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Hanshin Expressway Earthquake Museum

HETE 250 . GBABNELD. ZLTEDPZEHARELSEZVED

What Was Lost in the Earthquake, Whal Need To Ba Passaed On, and Whal We Should Create From
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What Was Lost in the Earthquake,
What Need To Be Passed On, and
What We Should Create From

The Hyogo-ken Nanbu Earthquake occurred al 5:46 in the
morning on January 17, 1985, took pracious lives and
destrayed cherished livings of local communities. Tha
earthquake directly beneath the densely populated cities was
an almosl unprecadented experience and caused ramendous
damage to the Hanshin Expressway, leaving us with
indescribable catastrophe. |n the chaolic. sormowful altermath,
our priority misslons were rascua of poople, emergency
responses and early restoration of the expressway system,

While making full efforts toward restoration, we saw a strong
need to pass on this experiance of disaster to Tuture
ganarations and, a5 2 part of those activities, decided to salect
and preserve damaged structures from engineering view
points. The pieces of damaged structures collocted hare are
raminiscent of the devastating energy of earthquake.
demonstrating how real structures fail and collapse actually,
which was only possibla in the realm of hypothesis in the past.

Although the forces of nature could not be resisted, the
communitiss have been revived by human powar and wisdom.
This museum aims al nol only prasernving how the earthqueke
destroyed but also conveying how we responded in the 623
days from the momeant of the earthquake to the complete
restoration of the expressway system. The museum also
introduces new technologies and various activities we have
developed and pul inlo practice basoed an the lessons wea
learnad, including disaster management support and
educational assistance for disastar pravantion.

Earthquakes will come. We strongly hope that valuable
information ba conveyad and shared among peopla through
this museum, sa that collective wisdom generated thareby will
coniribute to praventing catastrophic disasters in the fulure.
Far us, this musaum will always be the reminder of salely and
raliability, for we see no end to the lessons from which wa
must leam.

December 18, 2009

Hanshin Expressway Company Limited
Honshin Expressway Mansgemant Technalogy Contor

Hanshin Expressway Earthquake Museum
RAonewal Commitioe
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Thes cenctaph & dedicated 1o mamory of the 16 peopls whd I0S! el Ives in the ncdonis misted o o
Hannhin Expresswary during the Hyogo-ken Nanbau Earthquake. With lsasons lonme from the tragic daanier,
we pipcion fo make concerisd ofions 1o provide roads snd road cenvices with incresesd safiely.
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M7.3 earthguake struck urban cities Hyogo-ken Nanbu earthgquake
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The Hyogo-ken Nanbu eanhquake of 8 magnitude 7.3 (Mw6.8) occurred in the area
near Awaji Island and the Hanshin area of Jepan (34.6M, 135.0E, depth 16&km;
Japan Meteoriogical Agency; JMA) &t 5:46(J5T), on Jenuary 17,1985. The crustal
rupture i inikated on the Mojima faull, which is includad in tha Rokko-Awaji faull
2ona running from Aokko Mountain to Awaji lsland. Strong shaking markad paak
ground accalesation of B18gal (0.83g) aa the maximum in (hat me and the zona of
SRsEmic ntansty Vil on the JMA scale was caBad as “Earthquakes disaster bell’,
which was obsanved along the laulte of 40 km length. Many Tacililies of the Hanshin
Expressway network in kobe Ashiya and Nishinomiya area wemne covered in the belt.
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Damage to the Hanshin Expressway !/
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AEANBERCSI>T.ENBNERTIIIENERT The Hanshin Expressway suffered enormous damage from the I,r'

B35michoTHER.AHDFTHEELEOEWMN. 58X Hyogoe-ken Nanbu Earthquake. Major damage included a complete :"
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A ﬂh%ﬂﬂiﬁﬂ Steel Superstructure

--“"'".H

I Jopol il beace

MRS AP DA EOEP-21 HER] O] B R (EH R a—
=) A IR TRE S, 200 CRE L RIS S3mEE X AT RO R L
AEL T E e T T OSSN IR A A SO T —F R 2 AR
NEE TRy Fo T RE03=F00, F RS REELS
WEE - SEEEER AR PSR GES-213) (305 g &0~
RRPALSE)

BREREE J7—FE (T 57T ex)

HE TN Frias g

BEREY  SHiETHE (FH2FIEs

BNEHE 220IL— LR TRSEE ) Hf T O EIZEL. B

LEeEaeEmLVORRICIRIE AL

P—=FROLBREBEENDER ERRTOER

Buckiing of upper lateral brace and deformation of end cross beam in long arch bridge
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B Damage descriptions. (1A mavable baating (o plvol roller beasing) on the
ond piar in tha Rokko lsland sada (P-214) wos damaged [ The beidpe with abow
9,200 tons in waeight moved about 3 m toward tha easl horizontally [ 2A jack-up
support placed on the pser beam dented inlo 1he ond cross baam, (0 The [ack-up
Suppon together wilh bwo lixed bearings lormad & threa-point Suppart lor the arch,
cauding the upper lateral brace o bucklo

B Location - Rokko Island Bridge (5-213) on the Wangan Route #5(From
Uozakihama-machd o Fokko kiand, Koba)

.Sln.n:l.urﬂ ﬂﬂnﬂgumﬁﬂﬂ Sihistd rch briclgen (1 !\c_.-.v.Jh Larichiges willhy chowsty bl clach)
B Completion. 1982
B Major standards applied - Specifications for Hghway Bridges (1090)

B Restoration.” The entire bridge was Iifled and replaced 1o fts oniginal
poailion uiing iwo fioating crancs, [n addilien, he domaged members wens
reptaced with the nerw ones.
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2 B Descriptions of the exhibits.” End cross beam ifo which the jack-up
Hﬁf‘."*ﬂ' suppon dented Upper laleral beacs of the arch bdnn
BT M Specifications of the exhibits
P F 2o (BB SMET0. 18E 32mm) End cross | Bottom flange {materal; SMSTO; hicknesa: 32 mm)
. S (BB SMETO, IEE28mm) hanm Wb (matneial SMET0; thicknoss: 28 men)
AR T TF77 - A S5400. 38 B 16mm) : Lippir I.|.’1,|r:|T T and bottom Ranges (material; S5400; ihickneass: 16 mm)
gx7 (M 3:{354 00. & 9mm) brace | Web (malerial: S5400; thickness: 8 mm)
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Deformation of central suppor members of continuous steel box girder bridge

