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Experimental Investigations .
**  on Shallow Strip Anchor Plates in Sand .

-

~

v »

‘Mustafa Abumengel

~ J

L]

This thesis presents the experimental results on shallow strip anchors in sand.
‘ ) ' a . . '\ . .- ' . . . .
The objective of this investigation is to study the effect of anchor's inclination,

embedment ratio, and size on its load-displacement behaviour.. - o /

-

. " Model anchofs of different sizes were tested at various depths of embedment and
. inclination angles vary from 0O to 90 degrees with x;espect to the vcrtigal. The tests were
. proéeeded by‘ applying the pull out forces ata constant rate: of displacement.

It was foqi?d‘ thatw ihe ultimate pullout capacity increéses with the increase in angle
of inclination, embedment ratio, and height of the anchor plate. The test results ‘we.re
compared well with the theoretical model proposed by Foriero (1985) for anchor
inclination at angles ranging ﬁ;om 0 to 60 degrees with respect to the vertical, whérc._as
for a 90 degrce’inclination, the present test results show fair agreement vgiih the thkeory

proposed by Meyerhof (1973) and Neely et. al. (1973):
' R

—
~

1‘hepmsent test results were also compared with the other available theories where

a conclusion can be drawn. o
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NOTATIONS |
: ![/ T . - | .

l?epth of anchor plate from ground surface to the top of the plate
ﬁcight of anchor plate o »

Width of anchor plate ‘

Area of anchor plate

S > w xE U

Height of retaining wall

Load inclination with rcs;pect to the vertical axis _

&

‘ ‘°mz'1x Maximum voids ratio

- Minir\rlmm voids ratio -

c Voids ratio of soil deposit

Ep" Passiv; forceon ‘retaining(wall

G- Specific gravity of solid particles

Ky, K¢ Uplift coefficients for shallow anchors (

Passive earth pressure coefficient

p
‘ KPY Passive earth 'pressurc coefficient due‘to weight coriaponc;mt
K;  Coefficient of punching shear resistance ‘ .
) Kp,. Passive ~t:anh pressure coefficient for rougfm wall

K,r  Active earth pressure coefficient for rough)wall'

Ps Side fﬁFtion resistance

!

Q Ultimafc pull-out capaciiy
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cngmccnng projects Thcsc structur&c arorusually subjcctcd to pullout forces.

-

ot
'

Thc rcsxstancc of soil subjcctcd 1o comprcssxon is reasonably well understood,

v

while soil resistance to uplift is still pncertain. . ) T

- ?nchors havc been wndcly used to support structurcs such as anchored bulkheads,

‘sheet pnlcs, whertin the anchors are subjectcd to honzontal pullout forces (Fxgure 1.1-a).
k

' Anchors may be subjocted to vertical pullout forccs mamly ‘due toa hdnzonta] load above

the ground lcvcl resulting from wind 'loadmg, tension: in cables spannihg between
tpwers, or any other similar cxtcmal loading. There are some other cases where anchor§

could be subjected to inclined pullout forces as in suspensionbridge cables and cable

4 - 3

roofs (Fig. 1.1-b). T ! .

*

T | Anchors are also used to support floating cquxpment in shallow and deep water. )

. Anchors may bc used smgly orin groups which depend upon the. magmtude of apphcd'

.(sce figures 'l.l-c, 1.1-d). .-

loads thc\ground condmons and ‘details of the structure. Size and type of anchors vary

-

greatly where thcy could be- made of steel plates, deadman block, ptles, injections etc.
.

L] hY
- . .
y

v
"o

At present still there is no reliable method for determining uplift ;csis;ance of soil

* .- . . < e eg s . . .
anchor plates. The recommendations conjained in the civil engineering code of practice

‘are based.on class:cal passive retaining wall u)oory w/luctu_r_g.xahd only for anchor plates

at shallow depths. The development of a dependable method requires understanding of

the relative importance of the many_\rariablcs associated with pullout resistance of soil

[} - 1

-. . Ancliors or buried structures, form an important component of many civil



anchors. In é‘ccord'anc'e with this need, this experimental investigation is undcrtaken to “

study the effect of the important vanablcs on the anchor capaclty ‘fhc variables
conmdered are: anchor s depth of embedment,’ inclination and size, ‘and corroboratc the

vresuﬁs of this study via comparison with_published data as well as laboratory testing of a

.
’
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e smal\scale anchor plate. - ' SR .
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‘ B__ug_bhglz_ﬂﬂ}_o_), was first to carry out model tests to invcstigéte the behaviour of
anchorages in sand, however, his study was limited to vertical steel anchorage plates
subjected to horizontal loading. ~ - f !

|

Buchholz has found that the critical embedment ratio is the ratio beyond avhich the

failure patteﬁ doe]s not reach the soil surface, he defined this ratio asi H/h = 7.0, where

(H) is the depth f;om the soil surface to the bottom edge of the anchor, and (h) is ihc
hcfght of the anchor ﬁlatc, he also found that the results obtained from slightly dampened
saﬁd‘did not vary significantly from those obtained from completely dry sand in-identical
conditions (Figu‘res 2.1-3,2.1-p) show some of his test results. |

Terzaghi (1943), evaluated the resistati€e of vertical anchors, assuming passive
and active pressure to be developed in front of and behind the anchor plate respectively.
This apprc;ach was adopted in the British civil engineering code of practice. ‘
Referring to Figure 2.2-a, 2.2-b, Terzaghi suggested that the net resistance of a

vertjcal anchor is
Qu ='°PP - PB ' ) -.’ * F]) )
where:

% .
P = the passive pressure trust in front of the anchor

P, = the active pressure trust on the back of the anchor
o |
o o ~ 2 N v !
Pp/umt width = 0.5 yK?rH ' , . '
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P,/unit width = 0.5 K H2 . ‘jiw
~ P

Kpp K, is the passivc and active earth pressure coefficients for rough wall.

