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Earthquake Damage Assessment of Lifeline Systems in Lima, Peru

Italo Inocente (PhD. Student, Chiba University)

A FOEBGIETIL, TIEKRFO Ttalo Inocente [CIZHEEA~L—DOHEREL T4 7T 4 L gEL LBz, PSSR0
B ETHCT A 7T A > « F v b T —7 OREZTHEOIEONCHfREW-TE & L,

Earthquake Damage of Lifeline Systems in Peru

Peru is located along one of the most active tectonic regions in the world, where the Nazca Plate subducts beneath the South
American Plate. This geodynamic process has generated destructive earthquakes throughout the country's history, including the
1746 Lima earthquake and the 2007 Pisco earthquake. These events caused not only heavy loss of life, but also extensive damage
to buildings, transportation networks, and essential services. In addition, seismic studies suggest that future large earthquakes could
again affect Peru's coastal cities, especially Lima, where more than one-third of the national population is concentrated.

People often associate earthquake damage with collapsed buildings. However, the effects of a large earthquake extend far beyond
structural damage. Modern cities depend on lifeline systems such as water supply, sewage, transportation, and communication
networks. When these systems are seriously damaged, emergency response becomes more difficult, recovery takes longer, and both
social and economic losses increase. This pattern has already been observed in major Peruvian earthquakes. For example, Figure 1

shows damage to water distribution pipelines caused by the 2007 Pisco earthquake.

Figure 1. Damage to water distribution pipelines following the 2007 Pisco earthquake in Peru.

Among lifeline systems, buried pipelines are especially important because they support other essential urban functions and are
widely distributed across the city. Damage to these pipelines can interrupt water supply and other services that people urgently
need after an earthquake. For this reason, disaster prevention in Peru should not focus only on building damage, but also on the
functionality and continuity of lifeline systems. This is particularly important in Lima, where disruption to basic services could affect
millions of people. This challenge is one of the main motivations behind my research on lifeline systems as a PhD student at the
Graduate School of Engineering, Chiba University.

GIS-Based Earthquake Damage Estimation in Lima, Peru

One important effort to address this challenge in Lima is the development of a GIS-based system for early earthquake damage
estimation. The purpose of this system is to provide rapid and understandable information after an earthquake by integrating hazard
scenarios, infrastructure inventories, vulnerability models, and strong-motion data into an open-source web platform. Rather than
presenting only technical calculations, the system organizes the results spatially and visually to better support decision-making. This
is especially important after a major earthquake, when authorities and decision-makers need information that is not only accurate,
but also easy to interpret in a short time for different types of infrastructure, from buildings to lifeline systems.

The platform follows a staged workflow. Before an earthquake occurs, a large number of possible earthquake scenarios are

prepared in advance. After an event, the system can quickly identify the closest scenario and update the expected damage distribution
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using ShakeMap-based interpolation derived from observed strong-motion records. A key feature of this approach is that it evaluates
not only buildings, but also lifeline systems such as water and sewage pipeline networks, as well as bridges and roads. This is
particularly relevant in Lima, where post-earthquake disruption will depend not only on structural damage, but also on whether
critical services remain operational.

This work is part of a SATREPS collaboration between Peru and Japan, which aims to develop an integrated expert system for
the rapid estimation of damage to buildings and lifelines in the Lima Metropolitan Area. This project is conducted on the Peruvian
side by the Japan-Peru Center for Earthquake Engineering Research and Disaster Mitigation (CISMID) at the National University
of Engineering (UNI). Within this framework, fragility functions are used to describe expected damage under different levels of
ground shaking. I had the opportunity to participate in the development of the GIS system by helping connect vulnerability models
with georeferenced infrastructure information and by contributing to the damage assessment of lifeline infrastructure layers. Figure 2
shows the interface of the web-based GIS platform for early earthquake damage estimation in Lima. The platform was also presented
to decision-makers and disaster management authorities in Peru, whose feedback helped improve both the user interface and the

scope of information provided.
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Figure 2. Web-based GIS interface for early earthquake damage estimation in Lima, Peru.

