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Damage to Buildings and Strong Ground Motions in the 2024 Noto-hanto Earthquake

BiAf - AR - IR
HYBERG @ o Wl @ o JHEEEELY - e —©

Yuki SAKAIL Masahiro KURATA, Hiroshi KAWASE"
Shunsuke NAKAZAWA®" Masashi SHIOMITSU®” Eri ITO®" and Kenichi NAKANO®

(1) () BAREEREGRERPT
(2) FEHb B KM T I A L B
(3) HLIBR%E T
(4) [ENIRFAEBRTEIEA SR SET
(5) %2 ~ BT JERT

(1) General Building Research Corporation of Japan
(2) School of Regional Design, Utsunomiya University, Japan
(3) Faculty of Engineering, Yamagata University, Japan
(4) Building Research Institute, Japan
(5) Technical Research Institute, HAZAMA-ANDO CORPORATION, Japan

Synopsis

We reported on the building damage and the strong ground motions that occurred
during the 2024 Noto-hanto earthquake.

Regarding the characteristics of the earthquake motion, the strong ground motion that
occurred in Wajima, Suzu, and Anamizu had a large component with a period of 1-2
seconds that caused major damage to buildings, while the earthquake motion observed at
K-NET Togi, which recorded JMA seismic intensity of 7, had a large short-period
component that is highly correlated with JMA seismic intensity, but a small component
with a period of 1-2 seconds. A damage investigation was carried out around the strong
ground motion observation points, and it was found that in the former area, extensive
damage had occurred, primarily to old wooden houses, while in the latter area, no
surrounding wooden houses had major damage.

The absence of school and medical building collapses and minimal damage to
government buildings demonstrated the effectiveness of retrofitting efforts under Japan's
seismic reinforcement policies. However, cladding and ceiling damage in steel buildings
and uneven settlement in RC buildings were notable. Significant disruptions in medical
services due to piping and equipment damage highlighted the need for enhanced
resilience in healthcare infrastructure.

As for the physical cause of the high peak ground velocities (PGVs) in the middle of
the heavily-damaged areas like Suzu, Wajima, and Anamizu, we investigated the
horizontal site amplification factors (HSAFs) at the strong motion sites based on the
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generalized spectral inversion technique for weak motions observed before the 2024
Noto earthquake. It turned out that we have significant amplifications in the frequency
range around 1 Hz and below at those sites inside the heavily-damaged areas, while we
see ordinary amplifications at the sites outside of the heavily-damaged areas.
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Table 2-1 Seismic intensity indices of observed strong ground motions

Station name Seismiih;lrl:-\tensity PGAlcm/s”] | PGVlem/s] Lova Lo Lias
Shikamachi Sueyoshi Senko (Shindokei) 6- 312.8 55.3 5.7 5.89 559
Togi (K-NET) 7 27250 83.7 6.6 551 555
Nanao (K-NET) 6- 459.0 529 58 575 576
Anamizu (K-NET) 7 1220.7 151.4 6.5 6.63 6.60
Wajima (JMA) 6+ 608.5 120.5 6.2 6.50 6.25
Wajima (K-NET) 6+ 16276 88.7 6.2 599 6.02
2024 Noto-Hanto [Omachi (K-NET) 6+ 992.0 106.4 63| 599| 605
Nanao (JMA) 6- 642.1 526 5.8 584 5.75
Nakanotomachi Notobeshimo (Shindokei) 6- 307.0 545 5.7 5.88 565
Shoin (K-NET) 6+ 847.1 132.2 6.2 6.36 6.29
Otani (K-NET) 6+ 1468.5 103.1 6.2 6.14 6.01
Wajimashi Monzenmachi Hashiride (Shindokei) 7 701.9 157.8 6.5 6.61 6.37
1995 Hogo—ken Nanbu, Takatori (JR) 6+ 741.6 157.2 6.4 6.64 6.65
Strong ground motions 2004 Niigata—ken Chuetsu, Ojiva (JMA) 6+ 975.0 93.6 6.3 5.93 597
observed in past earthquakes 2011 Tohoku—-chiho Taiheiyo—oki, Tsukidate (K-NET) 7 2765.2 105.8 6.6 538 535
2016 Kumamoto (4/16), Mashiki (KiK-net) 7 13138 131.6 6.5 6.38 6.48

X The JMA seismic intensity other than Takatori (JR) was cited from the Japan Meteorological Agency and the National Research Institute for Earth Science and Disaster Prevention.