B Damage descriptions - (DHUpper shoos and ping disengoged from the lowes
shoos in the fixed beanngs (pin bearings) on the cantral peor (P-120) 2 The ox
girchirra (0 ihe suporsineciuno moved about 65 em ipward the aast (Kobe skbe) and
about 110 em foward the south due o the horzontal force. HTThe lower shoes of
tha damaged pin boaings bk Iheaiugh & Do tangs af 1ha ok girdor whora
thay lomd earmying reinforcement was nol provided.,

B Location. < 5-118 1o 5-120 on the Kobe Roule £3 (Ashiya City)

H Structural eonfiguration
with reanlorcod concrele decks

B Completion - 1963

EMajor standards applied
Highway Steal Bridgoes {1964)

2-span continuous stecl box gurdor I!:|-|1-i|r'

Desigm and Fabrication Specilications lor

B Restoratlon . With traffic restrictions imposed on road balow the bridge
Takan into ascount, the damaged mombors wore cul oul and remaved, and
SUDSOOE0 NEY oW MEmbrs were instaled.

.Dﬂﬂ!’ipllﬂl‘lﬂ of the exhibits I:léllr.il_.IL*d and removod portiong ol he
box girdor and lixed bearings (pin beanngs)

B Specifications of the exhibits

i F2ar-L (fESMEE. lIF35mm] Box garded | Bottam Nango (malonal: SM38; thecknesa: 35 mm)
PRI SRR ! i [eiit-2t nres ) eat T
(AR & (M W SMEE, 1 5mm) mmawet porten). Wi (material: SMS8; thicknass: 15 mm)
Hesd | FRMHESCIE. BMI1.01ake) Fll.-io:-'-':llh_:a Lower shoes (materal; SC46; mass: 1,014 ka)
(BT84 o (4SS4T, HRA%kg) e Ao | Pines (matorial: S541; mss: 48 kg)
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SRR ik e sk
7 e contrenus: snel b groiors sith conorein decks
TEO0 o )
(WS- 120) (MeS-118)
W Depas i L A
— _fi‘: " i Bk
1156 = 1 (3540 |y
BT ges 2940
Cik The exafsbited part
I . = FE——a narlan e —

{unemm)




A BEBBED stee superstructure
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Buckling of continuous steal box girder

ANDSE I#5-238

B Damage descriptions. 1 The pler P-240 with a floed bearing faided in shear
amang tha four reinforcad concrato o ns which waro supponted the Suporstruciune
ol the spans 5-238 lo 5-240 {3-span continuous box girders with reinforced
concrobe docks) (7 Tho P P-240 meved and senk from ils criginal position

1A significant buckling oceurred in the main girders of the end spans al the
regions closer fo the inMermadinte piees (P-230 and P-240)

B Location.” 5-238 to 5-240 on the Kobe Routa #3 (Mikage Honmaghi,
Higashinada-ku, Koba)

M Structural configuration
reinforced concrefe decks

J-mpan conlinuous box ﬂlllJi_‘lr br-lJHr_- willky

B Completion - 1969

BEMajor standards applied
Haghway Steef Bridges (1964)

Design and Fabricallon Specificalions or

BRestoration A new 3-span continuous box girdar bridge was built with
Sadl ks 0 order o redeco the weighl of the superstructure,

B Descriptions of the exhibits
girder of 5-238

Damagod (buckling) portion of the maln

M Specifications of the exhibits

Bolicen Range (material: SMEE; thicknass: 13 mm ard 20 mm)
Weab (matenal: SM38; thickness: 12 mm)

Tog Nange (malerizl SMS8; thicknaess: 12 mm and 18 mm)
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Hc Hm Reinforced Concrete Pier
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Flexural shear failure around the base of reinforced concrele pier
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B Damage descriptions. - Flexural shear fadure was accurred In ha oolumn gt
a height shghily above ils base and resulted in a residual inchination loward the
soudh in wiwch diac lion the bedam had ngo oeerlung.

B Location .~ P-73 on the Kaba Route #3 (Kawanishi-cho, Nishinomiya City)

B Structural configuration. Roinforced concroty single reclangular colurn
with & eross seciion {1 3.5 m= 3.5 m

B Completion -~ 190%

B Major standards applied
Substructues (1966)

Design Guidelines lor Highway Bridge

B Restoration.” The damaged column was cul at the bass and removed, and
subsequently n now reinfarced concrate rectangular column (3.9 mx 3.9 m) was
Bbullt on sile. Finally & lactory-labricated sleel beam was connecled on i 1o
complale tho plet,

B Descriptions of the exhibits -~ The damaged portion of tho eoluma
around which had been lomporarily jackoled with the concrelo lor Secondary
dinaster prevention is exhibited. The column was divided into blocks 1o emove
from the sile, as shown hare.

N Specifications of the exhibits

Designad concrete strength: 270 kgffom?

Longitudinal rendorcemants: DA% (S0D30) in double arrandgemsent
Lateral ties: D16 (SD30) at 300 mm intervals
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Reinforced Concrete Pier
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Flexural shear failure around the base of reinforced concrete pier
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B Damage descriptions. Flesural shear fallure was occurred at the column
base with the buckling of lengiludinal reinlorcement, and resulted in a residual
inclination toward the aast (Kobe slds) and also toward the nodh In which
d@rochon [he beam had large overhang.

