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Analysis of The Ultimate Uplift Capacity of
Plate Anchor by The Loading Rate

by

Dong Man Ryu

Department of Ocean Engineering

Graduate School of Korea Maritime University

Abstract

Anchors are primarily designed and = constructed to resist
outwardly —directed loads imposed on the foundation of the structure. These
outwardly—directed loads are transmitted to the soil at a greater depth by the
anchors. Buried anchors have been used for thousands of years to stabilize
the structures. Various types of earth anchors are nowadays used for the
uplift resistance of transmission towers, utility poles, submerged pipelines and
tunnels. Anchors are also used for tieback resistance of earth—retaining
structures, waterfront structures, at bends in pressure pipelines, and when it
1s necessary to control thermal stress. In this research we have analyzed the
uplift behavior of plate anchors in sand and clay by laboratory experiment to
estimate the uplift behavior of plate anchor in various conditions. To archive
the research purpose, uplift resistance and displacement characteristics of
plate anchors caused by embedment ratio, plate diameter, loading rate were

studied, compared and analyzed with various cases.
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Fig. 2.2 Variation of K, with soil
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Table 2.2 Critical Embedment Ratio,

Table 2.1 Variation of m (H/R),,., for Square and Circular Anchor
Soil friction angle, ¢ P >
(deg) m Soil frlc;cg)eng )angle, /),
20 0.05 20 95
25 0.1 25 3
30 0.15 30 4
35 0.25 35 5
40 0.35 A0 7
45 0.5 A5 9
48 0.6 A8 11

e A} pe g7 grjel S dwAFL 4 299 4 21002 1}
e SEES
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Table 2.3 Breakout Factor(F,) for circular anchors

Soil friction angle, & Embedment ratio(tH/h)
(deg) 05 10 15 25 50
0 1.0 1.0 1.0 1.0 1.0
10 1.18 137 159 208 367
20 136 175 220 325 671
30 152 211 279 441 9.89
40 165 241 330 545 130
50 173 261 356 627 157
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Fig. 2.7 Nature of variation of F. with H/h

Table 2.4 Variation of F. (#=0 condition)

Soil friction angle, @

Embedment ratio(H/h)

(deg)

0.5 1.0 15 2.5 5.0
Circular
(diameter = D) 176 380 612 116 303
Strip
(/B =~ 0) 0.81 161 242 4.04 8.07
2.3 Meyerhof o|&

Meyerhof(1973)2 AU EHA 3 AFHAFHE B3l 2EFH AA, A4H
AdA, 93 AAEY =3 AAAYH S FAIN= A4S T3 Us
2 21804 A& A e WAS Yetdlal JoH, v& Feo d9lFH, HE
TYPZolE YEHAL v 28 Al £ ce 4 FAEE YEhla 9
=

Q, =A(H+ Fc)

(2.18)

o7l 2 a(F)= 99 A} A4d AAL ul 4 2199 2



(E)g 9 (2.19)

aEal 2EF JAL v 2 2203 2o

(2.20)

4 2199 4 220% o3l AF YA Az YA, 2EY JA9
Azl Fehgich weka BAZGE 4 2213 24 22204 thehy 3 gl
ok ool A 2] 2212 9F YA AztY AAe FAZLNE bl g
ow, 4} 2220 2EY 79 BAZPNE vhehn gie,

(%) =9 =75 (2.21)
(%)u = % ~13.5 (2.22)

Fig. 2.8 2] 2199} 4] 2208 Z#lZ= vhebdl Aol

Fig. 2.8 Variation of F. with H/h
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Fig. 3.1 Grain-size distribution curves

Table 3.1 Material properties of sand

Specific gravity (G,) 2.63

35.2(D, =35%),

Internal fricti le (#(°))
nternal friction angle 43.3(D, =75%)

Dry unit weight (r,(kN/m?)) 14.74
Maximum dry unit weight (r;,,, (EN/m?)) 16.70
Minimum dry unit weight (r,,,, (EN/m?)) 13.80
Effective size (D,(mm)) 0.32
Uniformity coefficient (C,) 19
Coefficient of gradation (C.) 1.0
Unified soil classification system (USCS) SP

Table 3.2 Material properties of kaolinite

Moisture content (w, (%)) 60 S0
Cohesion (c(kN/m?)) 4.9 0.4
Unit weight (r(kN/m?)) 15.807 14.288
Liquid limit (LL(%)) 50
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Fig. 3.3 Variation of relative density versus

falling height
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Table. 3.3 Scale effect in sand

Displacement % of Displacement to

B/D (mm) B/D=10
3 0.586 195.33
4 0.358 119.33
5 0.325 108.33
6 0.317 105.67
7 0.304 101.33
8 0.302 100.67
9 0.300 100
10 0.300 100
Table. 3.4 Scale effect in clay

Displacement % of Displacement to
B/D )

(10° mm) B/D=10
3 3.738 188.79
4 2.498 126.16
5 2.204 111.31
6 2.012 101.62
7 2.000 101.01
8 1.986 100.30
9 1.980 100
10 1.980 100
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Meyerhof and Adam(1968)¢] A<t