— 115 —



M7 MVERL, HOEEHS%) %, Fig 2-1(b)IZ, %
WEREORELMEBOINEANT MLE, BED
RHECTHN SN HEBO L O & g L TR

BETE B L7 K-NETE RIX, 2EEHR0% (b,
2013) D201 14 AL 5 K e i ZEK-NETELAR &
FREIC, FHAIEE CHEOD 5 EHIHLL T OIS
(Bifth, 2004) XK E WA, BYOKE 2giE L HHR
D H 5 E 128 OIS E 1T A 1.8% D 200447 Fi ik
B RIMA/NT A LD b/ E L, SRR
WAL CTEEIRELS 2200, K& 72EWHK
EFAECICSWHEEORET TH S, FU L EET
ZEB U -K-NET/OKIE, A28 0y 28 axgsg
43.1% (Bifth, 2023) ToH - ZIRMER & FIFEE T, &
WD RE I EE B & 2R ST ISR HE
heFx 5. EEREZENLZIMAS S, JRIER
L 0IINEZINLDODOREEIZ% TH > IMA/NTH
DOUEFREDI12BIEETH Y, BYWORE 2P EL
BIEEITHONMONHMEH THD. Zofich,
EE 6T A B L 7-K-NET K4, K-NETIERE, K-NET
T XA W12 CTlg (=EMEE) L EOIRET
bV, EMIKRERYPELFISETREEOH D
HWEHES25.

2.2 BEHASRAILIOHEERE

ZOXH BRHBBIOMITIZL Y, JUK, w5, B
WTEYORERWENELTNWE—F, BETD
K-NET& R T, KRERFEENEL TN
EBRfEEE N, 22T, WEEBIRLEE L OBER
BEAT- 7. FAEORIG L T 2 BN AIX
1. BETZHRLZ2TOBM S
2. EBEHU LB L-BESEDY L, HAEZH
L 7Z RS CIRELSE S AR STV h, Eic
SOBRLL DN TFAET D H D
LW D T, Fig 2212 R T 128 RIS D IA A TE.
B H OIMAIXR G T REENA, EEFHIHT A
MAREBEFH 2R LTS, BEAED ok, 8
WEOEMRMELZFEETIMICEETENLE
FFLTWS 720, A ORE RS0 A T El - 7o B A
HdD. PGB S EE200mEN & L,
FFEN O TOBMIZHONT, FMEH S8 - Kk
LWVt RERPEDOHE, RiE - FFARELZHEL
. 7k, AL, BE, REOHUREE, Aok
EBEZITIEWIIRESNE L, EEREREET
DO ERYBE L HERYHEICIET Y B LT
W‘;u\ AR R OB & LT, K-NET/RKJE L DOH

- FeW oA X & Fig. 2-318 7”77,

ﬁﬁ%ﬁotﬁgﬁﬂﬁﬂ DOHFPD, WD
ICOWNWTRRD,

f{ Epicenter
o s Otani(K-NET)
JMA seismic intensity
e 7
@® 6+ Shoin(K-NET)

0 6 //'\/
Wjﬁpa(JMA)a Wajinia(K-NET)

Monzenmachi(S)
-

Anamizu(K-NET) _ Omachi (K NET)

Togi(K- NET)
[ ]

ERS

Nfl

Nenao K-NET);

gNanao(JMA)
H Shkamach(S) 7\
Nakanotomachl(S\ L
0 10 20 km

Fig. 2-2 Strong observation points investigated

* Seismic Station

© Mooden building

@ Heavily damaged wooden building

O Steel or RC

Number inside marker: Number of stories
Marker without any number: two stories

Photo 2-3 Damage to roof tiles

Fig. 2-3 Example of damage and building distribution
(K-NET Anamizu)

Photo 2-1 K-NET Togi

Photo 2-2 Surrounding area

4 &W‘“ el §
Photo 2-4 Damage to
window glass

— 116 —



(DK-NETE R(GEET, sA&R : 1/7)