B Location -~ P-36 on the Kobe Roule £3 {Ishizaicho, Nishinomiya Gity)

B Structural configuration.” Resntorced concrele single rectangular coburmn
withacrossseclion M35 m=3.5m

B Completion -~ 1958

B Major standards applied  Design Guidalines for Highway Bridos
Substreciunes (1 D66)

BRestoration.” The damaged column was cul at the base and removes, and
subsequantly a now resnlorced concrolo rectangular column (3.9 m = 3.0 m) was
built on site. Finally & factory-fabricatad steel beam was connected on it to
comphiEe the ples

B Descriptions of the exhibits -~ The damaged pottion of the column
around which had been temporarily jacketed with the concrete for secondary

digastier pravention is axhibitod, Tho column was divided intd lour blocks to
remove from the site, as shown here.

B Specifications of the exhibits

Duegigned concrote sirongih: 270 kghem®

Longiudinal reinforcemants: D32 (SD30) in dowble amangement
Laloral ties: D16 (S030) al 300 mm intorvals

Wp—34 @P—36 - MmE
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Flexural failure around tha base of reinforced concrete pier
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B Damage descriptions. - Senous fexurad tallune woas occurned a2t the column
base with the buckling of longitudinal reinforcomants

B Location < P-236 on the Kobe Raoute £3 (Mikaga Hanmachi, Higashnada: ku, Koba)

B Structural configuration
with & diameter of 3.0 m

Reainforcod concralo single cylindrical column

B Compiletion - 1863

B Major standards applied
Substrsctures (1966)

Dasign Guidalines for Highway Bridge

B Restoration,.” The damaged colurmn was cul 2t the base and removed, and
subrequantly a new renfoced conciole cylindrical column (diamaler: 3.4 m) was
built on site. Finally a factory-fabricated steel beam was connecled on il to
complete the pho

B Descriptions of the exhibits ~ The damaged poriion of the column
around which had been temporarity jackeled with tho concrete for secondarny
disasler prevention is exhibited. The column was dividod nlo two blocks to
rerneve from thie sitg, &5 shown hore.

B Specifications of the exhibits

Dasisgnad concreta strengih: 240 kgllem’
Langiudinal reinlorcements: 032 (S030) in double arrangeman
Lateral es: D16 (SD30) ab 300 mm intorvala
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nc *ﬂ Reinforced Concrete Pier
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Flexural shear failure of reinforced concrete pier at cut-off position of the main reinforcemeants
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B Damage descriplions . Serious lexural shear lailure was occurred af the
around mid-height of the column whare the longiludinal reinforcements had been
el off, easesang e bockling of longiudingl remdorcement

B Location .~ F-620 on Ihe Kobe Route #3 (Nagaie-ku, Kobe)

Wi Structural configuration
wilh a diameter ol 2.5 m

B cCompiletion. 1867

Aaoinforced concralo smgle cyfindncal column

B Major standards applied
Substructures [1566)

Dosign Guidelings for Highway Bridgo

B Restoration. The damaged column was cut & the base and removed, and
subsequantly a new reinforced concrete column (diameter: 2.9 m) was built on
silo. Finally a laclory-labricated steal beam was connected on il 1o compilete lhe

piar,
M Descriptions of the exhibits ' The damaged portion of the column
arouind which had basn lamparanly jacketad with concrate for secondary desastor
prevention is axhibiled. The column was divided into four blocks to remave from
tha sflm, A% shawn hare

B Specifications of the exhibits

Designad concrelz sirength: 240 koflom®

Longiteding rednlercomaents: D35 (SD3E0] n rple 1o snghe
arangements hawing the cut-off

Laterad tins: D16 (S030) al 300 mm inlarvals
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Shear damage of reinforced concrele pier
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B Damage descriptions -~ Shaar fallure was socurrad in the eolumn &t a
haight slighily above its base. Although the column was determined as & minor
domago during an appearance obsorvathon for the structure, @ was found from a
detailad inspection that cracks had reached the inner concrete of the column

B Location < P-32 on the Kobe Route #3 (Somedanocho, Nishinomiya City)

W Structural configuration. Reinforced concrete single rectangular column
with a gross secton of 36 m« 4.5 m

B complotion ~ 1080

M Major standards applied - Design Guidelines lor Highway Bridge
Sulbsdructuras [1906)

B Restoration Th damaged column was out af the base and memoved, and
subsaguently a new reinlorced concrels reclangular column (4.1 m = 5.1 m) was
built on site. Finally a tactory-fabricated steal beam was connected on Il lo
complala the pier

B Descriptions of the exhibits © Four pieces of the column with Lhe
signiicant shodar crivcking which portion had been cut into gight pieces

B Specifications of the exhibits

Dosigned goncrede strength: 270 kglicm®

Longiudinal reinforcemsants: D35 (S0D3E0) in tiplo or douibke
amangemant having cut-ofl

Lateral ties: D16 (SD30) at 300 mm intervals
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B Hc ﬁm Reinforced Concrete Pier
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Flexural shear faillure around the basa of reinforced concrete pier
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B Damage descriptions - Severe fiexural shear failure was ocourred at the
calumn bagse with the buckling of lnngitudinal reinforcement

B Location. P-54 on the Kobe Route £3 [Arasbisucho, Nishinamiya Gily)

B Structural configuration .~ Reinforced concrate sngle oylindncal column
with n daameter ol 3.5 m

M Completion - 1089

B Major standards applied
Subsuciures (1966)

ERestoration. The damagad column was cul at the base and removed., and
subsequently a new reinforced concrete cylindrical column {diameter: 3.9 m) was
buill on site. Finally a taciory-{abricated siesl beam was connectad on |l Lo

cormplete the pier

Deaign Guidalines tor Highway Bridge

M Descriptions of the exhibits. The damaged porfion of the column
mround which hiad beon lomporanly [ackoled wilh thi concialo [or ﬂu:untlnzy
disasier preventions is exhibited. The column was divided into {our blocks to
mmove rom the site, as shiam hode, Theao of thorm arg Bero, and 15e anothor s
exhibited al the Disasies Reduction and Human Renovalion Instiution.

