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PREFACE

The development of a more comprehensive design procedure for rock buttress
walls will be benefical to the AHTD. The present procedure has resulted in
some failures. The College of Engineering, Agriculture and Applied Science of
Arkansas State University (ASU) under contract to the Arkansas Highway and
Transportation Department (AHTD), has performed a research program entitled
"Rock Buttress Wall Design". The information contained in this report was
collected and developed during this research project to assist engineers and
field personnel in designing rock buttress walls. This report provides only the
state-of-the-art technology related to rock buttress wall design.

ASU was awarded the AHTD research contract in 1986 to investigate various
design methods used by other state highway departments and government
agencies. Where possible, design methods were adapted for Arkansas soil
conditions, based on field data collected by the AHTD. The engineering
department at ASU has conducted this research with major emphasis on data
collection and analysis. A relevant literature review and assessment of similar
research has been conducted. Indications are that no other state has design
procedures which will satisfy the design criteria for rock buttress walls as
used in Arkansas. Representative examples of rock buttress wall designs are

presented.
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FINDINGS AND CONCLUSIONS

A survey was sent to all fifty states and several federal government
agencies. Eighty percent of the states responded with 14 stating that they
used rock buttress walls. None of the states used the walls as a retaining
wall, instead the walls were used for erosion control, slide correction or
prevention techniques. A Titerature search revealed two design approaches
which could be used for rock buttress wall designs. The first approach, the
Indian approach, equates the wall's internal frictional forces to the soil's
active forces. The active forces are determined by the Rankine and Coulomb
methods. The second approach, Swedish Slice method, uses a circular arc to
model the soil failure plane. The soil's tangential, frictional and cohesive
forces are equated to the wall's frictional forces in the design.

Site visits revealed that the quality of the stone used, choking (fi1ling
the voids between the stones used to construct the wall with smaller stones)
and construction techniques play a major role in the wall's behavior. The
stone should be hard to resist weathering and should not be subjected to high
bearing stresses. These stresses could be controlled by choking. The visits
revealed that when the walls are about six feet or less in height, the slopes
tend to be 1:1 (H:V) instead of the 1:2 specified. This results from the
construction technique used in the building of the wall (dumping of the
stone).

The state survey revealed that Arkansas is the only state that uses the
rock buttress wall as a retaining wall. The literature search revealed two
design methods for rock retaining walls. The first method comes from India
where rock buttress walls have been used extensively with success. Also, the

Indian design method appears to give reliable results and is easy to use. A
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second method, Swedish slice method, has been used in Oklahoma. It should be
used when the Tocation of failure planes are known or in layered soil.

The present geometrical shape of the rock buttress wall used in Arkansas
does produce an adequate wall. However, settlements and allowable soil bearing
stresses should be considered in the foundation design. Also, the bearing
stress within the stones should be calculated in order to determine height
restrictions. Finally, a new geometrical design should be considered for walls
of about six feet or less in height. This design should have side sTopes of
1:1 to 1:2 and stone should be placed in the backfill area between the wall and

soil as the wall is constructed.
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IMPLEMENTATION

The geometrical shape of high rock buttress retaining walls should be
maintained. The Indian design procedure should be used when the soil is
uniform behind the wall. The Swedish Slice method should be used when the soil
is layered or when the location of possible failure planes are known. A shear
key should be considered when the resistance to foundation sliding is less than
1.5. In some cases, a subsurface investigation will be required in order to
adequately design the rock buttress. The foundation bearing stress,
settlement, and allowable soil bearing capacity should be determined. The
bearing stress within the stone should be used to develop height restrictions.
These design procedures should be used for walls 10 to 25 feet in height.

Walls exceeding 15 feet in height should be designed in consultation with the
geotechnical engineer. Walls in excess of 25 feet should be designed by the
bridge or geotechnical engineer. For walls of six feet or less in height the
geometrical slope should be changed. The side slope should be 1:1 to 1:2 and
the backfill between the wall and soil should be the same rock as used in the
wall. It should be placed as the wall is built. This would help simplify the
construction techniques needed. Walls six to 10 feet in height should be
constructed by present procedures. The Durability Absorption Ratio (DAR)
should be included in the material specifications as a viable alternative for
determining stone quality. This would ensure that sound stones are used in the
walls.

The specifications should require choking of the walls. This would reduce
stone bearing stress and eliminate any tensile stresses in the stone. The
gradation of the choking stone should be determined by the AHTD. Maximum size
of stone used in the wall ghou]d be no more than 1/3 of the wall's width at the

level of placement.
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1.1

1.2

CHAPTER 1
INTRODUCTION

THE PROBLEM

The Arkansas Highway and Transportation Department has 14,807 miles of
rural roads to improve and maintain within the state. A rural road program
was recently enacted for the purpose of upgrading these roads. Every effort
is being made to provide a safe road at a minimal cost. This is being

achieved by minimizing construction costs.

Approximately 45% of the rural roads are in hilly and mountainous areas
of the state. This type of terrain imposes right-of-way limitations which
increasingly require retaining walls to support cuts and fills. Due to
Timited traffic volumes, concrete and proprietary walls cannot be
Justified. One reasonable alternative is the rock buttress wall. However,
they have had limited usage because of the absence of a design procedure

fully adapted to Arkansas conditions.

PROJECT OBJECTIVES

The research project consisted of three major objectives:

1. An investigation of the various design methods used by other highway
departments and government agencies, such as the forest services, park
services, Corps of Engineers, etc. The methods were reviewed for their

applicability to the AHTD.

2. The feasible methods identified in objective 1 were evaluated and adapted
for Arkansas' soil conditions considering the existing field data

collected by the AHTD.



3. Recommendations were made which consisted of one or more design

procedures that were made user ready for implementation. Also, any area

where future research is needed to refine the design procedures was

identified.

1.3 METHODOLOGY

In order to achieve the objectives of this research the following procedure

was observed.

Objective 1.

Objective 2.

An investigation and determination of rock buttress wall design

procedures was accomplished in the following manner:

A. A survey questionnaire was sent to all fifty state highway
departments and several government agencies. The
questionnaire requested information on rock buttress wall
designs and design procedures.

B. A literature review was conducted to determine the latest
research involving rock buttress wall design.

C. The information obtained from the survey was reviewed for
procedures and specification which could be applicable to

the AHTD.

Feasible design methods were developed in the following manner:

A. The feasible design methods identified in objective 1 were
adapted for Arkansas soil conditions. A design example is
presented for each approach identified.

B. Procedures to estimate the stresses within the rocks and

resulting height limitations were developed.



Objective 3. Recommendations were developed in the following manner:

A. Recommendations were made with respect to the use of two
design approaches to rock buttress walls; the Indian method
and the Swedish slice method.

B. Recommendations were made with respect to height
Timitations and procedures were established to limit wall
heights based on the compressive strength of the stones
used to construct the wall.

C. Research areas were identified which are needed to refine

the design procedures presented.

1.4 LITERATURE REVIEW
1.4.1 Background

Landslides and fills on hill sides along highways have been a major problem
for centuries. One of the early means of controlling slides and containing
fills was using rock walls. Due to improved construction techniques and
materials, other methods of controlling soil movements have been developed, such
as concrete retaining walls, cribs, gabions, reinforced earth and others. They
have replaced the rock walls but have proven to be expensive and time consuming
to build. Due to increased costs in recent years, there has been an effort to
find a Tess expensive means of controlling soil movements along highways and
secondary roads. One technique being used is rock buttress walls. The "rock
buttress" is a free-draining gravity structure consisting primarily of large
blocks of non-degradable sandstone or limestone (1). These walls have been used
by several highway departments and federal government agencies. They are less

expensive, use natural material and blend into the surrounding landscape.



1.4.2 State of Tennessee

The state of Tennessee has had several landslides along Interstate 40 near
Rockwood. One means of controlling these slides is rock buttress walls. The
walls are designed to be free-draining gravity structures. The stone used is a
non-degradable sandstone or limestone. Fifty percent of the material is greater
than 1 cubic foot and no more than 10 percent passing a No. 2 mesh sieve (1).
Soil movement 1is prevented by restraint and since the wall is free-draining, the
1ikelihood of "ponding" and pore pressure buildup is greatly reduced. The
greatest disadvantage of a rock buttress is the wide base since it requires more
area than other methods for controlling landslides. Also, the wall has to be
placed below the colluvium in order to be effective, due to the mass of the

structure.

1.4.3 Forest Service

In the article by Carlton Yee, the use of small rock buttress walls by the
forest service is described (2). The walls are used to control slope failures
by placing them at the toe of prospective slide areas. The wall is designed so
the mass or weight of the wall counters the tendency of the soil to slide by
providing a resisting moment. Also the rock provides greater shear stability.
The wall is built by first digging a trench at the toe of the prospective slide
area below the plane of sliding. One rule of thumb for design presented is "on
a volume basis, it is often felt that the buttress should equal at least one-
fourth or one-third the volume of unstable soil being retained" (2). Another
rule is "every cubic yard of soil removed is replaced with 1.5 cubic yards of
rock". No other design considerations were presented as to what is meant by

small rock buttress walls.

1.4.4 Transportation Research Board
In the Transportation Research Board and National Academy of Science's
Transportation Technology support for developing countries "Synthesis 2 - Stage
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Construction" the use of "dry stone retaining walls" for supporting roadways in
mountainous regions is described (3). The wall should be constructed so that
"the stones are in contact with each other and so that their longest dimension
is perpendicular to the embankment. Larger stones should be placed at the
bottom of the wall. Voids between the larger stones must be filled with small
stones". The backfill behind the wall should be compacted and proper drainage
provided. The walls are restricted to one meter in height and the suggested
side slopes are given in Fig. 1.1. Walls over one meter in height werée mortared

and stepped as given in Fig. 1.2.

1.4.5 Washington State - Rockeries

The state of Washington permits the use of rock retaining walls as stated
in section "342 Retaining Walls" of their specifications. "The rock walls are
essentially gravity walls made of stacked large rock, used primarily in cut
sections where very good soil exists" (4). They are used to provide erosion
protection and limited earth support. The height is limited to 15 feet in cut
sections and 10 feet or less in fill sections. Rock walls over five feet high
must be designed by the Bridge and Structures Branch. A typical wall is
presented in Fig. 1.3.

