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THESIS



PREFACE

This invertization ic & continuation of H. I. Bacon's "Experimental
Investigation of Michisan State Highwey Guard Rail Ancrorages.® kir.
Bacon ertablished a metlod of exnerimentation and constructed the neces-
sary equipment for such experinients. The procedure of experiments is
similar to Mr. Bacon's, but &attewpts are made to verify certein fu a-

mental relationships in guard rail ancuorage not yet ectatliched.
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GUARD FAIL AUCHORACE INVCSTIGATION

The study of guard rail anchorage is a current project in progress
at the Michigen State Highway Departuent Research Laboratory, and this is
a phase of the more genersl subject which will be beneficial for actual
use in our present day highwey conctruction. The icdea of contributing to
e project which is desizned to eliminate ®guess worx" in engineering prac-

tice directed my selection of thesis subject to guard rail anchorage.

PURPOSE

The guard rail anchorage project is past its priuary stage. Mur.
Bacon has set up scale model apraratus and determined a method of experi-
mentation. Tie secondery stege, which is the pjresent phase of the pro-
ject, coneists of experiments with the scale model apparatus to determine
certain graphical relationships existing under controlled conditions. Tae
third and final stege will be the full scale pull outs conducted by the

Michigen Stete Highway Department.

HISTORY

A history of guard rail anchoruage experiimentution can be simply
described ars incufficient., D. C. Hubbard, working for the A. B. Chance Co.
on patented metal anchors, gives a general picture of full scale anchor
pull outs. His tests were made in various soils and were accomplished by
meens of a pole, block and tackle, & strong spring scale and a caterpillar
tractor. No control was made of variable and only depth of burial was
changed. A curved line variation was stated in recgard to depth and 157

variation in results was recognized due to different soil conditions.



R. T. Haggerstrom wrote in his thesis, PAn Experimental Study of
Special Aanchors in Sand and Clay," tiat & 45° pull out an:le &nd a grezter
depth of turial provided larger pull out forces.

"An Experimentzl Investiiation of hMichigan State lighway Cuard Rail
Anchoreges,® by H. I. Pacon is very valueble teczuse of his methods and
apparatus. He has set up a reliable metiiod of experimentation wihicih has
been changed only slightly, and his apnaratus is quite conrsistant as to
results,

The specific purposes of this investigation are to finds tlie rela-
tionship between ancior area and pull out value, the relationship batween
anchor depth and pull out value end the relationchip between soil moisture
content and pull out value. These factors cun be estiuzated from practical
experiance or ;uesced &t from other works on siuilar probtleas, but the
object of this study is to control the variables in such a aanner that

guess work can be elizminated.

AP2ATATUS

Figure 1 shows the scale model aparatus built by H. I. Bacon. A
3 foot by 4 foot by 28 inch box was built to the scale of 3 inches =1
foot for tiie purpose of holding the sand. It Las a glacss observation win-
dow oporosite the angle iron bracket. The bracket is arranged to accommo=-
cdate the apolied load tihrough a pulley system. The vertical adjustment of
the pulley mates possible the control of tle pull out angle. Brackets are
attached to the inside of the box to hold the arm of a portable vibrating

machine,
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Figure la. General view of apparatus showing
observation window.



Figure 1b. General view of apparatus showing
load-application system.



Figure lc. General view of apparatus showing
shoulder section.



Figure 1d. View of typical anchor pull out.



MATERIALS

As this is a controlled experiment, tine type of anchor is constant.
The anchors are made of hard wood and are all of tlie oval type as shown
in Figure 2. The oval type anclior wzs uced because it proved to have the
greetest pull out value according to both Mr. Hzggerstrom and Mr. Eacon.
The hard wood was treated against moisture absorption by toiling it in

linseed oil for one-half hour. The anchor specificeations are as followss

Type Dimenginns Area Weipght
a oval-wood 1/2 in. x 7.8 in. x 3.9 in. dia. 24 =q. in. 1 1b,
b " " 1/2 in. x 7.2 in. x 3.6 in. dia. 30 ° 0w 1-1/4 in.
c " * 1/2 in. x 6.8 in. x 3.3 in, dia, LI 1-1/2 in,

d . " 1/2 in. x 5.88 in, x 2,94 in. dia. 42 " ® 1-2/4 in.

The sand was graded sand and air dried prior to beginning the

experiment,

PROCEDURE

A five-gallon can with the bottom cut out was forced down into the
sand to such a depth that the center of gravity of the anchor lay at the
specified depth below the sand surface. The sand conteined in the can was
removed and the anchor placed at a 45° angle. The send was replaced and
vibrated for 15 minutes., An initial load was always applied to take up
any slack in the cable. Any disturbances in the shoulder section were
repaired after each experiment, The glass obcervation window was not used
as very little movement occurred in the sand near it. Shoulder daae;es

and pull out cracks were similar to those found by Bacon.



Figure 2. View showing oval type anchors.



The pull out force was the only meesurement nezded in tiis experi-
ment and any unusuel cases of pull out velues or pull out actions were

dicscarded,



DATA

Purpose
To determine the relationchip between the anchor area and the pull
out vzlue.

Aonaratus and Conditions

a. Oval type anchors as shown in Figure 3 with areas of 24, 20,

25 and 42 sq. in. These areag were determined by the following method:

y(x) + .785(y)2 = A

2y2 + ,785(y)2 = A

2 = A
& = 2,735
X =2y
- St 2= _ %3
W TS Y2" = 3 gs
¥1 = 3.91 x3 = 7.8 y2 = 7.2] xp = Z.6
2 - __ 30 2 24
Y8 = 2785 T

b. Air dried sand.

c. Twelve-inch burial depth.
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Figure 3. View of four anchors used in
Area vs. Pull Out test.



