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Abstract

For Determination of the ultimate uplift capacity, the failure mechanism of the foundation by
uplift should be correctly known. However, studies on the variation of the failure mechanism with
the embedment ratio of anchor plate among those factors governing the uplift resistance are scarce.
In this study, in an attempt to observe more clearly the variation of the failure mechanism with
embedment ratio and to check applicability of existing formulae for the ultimate uplift capacity,
a model test was performed with ground made of carbon rods, simulating a plane strain conditions.
As a result, failure characteristics of shallow and deep anchor conditions were clearly classified.
It was found that the analysis of a shallow anchor should be made prior to determination of the
ultimate uplift capacity of a deep anchor.

......................................................................................................................

2 X|

gAY FALHE A M el oF Aukel A v|FE HESA doop Tt
aeu FAY AEAG FFE A 2h FollA EFHle) mE 9}3)717e] Wl hE 7|E e
Azt vES Agolch B AgelMe @AY FHILA Zulel mE waj7|te] Mg By
Wets gasta, v1EY SElwe e H84e dusly] At gador W YuHd
HEFE Y At A B AEE AAEHch 1 AFEA, Fod G D YAGHY o] At
A5G S HE3 FEE AR, Qe HINEH A ¢ F2dAY s 4ol
das|ojop gheh= Alo] FEHUCH

.....................................................................................................................

1. M B 71 98l U Eg 27lolE Futo] FERBE
27g Ao R she MR ol§HUA A

YAE FlaTREY ALSE AUsEel AY e JPTREY U¥E AgHD glos, A
Hel Adrle} BUBES Astel PATHE o)

* Qg abie At dighd HApy

* % Yslgl - opErh st FHE Esen s oo Siga Aok Ay VRAHOE platesd#H,
* kxR - ardad R E5 I ARTL helical®§ #, grouted®§# 2 TH#EEH 2 dge

* ok ok B9 PG P Ag BRI Ay

* ok ok ko P31 BHEEE R4} plated} AE o w &l P#e] AFNEH glof|

H14E F55 1994 9 -1219—



I3 1. URYAHNE Q| oIS
y (&9 95 % W Edss
A B Wy Q. FEedy
H @ &840l | O 3 s B

FEFE 7IAE 8ae YA @79 By, Auke
e, 2la E¥doloth )& AT dAY
A7)k Aute] Gefe] gl e HwA 4
AstAl st ARt 233l sl e
sa7iTel e A7 obd wFsich wey 2
ArdMe BYAL 7 rE P88 i)
At B2B 0T RFAWS 248 °§ﬂ94 a
71l @ 2ziole] Hlef Wit wpe wajy)7
TS, SEALH o g 7| & o] 4
Aede d9der Argch

2. WS ldol mE FR|we| |
=1

HA @Yo el wE FAluke] ulay)p
of thete] heks] Ao,

29 12 FegAdEe 7|78 Jed A
ojtt. o 7]A & boll ot E3 o] He uj& E3y|
(H/b)et sk, #dAw 2% gold wat FriA
BAFEE Hol=dl, 29 13} Fo] Bgur}
Aoz zolA B HA|REoAM wAPF
Aol AEUAA] Fge= FHE ¢y
7}/deli(shallow anchor condition)e}il ghch, vl o)

EYH7 A FHog 71*1 AGataHo] AFHI A
4R gk deHE godAHldeep anchor

condition)&}1l &t}

—1220—

F
4 (H/b)

Fq m‘nx ““““““““““

1

0 H/b
38 2. 2EHI(H/bjoll THE TRIA4(F)S| HemA

HedA 9} Fey7= T2 33A S (fraction
factor) F, 9} #to 258 T2 7} ok dajHg 4
(Fp& 379 S8093(Q)e F4A HY &
H3F(yAH), & BAA 99 A3 Fr58F08
e gheltt

a9 204 Heuiel o] stujAlae st
ARHA JhHE W, & EY6|7 0o Jkg o
Ao lojc}. s A71 lolehe AL Feglwbays)
EdstFe] ke g oudth? e B
gujot Al FAAS) oW Eyule) ol o
A A HE A B F Y, o] dy
FYHE A Yy Hb). §h? ojRe
delel el aviel @od# st Geod AN oA
7R de He] 53 Q12 HS A R3]

of olZejA wstn, vk BynH|7l o)zlrc}
27 =9 ZePAZA AFdhe AL oush

Mors(1959)®, Meyerhof and Adams(1968)%, Ve-
sic(1971)%, Saeedy(1987)% S& 1@ 33 o] 1y
wH gt B g TPgsiA meR|ute)] 23
HegA o] ST S A7) YF AL Aokst
At