The report "Uses and Abuses of Rockeries" (5) states that probably the most
- important reason rockeries are built is because they are less expensive than
retaining walls. In Tacoma, Washington they cost about 1/4 the expense of
conventional reinforced concrete retaining walls. Also, construction time is
much less on rockeries, about one week for a small job. The design of rockeries
is based on experience. The report stated that "our general philosophy has been
to not recommend the use of rockeries unless we are fairly confident that the
slope is stable without oné." Table 1.1 presents some general guidelines for

design of rockeries based on experience (5)«
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A » c o E

1. Source Btate . County County City City
2. Title of Specs. Rock Walls/Rock Rockerfes/Rock Rock Halls Rock Retaining -
Retaining Walls Retaining Walls § Walls
3. Max. Wall Height - 8 - 12 Ft. = ~10 Ft. - ~12 Fe.
4. Min. Base Thickness } - 4 Ft. ~4 Ft. - -- -2
5. Steepest Wall v -+ 12V on 21 Bl 12V on 2M - 12V on 3H 12V on 2H
Slope +\B2 12V on 13.51
Bl 12V on 4.0 .
L v .
6. Max. Ground Slope -- -- 1V.on 1.5H - ‘ 1V on 2H
Above Top of Wall
7. Rock Unit Wgt. 155-164 pct 160 pct - 165 pcf -
(Min.)
8. Variance from 0.3-0.5 Ft, - - - Ll

Plane of Slope

9. Min. Foundation FILL cur 0.5-1.0 Ft. 0.3 Ft. 1.0 Fr, 1.0 Ft.
Embedment 140.8(z)Ft. 0.5-
(z=lit.-5) 1.0 Ft,
10. Min. Thickness 12 dn. 9 in. -- 12 in. -
of Drainage N
Layer

11. Wall Ht./Rock
Wgt. Relationship

FILL ar 2 , .
Lower 0-3 Ft. 1600 1bs. 1200 1bs. 4 nr 60v>1 CF 2-3 wr 5-6 mr
3-6 Ft. 1200 1bs. 1200 1bs. 4 ur 1-2 mr $5-6 mr
6-9 Ft. 800 1bs. 800 1bs. I mr 2-4 mr
9-12 Ft. 400 1bs. 100 lbs. 2 mr . 2-4 mr
Upper 12- -- -
12. Rock Size
Definitions (mr)
Bl B2
1 man rock -- 400 1bs. -- - $0-200 1bs.* 400 1bs.
2 -- 800 lbs. 300-600 lbs. -- 200-600 1bs.* 800 lbs.
3 -- 1200 1bs. 800-1200 " -= 600-1200 1lbs.* 1200 1bs.
4 -- 1600 lbs. 1500-2200 " -- 1200-2200 1bs.* 1600 1bs.
H - 2000 1bs. - -- 2200-4500 1bs.* 2000 1bs.-
6 - 2400 1bs. - - - . 2400 1bs.
ABBREVIATIONS: mr man rock : :l man rock (.4-1.5 cF)
lbs. Ppounds : .2 (1.5-4.6 CF)
CF cubic feet " (4.6-9.2 CF)
Ft. fect .4 (9.2-16.9 CF)
in. inches .S (16.9-34.6 CF)
v vertical € -
f horizontal

pef pounds per cubic foot
nT. wall helght

Table 1.1 Summary of Rockery Design Criteria

[As obtained from Gifford and Kirkland (5)]



Fig. 1.3 Typical Rockery Wall
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Also included is a rational approach for rockery design. It states "the
theoretical analysis of the stability of a rockery is difficult because so much
depends on workmanship of the job" (5). The rational approach uses generalized
equations for active earth pressure and it is found that "a slight reduction in
the angle of inclination of the wall resulted in a considerable reduction in
active earth pressure coefficient and, therefore, the acting earth pressure
force" (5). Critical wall height to thickness ratios are determined for various
angles of wall inclination based on overturning and sliding type failures. It
is found that the moment forces tending to cause overturning result in the
critical mode of failure. Critical wall height (Hc) to average thickness (B)
curves are developed for different wall inclinations and internal friction
angles of backfill or natural soil. The curves are presented in Fig. 1.4. They
were developed for a wall with a maximum thickness of four feet and an average
thickness of three feet. This would result in a theoretical critical wall
height of about 12 to 36 feet depending on the slope of the face. Most walls
observed are about 18 to 20 feet high and it was stated that “many rockeries
have failed when greater than about 15 feet in height".

Wall thickness is not always specified since it is a function of the size
of rock used. The term "man-rock" refers basically to weight of the rock. For
example, a two-man-rock is generally the maximum weight of rock that two men can
move in place using steel pry bars or about 800 pounds. Common sizes used range
from one to six man rocks or 400 to 2400 1bs.

Wall construction consists of the following steps:

1. Foundation preparation.

2. Placement of rocks with a backhoe or small hydraulic crane and steel
chairs. The long axis of the rock is placed horizontally or
slightly tipped into the slope. The rocks are placed to maximize the
amount of tons per square foot of surface area.

3. In most cases a granular filter blanket is placed behind the wall to

provide drainage.



Material specifications for the rock state that the rock should be "hard,
sound, durable and free of segregation seams, cracks, or other defects tending
to destroy its resistance to weathering and cracking". A minimum specific
gravity of 155 to 165 pounds per cubic foot (pcf) is often suggested.

The backfilling of the wall includes the chinking (choking) and wedging of
openings between larger rocks with aggregate up to six or eight inches in size
to control erosion of the rock fill material. Also, a drainage blanket
consisting of a well-graded sand and gravel is used. The fill should be solid,
tight and free of voids. An example of a suggested rockery detail is given in
Fig. 1.5,

The six basic reasons for rockery failures in decreasing order of frequency
are: (5)

1. Too Tittle or no drainage.

2. Poor gquality and/or poorly placed backfill.
3. Wall too steep or too high.

4. Poor foundation.

5. Unsound rock.

6. Poor workmanship.

For rockery design, a face slope of 12V to 3H and a maximium height of 15
feet is recommended. If a higher wall is used, the wall should be benched.
Also, the overall slope stability should be checked. Settlements should be
-avoided because the rocks tend to lose contact with each other and shear
resistance is reduced. It was emphasized that rockeries afford little or no
resistance to slope movements. Therefore, the height should be limited to 15
feet, maximium wall slope should be 12V to 3H, the base width should equal 1/3

the height and good drainage behind the wall should be provided.

1.4.6 Baker and Marshall

A means of controlling landslides is to place restraining structures or a

rock buttress at the toe of prospective slides. Empirical relationships are
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/Slop.t.odrnnmyzxc-:ockczy
i, .

l VonlHslope or
flatter to maintain
stable slope

‘Proposed sidewalk
6" envelope of 1/4° to

3/4" washed gravel

Perforated subdrain pipe
(See Note G)

S~ 6" minimum. Same material as rockery
4 H/3 min. backfill material

Not to scale

A. Rockery backfill material to consist of clean, well-graded pit run sand and
gravel, 2-inch maximum size with at least 40% gravel (plus No. 4 sieve material).
" The amount of fines (minus No. 200 mesh size) shall be less than 3%, The fines
shall be non-plastic.

B. Backfill material shall be compacted in 6~inch layers with 4 coverages of a
hand-operated gascline-driven tamper.

C. The excavation for the rockery shall be kept free of water and shall be evaluated
by an experienced scils engineer prior to placement of the pit run sand and
gravel. Rockery base material shall be placed on firm undisturbed ground.

D. If loose or soft materials exist at the base rock location, they shall be
removed and replaced with the clean pit run sand and gravel and compacted as
recommended in Note B.

E. large holes between rocks on the backside of the rockery should be filled with
gravel or rock spalls to retain the pit run sand and gravel backfill.

F. The base rock shall have a minimum base width of H/3, whers.E is the height of
the rockery. The base rock and other rocks shall also meet the following weight
requirements. E shall not exceed 12 feet.

Minimum Weight of Rock

lower 6' 2400 lbs.
Upper 6' 1600 lbs.

G. Asphalt parking area should be sloped to drain sway from the rockery. Subdrain
will be required to collect water that may flew in the base course material
beneath pavement if the parking area slopes toward the rockery.

Fig. 1.5 Rockery Design Detail
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presented by Baker and Marshall for the design of the restraining devices used
to control active slides (6). It is suggested that the rock buttress should be
174 to 1/3 the volume of total moving mass to be retained and should extend at

Teast five to 10 feet below the slip plane unless stable bedrock is encountered

(6).

1.4.7 Swedish Slice Method

A design method for a rock buttress retaining wall is presented by Baker
and Yoder based on the Swedish slice method (7). A circular failure plane is
assumed behind the wall. The arc is divided into equal segments and normal and
tangential forces are calculated for each segment. The resisting force required
by the wall to maintain equilibrium is found by:

P, = F.S. (IT +3T_19) -IN tan 6 - C L

soil
Where

P

R the resistance required by the wall

ZTsoi] = the sum of the tangential forces of the soil mass behind
the wall.
ZTwa]] = the sum of the tangential forces in the wall.

ZN tan¢ = the sum of the normal forces times the angle of internal
friction of the soil mass.
C L = the cohesion in the natural soil times its length of the
arc.
Three modes of failure are anticipated:
1. Friction or shear fai]ure between the buttress and the foundation.
I. 2. Foundation failure beneath the buttress.
3. Shear through the buttress.
12



The horizontal shear resistance through the buttress is given by:

P, cosao=Y AB tan ¢

R B B

Where
a = angle formed by the tangent to the slip-surface and the
horizontal at back of buttress. This angle should be at least 10°
Y = unit weight of the buttress in pcf.
AB = cross sectional area of the buttress in ft2 per unit width
¢ = angle of the internal friction for the rock in the buttress.

From this,one can find the buttress base area and size the buttress. The shear
resistance between the buttress base and soil is checked by the following:

PR CoS o = Yg AB tan ¢S + Cs LB
Where

¢S = angle of internal friction for the foundation soil.

CS unit cohesion of the natural soijl

‘g

If needed, the buttress dimensions could be modified.

length of the buttress

Unce the buttress is sized, the stability against a shear failure through
the buttress needs to be checked by:

FoSo= (2N tan ¢ + Colgt TN tané,)/(zT )

s0il * ZTwaH

1.4.8 Indian Method

Another rock buttress wall design is presented by Arya and Gupta (8). The
paper describes the rock bﬁttress design procedure used in India. The following
design criteria is given: (8)

13



(a) There should be no overturning of the wall as a whole or any part of
it. According to Indian Standards (IS): 1904, the minimum factor of
safety against overturning is specified as 2.0 under normal loads.
Under earthquake condition as per IS : 1893 -1975, the factor of safety

should be 1.5 or more.

(b) The pressure at the toe should remain less than the safe bearing
capacity of foundation soil or rock. The factor of safety with respect
to ultimate bearing capacity is kept as 3.0 under normal loads. Under
earthquake condition, the allowable bearing pressure may be increased

by 25 to 50 percent (IS : 1893).

(c) The sliding or shearing stress should remain less than the safe value
of the shear or sliding resistance. A factor of safety of 1.75 under
normal loads and 1.33 under earthquake condition 1is generally adopted,

both at the base and for intermediate layers.

A discussion of using mortar bands in walls over 12 feet high is presented, and
it was concluded that they provide no additional benefit. It is stated, for a
wall to act integrally as one unit, the stones should be roughly rectangular in
shape. Also there should be sufficient overlap on each other for interlocking
of the stones.

