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Failure Modes of Vertical Ground Anchor in Plane Strain
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Abstract

In order to get ultimate pullout resistance of ground anchor, the position of failure surface,
normal stress and friction angle on the failure surface should be known. In this study, the
position of failure surface is obtained by observing deformation of ground around anchor,
and stresses on the anchor surface are analyzed by measuring normal and shear stresses on
the anchor surface through model anchor test in plane strain. In addition, the relationship
between lateral earth pressure and the position of failure surface is analyzed and the formula
for calculating ultimate pullout resistance of anchor is proposed by using non—dimensional
coefficient of ultimate pullout resistance,

L3 =l

Hufgoy A o) KBRS [HIEF & 7317] S siAM e BaRmE 2 AvE, BRI 912 EEm R EERA
S oA e kRt & iRl FEBFE RURRS SiA, JAFsHEe] MES
Biossle] BMiRmE e LB S TRk, YAXRES EEET), WETE NS K2R JARE
FETHKIES ot lch. 2], RREe BiE ] &S] MR(F2R—=)8 7)1, AT
FREL] B G RIEF RIS FIAsle] SRS IHEEM 9] HERS REWUT

t} o)A E SfEsIH, Aol EES AL
i#E rock anchor, B22), ¥t 5o HEfEL#)
Fol} EHBFE 712 soil anchor ¥4 alluvial
B JFH = ¥FEZ+= ground anchor ] anchor %o 2 B2]ecl? HAA 2 FHE

[=

b

*ERH, BRI TRAHE A8 #H
* HE RRAP B
**EE R, BN THA8 + AT $ug

X@LRIEEE 43



9l o] — =9 # (earth anchor)zh= =& soil
anchor & 7}e]7]+& 7Z4-$7F @t 7 22,
BN 2.2 ground anchor &) Fikell {#F % L
AU A= Ak wioll = MR RA] o —
= AHE A Rk, Zhzke] Aol wet
soil anchor, rock anchor & {# H 3} 12, a2
1= ground anchor & 2= fifjHe] glch. A&+
BTG NS S EhIshA] 93l MvEn
2 2 ground anchor & S ql=vl, AR
JA¥et Eejo] A Wi glek A& Hifeel =
WRBNYQl “HuEel A el FIREE EABVIR
g}, gl A= WK, REEEmEA Bol
fFER=Ele] YX|ut, Fiels Zelgl e 23|
B Hiag o) #2-S #ME A1 5 e AT,
i S T KAL) =2 iR o] HEHEM
ol A7|= Aol A’ F BT, 2
Pre-S AR oo ExBgay Wt} R
o2 EEhol worg KkAMEMWEAL
ol A= L ek

—fxr 2.2, PH HIF RS Byl
e MR 5 HRIEDT 1S T8 Aolth. iR
SRR 12 RBigthgal A HAZ m(dAE
£, 174 E (plane of stress characteri-
stics) %)-2 =, 2 m 919 WHrKH <]
SEB S Mol A 78 9 ek Lol =
2 5 o)l 2 ¢ (Hhaxo] NEREMEA ) vy
(Huig o tlole =l A] ) e} - By WHE
$15 23813 9l A o) viA et o] 5 S 3
A YKL, 5 SRR e
(B )] (L R RS =] ko ok
o}, BtEm o] PRES AL, 1 H 1o BETIKHTA
o} HEE o] e X MERR I HUER 2 7
T slth

1wk, Al M5 TIS HEdol
ol2}71x] #FE= s, old g B BHY
5likoll u}- 2 [Eg A o] S U BURE 2] 1 E
o} HEES WAl #1523 e A AL,
P2 R A FEE T i P KM
o} oWl S o] T i Y 2 2 RESL
adet. =3, A EKME A Fo] FHEL 2 FEEHE
118 BBl 24 MRS HRIET IS BERs
A= R} BRI A (EE )&