M Specifications of the exhibits

Degigned concrele sirenglh: 270 kghem®

Longitudinad refnforcements: D35 {SD30) in double amrangement
Latoral bog: D16 (SD30) ol 300 mim inlesvala
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Local buckling of stiffened plate of steel pier
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The exhintes part

B Damage descriptions - Local buckling of the stitfened plate ocourred
betwe=en the concrete filling portion at the column base and the laiesa! diaphragm
|usl mbove Bhore, and mesulled ina sgrdicon] rosidoesl incination ioward the south
in which direction the beam had lame overhanag

B Location.” P-353 an the Kobo Routs #3 {Chuo-ku, Kobe)

N Structural canﬂguraiion_ Stel rectanguiar ples wilh a cross secton of
1L.E5mx=20m

M Completion 1869

B Major standards applled.” Design Specifications for Highway Steel
Hridges (1864)

B Restoration. After underpinning 1he suporstructure and plor boam
members, the damaged column was cut a1 the base and removed oul, and

subsaquently a now momber (Ihickness: 30 mm: material: SM430Y8) was
installed. The level of the concrete filling the pler was ralsed from the previous
sarlfing

M Descriptions of the exhibits -~ Romoved pariion (The altached stfeners
ware ol lemporary retrolil agains| secondary disasters unlll (he completa
restoration.)

W Specifications of the exhibits
Steslplar: 1.5 mx 2.0m
Thickness: 30 mm (SMS0BE)
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Cracks in circular steel pier
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BDamage descriptiona - Alhough almast no buskiing was viaisds frem the

appoatrance, crocks wero found in the welds batwean lateral diaphragms all
around the pier.

BlLocation.” P-609 on the Kobe Route #3 (Nagata-ku, Kobe)
W Structural conliguration. Sseel cylindncal pier with a diameter ol 20 m
N Completion, 1967

I Major standards applied
Bridgos (1964)

Design Specifications for Highway Steel

M Restoration

at ils base and removed out, and subsequently a new slesl pier (diamater 2.0 m;
theckness: 40 mm; material; SM570) was bullt.

Al Undarpinning the suparstruciurs, the snting e was ol

P Descriptions of the exhibits -~ Fomion with cracks (The attached

ghiffoners wore of lempomry rotrodil agalnst socondnry disastars wntil the complale
restoratian.)

[ Specifications of the exhibits
Sool psor dinmaolor: 2.0 m
Thickness: 34 mm [SM414A)
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Local buckling and cracking in circular steel pier
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B Damage descriptions. Local buckling occurred belwoen (he conerelo lfing

poetion and the lateral dizphragm just above il. Cracks occurred in the welds on
lhver calumn,
B Location. P-580 of the Kobo Roule #3 [Hyogo-hy, Kobe)

HStructural configuration . Steal cylndrical pler wilh a diametor of 1.8 m
B Completion - 1967

M Major standards applied
Bridges (1964)

Design Specilications for Highway Steg|

B Restoration.” Aler underpinning tha superstructure and pier heam

rmasmbers, the column wiks oul af It base and removed oul, and subsequontly o
new member (thicknass: 3 mm; malerial: SM5200C) was installed and reinforcad
with lha tilling of concralo,

W Descriptions of the exhibits -~ Damaged and remaved portion (Tho

atteched stifiensrs were of temporary retrofit agamst secondary disaslers unis the
complole rualomtion ]

W Specifications of the exhibits

Slesl pier dlamater: 1.8 m
Thicknoss: 21 mm (SME0A) for the uppor part and 24 mm
(SMS0B) for The lower pat
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Steel Pier
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Local buckling and fension cracks in circular steel pier

B Damage descriplions . Local bucking ocourmned betwean the (ilng conanils
porlion and the laleral daphragm jest aboveo it rasulling in elophant feot Dueckiing

and the ruptune of he walds,
M Location . P-584 on Ino Kobe Houle #3 (Hyogo-ku, Kobo)
B Structural conflguration . Steal cylindncal pler with o diameter of 22 m

B Completion 18957

W Major standards applied
Bridpes (1964)

Design Specitications lor Highway Steel

W Restoration -~ After undorpinning the superstructure and pior boam

members, the column was cut at its base and removed out, and subsequently &
i rram b (hicknogs: 32 men; matodol SMAR0YE) wos ndlaBed and rolnforcod
with the filling of concrete,

B Descriptions of tha exhibits - Damaged and removed portion (The

altnchod stifonors wede of temporary retolil agaknsl secondary disasters wntil 1he
camplste restoration.)

M Specifications of the exhibits

Steal par with o damestar ol 22 m
Thickness: 21 mim (5541) for the upper part and 28 mm (SMA1A) for the: [owear pat
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Buckling of shiffeners in steel pier
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B Damage descriptions. Buckling of the entloe stitlenars occured batwasn

1 lilling concrate porfion and the lateral diaphragm pst abawve &in thi column of
thas south pier which was carrying most loads of he suparstructure, The column
delformed outward in the norif and south faces and mward in Dot (e east (Kole
shdir) and we4l (Osaka side) laces. A manhole provided (i ihe Osaka slde was
considered to have served as & weakness in this incidant

B Location.” P-6on the Kobe Route #3 (Imasumizunami-che, Nishinomiya City)

B Structural conliguration.© Single-story, 1-span steel rigid frama
reciangulnr paor with cross socions ol 26m x 26 =34 m

B Completion .~ 1962

B Major standards applied.” Design Specificatons for Highway Steel
Bridges | 1564)

B Reostoration.” After underpinning the suparstruciure and plofr boam

members, 1he damaged column ws cul al its boltom Bbigck and removed oot and
subsoguonlly o new mombar (Thicknass: 40 mm; materinl; SME20C) was instalind
The level of the concrate fillengy the ploef W ratsed 1o o bottom of the beam.

