have been recorded

Sensors Used

»  Shart period: L43D Velocity Sensor model.

" SMA: Force balanced Accelerometer
Sensors were coupled firmly with ground
Data obtained wers suitably filtered (Gaussian filter),

smoothened {300 cycles) and analyzed through SEISAN
software adopted for handling large data set

Microtremer based Nakamura type studies provide effective tool
foridentitying resonant frequencies, which confirm to results from
other methods. However, amplification values obtained are
comparatively |ower.

Site response curves obtained from Nakamura type studies are
stable enough 1o reflect transter functions at different sites. These
have been grouped in 11 classes. Thus nature of curves provides
another tool forsite classification and microzonation

Earthquake based methods show strong azimuthal dependence
of amplification values; maximum amplification at the site is from
earthquakes with wave path travel coincident with the strike of the
structural grain of the area. The resonant frequencies obtained
ars stable and match well with those from Makamura methods

Makamura method is inexpensive and time effective and provides
atool forrapid scanning of site response scenario

Empirical, experimental and numerical methods are
complementary to each other and should be used for mutual
revalidation

12



. Ground Characterization: Methodology & Salient Findings

THE RESPONSE CURVE TYPES DENOTING DIFFERENT GROUND CONDITIONS
OF HARD ROCK AND ALLUVIUM FILL TERRAINS
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TYPE-B | [ mre-¢ | [ mvee-p ] [ mvee-E |

W  —
- Y A D&E are
Lo & fundamental curves

A represents
Mahakashal — granite
and D & E represent
Deccan trap bedrock
domains. J represents
Megozoic sediments
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B, C, F G, H, | and K represent modified transfer functions on weathering, fracturing and superposition of soft sediments on bedrock domains. On increasing
thickness of soft sediments A & J type fundamental curves ultimately get modified to F type curve. D & E fundamental bimodal curves of Deccan trap
domain ultimately gets transformed to H type curves

. Ground Characterization: Methodology & Salient Findings

PREDOMINANT FREQUENCY OF JABALPUR URBAN AREA

Block SBH is classified into four units viz
(=) Eastern Margin of Basin fill with low frequency (3 Hz),
(b) Large expanse of T, surface of moderate (3-6 Hz) frequency and
(cy  Two islands of high (8-8 Hz) frequency.
In general deeper the fill lower is the frequency.
Block SB-ll contains 11 units of uniform frequency:
(a) High frequency (8 Hz) characterize bed rock domains on granite tors, structural ridge of Mahakoshal meta-volcanics
(b} Moderate frequency of (6-8 Hz) are found on valley flat on soft Mesozoic sediments and saprolitic units,
() Medium frequency (3-8 Hz) are noted on pediments slopes of torg and hard (low shale/sandstone ratio) litho-units ofMesozoicsediments and
(dy Low frequency(1-3 Hz) are noted on soft sediments and inter tor domains
Block S$B-Illis domain of bimodal frequency on Deccan trapwith de-amplification window around 3, 2 Hz; 3-8 Hz frequency is noted on alluvial fill units

s

ol oo
s : LEGEND
T T
SCALE
T p—
——
-
PeAKFREQURIOY G- 1

PEAK FREQUENGY < 8 He

RECLAIMED AREAS

SR- OBSERVATION POINT
EPICENTRE OF SOENARIO -

JGUAKE MES, H20 104
EPICENTRE OF SOENARIO -
EARTHQUAKE WE.S5, H30 14
EPICENTRES OF AFTERSHOCKS
t1997) AND OTHER EVENTS
FAULTTRACE

PGk 0.09g Deterministic Base rock
acceleration { AflerJayner & Boore 091)

(©) SCENARIO-EARTHQUAKE M 6.5 , H 30 KM




Ground Characterization: Methadology & Salient Findings

MAXIMUM AMPLIFICATION (IN 3-6 HZ WINDOW) MAP OF JABALPUR URBAN AREA

Block SB-1is divisible inta three units of low (<2), moderate (2-4) and high (=4) amplifications in 3-6 Hz window.

BLOCK SEB-Il shows wide variability with 9 geographical units of amplification in 3-6 Hz window. A large expanse on rocks older than Mesozoic sediments is
characterized by low (<2} and moderate amplification (2-4); high amplification {>4) is restricted to inter tor domain of old Jabalpur city.

BLOCK SB-lll is domain of low (~1) amplification at places de-amplification. Moderate {2-4) and high (=4) amplification are restricted to soft sediment alluvial fill
proximal to river regimes

LEGEND

s *
[ <t Amplitcation
] St onee
[ <2 Amgisication
[ 24Ampsfiction
[ 4 Ampisioztion
7 awTTRACE
SR- OBSERUATION PONT

= Pesommgpemmisic
{AferJoyer & Boore 1981}

EPIGENTRE OF SCENARIO-
EARTHQUAKE
M65,H30 KM
EPIENTRES OF

© AFTERSHOCKS 199}
'AND OTHER EVENTS:

@ SCENARIO-EARTHQUAKE M 6.5 , H 30 KM
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EC= Excessive Cracking, FW= Falling walls;
Structural Components

FH=f

alling.hazards of non
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LINEAMENT MAP AROUND JABALPUR
SHOWING PAST AND RECENT SEISMICITY
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MAGNITUDE < 3.0
MAGNITUDE 3.1 - 49
MAGNITUDE 5.0 - 5.9
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A JABALPUR SEISMIC OBSERVATORY
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MAGNITUDE Z 6.0

Source Pimprikar & Rao , 2003
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