2
cos ¢
KPr = 2 :
\ sin (¢ + 8) sind, .2
) [1- ( ,}/\
cos - _
; . - )
- 2
cos ¢
K, = : = —
sin(¢+ &) sindp__2
(s \/ S+ B)sno
— ' cos & ‘
‘ ~
"y x/(/{,
. Where:
¢ =angle of intcma{ resistance o

* & = angle of wall friction

Y = unit weight of the soil

If wall friction was considered in conjunction with plane surfaces of failure,

‘. P
extremely high values of (K;,) will be obtained, especially in case of high (¢) values

-

Tschebotarioff (1962).
Q‘“ Terzaghi also stated that the full angle of wall friction used fonl‘dctcrmining (Kpy)
c

only be mobilized if the ancht;r has sufficient dead weight to balance the upward

mponent of the resistance or otherwise restrained from moving upwards. Since onfy a

fraction of (8) is normally mobilized due to the relatively small weight of the wall,
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Figure 2.2-a: Shear pattern in sand adjoining, an anchor wall
(Terzaghi 1943) '
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Figure 2.2-b: Shear pattern in sand adjoining an anchor wall
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k vhose upper edge is below the surface of the sapd

(Terzaghi 1943) Lo y
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Terzaghi assumgd that:

8 = 0deprees.
2 -
=__°9i.1.5=tan2(45 +%)
(1 - sing)
' cosz¢ 2
K,=————=tan (4% )
' (1 +sin ¢) .

* In case of isolated anchor plate Tegzaghi suggested that an additional side shear, .

resistance on the side faces of the wedge of soil which the anchor tends to push outx
. o - ]
should be included. The sides of the wedge are assumed to form parallel to the fie rod as

shown in Figure 2.3.

Qu"'_'(Pp'Ps)'Pa

.

P, is the side shear resistance.

’

For cohesionless soils the pressure over the side face of the wedge (P,/2)
. y )
Co= IK.yz(H-z)tan 45 +%’-)dz
0 -’ .

H - -

-
4

=K'7mn(45+-‘21)j(i{.z—zz)dz ' N
- 0 Y.
” 2 3
- gH.2 zpm
K,vtan (45 +§) [ == - Tl
3 e )
1 o o H . ‘
| \K@n(45+2)6
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Therefore side shear resistance for both sides of soil wedge

3
H
P=2[K,ytan (45 + ) —Jun¢

3 3
H H
P=K,yan(45+$). =] . tn¢. o

Hueckel (1957), ¥arried out large number of tests on vcr;ical and inclined anchor

plates buried in' sand at an embedmerit ratio H/h = 2. He ded in his research

program tests on single square anchors made of different materials (hence diffcrcm'
surface .roughncss) where he found that the surfacg roughness of plate anchors has no
csscntial.inﬂuéncc on the value of the ultimate mvi/stancc. Also he found that the ultimate
resistance of inclined plates having t‘hc rod kept in horizontal direction i; smaller than that

df verical ones, regardless of their dircgtio\n of inclination. Some of his test results are

¢

shov./m in Figurcs 2.4 and 2.5. P

Mﬂgg@gﬂjﬂ}), extended his theory of uplift resistance ZMcyerhof and Adams

' .

1968), to calculate the ultimate resistance of inclined anchors (Fig. 2.6) in c-¢ soils. The

vertical uplift resistance was given by- . *
=
Q,=2cH +2P,sind+ W, g )

where:

. Py=the passive earth pressure inclined at average angle (8) acting downward on a

vertical plane through/lhc footing and the soxll above it.

By Mg the normal component of P, then

P, cos 8 = EF THXK,
by §ubstit:xﬁng in equation number (1) gives:

’ X -
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. Q= 2cH +yH?Kptan 5.+ W, . _ o,

Meycr}i,of found that when an inclined anchor is loaded to failure a similar soil

1

mass of rougel)' truncated pyramidal shape is displaced upwards, for shallow anchors, a
- [ [ .

general sheéar failure was assumed to occur when the failure péttem‘rcaches»th‘c soil

surface (Figure 2. 7-a) S ,
Therefore, as for vertical upllft the ultimate’ ncs:stance of shallow mclmed anchors
may be expressed by: , -
K | . o
- TQ -(° H YH A + W, cosaB o (3)
. . v o
wheré: T

A - area of anchor

a = inclination angle with respect to the vertical

K,, K, =.uplift coefficients for shallow‘anci“{ors
h = height of anchor

W, = weight of anchor and soil mass vertically above the anchor base

In case of shallow strip anchors the coefficients Ky, K, can be determined from the earth

-

prcssurc cocfﬁcxents For an mclmed wall (Caquot and Kerisel 1949)

-
o2

"‘As a particular case of vertical anchor in sand a,=90 dcgmes

~

e Equation (1) was given as®

Q,/unit width = 1/2 YHK,

]
. ~
e i

“Fora given angle of shearing resistance (¢), values of (K,) increase as the load

’
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2

inclination (&v) increases with respect to the vertical éig. 2.8-b). In case of deep

anchors a local shear failure takes place (Efgurc 2.7-b). Meyerhof and Adams (1968)
showed that for horizontal anchors the critical cmbcdment ratio (H/h),,, where the failure

pattern fails to reach the surface is about (4) for loose sand and clay and about (8) for

dense sand. Meyerhof also observed that the critical depth tends to decrease with thc.

Y

increase of load inclination. For deep continuous inclined anchors (Fig. 2.7-b),

N 7
Meyerhof (1973) found that:

Qy = (N, +YHN DA +Wcosa,

News Ng , are the uphft coefﬁcxems for deep anchors. For deep vertical strip anchor
in cohesxonlcss soil:. ‘ - ¢

. : . - h . . o
. Q,/unit width =y (H - E)thu .

values of Nqu for various internal resistance angles are shown in Figure 2.8-a.

f : . ..
Neely, Stvart and Graham (1973), conducted experimental and theoritical

investigations to study the behaviour of shallow vertical anchor plate in sand. In this

investigation the depth of embedment was examined, rigid steel plates with polished

o
U

surfaces were used to give a contact friction gngle 8 = 21°, The plate anchor was 6 mm
(0.236 inch) thick and 51 mm (2 inch) high with.widths ranging from 51mm (2 inch), to
255mm (10.0 inch). The tests were carried out at various width/height and embedment

ratios, the results were expressed in terms of dimensionless coefficient

M‘n = Qu/'th2 are shown in Figure (2.9-a). To examine the effect of width/height ratio
on the ultimate resistance of single anchor and assuming that the effect of side shear

would be negligible for plates with B/h2 5. Neely et. al. also used the term shape

factor such that S; = Myq (single anchor)/l\/t’q (wide anchor of B/h = 5). Variations of

i+

53
&
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9-a: Experimental test, results after Neely et.al., (1973)
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(Neely et.al,1973)



il

-

200

r . ' .
" ) ]Con&in{oua 8 T ‘
Ya 100 Ancho " 1
50 =
. ://)’ "/" =
c 20 - L. o
© ©
< - VA F
10 ad e & [
: T 777
/7 ‘ SR
g | oY | —— o4
=== 6= ¢/2
8 2 ¢330°, N = ¢/
N
. A
1 .
o "~ 2 3 L

-5
Enbedment Ratio H/h
(a) Surcharges Method.