B Descriptions of the exhibits. - Damaged and removad portion (The
attached slfifenomns ware of lemporany retrofil spainst sacondany daanion unil e
compléle ragIoration. )

M Speciflications of the exhibits
Swmalper: 26mx26~33m
Thicknass! 40 mim |SM508)
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Cracking at the base of steel pier
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B Damage descriptions . Cracks acourmed in the top end of [he slilfeners at
the base of the north pier which is located helow the ground lewel, The cracks are
appeansd amost all arownd thea column

B Location . P-371 an the Kobe Rowe #3 (Chuo-ku, Kobe)

B Structural confiquratlon < Single-story, 1-span stesl rigid frame
reclangular pier with a cross sactionof 1.0m = 1.5m

B Completion . 1589

M Major standards applied
Briiges (1964)

Design Specilicaions for Highway Steel

B Resloration.” Tho portion in about 5 m length containing the oracks was
remoned gul, and subsiquendly new members were installad,

it} Descriptions of the exhibits -~ Column base conlaining cracks {The
artacherd stffenss were of lomporary rebrofit against secondary disastara until the

complate resloration. )

W Specifications of the exhibits
Seslpic 1.0m=1.5m

Wb thickness in tha column: 25 mm (Shd1A)
Frange thickmess in lhe column: 26 mm (SMA41A)
Aib thickness in the column: 18 mm {5541}
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D I:’il{'y I‘ii [EE**E] Pivot Bearing in Nishinomiya-ko Bridge
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Fracture of pivot bearing supporting large arch bridge

A P00 -SSR Demages on P-100

Nishinomiya-ko Bridge on Wangan Route (Route 5) s a 252 molors long
Mielsen-Lohse arch bridge with steel decks linking lwo reclaimed lands in the
Osaka Bay. The bridos (s supportad by fixed heardngs on (he east plor (Osaka
side), and by movable bearngs on the wasl pier (Kobe side). The bearings are i
pivol type. OF the two fied baarings, e and i (s nonh (montaln sido) sullored
from brittle fraciure on the upper shoe due to tremendous lateral ssismic force
Thio upper shos wus fractured in hall snd the loosened parl was salodged from
the: péer

Thi lowor shos thal was left an the ples and the remalned hall of the upser shod
are shown here. The another Pivol bearing supporting the adjacent span which
wirs collapsed dus io the axcasshe displacemant of the Nishinomiya-ko Brisgo s
allsn shown heng
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Damage of Bearings
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Raoldgr bearing = used for movebe suppon @nd cepabls of

herizontal mowemant and rolling. One or multiple mllss se
insfallad batween 1he coper and |ower shoss.
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Eflw 3R  Pot bearing
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Classilication ol Expressway Damage

FIC ﬁm Rainforce

Steeal Pier
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The Road to Full Restoration
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Emergency strengihening for the prevention of altershock-induced secondary disasters, and removal work using special technologies
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Emergency strengthening for the prevention of
aftershock-induced secondary disasters

For serously damaged structures. temparary benls wore instalad o suppar tha
gerders and plar baams, and omongoncy strengthening wns carried oul on the
piars 80 that altershocks would not cause any further damago such as collapss or
lalling of a brichgs
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Removal work using special technologios

Cutting-edge technologies were usad to achieve fastor romoval of damagad
sltruciurés (n conlingd spacos with various rastriclions
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Wire sawing

Pier columns and beams o be
removied wene cul inlo blocks with a
rotary diamond wire saw
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Self-powered carrlers

A large self-powered camser wis wsod
1o ramove pler beams in lamge bocks
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Procedure of reconstructing reinforced concreta plers
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Az nn sxnmpln of the reconsic
Bon of reinforced ooncréle piors,
tho Tollowing shaow  [ha
piocedue o reconsirgcting a
compoano phor which consists of a
meinioecod concrede column and &
atn baam
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Back to full service In 623 days
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Pilz structure in Fukae Honmachi, Higashinada-ku, Kobe

An 18- span prostrossed concrote bridge collapasd lor & length of B35 m in Fulkns
Hommachi, Higashinada-ku, Kobe: This secion had a Pz or mushaoom-shaped
alruching i which lhe bridge plems and girders wers rigidly conneched to anch
oiher, with the mid-span girders suspended. The girders ol norbvward in the
Bafhipuake a8 17 reinforced concrete plers. collapied st mid-height of the
COMLEMNS:

The peors and gldulu ol the redsll structure Bre no enger conpeched o anch
ather, with base isolators nstaled for 8 reduced seismic load, The duad box
glirdoes wilh sloe! dock aro Sghl in wolght, and the relinfomced conerete peerm hnve
expanded widihs in the transverse direchon
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Benten Vieduct in Hatobacho, Chuo-ku, Kobe

The Benten Viaduct in Hatobaecho, Chuo-ku, Kobe, was senously damaged in the
caribguako. Mullipbe reinforced concrolo plars lalled in shear, causing the beidge
to fall and the main girders buckia. The existing pile foundation was meused for
laslod resloraban, wilh base solalors placed al the boliom of the plers so thet no
strengthaning was required on the old foundation. High seismic pedfomance |s
achiewvod (n this now 18-span conlinuous rgid rame bridge with steel deck,
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Efforts for Preventing and Mitigating Disasters
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mic retrofit projects on the Hanshin Expressway
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Strengthening of bridge piers g
To improve strength and toughnass of exsting bndpe ; | |

peers, Stel struclures arg (Bed with concrele. and | —— =:'|
concrete sirictures are jacketed with stoesl plates
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Ensuring adequate seating of girders

The beams ol bridge piers have been made wider to keep the ginders from falling
during an earthouake,
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Improving bridge restrainers

Cannections botween adjacent girders or thoso betwoon tha ginders and piers
have bean improved using cables and vanous devices so thal the bridgos will ned
tall down wihon relative displacoment betwoon a pior and a girder is unaxpectedly
large due to strong seismic mation.
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Changing to base isolators

Base molnfors made of lminated rubber are sofl and absorh solsmic |oece, so
atteruaiing the energy and reducing the ground mation transmised to the badge grders
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Making girders continuous
Girders have been made confinuous to prevent them from being unseated
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Seismic isolation and control technologies applied to long-span brid
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Sliding seismic isclation system and buckling-restrained braces
(Minato Bridge)