A discussion was conducted on the slope of the foundation with respect to
the horizontal. The stones should be sloping toward the soil or backfill. The
force to produce sliding for a 1V: 3H foundation slope is two to three times the
force needed when the stones are horizontal. This force is reduced as the
coeficient of friction betﬁeen the stones increased. The force to produce

sliding is shown in Fig. 1.6 and are expressed as:

14



F > u W/ (coss - u sing)

for a horizonal foundation, and

F>W (ucose+ sing)/[cos(6+68) - u sin(6+6)]

for a foundation inclined toward the soil or backfill.

Where:
u = coefficient of stone

W = weight of stone

6 = angle of the force F with respect to the horizonal

® = angle of the slope

a;»ff

‘e ' MORMZONTAL PLANE (D) INCLINED PLANE -MOVE MENT

DOWN SLOPE

(c) INCLINED PLANE- MOVEMENT
UP THE SLOPE

Fig. 1.6 Wall Friction Forces

The back pressure acting on the wall depends on 1) the angle of internal

friction, 2) density, and 3) water content of the fill material at the back of

the wall., The soil lateral pressure could be determined by Coulomb's theory.

Values for internal friction of different soils is given in Table 1.2 (8).

Table 1.2 Values of Angle of Internal Friction

State of Value of @ (degrees)
Grain Size Compaction Rounded Grains,  Angular Greaing
Uniform Gradation Well Graded
Sand and Gravel Loose 34 39
Moderately 37 41
Dense
Blasted rock fragments as blasted 40 - 50

15



The angle for clay or expansive soil should be determined from laboratory tests

or where the angle of repose at the site of the soil is stable. The angle of

wall friction is assumed to be 22.5°. It was stated an angle of 27-30° woud

be nearer to reality. Illustrations of wall contruction techniques are presented

in Fig. 1.7.

Some of the common causes of wall failures are:

(1)

(2)

(3)

(4)
(5)

Construction of walls just after hill cutting is completed. The slope
needs to restablize after the cutting is done. This generally requires
one rainy season.

Improper construction of the wall.

Improper backfill. The backfill behind the wall may not be free
draining and there could be inadequate quality control.

Improper drainage. The weep holes get clogged or are too small.

Seismic action.

In the construction of the wall it is recommended that:

(1)
(2)

(4)

There be a minimum base slope of 1V in 6H.

Rough flat stones should be used and the size of the stones should be
greater than 225 x 110 x 75 mm (weight about 5kg). The largest
dimension should be placed across the length of the wall. Also the
voids in the wall should be filled.

The backfill should preferably be done by hand-packing to achieve the
maximum angle of internal friction. The backfill must be non-
cohesive and free draining. The top layer, 300 mm thickness, should be
as impervious as possible.

On high walls, a large opening in the wall or scupper should be
provided four meters below the road surface and at horizontal spacings
of six meters on qenters.

If there is falling water, a toe should be provided to prevent erosion

at the base of the walls.
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(6) Walls up to six meters high may be constructed by round or egg-shaped
boulders. The boulders should have a maximum area of contact and a
inward slope of bedding planes. The joints and Voids between the stones
should be filled with a granular material and at least 50 percent of

the stones should have a weight greater than 10 kg.

ONLY FACE STONES
ARE WELL ALACED,
REIT IS OUNPING
OF STones

(¢4

(a i Retaining wall of very
smail strength

l:'(:l.!A’S:;L.'ﬂu.DIC % 0.3;
Pl
1T 1MPERVIOVS i aane

G000 NANO PACXED
STONE FiLLive w
STEPPED Facs

]
(c)Good retaining wal but (d) - Best
unsiable filling good filling

retaining wal with

Fig 1.7 Illustrations of Wall Construction

1.4.9 Dufabi]ity Absorption Ratio
The selection of the rock to be used in the rock buttress is a ma jor factor
in the wall's performance. The rock should be durable, hard, sound and free of

segregation seam, cracks or other defects. The study "Evaluation of Rock Slope

17



Protection Material" (9) reviews several of the tests used to evaluate rock and
compared these tests to the rock's field performance. The best correlation
between the laboratory test and field performance was the durability absorption
ratio (DAR). This ratio produced a 97% agreement between the lab and field. The

DAR is determined by the following:

DAR = Durability Index/(Percent Absorption + 1)

The following specifications are used:
1. DAR greater than 23, material passes
2. DAR less than 10, material fails
3. DAR of 10 to 23 and (a) durability index 52 or greater material passes;
and (b) durability index 51 or less, material fails.
The absorption test used is specified by test method No. Calif. 206-D and the
durability index by test method No. Calif. 229-E. The test procedures are

presented in Appendix C.
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CHAPTER 2

FIELD OBSERVATIONS

2.1 INTRODUCTION

Several sites in Arkansas where rock buttress walls have been constructed
were visited. These sites included: (1) a wall failure, Job #R8009, Mt. Levi Rd
-Fort Douglas, (2) a wall to support the roads up-hill slope, Job #8894, Ben Hur
-Raspberry Mtn.- slide repair, (3) a wall subjected to the test of time, Job
#R50024, Hwy 66 S - Sylamore Creek and (4) a new wall supporting a roadway, Job
#R90012 Landis - Hwy 66.

2.2 Job #R8009, Mt. Levi Rd - Fort Douglas.

The wall was constructed in the summer and fall of 1985. It was several
hundred feet long and 28 feet at the highest point. The side slopes were 1/2:1
and about five feet of overburden was placed on top of the wall to serve as the
base for the Mt. Levi Rd. The stone used to construct the wall was sandstone
from a Tocal quarry.

In February 1986, the wall failed. The failure was confined to
approximately 100 feet of wall at the point of greatest height. There was about
five feet of settlement across the top of the wall and a lateral displacement of
5 to 10 feet. The side slope changed to about 1:1 in the failure zone.

Repairs had been made to the wall by at the time of the field visit in

August 1986. The following observations were made:
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1. The sandstone had weathered to a point where pieces could be turned to

sand by mild blows. See Fig. 2.1

Fig. 2.1 View of Weathered Stones.

2. Some of the stones had cracked due to the imposed loads. See Fig. 2.2

Figure 2.2 Cracked Stone 1in the Wall.
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3. The stones were not choked. The lack of choking changes the load imposed
on the stones from a uniform load to a concentrated load. In some cases,

the bearing area was about 10 percent of the surface area.

4. Different qualities of sandstone were present in the wall. A stone,
brown in color, was present in the upper levels of the wall. This stone
appeared to be hard and to resist weathering. A second stone, gray in
color, was present in the Tower portion of the wall. This stone turned
to sand under mild blows. It appeared to be soft and not resist

weathering.

2.3 Job #8894, Ben Hur - Raspberry Mtn.: Slide repair.

The rock buttress wall observed at this site was under six feet in height.
It was primarily used to support the soil on the uphill side of the road. The
observed side slopes were about 1:1. It is believed this slope resulted from
the construction technique. The stones were dumped into place, which tends to
leave a 1:1 slope. While talking to the personnel at the site, a wall
construction problem was disclosed. It was learned that it was difficult to
place the backfill once the wall was constructed. This resulted because there
was not enough room for heavy equipment between the wall and soil. It was
'suggested to construct the backfill out of rock and place it as the wall was

being constructed. Also, it was suggested to reduce the side slope.

2.4 Job #R50024, Hwy. 66 S - Sylamore Creek.

The rock buttress wall was built some time ago. It was about 15 feet in
height and had side s]opes.of 1:1. The rocks used appeared to be limestone and
were round. The wall was overgrown with vegetation and there was no appearance

of instability.
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2.5 Job #R90012, Landis - Hwy 66.

The rock buttress wall was about 16 feet in height and nearly vertical, see
Fig 2.3. The wall was constructed of brown sedementary rock, hard sandstone,
which was large and flat. The length of the stone was about three times its

thickness. The stones were not choked and the wall appeared to be performing

well.

*

Fig. 2.3 Landis - Hwy 66: Wall
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CHAPTER 3

STATE SURVEY

3.1 SURVEY OBJECTIVE
One of the main objectives of this research project was to survey other
state highway departments and federal government agencies to:
1. Determine if they use rock buttress walls

2. Obtain information on rock buttress wall design procedures.

3.2 SUMMARY OF RESPONSES
A questionnaire was sent to all fifty state highway departments and several
federal government agencies. The information obtained from the states with

favorable responses was reviewed and summarized. Table 3.1 summarizes this

information.

ALABAMA: Rock buttress walls are used as a slide correction technique. The
design procedure consists of a wedge/slice analysis with material properties
of:

¢, angle of internal friction = 40°
v, weight of soil = 140 1b/ft>
c, cohesion = 0.

The walls are designed for active soil pressures and have side

slopes of 1:1.

CALIFORNIA: The department does not use rock buttress walls as discussed in
this project. They did send information on concreted rock walls used as
slope protection. ATso, they provided information on stone quality

requirements for slope protection as given in section 72-2.02 of their
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TABLE 3.1 STATE RESPONSES

Highway Dept. No Negative Positive
Response Response Response

oooooooooooooooooooooooooooooooooooo

COLORADO. s shsssuvss 440 ninnnnenssnnnn X

GONNECTICUT svwmnanmnxnwnnunussnmunssass Kosssvssdiveninannn
DELAWARE o pnwwssnanasmanunnndemessessy Rsssspssginbanmnnnn
FLORIDA: s ssnnswssvsnsasoninssssrarnnes Roswosnannswmunesssn
CEORGL s 2 w0 w0 08065 60 05 050558 5 e 5 X

oooooooooooooooooo

X
X
BLLINDIS s unn s wununnnsnmmnnass ceseseses Massusnwaiass ceseces
INDIANA sxwnu svsssnasnsovssusnisssanss X

KANSAS venunssmanssnnnan sssssunisseszns Xeosoooosnnsavnnanna
KRENTUEKY cscssscavssanssssvassnsivinnnnnnn PR cosvvenes X
LOUISIANA. i iiettiiinenrnnessncncannnns
MAENE & o oom o m o w0 w0 0000 s, 0 e
MARYLAND....covevnnn Ko cm oo a3 0 0 R R
MASSACHUSETTS u wansnnnvnnn snsnsnsesnuss Rissasnasipdissunin
MICHIGAN v csnmumanusasnvascnvnsssctrannpmpnnsasnesss s X
MINNESOTA: swunussvesssosasassssssemnns . SR —
MISSISSRIPPT ¢ cansvronnmimmannmmnnmen v smmenmmeswssssnssisss X

> >

NEW JERSEY uvunumensmonnnessnmonssnanis Kessssdinwrniinnnmmns
NEW MEXICO.onusansnconsosnsisiionsanss Kesenansvasmnnsssns
NORTH CAROLINA....vvirinnerennnceeenns Kuxmsnnossannnnsssss
NORTH DAKOTA...evvennnnnn T Kisssanasrupannnnne
X

PENNSYLYANI A« v xsuwosummssnnsssssunssses P P —
RHOUE ISLANDucvssvsssssssssssviannnnnronnssnnnnnessnsss X
SOUTH CAROLINA...... R 0w R
SOUTH DAKOTA. vttt erenreneeeencenanns X

oooooooooooooooooo

VIRGINI A s nn socnsmunBascisonciioranmmmnnmnnssssnss ssssnns
VERMONT s s un svsssossnerransbinnmmnssans X

oooooooooooooooooo

X
WASHINGTON D.Cuvevrnnnennnnnnnnnnnnaes Kinwnownnnmanmonssn
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standard specifications. They are as follows:
Apparent Specific Gravity - 2.5 minimum
Absorption - 4.2% maximum
Durability Index - 52 minimum
and if the DAR is more than 24
Absorption may exceed 4.2%

Durability Index may be less than 52

GEORGIA: The department uses rock buttress as a toe treatment for slide

protection in rugged terrain or to steepen slopes when rock is readily

available. The criteria to steepen slopes is presented in Fig. 3.1.