A7) g EE S 025 dFYH e FHo)
o, A He 29w W9e Hb<5
2tal 7}®slg o), Meyerhof and Adams¥We 9
HHPEGH Y dAdARNN S S8 ALY AE
hEAow, 1@ 49 o] FARYHE Feol
Fuhazt oo P52 Hoirh

3. 2 ¥AIHO| Scale Effect
S| dte] 23] B o] St A S 9§

K L AR RS



L
=

Meyerhof

& Adams

H
p;‘,; Passiv
force
. 8 = (2/3)
|_._,__E_,,,{ o = 90-¢

Qu

Arc of |
a log spira

Og 3. YU deE e JH™E oo EE

14
[ ——-——1 Strlp an¢hor
12: -1 ——1 Sqiore ¢r Cifulur unchar/
I e
10 ///
Y -1 L
i sF =
— E / _ - I~
4 // . - A
D PP
F -
2».

[AREN)

Congaadavaaadgaenad s ol
Go 2328 20 52 35 38 41 4
Friction Angle ¢

28 4. oMz o st H(2) ¥ Meye-

rhof and Adams)

chet ool i, o] ol BES YE] Hstod
SELEERIESS JERERNE PLER Ca
A of 4gEe VAT 2emelH W0em 3
29 £ 77 REVYAR A€ Aol 2
dYe wHow Aduc AL AP

H14E W5 19945 9 H

.
S
80
&
70 2N s,
60
50
:2“'0 0\52:-;
30
20 B/b = g
o
10 —
0Jl‘l'lllllllll]llAlLlJLlIillllll
o 10 20 30 40 50
b(mm)
3%l 5. Baker and Kondner(1966)0] 2|8 AjWE

WMDY A P

), °]Ae scale effectol]l 7]Q1 g

219 5+ Baker and Kondner®o] oj& A)ajg
2REAEe AHE vebd Hoz Rulaziol
42°, <)ol 1.87tf/m® 1ela HAE o] (%l
ZYg RyAvtelA E3HE nAstn wdefHY

—1221—



a Centr. Test at n=37.5
- o Field Test
8 I~ B s - e ——e e
6 L.
o
[ -
4
2 b
O b b e ——
0 10 20 30 750
b (mm)

O 6. MEAED centrifuge2 ¥ AN Hlw

Zg& EstA7IEA b2t £3Y 3, 6, 99 o3l
AP Aot} HHAFE FYAY Ho] &=
A3, BeiAe] o] 60mm o)Al M AAsE Fhol
71 Yt o#1d scale effecti= E-@Hlr}
255 ¢ A448Rde g 192 58 4 &
S0

OvesenV 2 AUutA ¢l T AHFH] gcale effectE
TH87] 918 centrifuge XA A HE A3l
Al 2EAEY 7EMNEe A 2 maA
Hlol M 23 YAE 1 ne] HEE 487, ng(g:
FYH7MEE)Y AN FHNEEE YRR S
Hoict, HaAl4el AA HEE viRE= 84F
oAl Eul(H/b), T+H](e), HEuHEZHo), F-2H8)
3lgt ¥ AFEND) & Hssgont FalelEgt
Ao ANd/byE AA S} Esdeh 22 ReAut
oA AAE EFue] A ngkd HIHAIFIWA
AUl dEst A7 A 2e AAAFE o,
29 63 go el Fo| 750 mms VAU EH
BTl o] 20mme), & n=37.5% centrifuge
28AHS A3 ) scale effect7t A §idu)