Ther Aoar system. or brdge decks on which vehicles fravel, of the Manato Bridge
was praviously supported by midal bearings. They hove booen replaced with
=liding base isofators lo reduce the seismic force, thereby preventing damage o
thio main tness which i the frameswark of the bridge consisting ol main o primary
mambears, Tha ofher feature of the retrofit on this bridge was the adaption of a
damage control system. Swoy brocing, bollom |aleral bracing ond olhet
sacondary or supplementary members are designed to withstand damage tn a
cartain daegrea so that thay abborh selsmic anengy and keop (he primarny members
mlacl This seismic coninol has been achieved in practice by replacing old sway
angd Bottorn laloend bescings with buekling-rostrained braces which are capahls of
absoabing seismic enemgy without bucking [crumpling under sirong comperession
trarm bath ends)

TAURRER

Slidiny base isolators
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Laminated nipbes spring
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Buckling- resirined braces
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Shear pancl dampers (Tenpozan Bridge)

The Tenpozon Bridgo has beon retrofited with shear pancl dampors lor soismic
lorce reduction. The dampers were installed al each junction of the cross beam
and dingonals (gussel anca) in the lower part of the towers, Thig sofsmec condrol
thrvic pbaorbs Seiemes Gnagy &5 ils sheol panels are deformed in shaar deoction
and plaghcred. The steel used for the panel s ow yiold stool wilh excolient
loughnoss which has a conslant yickd point and is plasticired consisiently o a
spoche load, The damper also prevents the towor deagonals kom buckling
(elumpding unoés SIrong compressaan kom both ends) and reduces salsmes foros,
thamely previenting damapge 1o the main ginder beanngs
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Laminated rubber damper of vertical sandwich structure with
cables (Higashi-Kobe Bridge)

Tha Higashi-Kobe Bridgs has a unigue sinecturo in which tho maln girder s simply
suspendsd by cables and mol Supported by any beanngs on Mwears or pers, The
main gitder i s “support-ifed” structuno may deplaco oxoesaivoly in the dwint
ol a large earthquake. As & midsure bo ol excessive displacemant, we fave
ndialod o feEme conlmol syniem conaenting ol a lamnalod rubber demper of
verical sandwich siruciure, and cablos. The vertically-placed, sancwiched
luminalod rubbar blocks (lemination of mubbor and stool) within the dampar
sysiem deform smoolhdy in a lage mobion los seismic control
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From the Qutbreak of the Earthguake to the Full Restoration

1995.1.17

R Time
5145 Il:.!h-sl:féri‘f BT AR T TS F o —F7, 2Ot e
FEENMISFE R THE WA FSEET SS RS ETHRES Bt a e R s
Earr.'squahe ol magnitude ¥_2 cccumed with the epicenter located at around Akashi Strait, Hyogo Prelecture.
Serious demagge occurnod 1o o Hanshin Exprossway, incloding 1 oolligesod and 4 fallon soctions m the Kobe Bauke (#3) and
1 Eilien section e Bws Whandgan Fowts (V5]
2:50  AOREIRERICERT AR, MMM CELOD LR EE. Rl EEENT
Exprosswry patrol unils worg instnced 10 nespod msd surfaces and essisl mscoe and fins-aid ot damaged or accident vehicles
5151 MEEEEHBOSHEmIOATIFS—FER
SimiMannmis ondar [or road closune was issiod o all libooths on (ho Hanohin Exprosaway
6:30 fREFEEEEROSBICHAVERRR (AR, ) R - Sams
Human and propesty dimaos Sunvey Slaned throughout 1he Hanshn Expressway Sysiam,
9:00 FHMEEREREETITUIRAO] N DA E | & o, R IR E. o1 0 IR I E Al e AR | 2 B R
(RO OEE. ASRRRNSOER KR ERE DR G O IR O DR T 0% R - iR
ORE NEOd ARG~ B OETR)
Tha Hanshin Expresseny Emergency  Oparalions Contar (HE-EDG, comprised of 7 groups md lod by e prosden of e
Hanahin Expretswny) was s up, and mdividos] on-gits eeovisny bk foross wiste formad & conatruction and managsmont
departrnerr5 of each office. Operations staned.
smmant of damage werm criinmnd a prinrily facke and omdern Ior socondany deasiar prevanbion wane mado &0 mmedisaialy
[ |,I gl O SeoRoes O e nibBonal Nighsedys, &7 at (i dnd gedisds toe T passhge ol amaipnoy ansgor] wobclon, sl 10 sepo
senousy damanged mers sng bents |
9140 Y MACSE N (281 D) A
151 maating of the HE-EQGC
100 mERREE (s
Damage report was made (o the Mirestry ol Constructon,
15:00 il (FoE) MM (ROEMOENS. AWML, SEO T AR E e )
2nd meeting of the HE-EQC.  (Figwes al victims were cheched: and eresgency actions wens ordured for cady fling of (raffic mesiicon s
15240 WEICREHEE (ERDUwnEES BEm, ARE. CEmLY. &Ry s
Daemagé repor was made 1o Hyogs Prefeciume ECC, Kobe City, Osaka Predeciure, Oaaka City, athes laos! govemmssns, and
H‘ym;u Prefactural Police EQC
20100 JREEOMHE T ONERELE. HE S R RS
Emargancy communication mecrowaye lings were bormowed from the Menestry of Conatruction; and ielephones wens sef up at
Kobe managaement depammeant
21330 GEnlWEinEEA (NSE) e

ard mocting of the HE-EDC

1995.1.18_.2.22

EEBE/Date

1995
1.18

1.19

1.20

AN FEERERE AR BERREROEEINEORES LGB =T
MRORTIEONE, HEARE. CEERCEC VTS N

Sockons with reopening schedules were announced

FHiopscun operilion and gusck assassmonl of the sections with major damage wes Gomphrled