Research on Earthquake Assessment of Pipeline Networks

Another important part of my research focuses on pipeline systems, especially gas pipelines. In Japan, earthquake engineering
research has developed advanced methods for evaluating the seismic performance of infrastructure, supported by valuable damage
data from past earthquakes such as the 2016 Kumamoto and 2011 Tohoku earthquakes. This provides an excellent environment for
studying the resilience of lifeline systems in greater detail. My current work examines how the earthquake response of pipelines can
be assessed by combining numerical simulation with machine learning. Numerical simulation is useful for representing the physical
behavior of pipelines under seismic loading, while machine learning can help identify damage patterns and improve predictive
assessment.

At the initial stage of this research, a one-dimensional finite element model was developed to analyze damage in buried steel gas
pipelines with screw joints, which were among the most damaged components in gas distribution networks. As shown in Figure 3,
the numerical model considers wave-passage effects in order to represent pipeline response more realistically during earthquakes. In
the prediction stage, I used a classifier with probabilistic output. The input variables included peak ground acceleration, peak ground
velocity, site conditions, pipe diameter, and the material composition of the pipeline system, since this composition directly affects
overall network behavior. The output was the probability of damage in steel joints. This framework is useful because it combines

physical interpretation with data-driven prediction, making damage assessment both more robust and more practical.
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Figure 3. One-dimensional numerical model for assessing seismic damage in buried steel gas pipelines with
screw joints, considering wave-passage effects.

This research is also relevant to Peru. One of the main difficulties in assessing lifeline damage in my country is the limited
availability of detailed infrastructure inventories, monitoring records, and post-earthquake damage data. In this context, combining
numerical simulation with machine learning offers a practical way to address data limitations. Numerical analysis can generate
physically consistent damage scenarios, while machine learning can use those results to build predictive models for rapid assessment.
I am grateful to the Japan Association for Earthquake Engineering for the opportunity to share my current research and how I hope
it will contribute to improving disaster mitigation in my hometown and in other cities in Peru. Through this work, I hope to help

strengthen the resilience of lifeline systems and support safer communities in future earthquakes.

References

1. Inocente, I.; Diaz, M.; Gallardo, J.; Maruyama, Y.; Quiroz, L.; Zavala, C.: Earthquake Damage Assessment of Buried Pipeline
Networks in the Lima Metropolitan Area, in: Journal of Disaster Research, vol. 18, no. 4, 2023, pp. 366-378. doi: 10.20965/
jdr.2023.p0366

2. Inocente, I.; Diaz, M.; Matsuoka, M.; Maruyama, Y.; Miura, H.; Liu, W.; Adriano, B.; Tarazona, J. C.; Zavala, C.; Salinas, J.:
Design and Implementation of an Open-Source Web-Based GIS System for Early Earthquake Damage Estimation in Lima, Peru,
in: Journal of Disaster Research, vol. 20, no. 6, 2025, pp. 1034-1047. doi: 10.20965/jdr.2025.p1034

3. Inocente, I.; Maruyama, Y.: Machine Learning Prediction of Earthquake Damage in Steel Screw-Joint Gas Pipelines from 1D
FEM Simulation Data, in: Proceedings of the Japan Association for Earthquake Engineering (JAEE) Annual Meeting, Okinawa,
Japan, Dec. 2025.

4. Maruyama, Y.; Ichimoto, R.; Nojima, N.; Inocente, 1.; Gallardo, J.; Quiroz, L.: Estimation of the Restoration Period of the Water
Supply System in Lima, Peru, After a Scenario Earthquake, in: Journal of Disaster Research, vol. 18, no. 4, 2023, pp. 359-365.
doi: 10.20965/jdr.2023.p0359

5. Pulido, N.; Aguilar, Z.; Tavera, H.; Chlich, M.; Calderén, D.; Sekiguchi, T.; Nakai, S.; Yamazaki, F.: Scenario Source Models and
Strong Ground Motion for Future Mega-earthquakes: Application to Lima, Central Peru, in: Bulletin of the Seismological Society
of America, vol. 105, no. 1, 2015, pp. 368-386. doi: 10.1785/0120140098

6. Villegas-Lanza, J. C.; Chlieh, M.; Cavalié, O.; Tavera, H.; Baby, P.; Chire-Chira, J.; Nocquet, J.-M.: Active tectonics of
Peru: Heterogeneous interseismic coupling along the Nazca megathrust, rigid motion of the Peruvian Sliver, and Subandean
shortening accommodation, in: Journal of Geophysical Research: Solid Earth, vol. 121, no. 10, 2016, pp. 7371-7394. doi:
10.1002/2016JB013080