B IXERITFREICH D BSAHTOE KRV
ICRE SN TW5 (Photos 2-1,2) . JEICIZSHED
B (RTAKRE) NN, £ RTE Vo748
EEZITEEVIRONR Do T2, BMAgE I
ERRICHEEZZIT28Y (Photo 2-3) X°, W T A
BICWHEEZ T I28Y (Photo 2-4) BR BN
(2K-NET7UK(EET, REH : 1/8)

BUALRIE, © & 8B FUKRN 5 A0IZ300miE EI2 H
DAROBMANIZEE SN TWD (Photo 2-5) . JA

IO (5 BAREE® 129 RdH Y,
ARG Y2443 428 LT 7= (Photos 2-6~8) . #t
VOB WETIE, V7 ABRICWEEZZ T &Y

NREONTZ. BYLSORETIX, HlgkopECH
BLZRMAA N
B)IMARE(EE6H, FAH : 1/9)

BT S5 & T4 (Photo 2-9) DRI
FEIN TS (Photo 2-10) . JALIZIT 22248 D7
W (O BAREEM0TH) d D, REEMSHN 2
2L TV (Photos 2-11, 12) . EM OB ET
X, I ABIIHEEZZ T BN AL, &l
A DOBEETIL, HAROHESCHE L CRA R b,
(4)K-NETH =5 (5% £ 67, ﬁ§5~1@)

BRI — AR AR OILTE OMRIZH B OB H I
FEEIN TS (Photo 2-13) . JALIZIZ 1808 D7
W (5 bAREEDITIH) BHY, RiEEMe2H N4
1L T/~ (Photos 2-14~16) . EM OB E T
1Z, AEICHEERZG RN R LN, &St
DOHWETIE, HBOEESCHEE LRI LN

(5)K-NETEPZ(EE6, FHEH - 1/26)
LRSI X IEBERT ERT OB IR LI éhfkb
ﬁm5®%@J:h3mi&®&##&é JAai

nﬁ@@%(o%ﬁm@%ﬂﬁ)#%w,ﬁm@%
ISR LT, B ORMARHE CILLER
WCHEEZ T @nAonic. BHLstopET
1%, MR ORESEEE L R o 7.
(6O)K-NETRA(EE 6T, FHAH : 1/26)

B SIEER N T SRR /N 2248 o S o0 AL AN Z 5%
BEINTWD. FIIE30O Y (9 bAEREY
2888 BBV, REEWI4BAEEL TV, &Y
DRI ETIL, SEITWELZ T TEMR A
iz, BHLAOWETIE, o gEoR i s
&motﬂﬁwﬁ%#ﬁ6ht.

(7)) 5 T FHRITAT B R G (GR 7, AR @ 127)

BLA ST B A P PR A AT O T4 IR B &
NTWA. JFEOBMPNIII A O EN SRS
nt:&&% BGRB8 B O Ml D B

WENGEN, FUNTAECEES RS
b@#%é.mk_i%ﬁ®@%(o%ﬁm@%w

Photo 2;7 Heavily damaged Photo 2-8 Heavily damaged

Photo2-9 Wajima Regional
Joint Government Building

Photo 2-6 Heavily damaged
wooden house

RS

wooden house wooden house

Photo 2-10 JIMA Wajima

Photo 2-11 Heavily damaged Photo 2-12 Heavily damaged
wooden house

wooden house

Pavement damaged
7 by ground uphcaval =

Photo 2-13 K-NET Wajima Photo 2-14 Heavily damaged

wooden house

Photo 2-15 Heavily damaged Photo 2-16 Heavily damaged

wooden house wooden house

B 280, KEBEW ISR L TV zIED, #

— 117 —



Table 2-2 Results of damage investigation and seismic intensity indices of observed strong ground motions