~~
~

ORIG. GROUND

TILL INTERSECTS R
W/ ORIG. GROUND

OUTSIDE. SLOPE IN ROCK POR
COULD VARY TIoN

FRONT SLOPE
NORMALLY 11} INTRRSEET WI
WILL VARY (F ORIG. GROUND
ROCK Is

ENCOUNTE RED

DURING EXCAVATION: T~

INTERSECT W/ FLAT
LINE FROM SLOPE POINT

Fig. 3.1 Georgia Rock Embankment Detail

IOWA: The department has used the rock buttress concept to repair landslides

for approximately 10 years. Each design is site specific and they have no

standard written proéedures. The design procedure used is based on

reinforcing the existing materials structure. The analysis is performed by
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utilizing “"sliding block" and "bishop" circular analysis programs. Minimum
rock facing thickness of 10 feet is required at the most critical indicated
failure surface and a minimum five feet on the highest possible failure
surface. The rock is well graded with a maximum eight inch top size, and no
more than 10% passing the #8 sieve. The exposed slope has a slope of 1-1/2

HtolV.

KENTUCKY: The department utilizes rock buttresses extensively. They are
constructed as random shot rock fill. The walls may consist of a portion of
the embankment toe area or toe berms to effectively flatten the slope with
or without shear keys. They are designed by conventional slope stability

analysis procedures.

MICHIGAN: The department utilizes rock buttresses as fills, "armored slope",
and shoreline protection. The armored slope is a rough triangle of mine
rock, which 1is one to two feet in size with and all faces sharp and broken.
The wall is about eight feet high and 10 feet on the leg and is used to
support wet sandy slopes. A geotextile is used on the backside. Fills are
end dumped mine rock with the outer slope holding at somewhere between 1:1
and a 1:1.5 (H:V) slope. The top is choked with smaller rock, a sand
subbase placed and paved. The shoreline protection is similar to the
armored slope but with stone sizes varying from over three feet with a one

to two foot stone cover of smaller bedding stone. On the backside, a

geotextile is placed.

MISSISSIPPI: The department utilities rock buttress as slope protection or
corrective measures. The analysis is conducted utilizing LEAST or MIT slope
stability analysis. A shear key is placed at the base of the wall and a

maximum stone size of 300 1b is placed at the bottom and four inch to 3/4
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inch at the top of the wall. The wall has an outer slope of 1:1 to 2:1
(H:V). An internal shear angle of 45°% for analysis purposes is used for the

rock in the wall.

NEW HAMPSHIRE: The department stated that rock buttress walls do exist in the
state, but they have not designed or used a natural stone gravity retaining
wall in any modern design for a considerable time. They did provide some
information used by the Boston and Maine Corporation. It is enclosed in

Appendix B.

NEW YORK: The state does not presently use rock buttress walls but did provide
some specifications used for repair and short extensions on some existing
walls. The stones have to be clean, roughly rectangular and sound field or
quarry stone. Four-fifths of the stones have to be over one-third cubic
feet and face stones had a minimum thickness of two inches and a width of

ten inches.

OKLAHOMA: The department has used rock buttresses in the past, primarily in
shallow slide restoration contracts. The general analysis procedure used is
outlined in the Highway Research Board Special Report 29 for earth
buttresses. The material specified for the wall is either native stone or
crushed rock. It has to meet their standard rip-rap specifications along
with weight and absorption requirements. These tests are determined in
accordance with ASTM C97. The minimum weight accepted is 140 pounds per
cubic foot and the maximum absorption permitted is six percent. Specific

site specifications are given in Table 3.2.

' OREGON:

Typically, the outer slope of the walls are 1.5:1 to 2:1 (H:V). The size of

The department uses rock buttress walls to stabilize landslides.
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Table 3.2 Oklahoma Rip-rap Specifications

Riprap Thickness

Maximum Average Size Not More Than 20 Percent
Inches (cm) Pounds (kg) Pounds (kg) Shall Weigh Less Than
12 (30.5) 150 (68) 30-50 (14-23) 20 9)
18 (45.7) 350 . (159) 70-125 (32-57) 30 (14)
24 (61.0) 1000 (454) 225-400  (102-181) 40 (18)
30 (76.2) 1000 (454) 225-400  (102-181) 40 (18)
g
| I-Sll " -
Ii BACKFILL WITH
; SUITABLE MATERIAL
; 3/4
12
3" PLASTIC PIPE,OR EQUAL ,SPACED 10' C.C.
-4
52%. ,6CF FILTER STONE SEE STANDAR
— o/ SPEC. M.01.07.
2 ok it '?’Q
GROUND °
[ 2 . "
' : 2'-0 \
K TYP. EXCAVATION PAY LINE
I _—]
,..2.'—0"."‘ 5 G
DIMENSIONS AND QUANTITIES
H A FT./UNFT. OF WALL
5.0 3.5 12.30
6-0" 310" 16.02
7'-0" 4'-3" 20.16
8 -0" 4-8" 2472
9-0" 50" 29.25
10°-0 5-6" 35.00
m-o" 6-0" 41.2%
12-0 6 -6 48.00
|'. o 7Q" 55,28
. 7-6 ﬁﬂ
1) [ Y ;
Fig. 3.2 Rhode Island Wet Stone Masonry Retaining Wall
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the wall is based on the force needed to stabilize the landslide, and it is

determined by a stability analysis.

RHODE ISLAND: The department does not use rock buttress walls, but does use a

wet stone masonary retaining wall. A copy of the specifications is given in

Fig 3.2.

WASHINGTON: The department does use a form of rock buttress walls called
rockeries. The rockeries are used for erosion control or slope potection.
They are not designed to resist active soil pressures. Further information

is found in the Literature Review.

WISCONSIN: The department does use three forms of rock retaining walls
as erosion control. No formal analysis procedure is used for the wall

designs. The three types of wall are illustrated in Figs. 3.3 to 3.5.

.Largely triangular or trapezoidal in shape.

.Used mainly as an "anchor" at toes of fills or in landslide

repairs.

Fig. 3.3 Shot-run Rock Bulkhead
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Up to 25' g Soil
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.Used as a facing in heavily preconsolidated tills where the benefits are

largely erosion control.

Fig. 3.4 Erosion Prevention Wall

Sand

.Used flat stones, possibly split concrete block.
.Used largely as an erosion protection in sands.

ng. 3.5 Erosion Protection in Sand
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Several federal government agencies were contacted concerning their design
procedure for rock buttress walls. The results of the discussions are as
follows:
U.S. Army Corps of Engineers - The corps does not use rock buttress walls.
Tennessee Valley Authority - The TVA does not use rock buttress walls.
Bureau of Reclamation - The bureau does not use rock buttress walls.
National Park Service - The park service does not design gravity retaining
walls of unmortared stone.

U.S. Forest Service - No response.
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CHAPTER 4

DESIGN APPROACHES

4.1 INTRODUCTION

The Titerature review and state survey revealed that there are four basic
approaches to rock buttress wall design. The first approach is the rule of
thumb or no specified analytical design. These walls generally are used for
erosion control and tend to be small. The second approach is to use slope
stability programs to design the walls. The walls are sized so that their mass
will prevent soil movements. This approach is generally associated with repair
work. The third approach is the Indian method. In this method, the internal
friction force between the stones resist the active soil pressures behind the
wall. The method is designed for granular soils and is modified for cohesive
soils. The last approach is the Swedish slice method. A circular failure arc
is assumed and the soil forces (sliding, cohesion and friction) are resisted by
the wall's internal friction force. The wall is sized so its internal friction
force balances the soil forces.

The Indian and Swedish approaches are illustrated by designing a 28 foot
rock buttress wall. The wall has a side slope of 1:2 and is supporting a silty-
clay soil. A five foot overburden is placed on the wall which supports the road-

way.

4.1 INDIAN METHOD

The following approach is used for the design of rock buttress walls by the
Indian Method:

1. Calculate the force needed to cause sliding 1in the wall.

a. From Table 4.1, find sliding force in terms of the wall weight.

¢ = 1ntefna1 friction angle of the stone.
W = weight of wall
F = the force to cause sliding.
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b. From Table 4.2, find the weight of the wall in terms of the density of
the stone used.

H

height of the wall

Ystone = density of the stone used to construct the wall.
c. F = (value from Table 4.1) x (value from Table 4.2) x (Ystone).
2. Calculate force imposed on the wall by the soil

a. Granular soil (Coulomb's active earth pressure)

P, = 1/2 K_ v H
Y = density of the soil
Ka = Coulomb active earth pressure coefficient found in
Table 4.3
¢ = internal friction angle of the soil
y = H/3 distance from base of wall to centroid of active force.

b. Clay soil (Rankine Active Earth Pressure)

Pa =1/2 (H-Zc)(8 H Ka - 2 cha)
K, = Tan® (45 - ¢ /2)
Zc =2 C/( Y‘(Q) = length of tension crack from top of wall along
the face of the wall.
C = cohesive strength of the soil.
y = (H-Zc)/3

c. Effects of overburden.(10)

N a
T >
— /

/
[ /
/
/7
H - P
X ,
A 1
7
) / y

Fig. 4.1 Overburden Configuration
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Table 4.1 Stone Wall Resisting Force Ratio

1H: 1V

18

40

54

70

88
108
130
180
238
304
378
460
550
648
754
868
990

F/W for &= 22.5°

Base slope of the wall

0 6H: 1V 3H:1V
.464 .798 1.278
.626 1.038 1.686
.821 1.352 2.291

1.068 1.790 3.305
1.392 2.454 5.408
1.848 3.607 12.617

Table 4.2 Weight of Wall Ratio

W/ Y stone
1H:1.5 V 1H: 2V
15 13.5
22.7 20
31.7 27.5
42. 36
53.7 45.5
66.7 56
81 67.5
96.7 80
132 108
172.7 140
218.7 176
270 216
326.7 260
388.7 308
456 360
528.7 416
606.7 476
690 540

34



26
28
30
32

26
28
30
32

26
28
30
32

26
28
30
32

.343
.319
+296
+275

.625
.598
.571
.548

.810
724
.697
.672

1.058
1.027
.998
.969

Table 4.3 Coulomb's Active Pressure Coefficient

§ - wall friction = 22.5

.369
.341
.316
»292

+690
.658
«625
.598

+912
.806
.773
.742

1.220
1.178
1.139
1.101

Angle of incline of Backfill

10

401
.369
«340
.312

o

15
Vertical Wall
446
.406
.371
.339

20

517
462
415
.375

1H:2V side slopes

771
.731
.691
.657

.881
.826
774
.731

1.053
.965
.890
.830

1H:1.5V side slopes

1.039
.907
.864
.825

1.211
1.038
.980
.928

1.480
1.230
1.142
1.067

1H:1V side slopes

1.424
1.364
1.309
1.258

1.702
1.609
1.527
1.454
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2.147
1.973
1.835
1.720

25

.691
.567
.490
431

1.466
1.23
1.081
.981

2.146
1.592
1.409
1.278

3.296
2.681
2.356
2.133

30

.812
551

1.896
1.296

2.286
1.726

4.876
3.042



P = (q/90) [H(o, -6;)]
q = overburden stress - psf
o, = tan" (b'/H)
6, = tan"" [(a' + b')/H]
a' = width of overburden
b' = distance from backface of the wall to overburden
Z = H- [H (8,-8)) + (R+Q) - 57.30 a'H]/[2H(8, - ;)]
R = (a'+b')2 (90-8,)
Q = (b')2 (90-¢))

d. Safety factor against failure of sliding of stones in wall.

