CTBT: SCIENCE AND TECHNOLOGY CONFERENCE

Rengin Gok (

Haydar Al-Shukri, U

Hanan Mahdi, Unive

Wathiq Abdulnaby, UnlverS|ty of Basre
N ETELWAY oo B University of Baqt

ent in Iraq

of Arkansas at L|ttIe Ro k USA

raq
dad Iraq

Tuna Onur, Onur & Seemann Consulting, Inc. Canada

Prepared by LLNL under Contract DE-AC52-07NA27344. LLNL-PRES-774255
Sponsored by the U.S. Department of Energy, National Nuclear Security Administration, Office of Nuclear Verification. The views expressed here do not necessarily reflect the views of the United States Government, the United States Department of Energy, National Nuclear Security Administration, or the Lawrence Livermore National Laboratory.

‘Lawrence Livermore National u oratory, USA
ersity of Arkansas at Little Rock, USA

15.2-P22

ABSTRACT . . . : : : . . : .

. . . 38 397 400 417 427 43° 44" 45 46 477 48 49 NEW SEISMIC PROVISIONS OF NATIONAL BUILDING CODES
Iraq lies in an area prone to intense earthquake activity. Global Rl — . — — —
networks recorded nearly one hundred Mw > 5.0 earthquakes in 2 ¢ 20y

nearby regions since 2000. The Iraq Seismic Network was
established in the late 1970s and became operational in the early
1980s. However, recording and reporting of seismic data has been

intermittent, leading to a large gap in regional seismic data collection.

Seismic research in Irag did not advance during a long period of
national instability. In 2014, the U.S. Department of Energy’s Seismic
Cooperation Program, through Lawrence Livermore National
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Laboratory (LLNL), re-engaged and trained local scientists in Iraq to
install stations, improve the quality of seismic monitoring, and
modernize seismic hazard mapping in Iraq. Currently, the Iraq
Seismological Observatory, including participants from Iraqi
universities and other research organizations, operates eleven broad-
band seismic stations in Irag. Six of these stations provide open data
to the international community (three in real-time) through the
Incorporated Research Institutions for Seismology’s (IRIS) Data
Management Center (DMC). LLNL has collaborated extensively with
Iragi experts on modernizing seismic hazard maps based on a new
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With support from LLNL, Iraqg established new seismic provisions in the national building code
in 2016. The second page shows PSHA with a 2% chance of exceedance in 50 years on Site
Class B in terms of peak ground acceleration (PGA).

Probabilistic Seismic Hazard Assessment. In 2017, the Iraqi R In 2014, LLNL initiated the first national PSHA study in Iraq, in

government incorporated the updated hazard maps into new seismic i tt{f partnership with UALR and Iragi universities and research

design criteria in the national building code. R Rt 22 S N® organizations. The project goal was to inform new seismic

SAUDI ARABIA A  KUWAIT provisions of the national building code to refer to seismic loading

29° B R 7 o 29 in terms of spectral accelerations. Before this effort, results were:

BACKGROUND ' ' BB Existing broad-band N a) more than 15 years outdated, b) PGA-based only, and c) at a

In early 2005, LLNL began assisting seismic monitoring in Iraq through 200 km Yellow: Planned broad-band Training during one of the PSHA hands- . ’ L

a subcontract with University Arkansas at Little Rock (UALR). At that 28" | L — S — * on workshops at UALR probability level of 10% chance of exceedance in 50 years, not the

time, LLNL and UALR purchased three CMG3ESP DM?24 broad-band 38° 39 40" 41" 42" 43" 44" 45 46" 47 48" 49 Dr. Al-Shukri training Dr. Abdulnaby on 2% that the building code requires.

Quanterra operations

seismic stations (MSL, BHD and DHK) and donated them to the Iraq

Seismic Network (ISN) in Baghdad. Recording was intermittent and The PSHA study compiled all available data on local seismicity,