‘u Continlhious .
n Anchor; — A
100 el
‘ - d1 7
. ., /' " - )-;
5'0 ¥ - /v‘ -k
d'// s /, - JL’/‘ '
: .
o /'w;//:‘:’<::::‘— -
{ c 20 2L 2
) K/ 7
-4 - o /?
i $=lL5 4 " i
t; 10r S v
o $=LO /// .
t: 3 ol % ‘
8 ¢=35 y - mwO
R . ‘-300 v, s |===ns=1 K
2 . .
1
) 1 2 3 m
S ™ Embedment Ratio H/h

(b) Eqd!valent Free Surface Method

" Figurce 2.11: Force coeffx.rients from stress-characte ristic/solution
_ (Xeely et. al. 1973)



’\'1\“ , ' 22.
@
shape factor with width/height LB/h), and embedment ratio are shown in figure 2.9-b.
Neely et. al. have determined the theoretical pullout resistance of vertical anchor flaws in

sand using:the theory of plasticity. Their trail failure surface“ solution was based on

rupture zones bounded by combinations of loganithmac spirals and straight lines inclincd ‘

i

at (45 - 2)° to the honzontal and by assummg that the soil above the level. of the top o(
the anchor plate act merely as a surcharge (F:gurc 2.10-a). ThIS mcthod callcd surchargc
method, note that this method did not take account of the shcanng resistance of the soil
above the top of the anchor., 3
- Neely et. al. included the effect of the shear res‘istance of the upper layers of soil
" making use "equivalant free surface concept” adapted from Meyerhof (1951) for footing
problem, where it requiros assumptions for (m) the degree of mobilization of shearing
| resistance along- AB. Neely et. al. devclopcd design charts for the’ two methods

~

mcnuoned (se¢ Figures 2. ll-a, 2.11- b)

Qas_an_d_Sg_:Ly_(_lg]_Z) mvestlgatcd the f)m!out resistance of vertical anchors AQ v

sand. A square model steel plate anchor was tested. The tests'were carried out at three

densities from loose to dense sand such that the angle of shearing resistance were 31, 34

‘and 40.5 degrees respectively. The ultimate pullout resistance was oxpmsscd in terms of

[} o

‘dimensionless breakdut factor (Ny) where:

N,, = Q,//BhH, where

Q, = the ultimate pullout capacity
¥ = unit weight of soil " ¢

B = width of the anchor plate
h = height of the anchor plate
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increased with embedment ratio (H/h) for shallow anchors, however beyond a cnncal

‘pullout capacity was cxprcsséd in terms of M'n A Q“I*{Bh2 and results are shojvn in

H = depth of embedment

DY
Their results are shown in Figure 2. 12 Das and Secly found that the pullout capacny

L4

. / - °
depth of embedment (N ) value appears to remain constant. In comparing their

expenmcntal results with the theories of Ovesen.(1964) and Meyerhof (1973) they fgund

that for deep anchors in logse sand both theories gave good agreement wuh their
experimental data while theoretical values were about-60% greater for dense sand (sce

Figure 2.13). ' T . g
Ranjan and Kaushal (1977), conducted an experimental study on continuous

-

vertical anchor plates under horizontal pull in dry sand. Steel plétcsnf different heights
ranging'from 25 mm (0.984 inch) to 100 mm "(3.93 inch) were used. The steel anchor

plates were tested at embedment ratios (H/h) varying from 1.5 o0 14.5. The ultimate

of increasg considerably reduced, apparently approaching a constant value at larg;[
values of embedment ratio.- The experimental results were about 2-3 times greater than
the theoretical values obtained froﬁ Rankin's theory. Ranjan and Kaushal 3159 found
that ihc displacémcnts at failure load increase with an increase of embedment ratio (see

Figure 2.15). .
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Wang and Wy (1981), gairicd_ out an investigation to study the ancgor problem

experimentally and analytically. The test soil was (?ttawa sand, the sand used had two

dry densities of 1780 Kg/m3 (110 pcf) and 1618 Kg/m3,(100 pcf).

Wang and Wu used different sizes of anchor plates of different height and constant

width equal to the width of the testing box to simulate the plain strain condition. To

study the effect of plate friction on anchor resistance three different materials were used,

namely brass, plexiglass and brass covered with sand paper. Based op the pieching v

laboratory study, the slip line ABCD was approximated by twd straight lines and one
scgrﬁenl of logarithrhic .spiral (see Figure.2:16)." Using the slip line field and vclc;ci)\

field givcn in Figure 2.16, the yielding load of the anchor was determined by equating

the rate of work done by external force to the rate of in'tcmal energy 'di:v»sipation. The -

resulting cquation§ for computing the yielding {oad for shallbw and deep plate anchors

are given by: ) v s
//// 9 i g ’ [
..2: — 8 L (A+B+Oy <
" 2cos ¢ [cos (E + ) -sin § tan §) , -
where* -
A =cos ¢ 3in ﬁ‘cos({;: d)cos(x-&) A .
. . 2 ) !
B= M {cos(at - E)[-3 tan ¢ + (3 tan' ¢ cos O + sin 0) e”"’” '
1 +9tand . V4
. L Lo |
/ ’ s
-+ sin (a - E)[1 + (3 tan ¢ sin O - cos 6) e’w]} ’ R

L

N
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C= (-ll%)2 e°‘f‘° cos (E-0-a) {coszcb cos (€ + 9 -a)
+'X2 [tan (¢ + @ - §- 9){--cos (& +0-a))
and N

x=9os¢-%cemsin(§‘+9-a)cos (§-¢i' |

» .
M dcrivcd a formula for the ultimatc resistance of shallow
continuous anchor in sand based,on the theoretical concept of limit cqual:bnum, where

the case of a two- d:mcns:onal failure mechamsm was considered. Thc assumption’