5.F, = (Pa+P)/F

. Calculate stress under wall.

a. Sum the moments about the outside toe of wall.
b. Find location of resultant with respect to toe of wall.

X =TM/zv

c. Find e = b/2 -x
d. Soil stress under wall is equal to:
q= (EV/B)(1 + 6e/B)

B = width of wall at base.
. Estimate stone bearing stress

Bearing stress = qmax/percent of surface area in bearing)

If bearing stress exceeds allowable for stone, redesign the wall.
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Example 1 - Indian Method.
The Tength of the wall is 28 feet and a five foot overburden is in place.

The wall has side slopes of 1:2.

Properties:
silt-clay soil sandstone rock wall
C=600 psf H =28 ft (wall height)
¢= 5° ¢= 35° H'= 5ft (overburden height)
y= 120 pcf y= 135 pcf Base is horizontal

1:2 (H:V) side slopes
1. Calculate force to cause sliding in wall: ‘
a. from Table 1 F=1.068 W
b. from Table 2 W = 476y
c. F=1.068 (476) 135 = 86,630 1b/ft width of wall.

2. Calculate force imposed on wall by slit-clay soil:

b. P, = 1/2 (H-Ic) (vH K, -chE;)
K, = tan®(45°- ¢ /2) = tan? (45 - 5/2) = 0.840
Z.=2C/(8/Ka) = 2 (600)/[125 (0.916)] = 10.48 ft
P, = 1/2 (28-10.48)(120 x 28 x .840 - 2 x 600 x .917) (active force)
P, = 15,085 1b,
y = (28 - 10.48)/3 = 5.84 ft (centroid of active force).

c. Calculate effects of overburden:

a'+b' = effective width of failure zone = H/[tan(45+¢/2)] = 25.7 ft.
(q/90) [H (8,-0,)]
= tan™! (b/H) = 5.1°

, = tan”! [(a' +b')/H] = 42.5°

@D
©
| n

[e>]
1]

' = H - [H (s, - 6;) + (R-Q) - 57.30 a'H1/[2H(6, - 6,)]
R = (a'+b")(90-0,)
Q= (b")% (90-8)
q = ysoil H'= 120(5) = 6001b/ft?
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b'= H(1/2) = 2.5 ft.

z

SxFa

= (600/90)[28(42.5-5.1)] = 6981 1b

= 25.7% (90-42.5) = 31373.3

= 2.5% (90-5.1) = 530.6

- 28 - [28% (42.5-5.1) + (31373.3 - 530.6) - 57.30 (23.2) 28]
/T2 (28) (42.5 - 5.1)]

= 17.0 ft from base.

= 68630/(15085-6981) = 3.1

3. Calculate stresses under wall:

M

v

maXx

9min

B'=H/2+H' /2
—— /

DeH+H'/2

Fig 4.2 Wall Free Body Diagram

W(B/2) + W) (B-B'/3) - P (Z) - P_Y

1
64260 (31/2) + (30.5/2)(15.25) 120 (31-(15.25/3) - 6981(17) -
15085 (5.84)

1512526 ft-1b

64260 + (30.5/2)(15.25)(120) = 92167.5 1b

1512526/92167.5 = 16.4 ft

b/2 - X =31/2 - 16.4 = -0.9

Bearing on soil.

(EV/B) (1 + 6e/b) = (92167.5/31)(1+ 6(.9)/31) = 3491 1b/ft?

2455 1b/ft2
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4. Estimated compressive strength forces on stone:
g max = 3491 1b/ft2 = 24.2 pounds per square inch (psi)
if bearing area of stone is 10 to 20%, (not choked)
effective stress = (24.2/0.1) = 242 pounds per square inch (psi)
A minimum 242 psi would be required to resist crushing of the stone. Also, the

shear strength of the stone needs to be checked.

4.3 SWEDISH SLICE METHOD
The following approach is used for the design of rock buttress walls by the
Swedish slice method.
1. Draw the proposed wall and supported soil to scale.
2. 0On the inside surface of the wall at the expected shear plane location,
about one or two feet from the base, pass a line through the wall. The
1ine
should have about a 10° slope with respect to the horizontal. At the
point where the line meets the interior edge of the wall, draw a

perpendicular. The center of rotation is on this perpendicular line.

3. The radius of the arc is arbitrarily chosen. Several trials are
required in order to obtain the optimium solution. Draw the circular
failure arc and divide the arc into segments of equal width and number
the segments. The accuracy of the approach is increased as the segments

are made smaller. The number of segments is determined by experience.

4. Mark the midpoint of each segment on the arc and measure the height and
width of each segment at the midpoint. Draw a line from the midpoint to
the center of rotation and measure the angle made with respect to the

horizontal -6 .
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B

Set up a table composed of segment area, tangent area and normal area.

Tangent area = Area x C0s©

Normal area = Area x sin?®
Determine safety factor against the rock sliding in the wall.

S.F. = [IN tang_ + C L + IN tang ]/[zT + 3T

soil rock]

ZN tan ¢S = sum of the normal areas composed of soil times the
tangent of the internal friction angle of the soil and density

of the soil.

IN tan ¢r = sum of the normal areas composed of rock times the
tangent of the internal friction of the rock and density of the

rock.

C L = cohesive strength of the soil times the length of the arc

in the soil zone.

ZTsoi] = sum of the tangent areas in the soil zone times the

density of the soil.

ZTrock = sum of the tangent areas in the rock zone times the
density of the rock. This value could be assumed to be zero for

design of the wall.

To determine the size of wall needed, pick a safety factor (1.5 or more)
and determine the force needed to support the soil - F.

F =S.F. =T - N tanq)s -CL

soil
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The force needed in the wall is

9.

Fwa]l =F cosa=W tan¢S

W

F cosa/tan¢S

Determine height of wall from Table 4.2.

Determine safety factor against sliding of the wall at foundation.

Given
PR = S5:FyZ TSoﬂ - IN tan4>s =L L
and
PR Cosa < W tand>S +CB
where
B = width of base
W = weight of wall = areas on rock zone times density of rock.
results in

S.F. =[W tand>S +C B + 2N tand>S cosao+ C L coscvt]/[szm.1 c0so ]

Repeat procedure to find worst case or critical failure plane.
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Example 2 - Swedish Slice Method

Trial 1 - Center of rotation above ground. See Fig 4.1

Segment 1 2 3 4 5 6 7

Area 117.0  207.0 256.5 285.5  292.5 270.0 184.5
Normal 58.5  153.6 232.5 281.2  292.1 256.8 154.7
Tangential 101.3  133.1 108.4  49.6  -15.3 -83.4 -100.6

1. Calculate factor of safety against sliding of rock:

F.8. = (ZNtan¢s +CL +ZIN tan¢r)/(ZT501] * ZTrock)

Soil Properties Rock Properties
Ty B 120 pcf T = 135 pcf
) _ 0
¢ = S ¢ = 35
C = 600 psf.
N tan¢S = 1022.9 (120) tan 5° = 10739 1b

[256.8(125) + 154,7(135)] tan 352 = 37100

N tan¢r
C L= 600(62) = 37200 1b.

T = 377.1(120) = 45252

soil
ZTrock = 0 or -83.4(125) - 100.5(135) = - 23993
F.S. = (10739 + 37200 + 37100)/45252 = 1,88 with ZTrock =0
F.S. = 4,0 with ZTrock = - 23993

2. Calculate factor of safety against foundation sliding:

B

]

31 ft

W

64260 + (28/2)(1/2)(120) = 87780 1b.

S.F. = (W tan¢S +CB+ZIN tan¢>S cosa+ C L cosa)/(T cosa)

s0il
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S.F. = (87,780 tan 5° + 600(31) + 10739 cos 10° + 37200 cos 10°)/
(45252 Cos 10°)
S.F. = 1.65 (whole wall moving)

Trial 2 - Radius approximately equal to H tan(45 + /2) See Fig. 4.4

Segment 1 2 3 4 5 6

Area 153.0 225.0 261.0 279.0 261.0 180.0
Normal 78.8 184.3 250.0 278.8 245.3 135,8
Tangential 131.1 129.1 71.9 = 9,7 ~89,.3 -118.1

1. Calculate factor of safety against sliding of rock:

F.S. = (IN tancbS +CL+ 2N tan¢r)/(ZT + X7

soil rock)

EN tans, = 791.9(120) tan 5° = 8314 1b

IN tang. = [245.3(125) + 135.8(135)] tan 35° = 34307 1b.

C L =600(54) = 32400 1b

Tepi7 = 332.4(120) = 39880
T ock = 0 Or -89.3(125) - 118.1(135) = - 27106 1b.
F.S. = (8314 + 32400 + 34270)/39880 = 1.88 with z1 =0
F.S. = 5.9 with =T ., = - 27106 1b.
2. Calculate factor of safety against foundation sTiding:
B = 31 ft.
W = 87,780 1b
S.F. = (W tan % +C B +ZN tan¢S cosa + C L cos’a)/(ZTSoﬂ cosa)
S.F. = (87780 tan 5° + 31(600) + 8314 cos(10°) + 32400 cos(10°))/
(39880 cos 10°)
S.F. = 1.69
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CHAPTER 5
DISCUSSION OF RESULTS
5.1 SURVEY RESULTS

There was a good response from the state highway departments surveyed.
Eighty percent of the states responded to the survey, with fourteen states
giving a positive response. That is, they used some form of a rock buttress
wall. A review of the responses showed that the rock buttress wall is primarily
used for erosion control or slope stability. None of the states presently use
the wall as a retaining wall. The wall designs were either a specified shape to
be used with no set design procedure or designs produced by slope stability
analysis. These walls were used as either slide correction or prevention
measures.