4 HE6H H1W- 19904 3R

TR e e}, AL EHRAR o T
Fikell o FBER M 3] Ao} =84,
Wernick™W= JAHFEH A KR EIEAS
FIANA EHRER o8| o] & T8 FHik
S 255l 9ot 3.4 ¢l ek E| o] gl uke}
zro) ofe)7}A] HifEESo) s} 28l BAETHA]
Wi o) [ et A AKE 919 mHatke) BfR
of el M F2 WHlEE A A By o
2 BRI HiRe A glok ke #igEel
N B} AT B STBK 4)el FhikE o
et

A FrAAE 2R e] mEH(rigid)
HE M) A (o)), 73] [A J=ta &)
o] R — o) tha) 3, £ B ol
o] HRRR T IRIEI ) HERS BEse A
Heve g2 shal itk of7]A, s R —=efal
e 712 o A2 Blikol ule)l Fka o2 A7)
= R o] 7B of kS Ui}, 3 A ) FE
& Zo] Ko L] “hHm 2 A
BN A EE S, WHTE DS EE A JE
o} YA EFRO] —iayolt, & W
FA FigHidre) S-S HiEkny dA B]EY
QL E FHEEIZE Y H ol tf]F ZAo] =, i
Fozs B AL Eo) B A EER o# <
AR Aete A4 5 Jerz, AT
BA 9] A o ot MRS 12T
T sk

2. ERREIWMER

2.1 WERER

BRESEE 29 17 2ok 2182 flEEmel
= BA 9 5likb o) Rigttage] M-S WSt
7] 91822}, TrAERY BR fEETE 2} HoAR o) AEHR-S
K337 984l 1% membrane(0.2mm
7A)E 60cm X 50cm 2] #iF ] 1ejolifE
(0.1mm 57]) $lol| B-dvk Hif-2 Z2E ek
Heo) mmE el (Toyoura standard sand) &
FERNA Zerhis Fikell o8] BIE= K} 4A
9] %ifidle A= #8005 Eoir] Kol
o§# e} 7o) Fosrs] AAA Yt 714, e
8] ARk sk A2 [ 2L oA ARAN (KE S



PULLING UP

LOAD CELL AG B C=

DISPLACEMENT
TRANSDUCER

TRV STRSTRIZ

LOADCELL 1-8

600
=
o
>
o
o
=
-
=
o
=
>
=3
=

PROTECTOR
or PEDESTAL

(a) Front view

=

A )= EE Al BASA o] Be
[3AZEME T} g Alo]olle vlIieia]o] glo)
o] B AERbc) |3 sl FEekolt) JIS
Hligo] olshd A=ss #80-2 KifRe] 0.17
~0.21 mm &} #ilE A BT SEHRIR (Ds,
=0.16mm) ¥} =}y =73}, Uesugi et
al'e)l 2|t 753l AR M EES) MEE
# 30 m ez 7 02 Hol, of 7| A AT YA
o} FH- Fo5r3]l AATEAL & 4= Qo) #iAf=
#5 0.1mm / min o] G 239 75 478
a1, fEE-S (REE EMRO] S W] v =
tige 1/ 39 B ol thi} gh-& Ao m o)
Hmes EES M —hh 2-cAds
FIF A YA« s EEE S, WET
S-S WIE T i 22— AL SEf SEM
B =5 FIET EEA, BE Y MEHY
FHE o] E\ME T & AT 2 2F 3, a7
HERNAM Y M) $2 REES 2h3 Q)
oJ 9] 5IKEER-S JFALE o o] 72 i
o] PAZH 173k A o] viE] sk, Rl
A 29} 7H-e KRVEER S 178l of 28]

[ J—

LOAD CELL
PLATE

i LOAD CELL

—Ejfe = % 0.25mm
gl g | g GREASE
> el >
Zz Lz Z PART A
al.o Q ———
sl s <Ay =
S o— o
f=v R S~ U e
T
400 !

