ISSN1346—-—7840

BB BT R R
F1

TECHNICAL NOTE
OF
THE PORT AND AIRPORT RESEARCH INSTITUTE

No. 1145 September 2006

HFRIZ &L 2 EEEDOWPIE - 1 IH Tk - M ERAHR Tk

B Bih
B EE
1GIG  $HER
INE HEE

WSTATEE N HEVE Z2 sk H AN A 98 BT

Indepepdent Administrative Ins‘.citution,
Port and Airport Research Institute, Japan



= E' ............................................................................ 3
1 RN e et 4
ORI AR SSTR] vt 4
. BEheE g)*&<«§j\*ﬁ- ................................................................ 14
3. LI B TR TR 1T 1 B B BE DR GEATMT - v v e v e v e e e 14
3. ORI FER T T 5 T R BE DRSS APHT - v v v oo e e e 35
4. Eiﬁﬁﬁggg)mﬁ%%&ﬁ ................................................................ 62
4.1 [Ex 1—0)%2_% .............................................................. 62
4.2 MHEMEREBRAEICHBIT A T2RAI /ST A B 63
4.3 B MEREIRAE I - v v 66
4.4 ﬁ“%ﬁﬁ}aaf/[_ﬁj:—f{f .............................................................. 67
5. R T EMDIETE FMANET v v v e 69
5.1 *E%% .......................................................................... 69
5.2 AHIRIFELC L %0 69
5.3 %*%Eﬁ’ﬂ?‘ééﬁiﬁ 74
5.5 mﬁ *ﬁg§@${ﬂ ................................................................ 75
6. BETFHER DM EREURARII] - o v e v m e e e 78
6.1 TR EBE TR T ARRETIR ] - - o v v 78

6.2 KEBREBEL L TF I L —r OBERFICITT ABRIEE - 8]

7. %ﬁi@ml;ﬁ@*ﬁ%‘f;ﬁ] ............................................................ 83
7.1 ?ﬁlﬁl{f@*ﬁ?ﬁiﬁ
7.2 ,1: ﬂ‘ugéﬁﬁ J:émﬁ%lﬁﬁbpjljﬁﬂ .................................................. 102

8 i)_—&’) .......................................................................... 122

;g;ﬁ$ .............................................................................. 122

%%Xfﬁk .......................................................................... 123

ﬁfﬁi .............................................................................. 125



Seismic performance improvement and restoration of

damaged quay wall after an earthquake

Takahiro SUGANO*¥*
Yasuhiro NOZUE **
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Eiji KOHAMA **%*

Synopsis

The seismic retrofit of existing port structures is dependent on type of structures, usages, required
performance, and so forth. Also, the damage situation should be considered for recovering structures
after strong quakes. Therefore, there are lots of methods developed with various mechanism and
performance.

In this paper, typical damage patterns, studies on damage mechanism, types and concepts of
recovering methods and some case studies of retrofit on existing facilities and recovering on
damaged structures are described. These data could be helpful to reduce seismic damage of existing
structures from huge earthquakes in close future or to make quick and more reasonable decision for
recovering.

In the section of seismic damage, typical seismic damages of most familiar structures are
described in order to understand what could happen on structures during or after earthquakes. The
studies of damage mechanism are composed of detailed numerical analyses combined with
verification tests with small scale quay wall model. The section of retrofit and recovering methods
includes introduction of applicable methods for each type of structures, mechanism and case studies