Specified shapes were used by Georgia, Michigan, Wisconsin and Washington.
Michigan, Wisconsin and Washington used the walls primarily as erosion control.
Georgia used the wall as a toe treatment for slide protection or to steepen the
s lope.

Alabama, Iowa, Kentucky, Mississippi, and Oregon used conventional slope
stability analysis to design the walls. The walls were used as toe protection
in slide correction or prevention techniques.

The specification for rocks to be used in the walls varied widely. They
ranged from eight inch maximum size to one to six man-rock-size (400 to 2400
1b). There was no general accepted size for the stones to be used. However,
the tendency was: the steeper the side slope, the larger the stones. Oklahoma
and California were the only state that listed specific tests to judge the
quality of the rock. The tests were for weight, absorption, and durability.

Oklahoma used a design approach very similar to the Swedish slice method.
They used an earth buttress wall instead of a rock buttress. Both approaches

are the same except for thé material to be used in the wall.
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5.2 FIELD OBSERVATIONS

Visits were made to four sites where rock buttress were used. As a result
of these visits, five basic observations were made. First, the quality of the
stone has a major impact on the wall. At the Mt. Levi Road site, the wall had
failed. It was observed that some of the sandstone used to construct the wall
was of poor quality. It could be crumbled by mild blows. This stone was used
in the construction of the base of the wall. A visit to the local quarry showed
the stone to be sound. However, after a season of weathering, the quality of
stone was greatly reduced. This wall was analyzed in the design examples. The
calculations revealed that there was ample strength against the shearing of the
wall. But when the stone's bearing stress were calculated, it was estimated to
be at 250 psi. This exceeds the estimated bearing stress of the weathered
stone. Therefore, the stone used in the wall should be of good quality.

Second, the walls were not choked. There were several large voids in the
walls, which could Tead to large stress concentration. In some cases it was
estimated that about 10 percent of the stone's surface area was in bearing. By
choking the walls, these stress concentrations would be reduced. Also, further
evidence of the presence of tensile forces was indicated by the splitting of
several stones. It appeared that the stones were subjected to concentrated
Toads and behaved as beams. Choking would help to reduce tensile stress and
stress concentrations.

Third, the wall side slopes were not always 1:2. Walls under 10 feet in
height tend to have a 1:1 side slopes. It is felt that this resulted from the
construction technique used, dumping the stones. This would tend to produce a
1:1 side slope. In the higher walls, the stones were placed which resulted in
approximately 1:2 slopes.

Fourth, it was hard to construct the wall according to the specifications

when they were under six feet in height. Once the wall was built, there was not
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enough room behind the wall for the equipment to properly place the backfill.
It would be better to place stone in the backfill area as the wall is
constructed and design the walls with 1:1 to 1:2 side slopes.

Fifth, the walls with apparent greater stability were constructed with the
larger stone in the bottom layers. The stone's length was about three times
its thickness. It was impossible to determine the average width due to their

placement in the wall.

5.3 DESIGN APPROACHES

Two design approaches were presented, the Indian method and the Swedish
slice approach. Both approaches have their advantages. The Indian approach is
easy to use and is composed of a relatively simple set of computations. The
approach should be used when the soil behind the wall is uniform. The technique
is greatly aided by the use of tables. The method provides a means of
computing the wall's shear resistance, foundation stresses and stone bearing
stresses. These values are needed for the foundation design and determining
wall height restrictions. The foundation stresses could be compared to the
soil's allowable bearing capacity to determine if the soil is overloaded. Also,
tolerable settlements could be determined. By calculating the stone's bearing
stresses, height limitations could be checked. The wall's height could be
limited by restricting the bearing stresses imposed by the wall's weight to one-
half or Tess of the stones ultimate bearing capacity. Also the stones shear
stress needs to be checked. The main disadvantage of this design method is the
cumbersome treatment of layered soil.

The Swedish approach requires the wall to be drawn to scale and forces
determined by a graphic procedure. This approach is useful if the location of
slip or failure planes are known. The arc could pass along these planes and the

size of the wall needed fo resist the soil's active forces could be determined.
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The approach could be used for layered soil and to calculate the factor of
safety against the foundation sliding. The main disadvantage of the approach is
that several trials are needed before the critical failure arc is determined.
Each approach has its advantages and disadvantages. They do provide a good
means of estimating the soil's active forces and designing the retaining wall.

They are simple to use and could lead to a wall design in a relatively short

time.
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CHAPTER 6
SUMMARY and CONCLUSION
6.1 SUMMARY

The objective of this research project was to investigate the various
methods used for rock buttress wall design, adapt them for Arkansas soil
conditions and make recommendations on how to implement the procedures. A
survey was sent to all fifty states and several federal government agencies.
Eighty percent of the states replied, and 14 states responded that they used
rock buttress walls. However, none of the states used the walls as a retaining
wall. Instead, they used them for erosion control, slide correction or
prevention techniques. A literature search revealed two design approaches could
be used for rock buttress walls. The first approach, the Indian approach,
equates the wall's internal frictional forces to the soil's active forces. The
active forces are determined by the Rankine and Coulomb methods. The second
approach, Swedish slice method, uses a circular arc to model the soil failure
plane. The soil's tangential, frictional and cohesive forces are equated to the
wall's frictional forces to design the rock buttress wall.

Site visits revealed that the quality of the stone used, choking and
construction techniques play a major role in the wall's behavior. The stone
should be hard and resist weathering. It is believed that poor quality stone
played a major role in the failure of the wall on the Mt. Levi-Fort Douglas
Road. It is also felt that high bearing stresses could be avoided in the wall
by choking of the wall. These stresses could lead to the failure of the stone
in the wall. The visits revealed that when the walls are about six feet or less
in height, the side slopes tend to be 1:1 instead of the 1:2 specified. This
results from the construction technique used in the building of the wall

(dumping of the stone).
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6.2 CONCLUSION

The states survey reveals that presently Arkansas is the only state that
uses the rock buttress wall as a retaining wall. In other countries, such as
India, these walls have been used extensively with success. Their design
approach, the Indian method, appears to give reliable results and is easy to
use. It is best suited for a uniform soil behind the wall. A second method,
Swedish slice method, has been used in Oklahoma and should be used when soil
conditions merit its use. This would be used when the location of failure
planes are known or when the soil is layered.

The present geometrical shape of the rock buttress wall used in Arkansas
does produce an adequate wall. However, settlements and allowable bearing
stresses should be considered in the foundation design. Also, the bearing
stress within the stones should be calculated in order to determine wall height
restrictions. Finally, a new geometrical design should be considered for walls
of about six feet or less in height. This design should have side slopes of 1:1
to 1:2 and stone should be placed in the backfill area between the wall and soil

as the wall is constructed.
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CHAPTER 7
RECOMMENDATIONS
The present geometrical shape of the rock buttress wall used in Arkansas

appear to produce a reliable retaining wall for Arkansas soil conditions.

However, the following recommendations are suggested in order to improve the

present techniques.

s

Walls 10 to 25 feet in height should be designed by the Indian

or Swedish slice methods. The Indian method should be used when the
soil is uniform behind the wall. The Swedish slice method should be
used when the soil is layered or the location of failure planes are

known.

Walls should be choked to reduce bearing and tensile stresses. By

choking the wall, a greater percentage of the stone surface area will be

in bearing, thus, reducing stress concretrations. Also by choking the
wall, the stones would no longer behave as beams. This would eliminate
any tensile stresses in the stones. The choking would result in the

stone being continuously supported.

A test for stone quality such as the DAR, which is used in California,
should be implemented. This would insure that good quality stone is
used in the walls. It has been shown that weathering could greatly

reduce the stone's strength.

A minimum stone compressive strength should be established. A strength

of 1000 psi should be adequate for walls up to 25 feet in height.
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5. Special care should be given to the walls foundation design:
A. The wall should be keyed to prevent slippage when the resistance to

the foundation sliding is less than 1:5.

B. Settlements should be calculated and differential settlements

prevented.

C. If possible, high walls should be placed on bedrock.

D. The foundation bearing stress should be checked to ensure that it

does not exceed the soil's allowable bearing capacity.

6. The geometrical slope of the walls with heights of six feet or less
should be changed. The side slope should be 1:1 to 1:2 and the backfill
area between the wall and soil should be the same rock as used in the

wall. This rock should be placed as the wall is built.

7. Wall heights should be Jimited to 25 feet.

8. Maximum size of stone used in the wall should be no more than 1/3 of the

wall's width at the level of placement.

9. The minimum factor of safety should be 1:5 for design evaluation.

The following research is suggested in order to refine the design processes

presented.
1. The DAR selection criteria presented should be verified for the native

stones found in Arkansas.

93



The native stones found in Arkansas should be cored and their

compressive strength and tensile stregths determined.

The design procedures presented should be verified by the STABLE and
SOIL TEST slope stability computer programs.

The effects of saturated soils should be investigated to determine

reductions in safety factors. This would simulate wall conditions

during an abnormally wet spring.
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CHAPTER 8
IMPLEMENTATION OF PROCEDURE AND BENEFITS

The present geometrical shape of high rock buttress retaining walls should
be maintained. These walls should be designed by the Indian or Swedish design
approaches. The Indian design procedure should be used when the soil is uniform
behind the wall. The Swedish slice method should be used when the soil is
layered or the Tocation of possible failure planes are known. In these designs,
shear keys should be used when the resistance to the foundation sliding is less
than 1.5. In some cases, a subsurface investigation will be required in order
to adequately design the rock buttress. That is, foundation bearing stresses,
settlements and allowable soil bearing compacities should be determined. The
bearing stresses within the stones should be used to determine height
restrictions. These design procedures should be used for walls 10 to 25 feet in
height. Walls exceeding 15 feet in height should be designed in consultation
with the geotechnical engineer. Walls in excess of 25 feet should be designed
by the bridge or geotechnical engineer. For walls of six feet or less in
height, the geometrical slope should be changed. The side slope should be 1:1
to 1:2 and the backfill between the wall and soil should be the same rock used
in the wall. It should be placed as the wall is built. This would help to
simp1ify the construction techniques used. Walls six to 10 feet in height
should be constructed by present procedures. The Durability Absorption Ration
(DAR) should be included in the material specifications as a viable alternative
for determining stone quality. This would ensure that sound stones are used in
the walls.

The wall specifications should require choking of the walls. This would
reduce stone bearing stres; and eliminate any tensile strength in the stone.

The gradation of the choking stone should be determined by the AHTD. The
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maximum size of stone used in the wall should be no more than 1/3 of the wall's
width at the level of placement.
Several benefits would be achieved by the implementation of the proceeding
recommedations.
1. A simple engineering procedure would be used to check wall designs for
any possible failure conditions. If a failure condition is encountered

changes can be made in the design before the wall is built in the field.

