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The reinforced soil technique is a construction method that has been applied for thousands of years and it has used
different types of soil reinforcing materials. Recently, geogrid reinforcement method has been widely adopted in many
constructions all over the world thank to many of its advantages. However, geogrid reinforced soil walls are often used
without considerable repair or reconstruction after simple inspection, at times even after strong earthquakes if serious
damage is not visible. To ensure proper repair or reconstruction, it is necessary to evaluate the damage of GRSW. The
pullout resistance was used to evaluate factor of safety and failure plane of the damaged GRSW. In order to assess the
effect of history of earthquake on the GRSW, both experimental and theoretical studies were made and cross-checked.
Centrifuge shaking table and centrifuge tilting table tests on the GRSW model in 50G were carried out to estimate the
damaged GRSW.

After the introduction about the GRSW in current designs of construction as well as literature review in Chapter 1
and chapter 2, in the Chapter 3, study on the pullout tests is carried out on different types of model geogrids (Circle
geogrid, square geogrid and plate) and soils (Toyoura sand and Kasama-Masado) with considering the UR (unloading-
reloading) process effects on the pullout resistance and the soil-geogrid interaction. The advanced visual imaging
technique, Particle Image Velocimetry, and the spatial discretization scheme in finite element method are used for
analyses. The results indicated the pullout resistance at peak or residual parts reduces after the geogrids in GRSW are
subjected to the UR process. Thus, in future events such as earthquake and heavy rain the GRSW may not reach the
designed safety factor. Pseudo static method is generally used for evaluating the seismic stability of GRSW. Chapter 4
describes the study on the failure behavior of the GRSW subjected to horizontal pseudo static loading. Especially, the
effect of pullout characteristics of geogrid, which are discussed in chapter 3, are focused on because it is quite likely
that they are most important properties to affect the stability of the GRSW.

The two-wedge method is appropriate to evaluate the stability of GRSW since it shows a good agreement with the
experiment results. Considering the effect of unloading-reloading process on the pullout resistance in the Chapter 3, it

is possible to evaluate the factor of safety for GRSW at peak, at peak in reloading after the unloading-reloading and at



the residual parts. It clearly shows that the unloading-reloading reduces the factor of safety of GRSW against the next
event such as earthquake or heavy rain. When subjected to a big earthquake, the GRSW may show some deformation
and the pullout resistance of geogrids in GRSW may reach residual values. Using the two-wedge method, the safety
of GRSW at peak and residual stages are compared and it is found that when a GRSW is subjected to a big event and
shows deformation, the factor of safety of damaged GRSW does not reach to the designed factor of safety which is
calculated using peak value of pullout resistance. The predicted factor of safety and sliding surfaces in Chapter 4 are
compared with the experimental results of GRSW model subjected to dynamic and static loadings in Chapter 5. To
evaluate the seismic effects on GRSW, dynamic horizontal loading and pseudo static horizontal loading are applied
to the model GRSW and failure behaviors are observed in detail by the centrifuge shaking table tests and centrifuge
tilting table tests.

There were two test series: Shaking — tilting table test series to investigate the damaged GRSW before peak value
and Tilting - Tiling table test series to investigate the residual value of pullout resistance on the stability of damaged
GRSW. Tests were conducted at a centrifugal acceleration of 50G. The experimental and predicted results showed a
good agreement in two-wedge type failure. Chapter 6 introduces the implementation of this research in practical use.
The proposed procedure to evaluate the damaged GRSW is initiated. Based on this method, the simple procedure is to
be carried out right after the earthquake to evaluate the stability of damaged GRSW and the repair possibility can be
outlined in order to prepare for the next big events such as earthquake or heavy rainfalls.

Chapter 7 includes a summary of the dissertation and its findings.



MXDEEREROER

KFCiE, WK L2042y Nl EEEOMEMECE L., BRI ARE L 7204 2 ) v FOBIk & FF
PEAPFNRD L L 310, FHOBEERAF L, e OB &21T 572, fist TR TH S O, Gk ks
A T OHinEM &2 W TITbN T E 2 LRBEM O ETH 5, HFETIE. A7) v FEHO LT
B, REVE - TR ERA LR E AT B2 e D, REWALHVWONE X2 h>TE, LaL
BBE, BROHEICERBEDON TS, & LARLEZELWEEEZZT COanEAIE. FRchiaE 21Th
TR NS Z L0, BUNCHIBCTELA1T) 20121E, VA2 ) v Fhlisg RO I O R % i b)
CEMES A B EEL kD, DAYy PR RO REOFMMIZIZ DA 2 ) v FO5 X EITHATIN S
N20, #ERBICBNTE EDOREOG K EEIINFHET 21 ZEHETH 5, WEEEOMELTANDL 720
12, RFZE IR EERRIMET & BEERRY 2 MaT 2175 T\ 3, ik, mOIRES 8 & O RS 28 4 £
LR L7204 7))y PR EEDM RIS DWW TR TS 6 M 7R & L T2 OREME B L.
O - BEEE AT > T b,