.nnvolvcd in predicting the thcoretxcal ultimate pullout capa&ny is that at the ultimate load,

a soil mass of roughly truncated pyramidal shape is lifted up, the forces on the assumed

punching failure surface (ab and ‘cd)' can be taken as the total passive earth pressyre (p,)

and (p,), inclined at an average angle (5), and acting downwards (séc Figures 2.17-a and

2.17-b). The assumed failure planes are taken parallel to the anchor rod (direction of-the

péllout foad), for incliFtion angle (a,) varying from O to 45 degrees (Figure 2:17-a),

while they were taken at 45 degrees when (a,)) varying between 45 to 90 degrees.
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Forjero represents the results of his analysis in the form of the following equations

~

| Qp = 05 YK sin ¢ @i +1)+05 L, +L)Hcos a, B
For0°S 0,5 45°

Q“‘:?ﬁx‘sin ¢ @3+13)+ 0.5, +L,)YH cos 45 cos (45 - t,)

cos(45- )~

Ford5' <a <90

where Kj is the coefficient of passive pressure which is given in the form of design

chzgrts. (Figure 2.17-c.)
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Figure 2.17-a: Stress diagram - strip anchor plate
under inclined load from the vertical

(Foriero 1983)
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3.1 General Description
The éxperimental set-up used in the program was designed by Foriero (1985). It

comprises a narrow plexiglass sided tank, to simulate the plain-strain caonditiogs of a

strip anchor. The inside dimensions of the tank are 6"(152.4mm) x 48"(1220mm) x
40"(1016mm) (width x length x height) and loading frame as shown in Figures 3.1-a,
l3.1-b, 3.1-c and 3.1-d. The loading frame and the loading equipment made up the main

facility used in this experimental set-up (see figure 3-2). '

The placpmen; of sand in the test tank is carried out by rainfall method. Tl;e sand
was deposited from a tank mounted upon a frame into a box lying on the loading frame
at a fixed height above the tés} tank. Once an arborite plate was pulled through a slot at
one side of the box the sand filtered through a metallic mesh. .

‘ The test anchors were placed at various depths and various angles ®f inclination. -
They were pulled by a motor at a constant displacement rate of 0. 1"(2.54mm)"to* -
1.0"(25.4mm) per minute. This rate was chosen arbitrarily within the range of strain

rate normally adopted for laboratory testing. The pullout load and displacement were

monitored using a load cell and a 0.025 m (0.001 inch) dial gages rcspectix_/el):.

P P 1

3
. &

3.2 Loading Equipment
The loading equipment includes a motorized screw jack with three feet maximum
travel distance mounted on a steel plate which is bolted on a steel tub.ing of frame. The"
combination of a gear shift, a gear rcar;'edqccr and an electronic speed controlled dcvice,
provide the screw jack with loading and uploading speed varying from 0.01" to 1.0" per
minute (see Figures 3.2-a, 3.2-b and 3.2&

-
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3.3 Model Anchor - v
The model anchors uscg in the invcstigatio'n were made of aluminum plate 0.5
inches thick. In order to simulate plane-strain condition, the model anchor width had to

be the same as the testing tank width (6 inches). The height of the model anchors were 2

inches, 4 inches and 6 inches. Pressure transducers were placed in circular openings cut -

A\

out of hthe plate. The plates were covered with sand paper to ensure that the surface
characteristics of the plate remained constant between tests. A one'inch outer diameter,
steel, hollow rod was rigidly fastcnéd to the center of the plate. The rod served two
functions: mainly to pull of the anchor plate, and as enclosure of wiring. (See Figures
33-at03.3-d) '
3.4 Soil Propertics
The sand used in this investigation is called Morie sand which‘ is imported from
the US.A. A fdctailcd study of the physical properties of this sand used in this
experimental work was given by A. Afram (1984). A tfn'cf description of sémc as'pccls
of these properties will be given here. N
* The grain size distribution indicated a medium unifonﬁ sand with a uniformity
cpcfﬁ?fcnt of 3.45. The effect of this uniformity is reflected in the measuréd mjnimum
and maximum densities of 91.5 per cent and 104.5 per cent mspc:ctivcfy. Tcst results
showing‘ the van'atio.n of the angle of friction with relative dc;nsity are shown in Fig.

34-a.

3.4.1 Relative density calculation:

Gy -1 e _-¢
€ n— and RD. =2
Y ‘ Con ” Cmin - -

Knowing that the average value of sp.gr. Gg = 2.662, °max‘= 0.815, eqin=0.590.
The relative density in those tests was 63.33%. From Figure 3.4-a this corresponds to

an angle of friction of 41.2% (Direct shear test).
y

o

*
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3.4.2 Determinatién of unit weight -

The density pot provided an excellent way of obtaining‘ the density at any location
in the test pit. Twelve pots of known weights and volu;ncs are placed on a leveled
surface of sand (see Fig. 3.42). After each test the pots were carefully removed and the
excess sand was scraped off. Each pot was then weighed. The density calculations are

shown in Tables 3.4.2a through 3.4.2e. - ‘ J)

-
M i
!
-
.

3.5 Calibration of Pressure Transducers

Pressure transducers were indispensablc for the measurement of the normal

*

pressure acting on the face of the plate, in particular the integration of these pressures
yielded the total passive earth pressure and consequently the ultimate load. Calibration
of the pressure transducers was achieved inside a sp;:cial prcssuri: chamber, the
translduc'ers were independently subjected to air pressure on their, frontal surfaces,
calibration curves were then obtained for excitation versus pressure (see Figurc. 3.5-a)
t

.~ 3.6 Calibration of Load Cll

The load cell in the present investigation primaril\y served the two following
purposes: First, as monitoring device for possible malfunction of the pressure
tr;nsduccrs and second,.to deiermine frictional resistance produced in every test (Figures
3.6-a, 3.6-b) by means 1of stress control procedure, the calibration of the load cell was
carried out. Incremental loads were added up to a total of about 600 pounds, and the

calibration curve was then obtained (see Figufc 3.6-c). : .
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7 3 .

