WE ST, 55 71 &, 55 1 95, p. 49-61, 2020

BEH - fBSH - Note and Comment

JUTFAANVTAN—FTIV - TEHZEOERDLSDEA

BT #®KE'-FH E'

Koge Hiroaki and Noda Atsushi (2020) Critical taper model - Introduction from soil mechanics. Bulletin
of the Geological Survey of Japan, vol. 71 (1), p. 49-61, 13 figs.

Abstract: Critical taper model was based on soil mechanics and devised to explain the relationship among
the prism form of the fold-and-thrust belt or the accretionary wedge and the friction of the décollement.
With this mechanical model, regarding the friction of the décollement, we can discuss (1) the comparison
of each subduction zones, (2) the spatial distribution within a single subduction zone, or (3) the time
change of single cross-section. However, this critical taper model has few users in the geological research
in Japan. This might be because that critical taper is needed to learn soil mechanics, which is mainly used
in the field of civil engineering in Japan, or there is almost no detailed review written in Japanese. In
this paper, in order to help for the understanding of critical taper model, first, we introduce critical taper
model from the basics of Mohr-Coulomb failure criteria in soil mechanics and show how it was used and

calculated in three cases.

Keywords: Subduction zone, critical taper model, soil mechanics, structural geology
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Fig.1 Schematic diagram of initial conditions. The vertical
stress o and the shear stress 7 received on the 6 inclined
surface can be described with the maximum and
minimum principal forces o, and o;.
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Fig.4 Schematic diagram of internal friction. W: Weight, H:
Force pressed horizontally, N: Normal stress, f: Friction
force, ¢: Internal friction angle.
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Fig. 6 Effect of pore fluid pressure on the failure criterion. If
the pore fluid pressure (blue arrow) is large, the effective
stresses o, and o, will be small (¢, and o), and the Mohr’s
circle will be in contact with the straight Coulomb line.
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Fig. 7 Cross-sectional sketch of the submarine non-cohesive Critical Taper theory. a : Slope angle, [ : Décollement dip, y:
the angle between principal stress direction and the X-axis at any point in the wedge, y,: the angle between principal
stress direction and slope, ;: the angle between principal stress direction and basement, y,: Water depth, o,: Maximum
principal stress, o;: Minimum principal stress, p:Bulk density of the material constituting the wedge, p,: Water density.
o, stress in the X-axis direction, o..: stress in the Z-axis direction, 7,.: shear force in the X-axis direction.
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GHIOE— - WRERIZFHN T B30T, R(26) DIEEA D
Dahlen (1984) DR EWIZE > TBD, ZThEaEEL A
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EKxEIT>T0B. 2Dy, 20 S AR 46, 47) 12k -
TERINDH, HBEWHEAEZFO-DIZ2DHE6H
5. 22T, B RNEEBOER L ¢ = tan'n & 3
RWTRE DBIR20 + ¢ = w2 # V2. ZD2DDy,IlIBL
R OAELRREI GO hE Z itk 5.

1 in ¢ 1
Yy = Esin_l (%) - Ed)’,’ (48)
m 1 _ (sing, 1,
Y2 =5~ 3sin 1<sin¢b>_5¢b (49)
ZZh 6025, 260) kD,
1 I
E (azz - O'xx) = Txz m (50)

IhaX@4)IcfRA LR (46) ZTH$ 2 & (g, I
WEME HW ), Kt ARSI OBEMA XSG 51 5.

_ sin2(a + B)
T = ez \ T 2,
sin2(a + B) - cos 2y + cos 2(a + B) - sin 2y,
e sin 21,
sin2(a + B + 1g)
sin 21,
_ sin 2y,
= Bz gn 21,

+ cos 2(a + ﬂ))

= Txz

sin 21/;1,>
sin 21,

=(p—pw)gz sintx( (51)

a, BTy VIBRICK->TREFRINSZDIZ—E
DEERD. oy, 8RGO LI IT—El»HEL Z
ERTEBLINTIA—ATH 5720, ThETh—EDMET
HBZEDNE, ZVFAHANLTAINN—FEFTNIZL -
PN EEBEDO Ry, 3y = v P OKE ITIRIFET,
HCOMMMIZ A 3.