JMA N Nd eismic _intensity scales
Station name - .. | All structural Al structural D[%] | Dw[%] [ PGA PGV
Seismic Intensity styp:sura Wood st;::sura Wood [cm/sz] [em/s] Towa I Iis
Shikamachi Sueyoshi Senko (Shindokei) 6— 82] 76 0 0 0| (0) 312.8 55.3 57| 589 | 559
Togi (K-NET) 7 5 5 0 0 (0) (0] 27250 837| 66| 551 | 555
Nanao (K-NET) 6- 168] 129 4 4 2.4 3.1 459.0 52.9 58| 575 5.76
Anamizu (K-NET) 7 137] 129 24 24 175 18.6] 12207 151.4 6.5] 663 6.60
Wajima (JMA) 6+ 222| 207 54 54| 243| 2641 608.5 1205| 6.2 6.50 | 625
2024 Noto-Hanto Wajima (K-NET) 6+ 180] 171 62 62 34.4 36.3| 1627.6 88.7 6.2] 599 6.02
Omachi (K-NET) 6+ 91 YAl 1 1 1] (1.4)] 9920 1064 | 63| 599 | 6.05
Nanao (JMA) 6- 74| 60 0 0 (0) (O 642.1 526 | 58| 584] 575
Nakanotomachi Notobeshimo (Shindokei) 6- 68 58 0 0 (0) | 307.0 545| 57| 588 565
Shoin (K-NET) 6+ 38 34 15 15| (39.5) (44.1)] 847.1 1322 | 6.2 6.36| 629
Otani (K-NET) 6+ 30 m 14 14| (46.7)] (50.0)] 14685 103.1 62| 6.14| 6.01
Wajimashi Monzenmachi Hashiride (Shindokei) 7 76, 63 19 18] (25.0) (286)] 7019 1578 | 65| 661 6.37
1995 Hogo—ken Nanbu, Takatori (JR) 6+ 545| 207 190 123| 205 431 7416 157.2 64| 664 6.65
Strong ground motions 2004 Niigata—ken Chuetsu, Qjiya (JMA) 6+ 164] 114 2 2 12 18 975.0 93.6 6.3] 593 597
observed in past earthquakes [2011 Tohoku—chiho Taiheiyo—oki, Tsukidate (K-NET) 7 58, 51 0 0 0.0 00| 27652 1058 | 6.6 538 | 535
2016 K (4/16), Mashiki (KiK-net) 7 225| 223 14 14 6.2 6.3 1313.8 131.6 65| 638 6.48
D:Ratio of heavily damaged buildings Dw: Ratio of heavily damaged wooden buildings  N:Number of buildings, Nd:Number of heavily damaged buildings
* The damage ratio around the station with 80 or fewer buildings are shown in parentheses as a reference value.
**The damage rates around JR Takatori have been adjusted according to references 1) 3).
**%k The JMA seismic intensity other than Takatori (JR) was cited from the Japan Meteorological Agency and the National Research Institute for Earth Science and Disaster Prevention.
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Tabe 3-1 Earthquake Resistance Rate of Hospital Facilities

EQ-resistance
Surveyed EQ-resistance in No No EQ Is values | EQ-resistance
Prefecture in all Base-isolated
facility # some buildings | EQ-resistance | diagnosis | below 0.3 rate
buildings
Ishikawa 91 74 12 4 1 12 3 81.3%
Japan 8085 6425 639 572 110 978 197 79.5%
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Fig. 4-1 Strong motion observation stations in Noto
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Fig. 4-2 Separated site amplification factors for
horizontal (upper panel) and vertical (lower panel)
components (SHSAF and sVSAF) at eight K-NET
stations in the Noto Peninsula. Red solid and
dotted lines are geometrical mean and mean=1
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Fig. 4-3 Map of two stations in Suzu City (a red
triangle is K-NET ISK002 and yellow one JMA
CCA) and site amplification factors for the
horizontal component at ISK002 and JMA CCA.
Red solid and dotted lines are the geometrical
means and means=*1 standard deviations for all
the observed events for the whole duration
(WHSAF) drawn in gray, while black solid lines

denote the geometrical means of sHSAF.
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Fig. 4-4 Map of two stations in Wajima City (a red
triangle is JMA E10 and yellow one K-NET
ISK003) and site amplification factors for the
horizontal component at JMA E10 and ISKO003.
Red solid and dotted lines are the geometrical
means and means=*1 standard deviations for all
the observed events for the whole duration
(WHSAF) drawn in gray, while black solid lines

denote the geometrical means of sHSAF.
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Fig. 4-5 Map of two stations in Wajima City (a red
triangle is K-NET ISK005 and yellow one K-NET
ISKO015) and site amplification factors for the
horizontal component at ISK005 and ISK015. Red
solid and dotted lines are the geometrical means
and means *= 1 standard deviations for all the
observed events for the whole duration (WHSAF)
drawn in gray, while black solid lines denote the

geometrical means of SHSAF.
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