of these methods. Finally, several examples of recovering and retrofit projects are mentioned.
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#-3.1 whEdkoENDXEREOREHRE T E R AR ()
Feied |atmokvE[at A | B | e R B EREL] ERE [ 3oam LR W
EIE J7 1A k k' k'/k Y Gk, b FE¥) R, &)
@+ —}7{7/}
PC-1 -12m | -125m| 75m [ NS | o013 0.21 1.6 2.7m(2.8,2.6) | 13m@1.4,1.1)
PC-2 12m | -125m| 75m | NS | 013 0.21 1.6 24m(2.6,2.3) | 1Im(1.2,1.0)
PC-3 -2m | -125m| 85m | NS | o013 0.21 1.6 2.5m(2.8,2.3) | 1.2m(1.4,1.0)
PC-4 12m | -125m| 105m [ NS | 013 0.21 1.6 24m2.8,2.1) | 13m@1.4,1.1)
PC-5 12m | -125m| 125m | NS | 013 0.21 1.6 24m(2.8,2.2) | 14m(1.6,1.2)
PC-7 -2m | -125m| 85m | Ew | 013 0.27 2.1 23m(2.8,0.7) | 1.Im(1.2,0.8)
PC-8 12m | -125m| 85m | EW | 013 0.27 2.1 31m(3.3,24) | 1.0m(1.2,1.0)
PC-9 -2m | -125m| 85m | Ew | 013 0.27 2.1 29m(3.3,1.2) | 1.2m(1.3,0.9)
PC-10 -12m | -125m| 135m [ EW | 013 0.27 2.1 3.6m(4.1,2.1) | 1.6m(1.8,1.2)
PC-11 12m | -125m| 150m | EW | 0.13 0.27 2.1 40m@.4,33) | 16m(1.7,1.3)
PC-12 -2m | -125m | 155m | Ew | 013 0.27 2.1 2.8m(3.3,2.5) | 1.0m(1.2,0.9)
A10) | -10m | -120m | 153m | EwW | 0.8 0.27 2.1 34m4.1,2.7) | 12m@1.2,0.9)
PL-1 10m | -125m| 55m | EW | 013 0.27 2.1 37m4.1,3.5 | 12m@1.4,1.0)
PL-2 -om | -125m| s55m | EW | 013 0.27 2.1 3.7m4.2,33) | 08m(1.1,0.6)
PL-3 -10m | -125m| 55m [ EW | 013 0.27 2.1 32m(3.8,1.7) | 0.8m(0.9,0.6)
PL-4 10m | -125m| 85m | EW | 0.13 0.27 2.1 3.9m(4.1,3.0) | 1.3m(1.5,0.9)
PL-5 om | -125m| 85m | EW | 013 0.27 2.1 37m(3.9,34) | 12m@1.2,09)
PL-6 10m | -125m| 85m | EW | 013 0.27 2.1 42m@.4,39) | 12m1.4,1.1)
PL-7 10m | -125m| 85m | EW | 0.13 0.27 2.1 42m@4.7,3.8) | 1.1m(1.4,1.0)
PL-8 -om | -125m| 85m | EwW | 013 0.27 2.1 46m(5.0,3.5) | 15m(1.6,1.0)
PL-9 -10m | -125m| 105m [ NS | 013 0.21 1.6 29m(3.3,2.6) | 1.0m(1.1,0.9)
PL-10 -1om | -125m | 105m | EW | 013 0.27 2.1 33m(3.6,22) | l2m(1.2,L1)
PL-11 -10m | -125m| 105m [ EW | 013 0.27 2.1 32m(3.5,3.0) | 12m@.3,1.1)
PL-12 10m | -125m| 105m | EW | 0.13 0.27 2.1 37m4.4,34) | 1.4m(1.6,12)
PL-13 -1om | -125m | 105m | EW | 0.3 0.27 2.1 52m(54,44) | L7m@1.9, 1.6
PL-14 -10m | -125m| 105m [ EW | 0.13 0.27 2.1 4.6m@.9,45) | 16m(1.8,1.4)
PL-15 10m | -125m| 105m | EW | 0.13 0.27 2.1 45m@.8,3.0) | 1.7m(1.8,1.2)
PC-13 15m | -158m | 165m | EwW | o0.18 0.27 1.5 39m(4.7,22) | 13m@.8, L)
PC-14 -15m | -158m| 180m | EW | 0.15 0.27 1.8 32m(3.9,24) | 04m(0.8,0.3)
PC-15 15m | -158m| 210m | EW | 0.5 0.27 1.8 23m29,1.0) | 03m(0.4,0.2)
@ SHTAT/h

RC-1 3m | -135m| 13.0m | NS | o5 0.21 1.4 1.9m (2.0, 1.6) | 0.8m(0.8,0.7)
RC-2 13m | -135m| 150m | NS | 0.5 0.21 1.4 1.7m(1.9,1.4) | 0.8m(0.8,0.7)
RC-3(78) | -13m | -135m | 16.0m | NS | 0.15 0.21 1.4 27m(3.3,14) | 1L.Im(1.2,0.7)
RC-3(FH) | -14m | -140m| 150m | EW | o0.15 0.27 1.8 3.8m(4.3,1.0) | 1.5m(@1.8,1.1)
RC-4 14m | -140m| 160m [ EW | 0.5 0.27 1.8 40m@.2,34) | 15m(1.6,1.4)
RC-5 14m | -140m| 17.0m | EW | o015 0.27 1.8 47m(5.2,42) | 2.0mQ2.2,1.6)
RC-6 -14m | -140m| 205m [ EW | 0.15 0.27 1.8 47mG.2,40) | 1L7m1.9,1.6)
RC-7 14m | -140m| 225m | EW | 0.15 0.27 1.8 41m(5.2,3.5) | lLém(1.7,1.4)
RL2(75) | -13m | -140m | 205m | EW | 0.15 0.27 1.8 2.7m@3.3,2.5) | Lom(1.2,0.9)
RL-2 -13m | -140m| 210m [ NS | 0.5 0.21 1.4 2.7m(3.4,2.0) | 09m(1.1,0.8)
RL-1 13m | -140m| 210m | NS | 0.5 0.21 1.4 3.0m(3.3,2.0) | 1.0m(1.1,0.8)
RF-1 -7.5m 95m| 133m | EW | o5 0.27 1.8 24m(2.6,2.1) | Lim(L1,0.8)
RF-2 -9m 95m | 13.8m | EW | 0.15 0.27 1.8 24m2.7,1.7) | 1LIm(1.1,0.7)
RF-3 -8.5m 95m | 144m | EW | o.15 0.27 1.8 40m(4.7,2.3) | 1.5m(2.0,1.2)
A -7.5m 80m | 160m | NS | 0.8 0.21 1.17 23m(2.7,1.6) | 1.2m(1.4,0.8)
C 10m | -11.0m| 140m | NS | 0.8 0.21 1.17 28m(3.3,1.9) | 1.0m(1.1,0.8)
D -10m | -11.om| 8om | Ew | o0.18 0.27 L5 24m(2.6,2.0) | 09m(1.2,0.8)
E -10m | -11.om| 8om [ EwW | 0.8 0.27 15 22m(2.4,2.1) | 09m(0.9,0.8)
F 10m | -11.0m| 80m | EW | 0.8 0.27 1.5 24m2.4,22) | 09m(1.0,0.9)
G -1om | -11.om| 8om | EwW | 0.8 0.27 1.5 25m2.8,24) | 09m(1.0,0.8)
H -10m | -11.0m| 80m | EW | 0.8 0.27 1.5 24m(2.6,2.3) | 1.0m(1.0,0.9)
I 10m | -11.0m| 80m | EW | 0.8 0.27 1.5 24m(2.6,2.3) | 09m(1.0,0.8)