Level Pot Vol.of Weightof Weight of Weight of Unit ngght

No. No. Ca;i Can Can and Soil Soil 1b/ft v
- in . /1bs. lbs. 1bs. - '

\
T

816 00436 051 - 047 99.53

1
1 2 -—903 00698 059 052 * 99.59
N\ 3 718 00436 . 05 ' 046 99.60
N s 4 816 00458 - 051 047 99.55
X 1 850 00698 056 0.49 99.59
O 2 798 0043 . 050 046 99.58
‘ 3 851 00698 .  0.56 047 . 99.59
a _ 867 0676 0.56 050 99.60
: . g : »
.1 833 00697 , - 054 - 0.47 99.58
m 2 798 00435 . . 050 . 046 . 99.60 ,
3 747 00436 - 047 043 99.58
4 816 00698 .. 054 047 " 9955
Lo i :

- Table 3.4-2aUnit weight calculation (Test No. 1)



—

51. .
Level Pot Vol.of Weightof Weight of Weight of Unit ngght
No. No. . Cag " Can Can and Soil Soil - 1b/ft
in ~ lbs. 1bs. . Ibs.

1 885 00677 0.58 0.51 99.59

1 2. 885  0.0678 0.51 0.51 - 99.58
3 8.51 0.0437 0.49 .0.49 99.59
4 816 0.0677 0.47 0.47 99.59
- 1 8.51 0.0459 0.53 0.49 99.58
n 2 8.16 0.0677 0.54 . 0.47 ¢ 99.58
3 885 00677 — »5.51 0.51 99.59
.4 885  0.0677 0.57 . 0.51 99.59
1 .9.02  0.0698 0.59 0.52 99.62
m 2 8.50  0.0458 0.54 0.49 99.59

T - 3. 90F  0.0698 0.59 0.52 99.60 .
4 798  0.0436 0.50 0.46 99.59

-

14

Tablé 3.4-2b Unit weight calculation (Test No. 2)

s

.

e
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Level Pot Vol.of Weightof Weight of '

Weight of Unit nggb&
No. No. Ca§| Can Can and Soil Soil Ib/ft?
‘ in Ibs. © b, lbs. P
1 7.98 0.0435 0.50 046 99.60
1 2 8.50  0.0676 0.56 0.49\L 99.58
3 8.50 0.0676 Q.56 049 99.59
4 8.16 0.0436 0.51 0.47 99.59
1 8.84 0.0698 - ) - ,
I | 2 9.02 0.0698 0.59 052 99.58
P .3 9.02 0.0698 0.59 0.52 99.59
4- 7.98 0.0436 0.50 0.46 99.59
. P 1 . 884  0.0697 0.58 9.51 —59.9
’\\ I 2 .902 00698 0.51 0.47 99.57
3+ 816 0.0436 -0.51 047 99.58
4 8.33 0.0436 0.52 048 _ 99.59
° i
- Table 3.4-2¢ Unit weight calculation (Test No. 3)
r"Q . ()
| . o °
. - ," v} &
\ N
‘ -
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a A
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X

Level ,Pot Volof Weightof  Weightof —~ Weightof  Unit Weight

No. No. Cag . Can, Can and Scil Soil . .. IbMt
in .{E‘s". _ Ibs. Ibs. ' .
) - _— ~
| o 81:6t 0.0436 . 0.51<1' - 047 - 9960
I 2 850 0.0458 v osat . 7 049 99.58
o y
3. 92 00698 0.59 ——0s2 $99.58
4 850 ° 00671 " 055 049 . ‘9954
» . . .
- 902 00698 0.59 0.52 & 99353
1 -2 _ 816. 0.0436 0.51 047  \ 9962
"3 798 00436 050 046 o 9957
- 4  .8.67  0.0698 0.57 . 050 . 9959
' - )
1T 7798  0.0436 0.50 046 ® y 9958
m,o2 0 8st 0.0698 0.56 049 » 9959
3 867 0.0698 - 057 . , 050 99.59
- 4 902 0069 - 059 ~  ‘bs2- 99.57
.1 . ‘ ’ . é " ~~
LS . . Tablc'3.4-25 Unit.weight calculation (Test No..4)
" ' 1
$ . K}
\ y d
AN s J 3 .
» A ! ’ 3 ‘/
> 7 ¢« . ( -\ ' '
/
- 4
, : / J ' - ) J E. ( .
1 ' Y
*” \’ ‘ ~ N . \
v o » ) : / 2\7
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é . . ’ '
- ' = = - 1 B
Level Pot Vol.of Weightof Weight of Weight of Unit ngght : .
No. No. Cag ’ Can Can and Soil Soil b/t
- in 1bs. Ibs. 1bs. '
1 919 - 0.0698 0.60° 0.53 99.60
I 2 919 00698 0.60 0.53 - 99.59
3 885  0.0698 g 0.58 0.51 - 99.58 :
4 816 00437 0.5 0.47 99.59 -
1 <+ 885  0.0698 0.58 0.51 9%59
» ,
1 2 851 ° 00437 . 0.53. 0.49 99.57
\ ’ 3 851  0.0437 " L 2N
T4 816 00437 0.51 0.47 '99.60
L 1. 798  0.0436 0.50 ¢ 0.46 PR ‘
m -2 902  0.0698 0.59 0.52 99.61
3- 798  0.0436 0.50 046 . 9957 @
© 4 833  0.0436 0.52 © 048 9%59
v ’ \ . -
‘f{blc 3.4-2¢ Unit wéight calculation (Test No. 5)
’ <
< X
’, - .
J "
/
QA X ,
s ' i L §
s -
T N, ) .
‘-

LYY
. N



8 01 1 13qunu S13INPULII JO SIAIND UOTILAQFIE

5 -

¢

=u«uuaumuUuz ) .
- 7

0008, >

a
.

te-C°f dandy4

0002

- -

.

(1sd) aamssaayg




+

Jdouels|sal [euojidjaj) jo w:«.—:nuwa 243l uj pasn | 3> pro]

te-g¢ dandrd




.

il

57

P I‘
02{qns loydouw jo-maga dol :q-9°¢ ‘o.:,..mrm




58.