ZZTp,=0ThHBLE, 1,=(p — p,gzsinald, Elliott
(1976) A 5 A b ¥ — b DIKH D AWIGSZEH L 7=
KREFRIZE S,

3. 2 RZHLIBME

E—-IL - 7 — 0 v OUIEHEUED 5 AT B IEFICXE
Wz 7 7 a—F EFIET % (Lehner, 1986). 5 MId3. 1
HCE L 2R A2y, —HEHIHT 108805,
JERMEZ ) F 4 AT A= EFLOR (44) 1, Fi
FIKIZH T, a+f Ly, D2f%E &L =ABIZ/A
OEAEHT 2L a+B+y,= v, b0, FTITEL T
ENTESL. RGBS 2oy ida, ¢, A, pk EFFAIE 721
—BE L7/ T A= RIZX 5T L TWB 728, wid
RODIZESTEFITREBZZ LD bh B, EoiTyld
K (46) 22 S IRHI DEEHEIHIB T /37 A =42 THBDT,
vz v VOB LB OBEBGRE L O S1FBERERL T
W3,

3.3 XEEBRICLD2I7UT1HINTAN—ETILDOE
C:pRegii):c
THEHGEE—L - -0y OBEIME A R E X B 7
LDThD. BERED LOMmAHNES D& <72
WIZ, WHEOTHTIIHRELRET 5. HEEAILIAA
TEDL(BIRADPa K EL & BIGH) EIEMDO 1 %2
MR XA TLE S, 20X BIEEOE
X B K5 BMRTHRETIE, FIORBO LS &N
BAGRASR D 32D, WIRBHEIZ L > TR I h 30 7
Oy o DEE, PaldZELESTT (HEE A LA D
N&EZS5WHS), FINSREE2L /N5 |TDONT
b5, BEEIZIZZOI DO HNAEFHIZEDAES =9I
TR PLVZEC B Z &5 ZABEMS 2812k 5.
HOWIR - B - NEEB A, S WEFRRD 6N 5D T
AN IZPa’ o NB T &IZk Db, ZD3DODHDD
DA WIZE L CidDahlen (1990) 123513 53X (10) 7 & Cfih
NoNTND., ZOPa%PEEL TROMEOTEAIIKFL T
B - EATRSICOEET S, 20200 ONY M LA
WD TRBEIS ST L BB E RS % (BRI &, N
SRR O EFR & RIMRICAEONEB AR T /87 X —4&
ELUTHRIRT X 5.
ZDHEIXA%E ETIZOR L7227 X b DX % g
LTW=72L &, BRE=TMHE LT TE 5. &)
ThAAE Z & T BB S W T 5 & v &%
ErZBdL, THEHEGERRICER(e+pEEE@EN
TREEE () & TRICIER T 2 BEE ) (2 AW 0 A
BohsZlicksd, BWTBI, 2)VTF 4 HLTAI8—
EFNRIEFICHM A3 DO OO DE0Wr5H/6NM 5
2%, ZOLEHEGRE OB CHEL T2 5 L

5.
4. HAREH

PUTTRINEFTARINTOAWMIXTHY ST
% BRI Bt SR T 5.

4. 1 HREHI RPAKTOLILE

WAABAERIZ B 5 Y = v ¥ O IR IZDahlen
(1984) TEfTbh Tz », ZZTELDHLL
Lallemand ez al. (1994) (2 %5 F % Pk AIA A ] D Fod 12
DTN RGI 2T T 5. hARARIZIIT S
vy Pid, FEOWRBMIARZEL THE2EFIZH
L, LWnwH Z L AHUTHEUEIZ, Y (Accretionary
wedge) & 12 (Non-accretionary wedge) &, Z DHIEIC
& 7= % H 2 (Intermediate accretionary wedge) D 3 2147
Hahs, HAROWHSTHINICTHEL LD & 7zh
R, BAETIIHADONP5 L Lo CREER EER 2
HLTWa ZEBHHL, hAARARG TR
TREHMERBEZZX MM EBRTH % Latiksh
HI28 5 T3 (il Z21F, Kukowski and Oncken, 2006) .
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Fig.9 The Sketch of earth pressure theory (at the passive condition).
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H10[X| Critical Envelope. Lallemand ef al. (1994) # %% 12
0.52, 1,=024, A=7,=088). ZUT 4 HLTA4
BHFIZEDEY 2 v DIBIRWEE - A REI %

FHEL, 1B (p = 2,300 kg/m’, p, = 1,030 kg/m’, u=
IN—FETNLERHWTHI a D5 T7THD, L
AT LTS, B &k B EEAIRREIT I

P RtED 2R A H D, ThEhHLRE@THRE BT L7

Fig. 10  Critical Envelope calculated with following parameters; p = 2,300 kg/m3, p,. = 1,030 kg/ms, wn=0.52, u,=0.24,
A =2,=0.88 (in Lallemand ef al. 1994). This graph is focused on « and £ for Critical taper model, and it is

suitable for discussing whether the wedge shape is a st

able or unstable condition. There are two types of critical

states, compressibility (purple line) and extensibility (light blue).