Y 7€ centrifuge X H A Aol A<
2499 43 vug Ao g, EYv|H/b)7}
8 298 mejoMe dutal] ngdgdsE @
BA Q) FeIwE S WiHriEt, =T Y
2 gcale effect7} Zthe 3L & + vk

FEAEL dARY ¥ B FHPFAA A
Pt 18y A2 Mohre FHH ¥ 17
83 o] ol Fuigel wet 71§77} Hadhe
ZA-g ol2r) oA REAEHgA e Yialgz}

—-1222—

Circular slabs: D=29.1 mm

s»ewew Contr. Test
aa880 Conven. Test

0 1 2 3 4
H/b
J8 7. slebEel WHRYHED) centrifugeR ¥ A
#anel wim
&
O
~
2
ot
w
w
@
“
]
“ Oz Tirz
«
4 ~
S Grrr . Ty il
// d
-
//\(moae( Prea
A
Omrs Tees Cror1 am

Normal stress o(kg/em?)

% 8. Mohre| mmjIxatid

q)modelol éﬂ]%é'}[\‘% })\‘]Q‘] LHJ?—.U]-ZL}'Z} q)real]i,—q'
Atks RAE ov)Eie, oY 4 ez BAE
% geh

Te1 )

af T2 af
Oreq = tan ( ""’_> < ¢model =tan (
; Gt

Otz A

o]de] FFo M, AN &3ty AT RHE LG
Ao Ropazt oo Aol sleld AEd 2t
gagks o F slek

4, NEHEX
2P ALEE eABe Zol7l 55mm, 3
o] z+z} 4mm, 6 mm, 8 mm¢l 3FHE GHE

7
o] of 14tf/m’, WRrhazto] 27° A, 8|3

K ARG TR



O 9. +EutfAN

BpEppr—

Q) g R AN E TS
2 ug zt gal FAE 4T 1—}
gagAne d49y LA g MAshed g
gojel. U Hwlazhe éizﬂoﬂ B 8lEE
ERANE 488 F8lo ek FEad
e 1Y 99 #o] WAo] FFHd x2yE
71&Sg AAA17)5L ”‘-WWN%
g3t om, #Halel Lz viitold] &
@A - &J.J-
wAEE g riehasd HaE g
{}o} kel Able g BYste] $E IS 9
- oA AFSbe 23 =)o)

AL E

B9, Aske WaE
LHTUP-E_}ZJ’—" -t et

REEY Uiy Avie
J1elal AHgE ﬁ}"}
50 mm X5 mmeo]t}, J1g)i
|3 FH Q= 9}5 1.44 mm/min &

1400 mm X 1000 mm, 2

M‘i}*'r °

.

A 2] Ao A% load cell®} LVDT(linear
variable differential trans-formers)® 2+2} QI
3 FAHEAE YD, 19H o] YFo FI
Zje] LVDTE 2714 dA)3le] EHAAE &340}

74wzt 1g8l load cell®), #=7F 1/100 mm?)
LVDTE &A% dataw UPC(universal personal
computer sensor interface card)g E3j4] AW
AFE el dg=ck AMSE FdAY EL 70mm
olil, BAjo] Aele AL WAty g8 19 117
Zo] AE 5mme ZFEez Adsted 150 mmef A

700 mm7bA] 2HE 5 JEE
5. AHZY Y B

A2 2gnE ‘»"J WA HA] E 8] 26 A
TR AAg 53] o s SAEYR e Bt
M= BN E 0-5’53 WA Z ot

I 12v 7 AR s Al #AE
vebd Aotk ¢ Z¥aAY =3lE#-2 Man-
sur and Kaufmann(1956)7¢] who & 23 38lgch
Mansur and Kaufmann® #PH-& 815 9549
271849 AEHAe) aPoR FHHFE P
o g shE-meidel Y&z Aol P2
Eodow teetEg AASHE Vesico] el ¥
shed oF7r Zbe FRE Motk AEE 5 v

S5k Wi ekt o) e
of dataizel A%E WERIE g oA 2]
4as) AEHNe mPor RS T

237} 690 HEo) st =dtalEg AAT
@7t Ao E veEhg ok

R.M. Das(1990)¢] Earth Anchorell A 2 &% g}sh
olgo @ Asbi glal, Hx| HALZEE dHAe) FE
olwf# o] oo Fi A% Meyerhof and
Adams$] o]#x)9} A@ARE wlashd 19 13%
P}

