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Development of an open-wing type anchor method for reinforcement of large scale
residential land on embankment
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An open-wing type anchor, abbreviated as OW anchor, method was developed in
this study. At first, reliable open-wing mechanism in a borehole was proposed and it was
demonstrated by FEM that the structure of the open-wing mechanism had enough strength to withstand
pulling out. Next, a series of pulling out experiments using model OW anchor was carried out for
laboratory model sandy ground and actual some in-situ grounds. As the results, it was made clear
that the OW anchor generated enough pulling out resistance. On the other hand, a theoretical
estimation method of pulling out resistance by OW anchor was proposed, and showed a good accordance
with experimental data. Finally some slope failure tests were conducted in laboratory conditions.
The model slope experienced heavy rain and was reinforced by some one-tenth size of actual OW
anchors. The results showed that the OW anchor generated effective pulling out resistance to
reinforce the model slope.



¥ X C—19,. F—19—1, Z—19 ({38)

1. BEMABLIOER

T—AT U H—TIZ 57 K7 v h—TLoO—FT, EEMBAWEE. /8%
HHGEIHEDON DR TH Y | T~ KB O 1L -CBERRHERE Ok 4 B L LT
u%>ﬁmﬁﬁ1idﬁ&@ﬁt&ﬁ%% RXPERE DR VEm OREE B E LT 5,
WITNHEZHINTEY, BxORETROER LIZLIED 1 D2ThDH, TDD, 7
VR FAET D 5 Z HERPL, EAWHRPLOREL A I = X A2 DN TEE < OfF%E
WREN,AFETER EVZ DL LDONH L, —FH T, ﬁ??hﬁt;é?yﬁ~%kﬁm
AHE & OEAEDFIT, BREMIZ, HDOWVITHEBHFIZL > TR FL T =), 20T
%@%ﬁkéﬂfb

RREEHEDLILZ @+ﬁ$ﬁﬁ%” DA RIHEE L TEY | ZOFIXT — R

7/w~1%®1%@?&5//7V~A1%’%b6ﬁ”’#boko%@ﬁ%@¢
T, YT — AT v —TEOFHRERE L, TOMREERLIZONSERRE LT K
EEAT o — (LLFIRET v h— L WEHR) | Th 5,

2. FROBAM

T AT o h—LTEBIOEBHATIECBT 770 MICL D7 o —i & 8
RHATE OFEEDRIT, BENIC, FTEMBEECL > TR TT2ZEB8MbN TN
AWFFETIE, N EDTIECREFH LT o —TiEE LCHERT o h— I&%ﬁ%b\
UTOEBIZELTHET 22 BRE L,
O EIHE D Fo i s R E
© T =05 EREELOET VL
@ Bl EHEEPU KT T FERSRII L OIRE SR OBz

3. HRDAEE

(1) MEHOREEERTE

BT o — @#E%iﬁHﬁWﬁ@x?yﬁ~&wﬁbfm%k%@%%&%m
a2 TR->Z LT 5, MENICIIF RO T v 7 M SRR OR A EBORE N EE
TH D, £, FEM (T & BHEE AT 2 3206 L %%uﬁﬁ%L%%Eéﬁé At
T, T OREEE IS LIZBET IR T v — LRV A ADOIRT v h—FT V%
BUYEL, ®IEHEAEE (BA) 288 L CREE e T VoYM A REET 5, JREE
Fld 30cm R, PREEA I 60°FRE, - IREHE O NWMAIT 3008 T 5,
(2) HET7 o H—D5IEHRFEROETILE

B 90cm, @S Im BEOT 7 U AVBAEET L T2 F T 3 IRICEM: T ok
BT U h—5 X RERPUAE SRR Z i3 5, IEEEHORIL ) OfE R 2B E 2 T
ET D, WET D —1XFE DD 12 KOLOEMH L, JLEAEIT 4 e iEAL L, 2,
368&@&~x:ov(%&ﬂ#é Eg D=z, R T v —B L O (o

RITIEF BT LW, F IR ol 3 R) 225722 7 o 1 —% W72 528 FEhE L
%%&%ﬁﬁ@%er%léo%%;&ﬁéiﬁﬂiM%EEMieb\%Twmﬁ
DX EFEIL 100% % A &35,

FRROER L GO TIRY 1 — 05| EHEEWILOET MbEEFT 2, 1R
— AT U H—TCiE, Bl EHEEPIORBUIHEMIC 77 ¥ M & 80 Hilg & O D EEERIR



PUTERT D, —J7, L8 7 o —TIEMEmEIZAIT TN D, X0 IRWiEk COEE
TRY B COBRBBRIGEE R b HH T 258082 WK T 5, Lizdio T,
ERACIZ Y 72 > TiE, P AKCEICE DN - R 2 80E B IC8 & B 205 & 4k
TP ET LR - B (EARTFEFRSUEE. 5 149 5. 1968) P - 7aJ (oK
TR, H 276 5, 1978) HDRILNBEITRD,