26



JAEE NEWSLETTER, April 2026 Vol.15, Number 1

T JwhHR—4 WETIFEMBLHDEEDEN
£ LR (SR0S 14— 3 VEES)

WX LehhlZBTsHE L < 5 LODGE @Ak
M4 FE 5ANE (2020 F)
ERID T —H)HIL=—R | LZFDRLDI 2 ANk

BEDHE - | A — %

HEFIL, SCEROEB I L OVSEEOHMNS - it T, SRR T LIRS 2 TE : .
XE Ui, SCHISOEIEOMERS « TR T IR ISR D= 0 348, ZOREET, ZONE Q9
AATARBELZ, ESH UMERLCOET, ABLKE LT, #IHBO NILHO—4] 75 R
(BED3dE], [ hT7 7] ICEDET, k7 2—XT8, 7—AZ L1230 bOoT—~<0Mibh

@)

TOET, HEHEONAEA T DHME, AR LM 4 ~—5ei L 720 FEH810 0T VIR TT, | ) A
SAIDL LRty o SIS RBEIIC b 2 7 MOICBIFTCHR Sh OV E T, BEE<oE e il L
SUTIS DUHRIEOZ D= RS  HPFEAT - TE R LI, ZORBICENT IRl otine el o
S, EHCE S TH B AT RIRRGE STV R T, R, ORI bHOA T, B | o= (LS

IS E B8 U AHCEN L CIR ST B T2, B LT HA5E, 22 COWEED | | poens
%%%ina%_4f DFB LT, AEDORA L OB £, BKEECE | Saoressn

LEE Sk B

ﬁaxk%m‘%xmgﬁg@%mﬁ@ﬁﬁ#ﬁﬁ@erﬁw:wa@%ﬁﬁﬁ@ﬁbmﬁa%@ rioTnoks 00
Ki@zgﬁ%iﬁﬁéékk%’%%@ﬁﬁﬁﬁ%ﬁ%«kﬁ%ﬂﬁﬁ@iﬁo%%ﬁ%%mﬁ Pt

chen A ZEEA e l
b\f%ﬂif\fwéi T, RZHAAFENESZ LT BERHINRGIT2 5] OTY, KE~DffxL et il iR i
L CTEOFEA TR L Tl 72— IFTd,
https://www.koubundou.co.jp/book/b593021.html

BRkDHE] F+ VT7HBITEES BT 711V 27
MNEETERSESR  NEEIE (2020 )
MiSETOBD B2+ V) 77 LGB!

BEEOTE | A —ie HME

AEIF v ) THEZANE LT, MNEEIERED IR OSRMIEL RS, itk LI-Fifor re
Y —ADO—THY ZOTO B5) T, HROMEET RRTE SSEE ) 72 L OHIE- bl i&é&
HEEWRID TREMEa Ry FaGHE ] R TIERBIRAIL) 72 & OIS, BREFEORHE 1_J_ Qg Q T
T E TENN—LTWET, ZInbIRROX v U 7 2B 2 [WFEDTTNA A=V afd D 2 & - ks

[T & & IT, FEEDHA T bR AR LA D HAI s TN, HFES J1T)L h
KB B DR, SESERMEBATRL, 85 - LATEET, ZORT, YR

Sase s e

R0 IR 333% U TIROIC L 5 % 52 Tome 0 ThiIlD FFBITEY | #EH .iﬂjiﬁi!
RHMFITH LCLTEEE (TR Y) TOR v U THEORENA R T HIA L 2> TOET, T =
BRI G TR SN ZEND RO DR TN RB 5 E R L7z T e T
i~y 7 B SFRERE LTS TOET, PSS L, BSOS ESE %y ) TR0 b éﬁal ;ﬁﬂ%
EROFEFR B 2T, S BITRSEND 720 E?‘ﬁkf‘ﬁ*lﬁ&foﬁé Z&TLE D, AKED MT o s i
43U — 2T 150 BLEOHEEATY L HSRTOET, 6 —ROH, S bIChERREE TF v Yoo

U 7B B2 I8N TR BEO LE T,
https://www.komineshoten.co.jp/search/info.php?isbn=9784338333078