(b) Side view

Apparatus for pullout test of anchor, unit : mm
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H 1. Test results of pullout of plane strain anchor
Test H y e D, Ag, OCR P,
name (cm) (gf / cm®) (%) (kgf / Cm?) (kgf / cm)
APP14 45.8 1.611 0.641 90.19 0.000 1 1.838
AP2-4 49.3 1.596 0.656 86.27 0.000 1 2.304
APP17 45.8 1.592 0.661 84.93 0.015 1 2.939
APP4 45.7 1.569 0.685 78.49 0.042 1 4.516
APP12 45.6 1.612 0.640 90.54 0.065 1 4.632
APP3 45.7 1.561 0.693 76.34 0.065 1 3.592
APP5 45.7 1.413 0.871 28.49 0.065 1 2.968
APP6 45.6 1.605 0.647 83.71 0.103 1 7.033
APP9 45.7 1.587 0.666 83.60 0.165 1 7.610
APP3 45.6 1.589 0.664 84.14 0.337 1 12.350
APP10 45.5 1.590 0.663 84.53 0.454 1 15.809
APP11 45.6 1.570 0.684 78.79 0.454 1 16.768
APP13 45.6 1.406 0.881 25.90 0.454 1 9.486
AP1-5 49.0 1.608 0.644 89.52 0.000 1 2.037
APP15 45.7 1.601 0.651 87.55 0.454 1 16.656
APP 16 45.6 1.576 0.677 80.58 0.454 1 13.944
APOP1 45.6 1.594 0.657 86.00 0.165 24 9.711
APOP2 45.6 1.600 0.652 87.35 0.015 9.5 2.736

% Normally consolidated ground
(Protected : from APP 14 to APP 13, Unprotected : from AP 1-5 to APP16)

% Overconsolidated ground (Protected : from APOP1 to APOP2)
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12! 2. Pullout resistance during pullout of
anchor in plane strain.
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~ (b) the case that surcharge=0. 454kgf / cm?®

3! 4. Vertical displacement of ground around anchor
by pulling out anchor (dense, protected)
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12l 5. Distribution of maximum shear in ¥max of
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ground by pulling out anchor(dense, protected)
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12l 6. Distribution of ¥max of ground around
anchor when displacement of anchor(d)

is 8mm (Test APP 13, loose )
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(a) Formation of shear band
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| Here,
- R P : Pullout resistance of anchor
~—~ per unit width
Va - Wa : The self weight of anchor
per unit width
W : The weight of block A
per unit width
W, : Load by tension or suction
SHEAR BAND per unit width

{¢) Deformation of an element in shear band

—2l 8. Kinematically admissible failure mechanism
of ground around anchor under plane strain
condition
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(b) Assumed formation
of shear band
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21 9. Stresses on the shear band in
the case of failure mode 1.

DIRECTION OF ZERO-EXTENSION
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(a) Directions of characteristics
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(b) Deformation of an element in shear band
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(c) de, direction by Mohr’s

circle of strain increment
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(d) An explanation that(sy, 7) coincides with Pp,
and g, equals to o, by the assumption
of co-axiality by geometry, < MPpN=00°
Therefore, the point{ey,, 7) coincides with Pp,

and op=0,.

12! 10. Directions of stress and strain characteristics, and expression by Mohr’s circle of stress and

strain increment
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.12l 12.The mechanism of failure mode 2
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712! 13. Failure modes and failure envelope
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¥E 2. The relationship between K and Cp,(Protected)

;F ;rite ( kng; \;mz) K ( degree) Cou Remark
APP 14 0.000 0.54 47.1 0.51 Dense
AP2-4 0.000 0.56 45.0 0.59 Dense
APP17 0.015 0.60 44.2 0.64 Dense
APP12 0.065 0.62 45.2 0.50 Dense
APP6 0.103 0.66 46.2 0.53 Dense
APP9 0.165 0.55 43.4 0.44 Dense
APP8 0.337 0.45 419 0.40 Dense
APP10 0.454 0.51 42.7 0.38 Dense
APP13 0.454 0.37 33.7 0.32 Loose
APOP1 0.165 0.70 44.0 0.55 Dense, OCR=24
APOP2 0.015 0.60 43.3 0.62 Dense, OCR=9.5
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COEFFICIENT OF LATERAL EARTH
PRESSURE, K
Failure modes and theoretical Cpy~K rela-
tion by the limit equilibriumm method and
experimental Cp,~K relation in the case
of plane strain anchor
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