A A3 $A-23He Meyerhof and Adams?]
olgX Bt Fi A& °F 5 Y& YERdAh &
ARgulo) el daA sl HojsAAee 0.2 A
% v} =A Gebggo

218 14% 238w 29} 4 1), 559 7¢9] A@o
thgh BA o] AE et ME A F A o] A

—1223—

MIAE ESHE 19T 97



(LR

(ST Gear Box
Load Cell—\ S Lvor
‘ “‘W - / / I 0%

steel rod

/

Anchar Slab

140 om

gl 11,

Embedment Ratio: from 2 to 7

12 ]

n -/""\'H/b-7

10

o ht

_——e H/b = 6

,;"' H/fb = 65
& Th H/b =8
)
o6 H/b = 45
3s Hib =~ 4

4

3 TTa— Hfp = 3

2 Hfb = 2

1

°3

200 400 600 800
Vertical Displacement(l/100mm)

a7l 12, BEulol o UH-YHFEHe

adEEeN JA QuRFAA Balo] A2 U
IA Gk e HAFR ok

Ao ASE AR AR YL 9D
o4 ek AN Y4e Bl 438
stk Awe] RAYFe AP AWHRA Aol
F3 e FAAN 4Y AAE BAH e olck

29 158 267} 459 Learde 3
Ygow, 7l WA mARAN BT A
shisto] AREAA FFHALE B+ Ak B
28 BB e 19 304 o shtEol 1R
gl B YEDE o A 3lelvl dneH,

—1224—-

i I My

1 ; 55mm

d ; 4,6,6mm
vy 3 1.4t/m?
¢ 27

c; 0

Carbon Rods

REAWN

7
k f]h £ And y
© stesbercher e plors

Fq +f

3:“""“"'"" ;_j’i:’{' b4 - - L+
|

2f :

& :

) VUV POV NN DO SN OO

H/b
8 13. Meyerhof and Adams®| O|Ex|2} & 4
HRA9 wim

XMHE 19 169 2ol EYu7t 248 gopra
YR ol BIARE, oJAe med v
Wl M vehhs 543Q sl n Ard,

9 178 £u7) 6590 RedA e s
gyowm xvlol AAs AN WA W
shoiie] ey dEisl Had dow i
St A7 elmA] %8a BAFWe) FRA
st} e e H3Y 4 e, olu
ZRAvle] 9491 AvAo R vzl e
Autol A B o) Qlubelo] AAEES FRabR £

Kt AR ER R



Embedment Ratio 2

Surface Displacement(1/100mm)
B

AP v AAAALRL) P A ALLLAR /0 s s T
Vertical Displacement(1/100mm)

€ Embedment Ratio 5.5

§ 450 -

> xwof

o .

prest b eeve |

g 250 s o
©

2 /.

g 5o /
[&]

8 saf M
8 I

g 2 [ 860

Verticol Displacement(1/100mm)

Embedment Ratio 4

Surface Displacement(1/100mm)

Vertical Displacement(t /100mm)

~~ I3
£ Embedment Ratio 7
g 4sor-
o b
> xsof
— 3
E o *eene |
L et
£ sor T
e ¥
g r
o 1sop
o F
® C
S =t
T e A L S
a & 200 0o 600 ado

Vertical Displacement(t/100mm)

a8 14, YWH-DRIXIEH XL

e

]

D% 15, wEWHAENSl 1Y 4B 8HI(H/b)=
4.5)
X : ol
WAl +H e

AgEat gyEe] At

317 sgow oA,

B o) HAA M HFA S LB Aol
N Egulel el F7tsicrt @AEgmel o2
A QR ghe 2 H7] WEel oA

I E HESH - 19947 9 H

X/H . .
g & & 3

TN B I WA N

g
H

1.0 20 3.0 4.0 5.0
H/b

D7 16. AUSUFHYERS BEdo] WE X/HY ¥y

YR T e SadeEQy)
57@‘5 & 4 ok &, A ojzy

% F7h A dedAHrt R Sl
ﬁawa% wgglolel o8 AAL

1Y 18 FedANHE }E’h‘ﬂ s e
24 olde) 4 @& £ e

—1225—



Oy 17. ARYH e oW A(EBEH (H/b)=
6.5)