£-3.1 MEEEOENREBEORGFE T EWEERE (2)
BEREA | FREKIE| BREKE| Bt | RRE RREIEEERRAE fERE | 35 AH LE /R
IEI= Jim k k' k'/k | (&K, BANEE RKR, &)
J -10m -10.5m 11.5m EW 0.15 0.27 1.8 2.0m (3.0, 1.4) 1.2m (1.3, 0.9)
L -10m -10.5m 11.5m EW 0.15 0.27 1.8 1.8m (2.0,1.5) 1.1m (1.2, 0.8)
M -10m -10.5m 11.5m EW 0.15 0.27 1.8 2.8m (3.0,2.1) 1.2m(1.3,1.1)
N,O -7.5m -83m | 19.5m NS 0.18 0.21 1.17 22m (27,19 13m(1.6,1.2)
P -10m -11.0m 17.0m NS 0.18 0.21 1.17 I.Im (1.6,0.7) 1.5m (1.7, 1.3)
Q -10m -11.0m 17.0m NS 0.18 0.21 1.17 1.9m (2.5,1.5) 1.3m (1.5, 1.1)
R -10m -10.2m 17.0m EW 0.18 0.27 1.5 2.4m (3.0, 1.7) 1.3m (1.6, 1.1)
S -10m -10.2m 17.0m EW 0.18 0.27 1.5 2.1m (2.3,2.0) 1.2m(1.4,1.1)
T -10m -10.2m 17.0m EW 0.18 0.27 1.5 2.4m (2.6,2.1) 1.2m (1.2, 1.1)
U -10m -10.2m 17.0m EW 0.18 0.27 1.5 2.6m (2.8,2.3) 1.3m(1.5,1.1)
A\ -10m -10.2m 17.0m EW 0.18 0.27 1.5 2.8m (2.9,1.7) 1.3m (1.5, 1.2)
\\% -12m -12.7m 19.0m EW 0.18 0.27 1.5 2.7m (3.1,2.4) 1.5m (1.7, 1.4)
X -12m -12.7m 19.0m EW 0.18 0.27 1.5 2.6m (2.9,2.3) 1.5m (1.6, 1.4)
Y -12m -12.7m 19.0m EW 0.18 0.27 1.5 3.1m (3.6,2.5) 1.5m (1.7, 1.3)
V4 -12m -12.7m 19.0m EW 0.18 0.27 1.5 3.0m (3.8,1.8) 1.4m (1.8, 1.0)
b) FREFEEE L EWEIE O S0 £7-, AHT A 5> RO RC-1~RC-3, RL-1~RL-2 (}#
MEEOENNEREORFEE (b X, FhThofk BERE®) 1%, REMEFE 0.15, KiE (-13m) omdbFmIc
K2 Bk = 0.13, 0.15, 0.18D37 —ANH Y, FDHNT WOz jEBECTH Y, NHT AT D RC-3(M) ~RC-7
ZE-3. 1515 F. W=7 A T2 FIITT~TH0. 13, (FHBERE@) 1%, REVERE 015, KE (-14m) FEEETH

RNETA T RER=FTA T F2#130.15L0. 18T
REFEN TV S,

—7, FRREO BT O 8 IEIT A RS 1
DIFEEIZELL, B-3. 15107 XL 9 icmaicEde i ey
BLTW5. BIRICIE, R— 747> Fi#odeflo
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