2. The change of geometry for walls with heights of six feet or less in

height would make it easier to construct them in the field.

3. The DAR will provide a means of judging the quality of stones to be
used in the wall which will give the field inspector a basis for

accepting or rejecting stones.

4. These recommendations could be implemented with minimal increase in
costs. The walls would be engineered and the resulting likelihood of a
failure would be greatly reduced. Also, better quality control would be

achieved in the field which would help reduce maintance costs.
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Arkansas State University =

COLLEGE OF ENGINEERING, AGRICULTURE
AND APPLIED SCIENCES

DEPARTMENT OF ENGINEERING

P.O. DRAWER 1080

STATE UNIVERSITY, ARKANSAS 72467-1080
TELEPHONE 501/972-2088 JONESBORO

July 31, 1986

Mr. Larry Lockett -
Geotechnical Engineering
Alabama Highway Department
1409 Coliseum Blvd.
Montgomery, Al 36130

Dear Sir:

I am working with the Arkansas Highway and Transportation Department on a
research project designed to investigate rock buttress wall design procedures.
We define them as mortar free, natural stone, gravity retaining wall. I would
like to know, (1) if your department uses this type of retaining wall, (2) if
so, would you please send a copy of the procedures or 1nform me who I could
contact in order to obtain a copy of the procedure.

Thank you for your cooperation.

Sincerely yours,

/

> / i Mn—
Thomas J. 'Parsons

Assistant Professor of Civil
Engineering
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STATE OF CALIFORNIA—BUSINESS, TRANSPORTATION AND HOUSING AGENCY GEORGE DEUKMEJIAN, Governor

DEPARTMENT OF TRANSPORTATION
20 N STREET

ACRAMENTO, CA 95814

DD (916) 323-7665

(916) 445-6519

August 14, 1986

File: 900.05

Thomas J. Parsons

Assistant Professor of Civil Engineering
Arkansas State University

Department of Engineering

P. 0. Box Drawer 1080

State University, AR 72467-1080

Dear Mr. Parsons:

In response to your letter of July 31, 1986 we are sending you
Section 72 - Slope Protection out of our Standard Specifications
and Slope Protection Details No. 1 and No. 2 from our Standard
Plans. We do not use mortar free, natural stone, gravity
retaining walls and these procedures for rock slope protection
are the best that we can provide.

You may find that Mr. Robert K. Barrett of the Colorado Division
of Highways could be of assistance. The phone number we have has
been discontinued but you should be able to contact him through
Mr. J. B. Gilmore who is the Chief Engineering Geologist for the
Colorado Division of Highways, at 4201 East Arkansas Avenue,
Denver, Colorado 80222. Mr. Gilmore, whose telephone number is
(303) 757-9275, may also be able to assist you.

I hope that you find this information to be of help and wish you
success in your research project for the Arkansas Highway and
Transportation Department.

Sincerely,

=

JAMES E. ROBERTS, Chief
Office of Structure Design

Attachments

62



C (U ~uCkssS

Standard Specifications

STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION
JULY, 1984

Issved by

DEPARTMENT OF TRANSPORTATION

c&

Gftrans
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STATE OF CALIFORNIA
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Section T2

SECTION 72
SLOPE PROTECTION

72-1 GENERAL

72-1.01 Description.—Slope protection consists of rock, sacked
concrete, concrete, concreted-rock or slope paving. The type of slope
protection to be used will be designated in the special provisions or
shown on the plans. The slope protection shall be placed in con-
formance with these specifications, the special provisions, and the
details and dimensions shown on the plans or directed by the
Engineer.

72-2 ROCK SLOPE PROTECTION

72-2.01 Description.—This work shall consist of placing revetment
type rock courses on the slopes.

The size of the individual pieces of rock shall be as indicated in the
table in Section 72-2.02, ‘‘Materials.”’ or as specified in the special pro-
visions. The classes of rock slope protection are indicated by the average
size of the individual piece to be used and will be designated in the
Engcineer’s Estimate as &-ton, 4-ton. 2-ton, 1-ton, Y%-ton, Y4-ton, Light,
Facing, and No. 1, No. 2 or No. 3 Backing.

72-2.02 Materials.—The individual classes of rocks used in rock
slope protection shall conform to the following. unless otherwise speci-
fied in the special provisions, or as shown on the plans.

PERCENTAGE LARGER THAN®*

Method A Placement Method B Placement

Classes Classes

Backing

8 4 2 1 e 1 he] %
Rock Sises Ton | Ton | Ton | Ton | Ton || Ton | Ton | Ton | Light |Facingj No. 1| No.2 | No.3

0-5

50-100; 0-5 0-5
95-100|50-100{ 0-5 ||50~100| 0-5
$5-100{50-100|. ... 50-100{ 0-5
95-100//195-100| .. ... 50-100; 0-5
95-100|...... 50-100] 0-5 | 0-8
85-100|...... 50-100;50-100| 0-5
85-100,90-100 90-10025-75 | 0-5
90-100{25-75
90-100

®* The amount of material smaller than the smallest size listed in the table for any
class of rock slope protection shall not exceed the percentage limit listed in the
table determined on a weight basis.
Compliance with the percentage limit shown in the table for all other sizes of the
individual pieces of any class of rock slope protection shall be determined by the
ratio of the number of individual pieces larger than the specified size compared
to the total number of individual pieces larger than the smallest size listed in the
table for that class.

The material shall also conform to the following quality requirements:

Test Method
Tests No. Calif. Requirements
Apparent Specific Gravity_____________________ 206 25 Min.
Absorption _________________ o ________ 208 4.29, Max.*
Durability Index —ococciceuoocorr comnnsvmusas 229 52 Min.*
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SLOPE PROTECTION Section 72

Coarse Durability Index

= Durability Absorption Ratio (DAR)
% Absorption 41

®* Based on the formula contained herein, absorption may exceed 4.2 percent if

DAR is greater than 10. Durability Index may be less than 59 if DAR is greater

than 24.

Rocks, when conforming to the provisions in this Section 72-2.02,
may be obtained from rock excavation of the roadway prism or other
excavation being performed under the provisions of the contract, in
accordance with the provisions in Section 4-1.05, “‘Use of Materials
Found on the Work.”’

Rocks shall be of such shape as to form a stable protection structure
of the required section. Rounded boulders or cobbles shall not be used
on prepared ground surfaces having slopes steeper than 2 to one,
Angular shapes may be used on any planned slope. Flat or needle
shapes will not be accepted unless the thickness of the individual
pieces is greater than 14 the length.

72-2.03 Placing.—Rock slope protection shall be placed in accord-
ance with one of the following methods as designated in the Engineer’s
Estimate.

Method A Placement

A footing trench shall be excavated along the toe of slope as shown
on the plans.

The larger rocks shall be placed in the footing trench.

Rocks shall be placed with their longitudinal axis normal to the
embankment face and arranged so that each rock above the founda-
tion course has a 3-point bearing on the underlying rocks. Foundation
course is the course placed on the slope in contact with the ground
surface. Bearing on smaller rocks which may be used for chinking
voids will not be acceptable. Placing of rocks by dumping will not
be permitted.

Local surface irregularities of the slope protection shall not vary
from the planned slope by more than one foot measured at right
angles to the slope.

Method B Placement

A footing trench shall be excavated along the toe of the slope as
shown on the plans.

Rocks shall be so placed as to provide a minimum of voids and the
larger rocks shall be placed in the toe course and on the outside
surface of the slope protection. The rock may be placed by dumping
and may be spread in layers by bulldozers or other suitable equipment.

Local surface irregularities of the slope protection shall not vary
from the planned slopes by more than one foot measured at right
angles to the slope.

At the completion of slope protection work, the footing trench shall be
filled with excavated material and compaction will not be required.

72-2.04 Measurement.—Rock slope protection will be paid for
either by the ton or cubic vard as designated in the Engineer’s Estimate.

Quantities of rock slope protection to be paid for by the cubie yard
will be determined from the dimensions shown on the plans or the di-
mensions directed by the Engineer and rock slope protection placed
in excess of these dimensions will not be paid for.
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Bepartment of Transportation
State of Georgin

@ffice of Materials and Research
15 Fennedy Brive .
Horest Fark, Georgia 30050

August 12, 1986

Mr. Thomas J. Parsons

Assistant Professor of Civil Engineering
Arkansas State University

Department Of Engineering

P.0. Drawer 1080

State Unversity, Arkansas 72467-1080

Dear Mr. Parsons:

Enclosed are two examples of our use of rock buttresses. One is a rock
buttress used in construction of a roadway through rugged terrain. The
other is the use of rock buttresses for landslide corrections. We com-
monly use rock buttresses to steepen slopes when rock is readily available.

Also, there are two other people that you might contact with possibly more
experience in the use of rock buttresses. Mr. Larry Lockett and Mr. William
D. Trolinger of the Alabama Highway Department and the Tennessee Department
Of Transportation, respectively. I have attached their addresses and phone
numbers for your use.

I hope this information will be of some use to you. If we can be of further
assistance, please let us know.

Peggy E. McGee

Engineering Design Unit

PEMc:cdj
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Mr. Thomas J. Parsons

August 12, 1986
Page 2

Mr. Larry Lockett
Geotechnical Engineer
Alabama Highway Department
11 South Union Street
Montgemery, Alabama 36130
Phone: 205-832-5506

Mr. William D. Trolinger
Assistant Chief of Soil Engineering

. Tennessee Department of Transportation

2200 Charlotte Avenue
Nashville, Tennessee 37203
Phone: 615-741-4775
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DEPARTMENT OF TRANSPORTATION
STATE OF GEORGIA

INTERDEPARTMENT CORRESPONDENCE

FILE Slope Stability on State Route 136 orrice Materials & Research
Taylors Ridge - Walker County Forest Park, Georgia
pate December 21, 1984
FROM David A. Mitchell, Chief, Geotechnical Engineering Bureau
/ f
TO Steve Parks, District Maintenance Engineer z__;ﬂxui_::v A
5\/»:\‘ ‘‘‘‘‘ (\)\

sussect  Slope Stability

We have evaluated the repair of the slope stability problem at the above
mentioned location. The attached sketch shows our recommendations for

| installing the shear key. The following are our recommendations for recon-
structing the slope. (See drawing for details).

1. The bottom of the shear key trench should be scarified as much as
possible to provide good interlock with the rock key.

2. As much of the loose soils within shear zone should be removed
before placing new fill.

3. The new fill should be benched into the existing slope. A benching
detail sheet is attached.

4., We recommend that a good quality soil be used as replacement fill.

Shales and shaley clays should be avoided.

It does not appear that the excavation of the shear key has endangered
the two remaining lanes of traffic. The benching of the slope during fill
placement will however possibly take out the remainder of the passing lane.
Any springs or water flow encountered during the repair should be drained
with underdrains. Any drainage should be carried to a point outside the
slape area.