tectonics, and ground motion attenuation characteristics of the

oblcation om crust) thckness was published ollowing ths R R e Of 12 consists of 8 [CMG3ESF) stattons. 3 more wil be region and built a flexible framework to enable a contemporary
deployment (Gok et al., 2008). " ﬁ/ el S0 {Afgh * Newly developed seisrrmic network in Iraq is open through IRIS with “MP” network code probablistic selsmic ha.zaro.I assessment to be carried out with the
o AL s lnjf&:/\?\ ™ s‘\ o il\" Data zvailabilil?cy and individual station erforrF;ance aregareas for future improvement | engage.ment of Ioc.al SCIe.nt.IStS'_ The PSHA framework was used as a
In 2012, LLNL sponsored a training workshop for ISN personnel in e iz Nhdg it .« UALRand LLNL provide ongoing support for seismic equipment maintenance, o eraﬁ(;ns quePrmt for ongoing training in the form of weekly teleconference
Amman, Jordan. This was followed by a 2014 workshop in Erbil, Iraq o, XD L - and Iraqg networi troub|e5rg]ooﬁgng_pp P P ’ meetings, .and ultlmately pUb“ShEd .by Onuroet al. 2016.5' T.hls
to introduce planning for a Probabilistic Seismic Hazard Assessment Googie [EN "““‘“”‘w;' * 5 training workshops conducted to date in three locations (Amman, Erbil and UALR) collaboration and resulting Publlcatlon prowdeo! th? >eibmit hazar
(PSHA) study to various participants from Iragi universities and other P | — () 4 graduate students and 2 faculty members in Iraq are supported b’y this project | maps use.d 0 pro.du.ce the ﬁrs.t update to the seismic provisions of
research organizations. L — S — i — T | Irag’s national building code since 1997.
5_ _ S | T T . REFERENCES
" Abdulnaby, W., H. Mahdi, H. Al-Shukri, and N. M. S. Numan (2014). Stress
B SN e —— patterns in Northern Irag and surrounding regions from formal stress
b inversion of earthquake focal mechanism solutions, Pure Appl. Geophys.

DATA PROVIDED BY MP NETWORK USED IN UNDERSTANDING STRUCTRE AND TECTONICS IN IRAQ

171, no. 9, doi: 10.1007/s00024-014-0823-x.

T T T T T T T T T T T T T
e i
g PPy
- T T T T T T T T T T T T T T
£
NAS3 T W ANV AR
. 3 v
Bl 1) Pig g
- T T T T T T T T T T T T
" Aafn, aih
et
PP 15g
T T T T T T T T T T T T

; y H BSR1 radial RF moveout04 radial RFs sorted by bamngential rfs with baz

| s frgure slhets ez mecha.nlsm Pype - e i _~' Abdulnaby, W., H. Mahdi, N. M. S. Numan, and H. Al-Shukri (2013).
solutions for 65 earthquakes in northern 7 o8 ===1= Seismotectonics of the Bitlis—Zagros fold and thrust belt in northern Iraq
Irag. Black beach-balls are from £ 0.04 === and surrounding regions from moment tensor analysis, Pure Appl.
Abdulnaby et al. (2014), while blue 3 000 Geophys. 171, no. 7, doi: 10.1007/500024-013-0688-4.

owe | ; ADSK dec':eite_“ (September 3%, 2017) - beach balls from Abdulnaby et al. N
1 I PA— g R ’ (2013). The solid blue curvy line is the A e GOk, R., H. Mahdi, H. Al-Shukri, and A. J. Rodgers (2008), Crustal structure
e 260
B AN ASNAN I AN AN e NP SNPAANA \' k 'M',ﬂ)h WMM et A YA A A Hlie 0 2 6{9 1 . 1 1 . 1 1
An earthquake near the Iran-iraq border clearly shows the effect of =l HMMW ettty Bitlis—Zagros suture line. The solid red 2?0_ e of Irag from rec.e|ver functions a.nd srjrface wave dlspe.r5|on. Impllcatlons
sedimentary layer in BSR station. curvy lines represent the tectonic £ o & for understanding the deformation history of the Arabian—Eurasian
.MM“WWW’WWW“WWWWW boundary between dlfferent tectonlc E @0 ® CO”ISIOn, GEOphyS .l Int, 172, 1179_1187, d0|'101111/J1365'

246X.2007.03670.x.

h-

sub-regions. 1-Thrust zone, 2-Foreland L e EESEE=E
fold belt, and 3-Arabian platform. N elomoes (afm) v after Pearrival & after Prorrival
Broken blue curvy line represents the

Greater Zab Fault.
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Filtered above 3Hz
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Receiver functions example from BSR1 provides information about the
crustal thickness (Moho) underneath the station using teleseismic data.
Crust is thick due to thick sedimentary layer in Mesopotamia.
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