UFR1IS-0IDTH

009

GOﬂuchnwmuu 1192 peol :3-9°f danBjd

08" 09¢ 092

» 008

*sq1 uy) pvol

«



3.7 Testing Procedures

The main objei:u'vc of this testing program was to study the effect of anchor

-

embedment depth, anchor inclination () 3nd anchor size on its anchor pullout capacity.

In order to study the effect of the anchor embedment depth, at the beginning of each test
the required height of sand was deposited by rain fall method in the box, the anchor plate

] .

with the ti¢ rod was placed on top of the sand at the required fixed inclination (o ), then

sand placement was continued until the plate was buried at the required depth (D). ,

' The pullout load on the anchor plate was applied by a motor (see section 3.2) at a
constant displaccmgnt rate of (0.50 inch per minﬁtc). This displacement rate was chosen
arbitrarily within the range of strain rate normaliy adopted for laboratory testing. Total
pullout load, the passive earth pressure on the front side of the anchor and the

displacement were monitored using a load cell, pressure Tranducers and dial gages

respectively. Load cell details are shown in Figures 3,7-a'to 3.7-c and Table 3.7-a.

-~
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Figure 3.7-a:
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Cable Load Cell Connection

6u.

!

g load Cell

Plate for
% .Dial Gages

Cap for Load Cell
Rod Connection
(Opening for Cables)



61.

. (#31A 3pFS) 113> prol :q-y°g dandpi ; ) .
" . . »>,
.<
" (1233 ©)
g §—>|- “pis "33 0z >
ﬂr\.r
ule
U . . . .
A i .- -
m 3 i .
I atl S A
| I S i . .
---- )
) .
, —
. g |y . N
Y 14 \ -
[} .
spua = L
ysoq spearyy o L ) > .
g 3 ‘ a[qeD PapPIaTYs
" (oMv 9Z) 103ompuo) 4 )
- 3 ) . ,& bs
~ .
\ - 2



r ’ bl
\
. «
o8
O 3 ) .
44 . 5
- . - .
v
' !
.
%
- \ .
’
o .
w
- -
- : - I |
b - - L] | S
Y et M hl'.l
V . 2 — — A J Iy -
<1 v iz ,
4 [
1 =
- h
. | . aQ
- L]
L]
'
- -
Y _ -
- t
) 24
»
R - T 1
A
- \I

Load Cell (Front View)

Figure 3.7-c:



1

-

PKG. CAP.LBS.
~ SIZE (kg or TON) A

B C D max E F THD

) 600 2.50

200 075 1.00 1.25

(272.16)  (63.50) (50.80§ (19.05) (2540) (31.75) 1/2-20 UNF-2B

v

<

 MECHANICAL RATINGS
STD. CAP. LBS. DEFLECTION WT. LBS.
(Kg or TON) (In. or MM) . (kg)
600 015 1
(272.16) (38) ' 5)

a

Table 3.7-a: Load Cell Details !
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Structures such as: 'bu:lkhcads, suspension bridges, antenna towers, mobile
homes and pipeline bends, their foundation stabjlities are commonly designed using
classical theories which based on simplified assumptions which are now considered to
. be inadcd;latc, and may lead to incomrect prcdictiqns indesign. Thus full scale field tests
are the ideal method for obtaining data. However, cost, the time consumed, and the
difficulty in controlling the test conditions greatly reduce the vighility of such field tests.
Although there are n:),fully adequate substitutes for full-scale ficld tests, tests at
Laboratory scale could ;rovide very useful data, and close control of the most importar:t
variables encountered in practice. h |
Numerous attempts have been made in the past to develop ar;alytical solutions to
the p;oblcm under in\;estigation, nevertheless mos.t of the previous experimental work
done showed some limitau'on‘s such as: -
a. Most of the cxpcriﬁncnts were conducted on vertical anchors and some on
horizontal, whereas very few on ;nclined anchors.
b. Very small model anchor “plates were used. For example the
height of the plate is 25.0 mm (0.985 inch) Ranjan & Kaushal (1973), 25.4
mm (1.0 inch) Meyerhof (1973) and 38.05 mm (1.5 inch) Wang and Wu
(1980).
c¢. The pullout load in most of the previous experimental work was
applied by adding weights on a hanger attached to one end of a
wire which hooked to the tie rod of the anchor from the other end

where that could cause fictitious results.



' " . L2
: , 65.
' a
-

-—/J d. In most of the previous work done the side friction in plane strain

Jl

tests has been ignored, where that could affect the values of pullout

resistance. - | _
In order to avoid these limitations, and to-develop a better undcrsganding of anchor |
“behaviour in sand, the present experimental study on model plate anchors in sand was

carried out with care and a great deal of reliability. —- ' N 2

4.2 Results of Plate Anchor A (6 inch) _
The experimental results of this anchor plate are summarized in Tables 4.2-a,

4.2-b and 4.2-c, also the curves of ultimate load per anchor for all tests of this plass

~

anchor are shown in Figures 4.2-1 through 4.2-5. e .

4.3 TestResults of Plate Anchor B (4 inch)

The expgrimental test results of plate anchor B (4 inch x 6‘ inch) are summarized in
Tables 4.3-a, 4.3-b and 4.3-c. Curves of ultimate load per anchor versus displacement
are shown in Figures 4.3-1,4.3-2 and 4.3-3. - '

o

L)

. 4.4 TestResults of Plate Anchor C (2 inch)
" The experimental test results of plate anchor C (2 inch x 6 inch) are summarized in
Table 4.4-a, also curves of thtimate Ioid per anchor versus displacement m shown in

Figures 4.4-1 through 4.4-5.
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4.5 Anchor Failure Mechanism .
. "During thé sta'gcs of anchor plate loading, the development of failure surfaces

( “were carefully cxammed through ‘the plcxxglass -sided test tank. It has been-observed that

| for ancﬁ)r mc‘lmatxon angle 30 < a,, <90 degrccs, therc is a cavxty mmated behind the

* "

N ' anchor platp, when it had only shght]y moved due to a small magmtude of pullbut force.
As the pullout foi'cc increases thc cavity behind the anchor plate enlargcs and soil from
+ the top starts to ﬁll in thc cavity. The active zone extends progressively, and the surfaces

bed and ag develop, as shown in the schematic figure 4.5-a. Up to this early stage of

. loading there is practically no effect on the passive zone cxéépt thgt the soil in front of the

