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Abstract— Dodoma, the capital city of Tanzania, lies
within the East African Rift System (EARS) prone to
earthquake of moderate to strong ground shaking. In the
recent years, Dodoma area has been hit by earthquakes
with considerable damages to build environments as the
case for the magnitude 5.5 earthquakes of November
2002 that induced several cracks to National Parliament
building and brought several panics to Tanzanian
Members of Parliament who was in the session. By
revisiting the geologic setting of Dodoma, earthquake
activities and the current technologies for earthquake
monitoring in the urban areas, the study proposes the
community earthquake monitoring network for Dodoma
City and the nearby populations that are currently
dwelling in background with possibility for earthquake of
magnitude larger than 5. The proposed network of
seismic sensors can help in providing 10 seconds of
warning timesto Dodoma city dwellers.
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I.  INTRODUCTION
The Dodoma city lies in a region where the eastern
branch of the East African Rift System dies oub itiie
craton. The area is characterized by low- to mddera
magnitude seismic activity, with few large earthkpmof
up to magnitude 6.2, capable of inducing small to
medium damages to build infrastructures.
On November 4, 2002, Dodoma, the capital city of
Tanzania was hit by an earthquake of magnitude 5.5
during the parliament session, causing panics tobés
of Parliament and inducing several cracks to the
parliament building [6]). Surface dislocations hetform
of fractures were also reported by local villagersheir
fields, in the Chenene Mountains close to the Gxisith
Road and near Chenene village (Macheyeki et al.,
2008).The epicenter for the event was within ther&me
Mountains that lies within an area between the Bifalolt
and Hombolo fault. Also, the magnitude 6.1 earthgua
of 7 May 1964, which occurred along the southemden
of the Eyasi basin, was strongly felt in the regibtost
recently, on 13 July 2016 an earthquake of mageitud

WWwWw.ijaems.com

according to NEIC occurred about 62 km from Msanga
and about 79.3 km from Dodoma, the Capital city of
Tanzania [12]. The intensity of the event in Dodoctigt

as reported by USGS system was about 4 Modified
Mercalli Intensity (MMI) scale, which is high endugdo

be felt by people dwelling in Dodoma city as wedl a
neighbouring towns and villages. This event wdisup

to a distance of about 500 km away, and as faraaobi,
Kenya. Although Tanzania operates the National
broadband seismic stations closer to the evenentsc,
until the writing of this document, no processethdar

the event from the Tanzanian seismic station were
available on the international seismic bulleting fhe
event [13].

The tectonic study, active faults identificationdathe
seismic sources characterization with respect te th
locations of urban areas in the region by Daudidgd
Msabi [3], have also indicated that most of thesiséd
generated frequencies from the EARS sources mayrea
the Dodoma urban sites with significant amount of
energy. Further study undertake by Lupogo et alod]
seismic site effects of the Dodoma area based on
gualitative characterization of the local soil citioths
and the expected influence in amplification durithg
earthquake, provides characterization of seismic
generated ground shaking amplification effects thoe
urban area of Dodoma shown in Figure 1.
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Fig.1: Earthquake amplification map for urban area of
Dodoma,[ 4]
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From Figure 1, seismic ground vibration of up totibes

is expected in areas like Hombolo and some parts of
Mirembe, while Udom falls in area with ground \ation
amplification of up to 5 times than the originabrations

at the source. That is, even for small ground vibns
induced by the earthquakes that reach Dodoma lanét,
infrastructures in Hombolo area are at more risk of
collapsing than that in Udom area.

Earthquakes hold the potential to deliver devasgati
blows to urban areas with projected losses of umto
quarter-trillion dollars from a single event [12s the
population increases in Dodoma city, expanding mirba
development are likely to encroach upon even tleasar
susceptible to more amplifications to earthquakesirnd
motions, increasing the risk to life and propergynhges.
As a rule of game, when you are in an area where
earthquakes risks is high, it is recommended tcsicen
the inclusion of earthquakes overall emergencyaresp
strategies and technologies into the developmeamspl
The buildings must be built to a higher standard of
construction with strict earthquake based buildinges.
For the safety of economic investment and develapme
that are currently being undertaken in Dodomactpstal
city of Tanzania, the geological history of the [Doth
region must be considered in all engineering ptsjeach

as road construction industry, mining and urban
development, as well as all technological commuitoa
infrastructure building projects.

. METHODOLOGY
Methodology adopted in this study, starts with the
evaluation of seismic velocities in the region gsisC
phase arrival time of P and S-waves at the globiahsic
station located within the region. From the current
seismic sensor technologies adopted around thedworl
and from the sensor types available in communinatio
devices used by people dwelling in Dodoma, feasible
sensors technologies for monitoring earthquakes nea
Dodoma city is selected. Then, using the epicenter
positions of historical earthquakes, the positiforsthe
community sensor stations is proposed via simuiatib
warning times with respect to selected target sites
Dodoma city.

. SEISMIC ACTIVITY OF DODOMA CITY AND
SURROUNDING AREAS
From the ISC catalogue, events recorded in theonegi
with epicentral distance to be of danger to the @woa
city between 2002 and July 2016, are shown in Ei@ur
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Fig.2: Seismicity closer to Dodoma between 2002 and
July 2016

From Figure 2, the seismic activity closer to Do@om
shows that the area is indeed seismically activeprone

to large.