@) BIFHRFEWHMICRIZTREELS LK VIRBIEZHOEZEILIE

I 2T, NTREEMREECGA ; AT 1.5mx1.5m)D F, &5 WIXEEEEA) R
ETNTEERE L, BRE, H2DWIXIREIZICIEET v — B L OO 72D DOfEk
BT oA —IC K D5 PR A TR L, S DI T v I — DR 2RO L E MM
FlTk T 2 HHEAFHET 5, BAERIZIE, 7LV TAEHPIZHE Im, & S 70 cm, AHHEE
R 40 EREOET VR AZRET D, E7 VR TR N & 556 & 72
WA EFE L, BiIE CIIAHXHEE 90% i O[] oD 7= HAREL O LITAIHEE 60% 1%
DES 10 nDOREBEXET Do BB OLHEITT X THREE 60% CRbfN & 1ERT 5,
JERT U —BLORERIT v —I1 3B O 1/10 A Aol 2 8EL, #im Lot
v M %,

4. HAERR
(1) HLEEB D RBEHEERTE

YER T > h — DPERE OREE ZBET 5 LT, BFEOSGHEA TOREEL ZE LI~
A=V OEEERET DNEN D D, ST A LORGHEEL LT, flifth iz BRIP4
MW DBE1E D19~D25 2l L, £7-R7HR—/LOHIFLEIE ¢ =40~90 mm Th b, =
NHEEZBEL, Y7 FOBEZIXDI9 &FEBED 19 mm, FEQP U7/2RET 90 mm DA —
JVZWANRTRB 7R A r— VTR T 1 — DRt AT /8 o 7o, a2 3 oc CAD VY 7 ~ v
=7 T 5 solid works Z 7o, MEBIITIRIR U2 9R3 T > —I1%, i TREO/ESEM:, B
FEFZZRE L TEEMIZET 213 ZeBAL L,

R LIHEZ T LT, AMREREICED 3 woukiEfiir Y 7 & LS-DYNA #H\ T
SREERENT 24T o 7, RIS EEZRET 5 2 & T, IO LB K ORIZ» DI &R L
T PERT V=3t CTRELR ST 5720, SRS OREERNZ RS2 L &
725, BIRE RPN 28 EEO~DOHESAREE LTCET /MEL, fTEICx L TEVEEE
FEHET X HMEEICR D KO, BHMOHEEZMIRE LT,

LT V) — DR LI HE T A & O30 ff B & 3 E LT 21T > 72, i OfE
BEZ, FISTEDR, BT /MU LTZHM O5ERS Th 5 490 N/mm? (Z5# L 72RO fif 8 %
ATz, DL EDORTEDED, AR THR L LTWDILET I —OFFA Gk & #8517
LD, MR, ARSI EEPUNITN 18 kN & 7p o7z,

Q) MET7 o h—O5|IFRFEHDETILIE

YEFET 1 — ORR TR FE L, BRaIIT, B - 1R (1978) IZ Lo TR RS 47 PR LAl
DH| EREEGUCPI T D HERRAE N —RE U e, JERT I — XM LT R D720 | 2O,
PJERAR BEBSE—EOERZBL CEETHIELELT, R, LR T 1 —ORRA Sk
EHHOEERTLL FOR(D)DIHIcEEND,

Q=G +a-T, (1)
ZZIZ. Q ¢ RAESIHKEEETS (N) | a: $E3T > H— O E ARSI DM EAR I UAT D



Bre130.8), G,: HHFIEHOHEE(N) | T, XV IZB T 5 KIS D tEEENS /ol HE-5<

HEH(N) THD, GIFLLTOR(2)TRELSND,

G, =7B’DyF, (¢, 1) @)
C o B MRISEEOERR(). D HARIES(). v o HiREo> B AR
(N/md). A F@%E%O)*ﬁlnrb%ﬂ:(:%) F: MEONEERS o & A DRIET

%o WIS, T TNV EIERT 2 AMCT) « & TR EICEERERT] 0 D
B THY ., LLTFOA(3) TEREND,

T,= T+, (3)
F-  RQ)PD T & T 132 n2 U FoR(4), (5)TESND,

I

g;:zBﬁn{é$Fx¢J)+ag(¢ﬂﬂ (5)

T, o MBEORE T F,. Fr MEOWNEEEM ¢ L L OB TH D,

L (D) ZBT D85 alc >0 Cid, [HE L iEBARIC T 2 Rk [ Hdkst /1]
[HAEDOGE ORKBIRIHT ] & L TERIIZRD D Z ENTE D,

@) BIZFHREFEMICRIFTHERENS S CRBEHDOEZEILIE

7R E LCIE, OMEXRET Vg, @RE 7 o — CRImAES R LT
JUHIAE @A T ORISR LT Vo 3 fEARE L. BEE%
ATz DT AREICK LT ALHICHERZ 52 5. SFATICBWTE, &
¥ 7 MRV ILEY > T, TR R VA VAT Z & TEAZ IV E TR D3
ETHZEEFHB L. B ICET VR OREWTIE 2 7~ BHENIC B3R v Y —,
ERIEE, AKACEHZRRE L, ERFOZbEZ TR,