Lallemand et al. (1994) Ti&Y = v P ORH AP A 5 7=
OIS AA BT = v ¥ OIR (FhafER fak 7L — b
BEAR R ER A B) AP L, TR 1 = 0.52, K
A NEERE 1) = 0.24, MIBKHELL 4 = 0.88 D&M
5 Critical envelopeZ ft 5 U 7z. A #iTid[E Ui 5 &0
EHCTER L7227 7 73 (510, 11[X). Critical
envelopekiE, Z7 V) T4 ANTAIS—FETNIZEWTI
BIARTD T x v VIGRB SN RE - RN REIREIC
HEINEIPEWMEDBRICHNONE XA T ST LT
b5, FIOXTE, vy PORKERD S a & B3
STABLE& /R E TV 2 NHIDFEIRIZ 72 v b Eh T

WL, 20O 2y VIINFENICRETH D LA D.
—77, vz v Y OIRBIHMUDFERIZ 7 1 v b XD
i, PENICARRELIRE, 2F0EMIhTETND
IREE (X s ClidCompression) F 7z I E L3 EF TV 51k
fE (X7 T3 Extension) #4659, AL - HpiE sy - (2
D3O AAAG; %, ThEhy = v VKR (a, B)
D& Tay b5 e, BUKOKS IZHHENS.
BARM 3L LTI TO®ED & & 5. ywdhi
WU, Ly, D2DDI8T 4 — & =tb, ywldE
M MET2HED 2720, ply,OMAADLED4E
DIk B, REBIE LTy, &TERESRNE D Yoo, CotlH S
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5. FFu p, A WHWESATHEETBE, KX (46)»
Sy i385 X — a6 —RNIB{ohb.

1 . [sing, 1,
Wp1 =5 sin 1(simj)b) L (52)

ZZTRIZY A B DESIZa DBEFTH B Z &N
5, a%—90°H590° £ TEIL Xz, ZHIZID
U f: Wﬂcon1pﬁ§'f§f 6 ’hv 5 .

=
KicX(44) 2 LT 5 &,
ﬂ = lllm - ¢OCamp - a (54)

-

LD, BRIZa? by, Ve MfFoN T30, Z
NETA—aNEXGED)EHNTRERDE I ENT
25, DErSToy 8 §ERZa L pOEENEIH
72D, HI0XNIZI 1T DEMESRIC I 2 LY 1 D
372282k D. p i OV TEARIZER TS Z T2
D H O, BICREF w220 T FRRIZ2
DOy, THEL, Hitd D DOIBRICH % h 7= % ik %
BEZENTES(EEI10K).

16 18

! shows whether the wedge shape of each
subduction zone is stable or not. There are
two types of critical states, compressibility
(purple line) and extensibility (light blue).

4.2 HMREG2: B—DikAABTNICHITETL—
MERKEDOEEZE I

25 5 TIIH—DUBARN O H T O % 5853
5. Fagereng 2011)1Z=2—Y—5 v NIEEMHOR s 5
VEMABAREN B B 300 K A W IR A
by x v VIEROIE ATV, Bk 7L —
MERWEOMEDENER L. 5 VTR, K
SHEHBEGRANTE 2 5 LAAART DY = v DI % g
FTREFAIINN) T = 3 BB LN THD,
Fagereng (2011) CIZHEHINZ IR - 7zALfl] - FEMZ o s
THONZ3IDOOMIEIZZ ) T4 ILTAIS—FETFT L%
BWHLU, vy P0OMEL T — bEBREEORE ST
Bl 277 v XMhBAAFOEMTIET —/5—F
AN, REEE NI LRk Eh3. —hcl
MRy = v DKL, MK D WREGRE 23500 2 & 8
X7z,

Koge et al. (2014) 1 H AW 2 5 G H— T AGA A
N ORI D22 M A & i#am LT s, BEIZHS
N7z BRI O RSB B EAW N 2 VT, hAirde
TL— b THEILRFIL A b 7T =R 5 EDHEZN & W]
MAPHE ) 7T, EMEO T L — PR ETE O
FEBHAEINZ &, X 5122011 F- DR O T O
DA &P ICBEYR S 5 Z AR Eh: GE12K) .
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Coefficient of basal effective friction
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(Koge et al., 2014) .

Fig. 12 (A) Location map of the Japan Trench and the index of 12 profiles from seismic surveys across the trench axis before the 2011
Tohoku-Oki earthquake. The star represents the epicenter of the earthquake. The yellow ellipses represent the slip areas of
past major earthquakes and the estimated ages are given. A simple contour represents the slip area of the 2011 Tohoku-Oki
earthquake. (B) North-south variation of the effective coefficient of basal friction (Koge ef al., 2014).