Vesic(1971) 8] Al k2] 3= vl 23 3k

Fig. 4.1 FEA - D=25mm, Dr=35%,

V=lmm/min (sand)

Fig. 4.3 FEA - D=75mm, Dr=35%,

V=lmm/min (sand)
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Fig. 4.2 FEA - D=50mm, Dr=35%,
V=1lmm/min (sand)

Fig. 4.4 FEA - D=25mm, Dr=75%,
V=1lmm/min (sand)



Fig. 45 FEA - D=50mm, Dr=75%, Fig. 4.6 FEA - D=7omm, Dr=75%,
V=1lmm/min (sand) V=1lmm/min (sand)



4.1.2 AR E Axkf A o] X Fo| mE ST ATAZH-T AU #A

A A =7t 35069 750601 AFRE Auko] Al W] A 2o wE ek o)ubA
g o] W3 E Fig. 479 Fig. 4.8% 7o Yepiglch F3ters]Adst A ¥

Fig. 471 FEA - Dr=35%, Fig. 4.8 FEA - Dr=75%,
V=lmm/min (sand) V=lmm/min (sand)



4.1.3 JE AukilA Zgu]d mE S LA FH-ZAH] BA

Hd A =3 ALAgHL e 60%, 80%°l tiaEl -givl 3, 5, 7= 3
Aot AbEd ZHE ste-oddd AR JEhlew, 7]Ee ol &<
Vesic(1971) 3 Meyerhof(1973)2] A<k} 3} w] w3} v},

Fig. 49 ~ 414 7} +gv)ol thal 1] 60%, 80%0lA 9] sh5--UH]
HAE eI ok 2" A B vkel o] Fataasg Aie 29
H7b SobeE s S3 I ARE R SUbskE nE A E Bolal v o=
TANZE SorEE R Slol e Ho FAVE SvEeE A =3 QA o]

ATh 2P AL FEuE e s S8 A Y
= At ol vl FbstHA & FAHe] i
A3 gpaste] AL W shFo Ry I A mdd 7] wEo|vh

Vesic(1971)3 Meyerhof(1973)2] A ok2 3k v w3} -S- u, sha=u] 7} 6096¢]

Aol A= Al g oz Faasisdst Aot dAstE A2 AW

Al e A vsmshAl BejFal vk ER, ] r) 80% % A kel A

Fig. 49 FEA - D=25mm, w=60%, Fig. 4.10 FEA - D=50mm, w=602%,

V=1lmm/min {(clay) V=1lmm/min (clay)



Fig. 411 FEA - D=75mm, w=60%3, Fig. 4.12 FEA - D=25mm, w=809%,

V=1lmm/min (clay) V=1lmm/min (clay)

Fig. 413 FEA - D=50mm, w=80%, Fig. 4.14 FEA - D=75mm, w=80%,

V=1lmm/min (clay) V=1lmm/min (clay)
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v 7 60% 9 80%¢1 AE A wlo| A o] X B0 wE 3+ QA )
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LAY Aol i Wk Tev)= S de & ¢ U8
o 2E]al Fnl7E 80% 91 AT ANl M= o] A Fo] FUtEFE S

=
LAY SUEAN, A or 3 QAR Y Ao ek WEke] 7

Fig. 415 FEA - w=60%, Fig. 416 FEA - w=80%,

V=1lmm/min (clay) V=1lmm/min (clay)
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Fig. 4.17 Variation of @, with H/D in Fig. 4.18 Variation of @, with H/D in
loose sand (D=25mm, Dr=359%4, loose sand (D=50mm, Dr=35%,
V=1mm/min) V=1mm/min)

Fig. 4.19 Variation of @, with H/D in Fig. 4.20 Variation of @, with H/D in
loose sand (D=75mm, Dr=35%, dense sand (D=25mm, Dr=75%¢,
V=1mm/min) V=1mm/min)



Fig. 4.21 Variation of @, with H/D in Fig. 4.22 Variation of @, with H/D in
dense sand (D=50mm, Dr=75%, dense sand (D=75mm, Dr=75%,
V=1mm/min) V=1mm/min)
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Fig. 4.23 @, by diameter of plate in
loose sand (Dr=35%, V=1mm/min)

Fig. 4.24 @, by diameter of plate in

dense sand (Dr=75%, V=1mm/min)
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Fig. 4.25 Q, by loading rate in loose Fig. 4.26 @, by loading rate in loose
sand (D=25mm, Dr=35%) sand (D=50mm, Dr=35%)

Fig. 4.27 Q, by loading rate in loose Fig. 4.28 @, by loading rate in dense
sand (D=75mm, Dr=35%) sand (D=25mm, Dr=75%)



Fig. 4.29 @, by loading rate in dense Fig. 4.30 @, by loading rate in dense
sand (D=50mm, Dr=75%) sand (D=75mm. Dr=75%)