-plate probably qo;npresscs: “With further thavel of the anchor plate, the passive planes of

rupture begin to develop progx:essively towards the ”sq}'fade. Numerous minor planes
> cc;uld hc found within the pattern. Any, further xhovcmcnt of the anchor plate did not ,
rchjlf in significant chéhgcs in the pattern, but the -;’Jlan‘éls of rupture became ‘more "

A

prominent. For anchor inclination angle 0 < «, < 30 degrees, the failure surfaces are '

initiated at the bottom and the top of the plate at smaller deformations. Once the pattern

started to develop, the whole plane of rupture formed almost instantaneously particularly
at very shallow depths. * (Figure 4.5-b.) Almost in all tests, the edge of the passive plane
.of the pattern on the sang‘surface.chrvcd inwards. “This was certainly attributable to the

friction between sand and glass at the sides of the tank.
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Test results are given in terms of a dnm@ysmnlcss ratio (Q HBH’), where,
v . 3

Qu = the ultimate pullout capacity  ~ \
e -

Y = unitwgightofsoil *. . o~
B. = anchor plate width

H = anchor plate height

' .
* 5.1 Effect of Anchor Embedment
Figures 5.1-a shows thc anchor pullout capacnty versus embedment ratio (D/I-I) for
the three anchor plates A, B, C repsectively where (A) is a notation f(‘anchor size 6
inch x 6 inch’(width x height), (B) is.a notation for anchor size 6 inch x 4 inch (width x
height) and (C) is a notation for anchor sizé 6 inch x 2 inch (width x height). The results

" indicate that for a given anchor plate size at any angle of inclination from the vertical

IR
.

R

chor pullout capacity mcrcascs with an increase in embedment4atio: This is

(),
possibly due\to the fact that as the cmbedmcm ratio increasés a largcr mass of soil is

involved which offers greater resistance.

5.2 Effect of Anchior Incligation > g
Figure 5.1-a, also shows the effect of anchor inclination with respect to the

:vertical (a,) on the an';':hor pullout capacity, where for any constant embedmerit ratio

"~
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e

(D/H); the anchor puliout cﬁiacity increases with an increase in the angle of anchor

inclination’ (o). The rate of inerease is greater as the inclination angle becomes larger.

The minimum pullout capacity is when o, = 0 degrees (horizontal anchor with vertical

-
. . R
pull) and the maximum pullout capacity is when o, = 90 degrees (vertital anchor with

-

horizontal pull). However, the in::rcasc in the pullout capécity is less ‘signiﬁcant when

AN

.o, <30 qegrceé, while it is rapid.when @, > 30 degrees:

-

P}

»

5.3 Effect of Anchor Size
J -
At any constant embedment ratio, and constant angle of inclination (o), Yhe

ultimate pullout capacity increases with the increase in size of anchor plate, where that is’”
obvious;y due to the fncrcasc of the bearing area exposed to passive pressure in front of?. ,,
anchor plate (.see Figures 5.3-:a throﬁgh 5.3-c). '
54 Failure Displaccment | :
Figures 5.4-a through 5:“3-6 show a plot betwefn displacement at failure load and
“the embedment ratio. It was observed that: |

-

a. At any particular embedment ratio (D/H) and constant angle of

inclination t6 il}c vertical (o) the failure displacement increases with the
increase in the size of the anchor plate. )
b. At any particular embedment ratio and particular size of anchor

- A plate, the displacement of failure increases with-the increase of )



-~ i

« v ’ <)

‘ s t -

inclination '(a.v). o A

-

c. Forany size of plate arithor, the failure displacement increases

- \
with the increase of the embedment ratio.
: L4

d. If the failure displacement versus the embedment ?u'o curves are represented
on a a non-dimensional basis (Sy against D/:H) where (Sf)’ is thé relative displacement

expressed as a percentage of displacement at fail\frc per height of anchor plate. For all

model -anchors A, B and C as shown in Figure 5.4-f , it is indicated that with the

increase of the embedment ratio, the relative displacement for any plate size increases in
- :
: o A

-
the neighbourhood of straight line fashion, at any angle of inclination (e,). Principally

.

the slope of these approximate linear relationship increases as the (a,) increase, however

for a, < 30 degres the slope is more or less the same.

It has béen noticed that in somtl: tests there is a sudden gpd temporary sharp risc in
displacement aﬂd a slighti'eduction in plate resistance to the pullout loading. Although
‘the detail‘cd cause of this phenognena is till unknown, it is assumed that this \yould not
affect the ultimate rcsistqncc of th¢ sh_a}low anf:hors but would give 'r‘clati.vcly an
artificially high failure displacement. Hq;;‘cc all thosi readings of disﬂaﬁcmcﬁts‘ were

disregarded. .

‘ ~

oyt
s
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S
.

5.5 Comparison of Test Results with the Available Theories

A. Comparison with Foriero (1985)
Foriero's theoretical investigation to predict the pullout capacity of sirip anchor in’

sahd contains two formulas, (se¢ Chapter 2,) where the first formula of his theory is for
/\ * . L

]

1

-, 050,545 dcgreeé, and the second formula is for 45 < o, < 90 degrees.

. >

’

‘ - The present test results agree fairly well with the first formula 6f~ the theory, where ‘

" as the second formula gave very good agigement with the present tést results for a, =60

_ degrees and relatively high values for av = 90 degrees (see figures 5.5-a through 5.5-g)."
' Accordingly, in the present investigat@r;{t/is suggested that:
once the second formula is working just for o, = 60 degrees according to the present test

" results, Figures 5.5-a to 5.5-g, and also according to the available published test results

of Wang and Wu (1980), Figure 5.5-h, it is recommended to extend the first formula to

be applied ux; toe, = 60 degrees instead of up to 45 degrees, because it has been found

3

that it gives a good agreement- with the présent test results, as shown in Table 5.5-a, and
&« also with W_ang and Wu (1980) test results as shown in table 5.5-b. ‘This will facilitate

‘the application of the theory for the designers by using just one formula (the first
. o \ -

fomi'ula) to predict the pullout capacity of strip anchor in sand for 0 < o,, S60degrees. —

— -

B. Comparison with Wang and Wi (1980)

. As shown in Figure 5.5-i the comparison of the present test results with Wang and