K. WFRER % 7 32 TRtk L T 5,

BIRETIE, VA2 PR TRICBI L 2 DA L BUR AR L. EFEOKREIC K 5155
Bl &R LT, AFROE 7 E BEWEABRTND, X HITKGHLOMRERBIL T 5,

B2ETIE, VALY FOSEERER. DAY v FHinE LR, EEEA S, AL EEICEET 5
SYERIZB A REE DM AT LT B,

HIETIE, JBIRORL 2O 420 » F (FERO. BRI, BR) %o 2 85O Lrp (S,
F &) CHEMUA, BRA - HEGHERE A ST [RERBRICOW T, SR ERR e D42 » FOMHE
TERIZ DWW THRET 24T > T\ b, PIV (Particle Image Velovimetry) & 5 i{SALPE /715 & F ORI 3l A% Py
DEN A EFHIIL ., & 5122 OB 6 MBNOOFARMERD B Z LT, V42 v FEZDOE
DB OHEAER I OO THRE 217> T b, SHEREBRER2» 6. BRfT - FHHEREERE2 &, ¥ =2 b
WSRO S R EIPIAME F 35 Z &R &z, feoT. —EHRLZUA 2 ) v FhiEEL, 5
BOMERLSEM A ISR U, RO YYIREHTHRE L 2222 F o5 [k A RBE X W, +aaRke®s
ALEOWHEEMERH 5 Z R ERIh T35,

HATTIE, BEEEHOZHEIEOREEDORENI DOV TRRTWS, FHIFE3IETIRR6h/VF
70y FOFHEEREDS, 22 TREE IR TWS, ZhETOFERENL VX)) v iR L%
A9 2B E W E B 2 5N b Two-Wedge WS TV 5, 5 3FTMBRE /- fkff - FHiK
D ¥ — 7 IR I e & BT EL RS 12 351) 2 filfi iR HEED ZEVEA Gl & 7z, Z ORR, ML EIC K
D & B FEE DG &2 ikt EE L, ERSENA EDRROKE LAMERICH LLEEMET§5 2
ENBNEN TS, HID, KE i) 220 #imm LN S 5REOERAET S &, fismEEENO DA
)y FIZFRRIRBICE T2 280 d 5, WEN A E XN EEHTH %720, RICTREMEIREZ T
KFL TV LT ZDORIIHEDA % LA NIB S REWERTCE25E8H 5., LrL, FEROKE X
SETERIICR U Clid, aRiflc g S &9 e RETO Y — 73t k< kd, 250>
TSNS REVEDIK T %, FHERAEF % H 72 Two-Wedge WEMBEMTREHR 2 & R L T 5,

HE5ETIE, ZhETIIHONLLREERLT N BONEL E %, @ OIREE IR &R OMERE I8 & 8
LTHEEL T3, Jis, 4BmETIZHWSLNTEX VA7) 5 FE e, SRR 4 /R
L. IREIE % O 22800 IPEH ORGEE. ERNS % B 72 3% EHE & A5 U 72 MEFR I AT SR FH O BT %
50G D0 TITS 28T FEA T =L 7.5 m MY O LEEORENEE MG LT b, ZORER, K%



TROoN7z, WRERELZVF 7Y v FO5HRERE. BRI, LEMi FihE2 EUIc w5 Z &
T, WRBO VAT v FlisREREO RO IMIIEN N 5 RARCHIEIERE 2 EWYICFHi ¢ & 5 Z &8
MREE T 5,

6 ETIE, AFRKEOERIZK T 2WEHIZOWT, ZOEME & FEAIZ OV TGRRT WS,

BT7ETIE, AMRICK DB M/ E RT3,

AWFFECE, B L7zl LRE IR S W T AR L WS . FHE L ERICEETH D ENEIhET
BET N TG h > 723 EIZDONT, VA2 v FOGHRERBRIZDOWTH 72 Ak ik 2 K LFEd 5
ZETHKBDOYA ) v FOFHRE P EYNCFHETE 2 Z & A/R L, & 51T IS F25R % F2 i L
ML L DR CZORYMERGEL T %, 2O T, FROMANE. FitE, BREESKZ OV, 720
WIS E LA ORENZ B 2ENE S B S b, Zho D ARAIMICHIN LT, Lo s
LCatgEHEL -,