Pras= raleass WasS [@sued aboul rosd alosurs |:'.'I.,-'\g on snme foules. gituatian of IﬂEII'I"dgE 1o the struclumes Bnd urgent aEsistance
raqueshad
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Ryl of sbhanelanod vahickas nmd Geliong [or '-:1:||I1|I-Ir'|-' anne phovenl o starlsd in Ll scaks on e Kol Boule (23]
{The Matsubern Rouie (#14; rom Yuhigasks sntrance ko Malssbaa jonclion, and 1 Manks exit) wes (ully reopensd a1 000 am ondewary 79 Srsl
folower by other socSons and routes n saps. infer T ry=om was appled [0 wherower possible as pesmified By the Ministers al Transpon
i Earstrction §

HER AL A NFE IR (- E ) Ol e
{EIEL R 35 HFE S5 SRR IOh0BEn B FERRIC L TEEER
Aomowvad of the Piz {mushoom-shaped) seclion of the Kobe Route was stariod by the Ministry of Canstruolion in Fulaes, Kaba,

Primiz nilosssa wins insamen] aboul the reopening schedefes ior indhatual mutes except for The Kobe (83) and Wangan (#5) Roubes
and thore alrbady in seovice

CHREEMLEEGEOEIFEESENEL TSGR ERFE RS OEN. E—EEEERE
A study commEes was [emed ke examining emergoncy rehabilitation on the Kol Route including secondary  dissisiarn
prosaand o fE 188 meshng was held

MR ACHE
Around [ha tigawa On and O Ramps

BETARERTEEFTEEIASY
Peopie coming up and down on 1he seeat by e
fallan bridgo m Hamawakicho, Nishinamiya City
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Answering telephones in the middle
ol Ioppled Inckors and cabinogls
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Expressway structures being cut and
rarmoved U Mrpo schsots-| ko fmcheno
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“Today's lasks® board at a meseting room
ol the EOC



127 RaEmERELT—MBEERSEFREEHALLENSHSS T ETR—REML- MG
An gmargency transportation route was secured for the secton between Makajma and Uozalthama on the Hanshin
Exgreasway Wangan Roubo (#5), pardly usng e Wangan Skleway (Hyogo peebociuicd momd)
130 WFFESFEIEE(CLYER OREST
Fiaemenl of tho Piz soction of tho Kobe Rouls was complolad In Fukoo,
22 [EeEEEpOw RS LEIRE SIS oL TR R
Prizs= r|,:|r=.'|:9|.= vm:_t i,',.su,:tl mmrllrlq B Eftusilion of -;,i.l.—mge o I11c- Hanshin Expressvway and presenting mhabiltation plans
218 HaroERESEEREL T . REREE ERE B ARERA T SO RIS e RS 8 N
R ERS | ORE. SF—EER SR (SN LmE = s R
A fechnical commilies was iormed by academic expens, mohuding those from Me Minisiry of Constructon and A Public Works
Rasaarch Instiute, for examisng the rebabilltaton of the earthquake-damaped siructures of the Hanshin Expressway, B 16t
mizating was hald, wilh Yoshikare Yamada, a professor emenius al Kyoto University, in tha chair
222 MIAGHENRT. BESCOMBEEHELT, BEESEBRELTS, [0S EHEN A RIA ] O MRE

{2RzeBcH# 1 ElilEim L FRaF 107180 QRE = i TE20R o B sa il s e
The Hanshin Exprassway Public Corporation Recovery Dperalions Cenber (led by the president ol the Hanshin Expressuay)

was estabished for planneng and condicting rehabililaton and COMSIrUCHon prsecis.

[ The recorweny anfinraicn: contar hold B2 et masdmg on February 7R and hnd 70 moplnga i ok, ncheding Ba nioseeg onae an Ociahar TR 1 §

1995.4.1.1996.9.30

ZAPBCEEBRELTSTiE=R
Priogentinsg rofabiitnbon planc m
pre<g oorlEnenoe on Féebony 2