¢
-
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Depth Plate  *° ‘Expermeintal Theoreticil  The difference .
o> " D - height (OH) ' Q . Qx inpcrccnta'gc .
_ inch H "~ 7. lbkg) lb (kg) between
“w ’ . inch ‘l , o i 15 ! Qexp and‘ Qu*
60 45 1.5 3.0 .. 7.00 .. 6922 1.1% .
. - , (3175 -~ . (.139) )
- 60 . " 45 15 50 2250 © 24,047 6.8 %
: o ~ (10:206) °  (10.907) ’ oL T
60 45. 15 7.0. "4125 ° .44310 69% . -~
. _ . (18711) " (20.099) - \ - . |
Table 5.5- 5 Calculation of the difference in the ultimate pullout capacity bctwecn Wang and. - "
‘(i ‘Wu test results (1980) and Forlero First Formula (1985), for o\, 60 dcgrces
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Wu theory ( 1986) gave very good agreement for anchor ifclinations with respect to the

‘vertical of a, = 0 and 30 degrees. v

,  For o, = 45 degrees the agreement was fgir up to an embedment ratio (D/H) = 3,
while for (D/H) > 3 the test result values'wene slightly higher than the theoretical values. ,
However, generally the slight digparities between the préscnt experimental results and
'»Wang and Wu theory appears as the depth of cmbcdn;cnt increases, and as the angle of

inclination with respect to the vcftical (o) incrcasés. “That co"uld be due to the fact that

his theory was based on testing smaller models of plate anchor and different sand of

lower angle of shearirig resistance (¢). Moreover he assumed that (¢) is ‘constant, where
" in reality for sand that is not the case because it was very well established by many

im"estigators that the Mohr-Coulomb relationship for cohesionless soils is non-linear i.c.
\ . 1 ) ’ .

for a given porosity{¢) varies with stress level. [DeBeer, E.E., (1963) and Ponce and

Bell (1971)). '

r .
. ] $

C. Comparison with Meyerhof (1973)

M X

Figure 5.5-j shows the comparison of the present test results with Meyerhof

theory of pullout capacity of inclined shallow anchors in sand [represented: in

dimensionless form (Q,/yBH?)).

The comparison indicates that Meyerhof theory gives higher values of pullout

capacity of shallow strip anchor in sand for 0 < o, < 45 degrees, and very conservative

P

values for o, > 45 degrees. This broad discrepancy could be due m‘ainly to
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&hc following reasons:

i. The comparison is made based on Meyerhof's available data which are
interpolated from publishczl &csign curves tha't have been considerably
reduced in size. L o

ii. His theory is based on very small anchor model of H = 1 inch. While the '
prcs'cnt experimental investigatjon was carried out in bigger anchor models.

ili. Generally most of the theoretical estimation’s of \ﬁullout capacity are
consgrvat:vc This may be atqbutcd to thc fact that they arc,pnmanly Based
on thc angle of shcarmg resistance. Since the envleope in Mohr-Coulomb
stredgth of cohesionless soils is curved, ‘the angles of iobilized shearing

| resistance are therefore likely to be different at diffcreﬁt points in any
individual failure zone and a?m different at corresponding points in the failure
zones for different sized plates. This scale c?fect is quite important and could
very much influence the compafison; however, this phenomenon ig obvigusly ‘

more pronounced in the case of field test data.

theories

’

As shown in Figute 5.5-k, the present test results for vertical anchor (o, = 90

degrees) was compared sith the theories developed by Terzaghi 1943, Qvsen 1964
Neely, Stuart an:i Graham 197} and Mcyerixof 1973. Nevertheless, the theory
developed by Neely, Stuart and Graham, 1973 and Meyerhof, 1973 show better
agreements. Th.crcforc; interpolation between the two thcoric; is recommended to

predict the ultimate pullout capacity of continuous vertical anchors in sand.

&
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‘ CONCLUSIONS

The bchav:our of shallow strip plate anchors in sand was mvestngatcd
expenmcntally with a great deal of rehablhty ‘Each test was carned out twice in order to
check thc repeatablllty of the cxpcnmcnta] procedure and the degree of densng control.
The maximum difference between two repeat tests did not cxcedg 7% and average overall
difference was only 3.2%. In this investigation side fr}ction was taken into
consideration. - /

' The variables analyzed in this inveétigation wcré anchor .inclination, depth of
embedment, and size. The effect of each of these variables on anchor pullout capacity

Ed

was carefully examined. On tb,g%basxs of this research the followmg conclusions are

drawn . .

" 1. The study shows that the anchor failure mechanism is a progressive

phenomenon. The failure surface originates from the top and bottom of the
‘ anchor platé‘, progressing towards the surface of the fill.

2. For a given anchor plate size at any angle-of inclination from the vertical axis

(o), the anchor pullout capacity increases with an increase in embedment
ratio (D/H)
. 3. The anchor pullout capacity increasés with an increase in the inclination (a,),

the minimum pullout capacity is when o, = 0 degrees and the maximum

- pullout capacity is when o, = 90 degrees. The rate of increase is greater as the



—
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inclination angle becomes larger, where it is less significarit when a, <30

degrees, than when a, > 30 degrees. 4
The anchor capacity increases with the increase in the size of the anchor plate.
The displacement at failure increases with the increase in the size of the anchor
plate and also with the increase in depth of embedment.

,

Based on the comparison of the present test results with the available pub-

lished theories to predict the ultimate pullout capacity of strip anchor plates

in sand for the range of anchor inclination at angles (a,) vary between zero to

60 degrees, Foriero Theory, 1985 is rccommg:.ndcd. ‘Whilc for anchor in-
clined at 90 degrees (i.e. vertical p_lates) interpretation between Igeyerhof,
1973 theory and Neely et al theory may be used.

Dilation of sdil, dense sand in particular, during plastic deformation tends to
cause the soil in front of anchors to lock up and it is necessary for an exten-
sive plastic region to develop before there is sufficient freedom for failure to
occur (Row and Davis 1982). Hence, dilancy could increase the anchor capa-
city.as thc&éleptl} of embedment increases. Therefore, it s suggested tl{at\
further research be carried out to in_vcstigatc this phenomenon especially for
deep anchoré. Also model tests on anchor plates over ;x wide i'ange.of sand

1

dcnsitic; should be conducted. -
) )

[ s
—
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