Results
Dead Weight

No. Area Moisture Content Burial Depth  Pull Qut Force
1 24 sg. in. Air Dried 12 in. 141 1b.
2 LI " n n n on 120 ®
z 1725 ®
mean 123.5 lbe.
1 30 sq. in. Air Dried 12 in. 157 1b.
2 non " L] " " n 171 »
5 ”n " o n " " ] 1‘72 n
mean 170 1lb.
1l 33 sq. in. Air Dried 12 in. 279 1b.
2 n on " n " non 131 m
5 ] n | " ] ] " 2'?3 n
mean 212 1b.
1 42 &q. in, Air Dried 12 in, 234 1b,
2 LI ] " " L] n o= 283 u
z n " ] " ] noon 254 0
mean 2¢7 1lb.
Renarks

Figure 4 shows the results of this test grapnicelly. The slight
upward trend seems to indiceate a greater pull out value per syuere inch
of surface area with a larger areca as this is nearly a straight line
graph, the tendency would be to interpret it as such, and to account for
any curvilinear variations by such reasons as: variation in roil com-
paction, frictional resictance of tlie sand, elight differences in the
rate of dead load application and the clight differencs in tune weights of

the snchorse.
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DATA (continued)

Purpose

To deteruine the relationship between tlie depth of burial of the
anchor and the pull out value.

Apnaratus and Conditions

a, Thirty-six sq. in. oval type anchor.
b. Air dried sand.

c. Six in., 8 in., 10 in. and 12 in. burial depths.

Results
Dead Weight
No. Area Moisture Content  Burial Tepth Pull Jut Force

1 25 8q. in. Air Dried 6 in. 58.75 1b.

2 " n u B " non 54.00 1b.

3 LI " . L 53.20 1b,

mean 5C.50 lb.
1 36 s3e in. Air Dried 3 in. 125,25 1b,

2 L " . LI 104,25 1b,

3 LA " " “w n 102.25 1b,

mean lJd4.25 1lb.

1 26 sq. in. Air Dried 10 in,. 158.00 1b.

2 nn o " L L 152,00 1b.

3 LA n " LI 151.75 1b,

mean 154.25 1b,

1 36 sge in. Air Dried 12 in. 208,00 1b.

2 LA " n L 201.00 1b,

3 "« " " " " L 211,00 1b,
mean 206.00 1b,

Remerks

Figure 5 shows the graphical results of this test. It is a straight
line variation which would be expected. This is also an indication that

the Area vs, Pull Out graph (Figure 4) is fundamentelly a straigzht line.
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DATA (continued)

Purpose

To determnine the relationchip between the moisture content of the
sand and the pull out value,

Anneratus and Conditions

a, Thirty-r-ix sq. in. oval type anchor.
b. Molsture content of sand varied between 0 and 20 per cent.

¢, Twelve inch depth of burial,.

Rersults
Dexd Weight
No. Ares mdisture Content  PBurial Deoth  Pull Out Force

1 23 £q. in. 0% 12 in, 223.00 1b,
2 LI " " " on 131.00 1b.
3 non " " n on <Z3,20 1b,
uean <12.90 1lb,

1 Z6 8G. in. 8% 12 in. <21.J0 1b.
2 LI " " LI 274,30 1b,
z LI " n LI 228,75 1b,
mean <iJ.<5 lb.

1 36 Bqe in. 9% 12 in. 240,00 1b,
2 " " " LI 241.00 1lb.
3 LI " n LI 220,00 1b,
meen «<Z7.03 lb,

1 Z3 £qe in 1583 12 in. £55.00 1b,
2 L " " LI 250,00 1b,
3 LI " " LI <Z5,00 1b.
mean £45,00 1lb,

1l %58 sGe in. 20% 12 in. <42.,00 1lb.
2 LA " " LA 248400 1b,
3 " n " " non 275,00 1b,
mean 24<.00 lb,

Rensrks

Fizure 6 shows the results of this experiment graphically. The

apparent rise and decline of the pull out value at increasing moisture
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contents can be explained this way: The optiasum moisture content of this
gand is 18.675, aud by checking the graphicul results one can see tiet the
maximum pull out force came at about ti.e optimum molrture content. It
seems reasonable that at the point of maximum density, the greatest pull
out value would be obtained. A rough chieck of saturated sand was made and

the pull out force was found to be considerably less than at 0% moisture.
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SULMLIARY

Three tects were run: Anchor Area vs. Pull Out, Anchor Depth vs.
Pull Out and KHoisture Content vs. Pull Qut.

Anichor Area vs, Pull Out is a curvilinear variation aluost aporroxi-
mating straizht line variation. For &all practical purposes it can be
interpreted &s a linear graph. Thus, the crossectional area of the anchor
is directly proportional to the force required to czuse failure of the
soil to hold the anchor.,

Anchor Depth vs. Pull Out is a linear variation making the depth of
burisl directly proportional to the force required to cause failure of the
g0il to hold the anchor.

Moisture Content vs. Pull Out is a curvilinear graph chowing thet at
the optimum moisture content of the soil, the greatest pull out force can
be expected.

Further investigation on full scale models can be governed by these
results, As these results are btased on & small scale, accurate predic-
tions are not warranted but general trends and estimates of veluec may be

made rsuccessfully from any of tne information submitted.
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