4. 3 MHREHI: BNLEHEREVERKENDEA
Wang and Hu (2006) & U*'Wang et al. (2010) T3 2 )
T4 AT AN—FEF %A WEEHOMEINE, B:
ERIRRE, C WEENOEMIKGE, D: MERAEIRE
LEEA T T, TRARARD T L —  BiFEWE O
JEZE L & kam U 72, FHICER BTk E LT, Wang and

Hu (2006) i3 7'V — R R O @IgE 2 H 4 5 72912,

Ao wEsBAZTAy VB ET, T — FERWNE
DEROFRM 2175 FIREIREL, TOZtei#inL T
W3 EE1IBX). 272L, ZoRETIEMERESKE
BLEDERMEELT, T — b BIRWREOBEBRE w2
U x oy VADAREBRRREF LD ERET 5.

up = u(l—2) (55)

s REE, A RRICEOEET L — FOKR % T
WL — bAHIDELS Z & AR, RERMIC, RO
Tk & WO BEMANOBE % & 72 63, LirifE» 5
FU, AAZY G, ~b—, HRWEETEOFENHEE
ENTWBE. ZOKDS BEREIE, TROMEN LR
DOMEEDERENE XICTHETS.

AFHROMWMAEFHEFIEALBRTS. 5120206

LFTELEE, BBOAD Sa =y, =y, =y, VD
NEFRCHRUPEL, A, p ZElIlczoxTay b F2E, &
BROES> R 708 856035, T Z TldKimura et al.
(2012) LRIL/ST A —2TH B¢ =35, p = 1,600 kg/m’
£,=1,000 kg/m’ &l & UCEHHRIL 7.

HgRZE M Ok @) BMRIRETH v, difG 1 (55 23
R AT, ARIERER & O R S M (B R
JEOME &Y =y Y OMEMNECIZ& 5 50) u=r(
—DERL, ZORUZRD - 728553 A5 % i 7
R 5. BlZE, SRThiud, KA shELER
B =0.03-0073HEFREL D RITH 5D THIZIRETH
D, MBRAKLEL 2 =0.87-0.95Th 5. ke D%
FTAHRPAPRNFEE, FHERAESEIDIZKWRELT
W3y VYT S,

5. &9V

AFFHTEIHATE L= =D LI VT4 AT
A= FNOYEHIEL, LENE, SBHETY,
AR BIF E NR E LT B2 T oMb & FEEED
AP EEAR L, MICAERICEL TR Lo 72
& D e TEICAZIE 2R L 72,

AIFHAZ Y 72 o TIER U 72481 T o RFHE R I
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131X Wang et al. Q010)IZFED W =515 FH &SR0
NIV F L ANTFAIS—FETALSELNBER
REEZRFTHMTH O, KT (52) 25R-7. 2
)T 4 BT A 28— T FOUIGENEE (B5E45y) & i
BEPE OKEESY) D 2 oD RIREEICG L,
BOWIBBNREIREE RS, 2V T 4 HLT A8~
ETILOHERA AR & 259 % il CRFD) 22 6 %)
FERE L [EIRKIELL AR KD B Z &N TE S,

Fig. 13 The mechanically critical value of the wedge shape in
the purple and light-blue diagrams based on Wang et al.
(2010). All extensionally critical states form the light-
blue limb of the curve, and all compressively critical
states form the purple limb. Stable field coincides with
the critical-state curve. The intersects to the critical-state
curve ideal the assumed pore fluid pressure ratio.
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3 &V KB RN A TR E £ B SEOEER
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RGO DFEEIZE DB T LI L THIEL 7=,
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DI ST A — 2T 2RSS BV ETH D EH L

bNnb. KENEMBEHEE T — & & H 72 5 WAL ic
BT, T — MERWREOTRE»EEETIITKE S
WETIens, W7 X —4 OIS EL5 A
5. ZD7HEKkmDF — & — T & ITPSDM (Pre-stack
depth migration, HAFEE YA /L -2 3 V) DEH &
WRIE SN OB SR AT b 7z GHE MR A T
X, 7K 0IAHMANRE T 25838 EE A
Bt 7z I 20 S RS % 15 72 R C iR et
UL, WERFEGI, 2& I eV S RIS L TEHM
HERELS BEH->TLES. ThETOI S L TIREE
FHENCRTHRE R AR I T a7 £,
Wiriii D & DSy & W TR 2 A2 G L T2 5
EVWIREEFM P TIRIFEAE R INTEAEW, %
D1=HFEHASVBEARD A THEREDO—DL LT,
Wi 87 X — 2 a, [ O % IEHEL D OB THUS
257200 THEOELELNDE ZLEFEA TN,

B AT AE L HIINZD, KN FRITEEER
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