S RBDale
1995 IEFEFEM HLRVEIHERSESIC . 30D THRFHER e BB TAE O FFIEIN BN 55
41 Knbe Fauls reoonstruction deparmesnt corstng of T4 menilsses om e Bees corsinaclon wok olfces s asiatlshad ko restoring
the Kobe Route (#3) a1 the earlest data posshle.
04 ERTENENSTRCEMEEICENEEES
Sl bonrms wore orpcioo oo B minfecsd concrobe giar cohamns for B lind Gno alter fo aarficuoks on e Kobo Fouto
926 WFROEBNZ-FHAATHEERSSNCERCMAE T TR
Mawsy builm girders wele areciad lor the fest me afler ihe senhquake ento Ihe dalsmcally relrolflad peers i ihe woanity of e
Ikulagawa ramp on the Kobe Route ;
(=} =) - n ii= T =y, T - 5 " o = §oir T of* L=y EN.E" L] ri ¥ic AL =
19896 IERFHEOEHRALI VT SN FEOTRBERILI~4rANTHTEEER| FASEI0AF2BMAHIE RS .-1_.-».1.-.-5.||:fmaﬂﬂf_—l.§frnﬁﬁfﬂ
1.5 Prives filassi Wikl B s Anncuncirsg Tl Mda work sl waile s ahofanod By 2 10 4 fndila a0 b Koba Role (03] sl ;I'.: I|_l'l'-:|'l113'|;!"; ‘i.m.m ._-I.__,:‘“':_. ‘.'r; nlld-r'.'nl.tr-'n:r
be back o full senice &t the end of October, 1996, much eanker than the indtial plan o the end of Me same yeas, D i\ R
112 SRR R-EIMmTEESRETHEEREIEORE R RE (BAOERC oV THRERET R ESE)
Instafation of keenoise pavemaent and advanced road traffc information boards startad in the seclion betwean Kyobashi and
Miya an 1he Kobe Flouts wh.:u ([} ruhuhl.llmu i 1||'r|1':| lm-nu |||||:1'.||.ml |I W e et ol sl ons
219 #HEEORE—-FEERH C‘:ﬁT—rJ% H;-HH:R
Closure wis |ifEd balwean Kyobashi and Mayva on the Kobe Aouke
528 3JEAMFROERE—yARLARAFRICSEMAEESN 322 3
Presss rorlisicsa wils issuod annodeicing (Thil restoralion would boe furthor accolemited ono month and the Kobe Route (#3) wouwld T 4 y ¥
B bk 1o hull senacn &t ths end o Seplambio ; WIE L wh A S R L Bl
Beconstrucied town and the cxpressway in
717 S RO — SR T T R Fukashonmachi, Higaahinada-Ku, BEobe
{..Il:l‘._l.rE waﬂ Ilrll-_-L'l |‘.'IF'|'.I'.‘L‘PI"I '!':].rl iglll.r:.l ‘3|1-J. H:yr.nbm I|I on lh-* '(d:x- Haulia
9,22 ﬁ"i"ﬁ-‘-":ﬁnﬁﬂﬁm:? L'I'_'( Feh-16 0% ﬁiﬁ'# SRS ARl R e R
A memaorial was built and its completion ceramony was held n Asheya Cisy to remamber the 16 victme in the incidents related to
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Closure wes lifted between Fukae and Mukogawa on the Koo Routs. The Kobe Route {ir3) was back to full service.
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Passing on the Disaster Experience — Cooperation with Other Organizations
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2008 herate-Miyagi Mairiku Earthquake: Matsurube Bridge on Nafional Highway Route 342
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An earthoguake of magnitude 7.2 occumad on June 14, 2008, with an apscanios
located inlznd of Iwate Prefecture, registenng &n intensity of Ge on e JMA
nalnmie soale in Qsbu City in lwato Prodecture and Kurihara Gity in Miyapi
Prefecture. It caused senous ground failure incleding rge-scale landshides
and dabna Aows in the vicinity of tho epicanter, [aliowod by blackndes ol s
and roads at many locations, The Matsurube Bridge on National Highway
Aoute 342 collapsed duning the earthquake, experiencing Lhe severas]
damaqge for & bridge. A part of the collapsed bridge contibuled by Southain
lwate Reglonal Developmen! Bureau s presenved and exhibited at this
Enarthauake Musouwm as o valuabe mater|al 1o pass (o exporencoe of disasior
down the generations and to share the common passions between all
angneors worlong 1o disastor miigalion
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Location

Laft bank (1o |lchnoses): 108-125 ichinomahar, Genbicho,
khinosakl, walo
nghr bank (I ARiEm): 247-Ha. Genbi MNalional Foogst
kchinpsakl, lwvalo
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Tha Hanshin-Awal Eantguake Memorlal Disaster Reduction and Human Renovation Inslitution
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Digaster Reduction and Human Renovalion Institution was established o
PGS Oin ha 1.-:-{'&1fi|':|'l-l'.1.ltl ol Ciraal |'h|1ru1||i1-.l'||'.l‘.l.'l.|| Earihguake and maka the
best of those lessons we learmed from the Earthguake to the future. Along
with such aclvities, its goal is 1o form dsoster culture, improve locel disasior
preparocness, and Suppo dovelopasenl on disaster reduction policy which all
will contribule 1o make salor and more secure civil society. The Hanshin
Expressway Company Limilod coniribufed an exhibit from a damaged
axpiessway struclure (the rinleced concrate pler shown on page 13) a5 an
invalualde oxisling maletal reminiscant ol the devastating force of tha
aarthguake. 1 is exhibited ouldoors ai the Institution, reminding many visiors
al g Imparonco of iscdl deuydes proguurncneis
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The Hanshm-dwag Earthoquass Memarizl

[Humstar Reciclion and Haman Renovitan Insstian
1-5-2 Wakmonama Kalpss-gon, Thuo-a, Kobe,
Hyogo H51-0073, Japhn
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TE58-0023 WFEWHBMERIIIEM1-1
11-1 Fukaghama-cho, Higashinada-ku, Kobe 658-0023
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Ghronological record from earthquake
to reconstruction of Hanshin Expressway
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Summary of
Earthquake Museum

1886.1.17 Hyogo-ken Manbu Esrhguske oesurred
4 bridpes collepsed along Kobe Route 3
1 bridige callepesd slong Wangan Roule 5

19895.2.7 Emengency measures promotion office
wan o0t up

180541 Hoba Route restaralion/reconsiruction
office was sat up
Dabrle were removed fnom Kabs Rauls
and gathersd undor raised higheway
Wangan Foute 4

1805.8.1 Re-openings of Wangan Aoute §

15#806.2.18 Re-openings of Koba Aauts batwean
Kyobashi and Mays

18668.7.17 Re-apenings of Kobe Aaute betwean
Yamagihara and Kyobashi

1886.8.10 Re-openings of Kobe Rauls belwsan
Maya and Fuikcas

1#86.8.31 Re-openings of Kobe Roule betwsan
Tukimlyama and Yanagihsra

1996.8.30 Be-openings of Kobs Routs betwsan
Fukas gnd Mukopiws

1999.10 Openings of Hanshin Expressway
Earthauake Musaum, &t Fukashams,
Higasahinsds Ward, Kobe

2008,12.18 Redesignad and ro-opanings ol Hanahn
Ewpressway Esrthauaks Musaium

[Area)
1212m*

[Structures om display)
Sieal suparstructure, 3
RC bridgs pier, &
Stesl bridge ples,
Bearing systom

[Number af Faneil)

Al the gntrance, 3

Al the desplay cornar, 14

At the presantstion room, 3

[Scale model]
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HAKSHIN EXPRESSWAY COMPANY LIMITED  4-1-3 Kyutaro-machi, Chuo-ku, Dsaks 541-0058
http:/Swww hanshin-exp.co. o/

MEZEA FASHERERRINES— 7541-0054 AEBFERRHEN4-5-7 WELLOF
HANSHIN EXPRESSWAY MANAGEMENT TECHNOLOGY CENTER  4-8-7 Minamihonmachd, Chue-ku, Osaka 541-0054
htto/ fwew tech-center.or.jo/