300

@ HEkyevy
K :
¢ Kfiit

500

100

e
fe >| (mm)
1000

B1 =7 phmEREE Y —



ks, BN LCIER LA Lz, BAEE LI JEORED 2 Z N2 90%,
T0%EREL, W0 g (REHD) PEEREO E2imHEL2 E L, BIIREZIL 50
m/h (—7E&) & L7,

RHEHAEE £ CTORBRERHZ 5 & SR HE TIIAY 10 2 CREENAE Uz D%t
L. BT o —BXOMERT v — (BEGHFALORSE) TIIK 44 2% ITHED &
Cire WA IIERGOT —ZIZHIGLTWD, UEDOZ L3 T7 v —T a2 a2 &I
Lo TRIE A IEEE T 2 & TORFMMB M= Z L 2R L, 53T > h— T3 72 <
& BIERAT ) — L AR R AREN LN RN H D Z LA E®R L T 5D, Ik, €
KILT 2 T — IR TR L EN R DR IZE E ST DTN T O X 5 BHIZ L 5,

BRI L7 BENET AREBRL Y . O BRI NS WIGEIXIER T o —0 7
DUERIL T > 1 — X0 RERBIBIIAERT Z &R 00> Tnb, LanL, &KED
EFRICHEo TEDOETHE L. ARIOFEBROEHEERS TR 67z X 9 e afafmiiin
VIR TIEBE DEITIFE A LR 2> T LE D, ZDOZ EDRERRARAE TIRIE
ML THoT-HATH S,

=72 L, TR o —TiE, 224 ZAICROITIERICITV No.3 DEREF S L
TLESTWDI ENGhoTn, THUTHARD & PR T o — I35 SRR T <
BRABETRELILBREZMZ TV Z ENSholz, ZHHDZ LG, BT VU h— it
KT o — XV ERT SR EZ B L TV D T 5 2 LR TE B,

BB, AR Y7 MIBWTIE, BEFEE (2020 ) (287 AR 2 HKE)
A Ehi 2 TETH -7, FRRICOEIRET VHEE, QL3 T > 7 — TRl A EE
KPR L7z 7 VR, @8R A L TR B R Lo 7 AR o 3 O ST C
DYEET > B — DN ZRGET D TETH o720, Faenbaat v ¢ L RGO
PERITPE- TERZMBI L TN 574 (FERICIT 3 AT ELE) 2#KkT 52 L 1K
T > T LE o7, IREVGAE T CTIIAERM T o 1 — il & O FEEFEESHENLLT VO
W2 LCL HEE T Vo — ORI L2 < Wiz, BE SRR T v —OENL
PERBHE I > b O LB LTV D,



2019
Kansai Geo-Symposium2019 4
DOI
Kota Kono, Akihisa Nakahashi and Ryoichi Fukagawa 16
Calculation formula for pullout resistance exerted by Open-Wing-Type ground anchor 2019
International Journal of GEOMATE 110-115
DOI
10.21660/2019.58.8181
Kota Kono Akihisa Nakahashi Dong Daicho Nobuo Fukushima Ryoichi Fukagawa 14
Structural simulation on an OPEN-WING-TYPE Ground Anchor 2018
International Journal of GEOMATE 89, 94
DOI
10.21660/2018.46.7337
2018
Kansai Geo-Symposium2018 6

DOl




K.Kono, A. Nakahashi and R. Fukagawa -
Fundamental study on design criterion for open-wing-type ground anchor 2018
Proc. of the 2nd Joint Seminar on Landslide, Flood Disasters and the Environmental Issues 7
DOI
Kota Kono, Akihisa Nakahashi, Ryoichi Fukagawa 16
Calculation Formula for pullout resistance exerted by OPEN-WING-TYPE Ground Anchor 2018
International Journal of GEOMATE 110. 115
DOI
10.21660/2019.58.8181

2019

Kota KONO, Akihisa NAKAHASHI, DONG Daicho, Nobuo FUKUSHIMA and Ryoichi FUKAGAWA

Creating Formula for computations of pullout resistance exerted by OPEN-WING-TYPE Ground Anchor

8th GEOMATE

2018




Kota KONO, Akihisa NAKAHASHI and Ryoichi FUKAGAWA

Fundamental study on design criterion for open-wing-type ground anchor

Proc. of the 2nd Joint Seminar on Landslide, Flood Disasters and the Environmental Issues

2018

Kansai Geo-symposium 2018

2018