Earthquakes with magnitudes ranging from magnitide

to 5.5 are common to have hit the northern part of
Dodoma for many years [7] — [8]. The earthquakes in
Dodoma area tend to occur in swarms and the lemtgst
event culminated by the November 4, 2002, magnitude
5.5 earthquakes that struck the Chenene Mount&bis,
km north of Dodoma. Few people were reported daad,
school and a dispensary destroyed, and the oldah#nz
parliamentary building located in Dodoma, cracked.

IV. POSSIBLE SENSOR TECHNOLOGIES FOR
SEISMIC MONITORING IN DODOMA
Many personal communication devices that community
dwellers are using to connect to internet are eiplodt-in
with MEMS accelerometer or can be connected via USB
to MEMS accelerometer sensors. The MEMS
accelerometers are the state of art low cost seiserisor
technologies being utilized for monitoring earthkges in
urban area for early warnings to reduce seismiated|
losses [10]. Most modern laptops or mobile phosues
built with MEMS accelerometers and by networking th
devices, a low-cost seismic network for collecting
earthquake generated seismic waves can be formégd [1
Community earthquake Early Warning Systems
(CEEWS) based on MEMS accelerometers are
operational in several regions around the world e
CEEWS captures the earthquake propagating waves and
send the data to the central server where installed
algorithms processes the data to infer danger zands
send early warning alerts. The warning times irremntr
CEEWS varies according to the distances between
seismic source, seismic sensor detecting the ewedt
user sites location with respect to event. The imgrtime
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of up to 70 seconds has been realized in some CEEWS
but for personal protection, even few tens of sdsoof
warning time has been proven to be enough for getapl
quickly move to safe-zones such as under sturdg,tab
move away from hazards including falling book shkslv
and windows [5]. Because wireless communicatioms, t
major requirement for sensor operation, is widely
available in Dodoma city, MEMS accelerometer seismi
sensors has been proposed as feasible technolagy fo
monitoring earthquakes in Dodoma.

V. EVALUATION OF SEISMIC VELOCITIES
AND PROPOSED SENSOR NETWORK
AROUND DODOMA
Using the ISC seismic phase arrival times repotigd
seismic stations in the region for earthquakes wdthrce
near Dodoma, P-wave velocity has been analyzedeto b
between 5.9 km/s and 8 km/s while the velocity $or
wave ranges between 3.5 km/s and 4.8 km/s [1]. dJsin
the magnitude 5.3 earthquake of November 4, 20QBeas
case study, the P-wave and S-wave velocities fer th
region has been simulated in this work to be 7¢ &5
.for P-wave and S-wave respectively. The same rafige
seismic wave (P and S-wave) velocities acrosseafgmn
has been also evaluated by analyzing the ISC statio
phase arrival data for earthquakes originating ezslds
Dodoma as recorded by seismic stations along EARS.
According to the seismic activity and tectonic isegtt
around Dodoma, epicentral distances for the eaatkeu
that poses danger to Dodoma city (Figure 3) caasdew
as 70 km away. Simulating the repeats of magnitu@e
earthquake of 2002 in Dodoma, for warning time 6f 1
seconds to allow people in the city to take covesafe
places to minimize losses, the proposed network of
seismic sensors relative to the earthquake grohakirsg
is shown in Figure 3.
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Fig.3: Ground shaking from magnitude 5.3 earthquake
and proposed positions for seismic sensors. Blue triangles
are seismic station and red circles are other earthquake.
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The shaking in red to blue is the shaking of theecstudy
earthquake.

The warning times calculation utilizes the time the
earthquake waves to travel from the source to dicgr
stations, the time for communication of data tocessing
center and the time for the seismic waves to staaking

the protected site. The seismic station were asdumbe

the low cost MEMS accelerometers in smart phores, t
MEMS accelerometers that are connected via USB to
computers, as well as the MEMS accelerometers ipitxilt
laptops. The protected sites were the selected site
Dodoma city, which included the parliament building
University of Dodoma, Hombolo, and Mirembe. Thedim
for arrivals of P-waves and S-waves propagatingftbe
earthquake source to the first five stations weseduin

the calculation of warning times, as detailed irothar
paper (Manyele, 2016).

From the earthquake ground shaking in Figure 3; red
orange colour implies severe and hazardous ground
shaking accompanied by possible damages to build
environment, green colour implies strong shakirthw
minor damages, and blue colours implies low shaking
without damages. That is, Dodoma city is simulatéitth
strong ground shaking as was the case for the pakie

felt reports.

VI. CONCLUSION
Indeed the seismic activity around Dodoma city gose
some challenges for city dwellers. The fast speéd o
building the infrastructure for this capital city Banzania
should go in hand with utilization of seismological
knowledge in order to build structures that canecwjith
the expected level of earthquake ground shakingo Al
because cheaper technologies of MEMS based
accelerometers are available in most communication
devices, city dwellers should be educated to ppdie in
building denser community based seismic networks.
Community based seismic networks will provide alert
for city dwellers to avoid dangers.
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