27




JAEE NEWSLETTER, April 2026 Vol.15, Number 1

EVENT REPORT pm— ~
5 30 EIESSHERINE - 5 16 EXTHRERRORE
AXMETFREISR - A

BAFHEERIWGCEE (B - k4K - IE - 17 - ER)
WHEE (A% - 51@)

EEE (L)

BHRIAZI21=7—YavEER - BE (EA)

EBR (T - FHE -3

55 30 [AIESSREATRE (Bi) 232026 4F-2 H 5~ 6 HOSMNI ST 7 ¢ affiie (BB b0 (ST SIVE Lz, ARIE
1995 AEPRAPRIS KRS 2 SRR TR S-S b D BRI T 0 | ATBICH 30 RIOETH & 720 £97, HEREIOMES, 05 - il
TEEE 72 E ORCHHAN N DS eI E M2 POl 2 £ T, 170 YTV - BRSO SRS E L,

IR ARIIAHMNROFATEEROEEZHBD CNET, ARIIATEISENY ORI LE L-, $-, FEMEER
RNCLDER T REES DI SN E Lz, 5 16 B2 2EE THREHES T DRILSEENDZSBAS ) SE L, I (b
Z) IR TR | LTI (GERHIRA B R A v & —) ICLDEEMTONE Lz, £ OTHEEND, i
FEDKINFEE~DOBILOE S MAZE LT,

AARHE T 207 — AR CIIIHEDORTED /Ny 7 F o _—%H 7 VL L. ARRWN, 1TJEES DA XV hD ) —T7 %
BELY LE LTz, F7o, RAY—TCIIFEEOME L & b2, STEETEE)., TRRIEEZE ) ([C oW THEREI TV E LT,

SR, SEHEEE, IC RESHFE L T —RITHEEL, S ~OSF2 O FNEERI ONZBIRE & ORI EITVE L
Too REZL OFOTRMETAEE , DOBELE L EFEd, (M50

FEI0mEEISREARE (i)

https://www.shinsaiexpo.com/yokohama/

5 a » s
gD b5

zozsﬁ?ﬂﬁﬂg;
AARRE BES—
(RARETES BXFHEREWCER)

EXNREMNR BRI —R BAFEER (BEXE)
(E&YEHRE. LHEE MRk AZESE 5| HESE.
ESEE. BRNEE)

28



JAEE NEWSLETTER, April 2026 Vol.15, Number 1

BAMETZROTES

O 17 (IHAMETE Y VRI I L
(17JEES)
T BFRMETFER
HEF: 2026 FF11 A 26 H (K) ~28H (&)
PR L BEARER— IV (REANT)
54l : https://pub.confit.atlas.jp/ja/event/jees2026

O%H 6 FREEFEME2 FFFER
— 18I0 - EEORKEFRE —
I BFHEIFER
RIS 7> 514> (Zoom REE)
S¥# : https://www.jaee.gr.jp/jp/2026/04/10/17857/

OMETESFICHIT2 DX ICRET 58S

& « RS 2026 (Al #R)

Ef AFHEIYS

iR TAYR, BAREYSR,
BYR, BAEHYR

R

=FI,
20266 A1 H (B) 10:15~16:10
15FR -
B2

WETHR, B

AXERFR BERME 301 - 302 RFEEFE
https://www.jaee.gr.jp/jp/2026/03/11/17735/

BAMETZSOHE - BiE - HEITB1TEF

O 10th International Symposium on
Reliability Engineering and Risk
Management (ISRERM2026)
E10EEEMETI¥E ) RV ERICET S
Effzz (&E)

F{# : International Association on Reliability
Engineering and Risk Management,
ISRERM2026 B EEZE R
20266 A28H (H) ~7A18 (K
LBEKXE
https://ec-mice.com/ISRERM2026/

FIBs
35
B4

O% 68

EIERICANFRER

REAFEA ARTFLBRIGAHFI VY —
T L (EREFR L LAPR
20658168 () ~17H (B)

RRERAFHFT v 1\
https://jsiam.org/eqguide01/8836/

X

HEs
5P
B

O JpGU-AGU Joint Meeting 2026
T REHETEAN BARMKRENFES
BEF: 202658248 (H) ~5H8298 (&)
IGFh BIRA Y €
(BRsZ5H L UEERBRSR—IV7,8)