4.2.4 JE A¥boA Zdud] mE S LA FH-ZAH] BA

2 AFAE wAdA Y S8 A H S ] 60%, 80%% FE A wk
2 AAE YERATH

Fig. 4.31 ~ 4.367FA & ZF =48] ol gk 1] 60%, 80%% HE ]
gl Aol =% AR HEE yedlal Ak Z2gal Vesic(1971)3%
Meyerhof(1973)2] A|QF& 3} vl sttt 2o A K= nlep o] 94| 7F <
7V @A AsE e AR AV FUtshe vHAAE
Holar vt =, ol ¢t do] 23S W W ol U= ANk FA T

oz AP 9ee FEAR 5 Ak B G0} 80%Q waeh Y

E3perE o] gaste] FHE Aol & o] ZHAashy] wiiEolth e
3l Vesic(1971)¢] AlQb2S A@Ae}t= vhE s vebdar g, =3 <l
WA gked o] FbehE A2 M523 Meyerhof(1973)2] AlQk2l 2 A A4 o
= oS8 AR He] vrof ddAvet thaA dEbliar vk ey ]

Fig. 4.31 Variation of @, with H/D in Fig. 4.32 Variation of @, with H/D in
stiff clay (D=25mm, w=60%, stiff clay (D=50mm, w=60%,
V=1mm/min) V=1mm/min)



Fig. 4.33 Variation of @, with H/D in Fig. 4.34 Variation of @, with H/D in
stiff clay (D=75mm, w=60%, soft clay (D=25mm, w=809%,
V=1mm/min) V=1mm/min)

Fig. 4.35 Variation of @, with H/D in Fig. 4.36 Variation of @, with H/D in
soft clay (D=50mm, w=80%, soft clay (D=75mm, w=80%,
V=1mm/min) V=1mm/min)



425 AE AMeA Be) X Fo e

=% A FH-=AW #A
Fig. 4.37¥} 4.38% 3FH] 60%9 80%%) HE A
S QuAgee] M ek

| A Fo] =
Atk #e] A Fo| s W= &
7V ek QA o] Av)e] gk wsle] V&Y ke AN,
Aol F7MEFE I 7€V FA43A Sres & 5 Al

Fig. 4.37 @, by diameter of plate in Fig. 4.38 @, by diameter of plate in
stiff clay (w=60% V=1mm/min)
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4.2.6 AE Ao A E Hro mE S ATAFH-TAR #A

2 AP E B AY S TAYHS ] 60%, 0% tE
HE 3 5 7% Yral, #9] A &S 256mm, 50mm, 75mm=E e FHol oyt &
= E lmm/min, 6mm/min, 12mm/min® 2 3Fo] 23 &3 v

Fig. 439 ~ 4447k Q1w S5o] o3 P50 60%5) 80%9) HE A vk
A Fe QUAFHS ehha vk aRelA izt go] A &
o 9% F@ AWAF] G T Al F Mol YAE gw Yk IE
Aol AE HE7L FAEEE 9 QuARe] Fosh: Be] Tl
of eI gk Ed, wol AFo] FARFE AW Lxo oF F3 A

Agee e vehia g,

Fig. 4.39 Load by loading rate in stiff Fig. 4.40 Load by loading rate in stiff
clay (D=25mm, w=60%) clay (D=50mm, w=60%)



Fig. 4.41 Load by loading rate in stiff Fig. 4.42 Load by loading rate in soft
clay (D=75mm, w=60%) clay (D=25mm, w=80%)

Fig. 4.43 Load by loading rate in soft Fig. 444 Load by loading rate in soft
clay (D=50mm, w=80%) clay (D=75mm, w=80%)
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Fig. 5.1 Comparison of experimental data with

theoretical values in sand (Dr=35%)

Fig. 5.2 Comparison of experimental data with

theoretical values in sand (Dr=75%)
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Fig. 5.3 Comparison of experimental data with

theoretical values in sand (Dr=35%, 1mm/min)

Fig. 54 Comparison of experimental data with

theoretical values in sand (Dr=35%, 6mm/min)



Fig. 55 Comparison of experimental data with

theoretical values in sand (Dr=35%, 15mm/min)

Fig. 5.6 Comparison of experimental data with

theoretical values in sand (Dr=75%, lmm/min)



Fig. 5.7 Comparison of experimental data with

theoretical values in sand (Dr=75%, 6mm/min)

Fig. 5.8 Comparison of experimental data with

theoretical values in sand (Dr=75%, 15mm/min)
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Fig. 59 Comparison of experimental data with

theoretical values in clay (w=60%)

Fig. 5.10 Comparison of experimental data with

theoretical values in clay (w=80%)
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Fig. 5.11 Comparison of experimental data with

theoretical values in clay (w=60%, 1mm/min)

Fig. 5.12 Comparison of experimental data with

theoretical values in clay (w=60%, 6mm/min)



Fig. 5.13 Comparison of experimental data with

theoretical values in clay (w=60%, 12mm/min)

Fig. 5.14 Comparison of experimental data with

theoretical values in clay (w=80%, 1lmm/min)



Fig. 5.15 Comparison of experimental data with

theoretical values in clay (w=80%, 6mm/min)

Fig. 5.16 Comparison of experimental data with

theoretical values in clay (w=80%, 12mm/min)
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