Distribution of Effective
Overburden pressure

O# 18. HPUHAH

g B 4 U
Q.=F,yAH+ K;p(H — Her)'seetand(8/9<1)

p %A shafte] 93

O'we  2=0914 z=H,—H Ato]&] HFFEELH
(=(1/2yy(H—H.))

K, @ BAELAF(=1-sind)

6.d &8

WSl Bl mE AWAYH ) FE 7
Harl el BaRoR 2HT ANA °§ﬂ‘ﬂ
PRRAES S, Gd) Y Ao B9

—1226—

slo] 4% da de HdEe oed ok
AR, =g D Auky) 739, F2dF e

A EuE LSS (BFRAMEAA AEHEG
waHe] wAH7AA Y R AY)/(EYZAN7 2A
vehdch

A, dLdAdHAM T BEA FHd 57A
Gtz SRS Fsth

Ax =5 guke] 79, Meyerhof and
Adamsell &j3t SFldHe AAFL o= AFx <t
H&(conservative)o| A7, 2 AY9) scale effectE
nsE o FHEgAdo] e Aoz Algdct

i, faAdee 438 gy, F 31741%’—*@“]
e A3y W] gedAdee] BPA =
FAAHE AA37] Azt FALYY g A
T& Megstajo} ot

SEIN

1. Ovesen, N.K., “Centrifuge Tests of the Uplift Ca-
pacity of Anchors”, Proc, 10th Ini. Conf on Soil
Mechnics and Foundation Engineering, Stockholm,
Sweeden, Vol. 1, 1981, pp. 717-722.

2. Das, BM., Earth anchor, Elsevier, 1990, pp. 14-
55.

3. Mors, H., “The Behaviour of Mast Foundtion Su-
bject to Tensile force”, Bautechntk, No. 10, 1959,
pp. 367-378.

4. Meyerhof, G.G. and Adams, ]I, “The Ultimate
Uplift Capacity of Foundations™, Can. Geotech ],
1968, pp. 225-244.

5. Vesic, S., “Breakout Resistance of Objects Embe-
ded in Ocean Bottom”, Journal Soil Mech. Found.
Div, ASCE, 1971, pp. 1183-1205.

6. Baker, WH. and Kondner, R.L., “Pullout Load
Capacity of a Circular Earth Anchor Buried in
Sand”, Highway Res. Rec. 108, National Academy
of Sciences, 1966, pp. 1-10.

. Salden D., “Der Einfluss der Sohlenform auf die
Traglast von Fundamenten”, MIT. 12, Baugrundi-
nstitut UNLStuttgart, 1980, pp. 61-66.

8. Das, BM., Theoretical Foundation Engineering,
Elsevier, 1987, pp. 183-194.

9. Hanna, T.H. “Studies on Anchors and Anchor-
supported Retaining Wall in Sand”, Stress-strain
Behavior of Soil, 1972, pp. 450-458.

10. James, R.G.,

~]

“Some Aspects of Soil Mechanics

A AR SE



Model Testing”, Stress-strain Behavior of Soil, 12. Hunt Roy E. Geotechnical Engineering Analysis

1972, pp. 417-440.
11. Merrifield, C.M. and Williams, AR., “Pull-out Ca-

and Evaluation, McGraw-Hill Book Co., 1986, pp.
430-438.

pacity and Load-displacement Characteristics of 13. Kulhawy Fred H., “Uplift Behavior of Shallow

Vertical Anchorages Modelled in The Centri-
fuge”, Centrifuge88, Balkema/Rotterdem/Brook-
field, 1988, pp. 215-221.

HUE B5H194%E 9H —1227—

Soil Anchor”, Uplift Behavior of Anchor Founda-
tion in Soil, ASCE, 1985, pp. 1-25.
(85 11993, 12. 2)