5¥48 : https://www.jpgu.org/meeting_j2026/

Z DEEFHRDITES

OFE7 I T7HETFRZE (9ACEE)

X{# : National Society for Earthquake Technology -
Nepal (NSET))

2026F 58408 (A) ~6H8 (K

EIAC s S8
https://9acee.nset.org.np/

Atz
1P
S

OHERRAS (1F5TLT <L) 2026
I A HERRAS
HEf:20264F 108178 () - 188 (A)
B - T—XR/\y 7 RKERD ERBIEMERZ (B
&m)

5¥48 : https://www.pref.tottori.lg.jp/325861.htm

29




JAEE NEWSLETTER, April 2026 Vol.15, Number 1

N == == == == —

BAMET 255 No.58 (2026 £ 6 AXK) HFEITINZET,

202543 AICHBEIF O TR b 7 7 BERHE SRR Y —F o 7 7 v—7 | DZBEARE D BB UIZBT 2 @SN AR s
L7, ZOWEETIE BISSHROMEIRILSC B RIEEITBE T 2 RO MR 2 E A T ERREIVR S, A% &S
RIS TOET, O XD RBAEDEE S TO D KFIHTER OMEAREIR, TR > 24K O #e AR
ML 7o T Y | EHOBHECHEAEDO A I =X LOMRE S HITEDLVEM SR L TWET, 22T, #5855 T
(IR N T 7 EORHER 2 TS, EEDE FHIER, AR - TR OB RIS 2 ERE AR AT 0 2 & &
HINZ TR OREARE 2532 CHUR LB T i e~ & 222 | L LTREEZATOE T, TN ENOHEEE) O
EEE. EaRET IR, S DI IFRIER K FR IR DI A BT R D701, MR LB VA BN T e~
&, WITERY - FEBHINARC, %ﬂ%%é’%ﬁ’fﬁ‘éif%%&@%& EIZOWTIRS AT OMRE LTIt EEZTEBY £,

(ERERAS 558 witdr YUt —% P i)

RS fRaC

AT, HACH G R EERHEND 15 F, EARMEND 10FE L WO EHBOEILHZ 7,
INHORERIE., KEROIEOED FOHMFZOEBNOBEREMEZHH TRLTEELE,

Z I TCARES TR, RHER EORERARIC, SRFECTHRAIFICEL S I IR REEIC
XAV, IR EN TV EEMAZO 2 IZEREZY T, [EBRGOEDL L ERELZLOTD
WC—IEHT 2EMEOTNIZ] LW T —<TREZ BB\ LE L, ZRENDONENHHE
KL M EA D BB MAZ TR TELI LT, FEOERICE > THRERR L
2bDLEZTEVET, TZHOLZATHE - BN ESWE L-FE B L OB&R
FOERRIC, ZoOHEBMEY LTOLIVEILE L EFET,

FEATTIE, THEILFRFHFOL-EI-6] O/EE LT, TERMELAFEVBI D —U A7
Wt OEEE|] 2T —<ll, A TREIC J:éf£ AaEEL, AL ERBICSMEE
TWEEEE Lz, KEICHRVHERSE2EIT 52010, Bt EMEoE#HOmz, EHE
NHE) A7 ZELLHEMBEL, B2 D2 k@%%ﬁ%ﬁﬁw’)f ik LE LT, U R IEH
VDS EE L, ATENZ ST T E, SR ETETEERRETHL LE L TWVET,

JAEE NEWSLETTER X, ZEOEMHKIZRG T, #LPHABRICTY 7 EATELEAETHD &0V
BEZENL, 5B LZANRERNDHETZE XOBSE - BEICET 2 HHE2RELTEN
DET, AN, MERELMEE I T-OOHMERD, RO %2E 25— & =77,

44 SAREHY  FJF OE

Wi, cumin AIETHES

M Japan Association for Earthquake Engineering T108-0014 RREAEXZ 5-26-20 BRREEAF Copyright (C) 2026 Japan Association for Earthquake Engineering
TEL 03-5730-2831 All Rights Reserved.

FAX 03-5730-2830 ) Il Rt ed
Website: https://www.jaee.grjp/jp/ <EZ1-ALE—DONBEHFAIGCEHTHIEEELET >

30