We will continue to work with you on this project. Please Jet us know
if you have any questions or encounter problems during reconstruction.

W o Z. @;ﬁ

Warren F. Bailey, P.E.
Engineering Design Unit

WFB:gt

Attachments
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February 7, 1983

DEPARTMENT OF TRANSPORTATION
State of Georagia

SPECIAL PROVISION
PROJECT; APD-056-2(6) Pickens-Gilmer Counties

ROCK EMBANKMENT

The Contractor shall place rock embankment and/or "Rock Buttress"
at the locations shown on the Plans and/or at similar locations as
directed by the Engineer. The Contractor shall place the rock removed
from the adjacent cuts into fill sections where either indicated on the
Plans or the Engineer has determined that slope instability will occur.

The Contractor will stockpile rock for use as rock embankment at
sites of removal and/or sites that will require construction of rock
embankments, If rock embankment material is not available on the Project
in the immediate vicinity of required embankments/buttress, it may be
obtained from other areas on the Project. A1l available suitable material
on the Project is to be exhausted before the Contractor will be permitted
to obtain rock embankment material from other sources.

A11 unclassified excavation to be used in rock embankment and/or
rock butress shall meet the requirements of Section 811 Rock Embankment
and/or to be approved by the Engineer.

The rock embankment and/or rock butress shall be built as detailed
in the Plans or as modified by the Engineer. The rock embankment work
shall not commence on any site until the site is inspected and approval
given by the Engineer. Any exceptions to the sites shown on the Plans or
additional sites shall require the approval of the Engineer.

MEASUREMENT: Measurement for rock embankment and/or rock buttress will be
in accordance with Section 208.05 of the Standard Specifications.

PAYMENT: Payment will be included at the contract unit price per cubic yard
for rock embankment and will be’ full compensation for furnishing suitable
material, hauling, placing, compacting, finishing and dressing in accordance
with the Plans, Specifications or as directed by the Engineer.

Item No. 208 Rock Embankment-----------meccmmmmm e cu. yds.
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lowa Department of Transportation

800 Lincoln Way, Ames, Iowa 50010 (515)239-1008
August 13, 1986 REF: 570

Thomas J. Parsons

Arkansas State University

Department of Engineering

P.0. Drawer 1080

State University, Arkansas 72467-1080

Dear Mr. Parsons:

The Iowa Department of Transportation has used the rock
buttress concept to repair landslides for approximately 10
years. Each design is site specific and we have no standard
written procedures.

By intent, these designs are based on reinforcing the existing
materials' structure. We use standard geotechnical design
procedures utilizing "s1iding block" and "Bishops" circular
analysis programs. The dimensions of the rock mass are
determined on the total strength required for a stable slope
(increasing friction angle). Our rock is not confined and
typically has a lesser bulk weight than the retained material.

We have established a minimum facing thickness of 10' at the
most critical indicated failure surface and a minimum 5' Toad
on the highest possible failure surface. This load and cover
for the exposed rock face generally utilizes material available
from construction excavation. We require that the buttress
rock be well graded with a maximum 6" top size, and no more
than 10% of the material passes the #8 sieve. We generally
maintain an exposed slope angle of no more than 1% horizontal
to 1. vertical.

We have had good success with these designs. They are easily
constructed and appear to be very forgiving. If problems do
arise, they are easily repaired or modified. For this reason,
we use a normal soil design safety tractor of 1.3,

If further information is required, please contact Kermit L.
Dirks, Iowa Department of Transportation, 515/239-1476.

Sincerely,

gt R A
R. L. Humghrey =

Highway Division Director
Chief Engineer

RES:ré
cc: K. L. Dirks

Commissioners

Dave Clemens C. Roger Fair Robert H. Meier Molly Scott Doug Shull Austin 8. Turner
Peosta Davenport ottumwa Spencer Indianola Corning
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COMMONWEALTH OF KENTUCKY

C. LESLIE DAWSON TRANSPORTATION CABINET MARTHA LAYNE COLLINS

SECRETARY FRANKFORT, KENTUCKY 40622 GOVERNOR
|

September 15, 1986

Mr. Thomas J. Parsons

Assistant Professor of Civil Engineering
Arkansas State University

P. 0. Drawer 1080

State University, Arkansas 72467-1080

Dear Sir:

The Kentucky Department of Highways wutilized rock
buttresses extensively. They are constructed as randum shot rock
fill, and may consist of a portion of the embankment toe area or
toe berms to effectively flatten the slope, with or without shear
keys. They are designed by conventional slope stability analysis
procedures.

As such, I do not think our rock buttresses fit your
definition of rock buttress walls. Anyway, I trust this answers
your question. If you have additional questions, please call me
at 502-564-3161.

Very truly yours,
DIVISION OF MATERIALS

/d/wéwf%c%é

Gordon Scott, Trans. Engr. II
KYDOH, Geotechnical Branch

GS:ks
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STATE OF MICHIGAN

TRANSPORTATION
COMMISSION

LLIAM C. MARSHALL
RODGER D. YOUNG
HANNES MEYERS, JR.

JAMES J. BLANCHARD, GOVERNOR

CARL V. PELLONPAA DEPARTMENT OF TRANSPORTATION
SHIRLEY E. ZELLER TRANSPORTATION BUILDING, 425 WEST OTTAWA PHONE 517-373-2090
WILLIAM J. BECKHAM, JR. POST OFFICE BOX 30050, LANSING, MICHIGAN 48909

JAMES P. PITZ, DIRECTOR

August 14, 1986

Mr. Thomas J. Parsons

Assistant Professor of Civil
Engineering

Department of Engineering

P.O. Drawer 1080

State University, Arkansas 72467-1080

Dear Mr. Parsons:

Mr. W. J. MacCreery has asked that I reply to your inquiry of July 31, 1986,
concerning rock buttress. The Michigan Department of Transportation has had
only limited experience with rock buttresses or fills. In our Upper
Peninsula we have constructed several fills of waste, 'mine rock from the
copper or iron workings and one "armored slope" which could be considered a
buttress. We have also used them for Great Lakes shoreline protection.

The armored slope was simply a rough triangle of mine rock (mine rock is
somewhere around 1' to 2' in size with all faces sharp and broken) about 8'
high and 10' on the leg to support a wet sandy slope. A geotextile was used
on the backside and the mine rock placed and tamped. There has not be any
problems in 6-8 years.

Fills are end dumped of the same material with the outer slope holding at
somewhere between a 1 on 1 and a 1 on 1.5 slope. The top is choked with
smaller rock, sand subbase placed and paved. There is nothing special about
it.

Shoreline protection is about the same as the armor slope but placed to
protect from wave action. Several size stones are used from 3'+ armor thru
1-2' cover stone and a smaller bedding stone, all on geotextile, of course.

Hope this can be of some assistance. We haven't had much call for them.

Since% %%/

Thomas A. Coleman
Construction Staff Engineer
Telephone: (517) 373-2301
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The State of New Bampshire
Bepartment of Transportation

John @. Morton Building

Bazen Briue
Wallare E. Stickney, P.E. P0.6. Box 483

@ommissinner Goncord, N.B&. 03301-0483

August 12, 1986

Thomas J. Parsons

Assistant Professor of

Civil Engineering

Arkansas State University

P.0. Drawer 1080

State University, Arkansas 72467-1080

Dear Sir:

In response to your letter of July 31, 1986, the State of New
Hampshire, Department of Transportation has not de51gned or used a natural
stone gravity retaining wall in any modern design for afconsiderable time.
We have in past years been forced to tie into existing rock gravity dry
stone retaining walls and we have checked the stability of these walls.

I know for certain there exists a design criteria for large cut dry
stone gravity walls which were designed by the Boston & Maine Railroad
Corp. Their address is:

Boston & Maine Corporation
Iron Horse Park
N. Billerica, MA 01862-1688

Tel: (617) 663-1112

Very truly yours,

Wowcan S Czaror

Duncan S. Pearson
Administrator
Bureau of Highway Design

DSP:HAS:s
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STATE OF NEW YORK
DEPARTMENT OF TRANSPORTATION
ALBANY.N.Y. 12232

FRANKLIN E. WHITE
COMMISSIONER
August 20, 1986

Mr. Thomas J. Parsons
Assistant Professor of Civil Engineering
Department of Civil Engineering
Arkansas State University
State University, Arkansas 72467-1080
Dear Sir:
This is in reply to your letter of July 31, 1986, to the Chief
Engineer, New York State Department of Transportation, requesting any

procedures or copies of procedures that the Department might have for Rock

Buttress Wall designs.

We find the Department does not presently have any procedures for
design or use of this type retaining wall. Several years ago, the
Department repaired and made short extensions to some existing walls of

this type. We have attached a copy of the specification for these

operations. We have no further information on this subject.

Very truly yours,

Chief Engineer
ties Design Division

cc: E. A. Fernau, Soil Mechanics Bureau, 7-105
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ITEM 08560.25 - STONE WALL RESTORATION (DRY)

Description:

Under this item, the Contractor shall furnish and build
dry stone masonry walls at those locations shown on the
plans or ordered by the Engineer.

Material:

Dry stone masonry walls shall be built of clean, roughly,
rectangular, sound, field or quarry stone. At least four-
fifths of the stone shall be over one-third cubic foot.
Face stones shall have a minimum thickness of two inches
and a minimum width of 10 inches. Selected stone, roughly
squared and pitched to line shall be used at all angles
and ends of walls.

Construction Details:

All portions of the existing stone wall which have been
disturbed or are unstable shall be removed and sufficient
material behind the wall will be excavated to provide ample
work area for reconstruction.

The restored wall shall then be brought up to grade shown
on typical sections.

The restored wall shall be laid to a line which as nearly
as possible approaches the original line of construction.

Method of Measurement:

The quantity of stone masonry to be paid for under this item
shall be the number of cubic yards measured in the completed
work, and the limits shall not exceed those shown upon the
plans or fixed by the Engineer.

Basis of Payment:

The unit price bid shall cover all labor, materials and
incidental expenses necessary to satisfactorily complete
. the work including any excavation and backfill necessary.
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Item 16560.1016 Remove and Reset-Stone Masonry (Dry)

Description

The Contractor shall carefully remove the existing stone masonry wall
from the original position, clean the stones if necessary, and reset

the stone masonry wall as. shown on the plans, in accordance with the

specifications, or as ordered by the Engineer.

Materials

Stone masonry used under this item is existing material.

Construction Details

The Contractor shall carefully remove the existing stone masonry wall
and clean the stonas as ordered by the Engineer. The stones shall be
carefully stored at a location approved by the Engineer. When the south
west abutment is completed, the Contractor shall reset the stone masonry
wall using qualified personnel. The reset stone masonry wall shall have
the appearance of the original stone masonry wall. The wall shall be
re-established as shown on the plans.

Care shall be taken so as not to damage any of the stone masonry during
the removal, storage, or resetting operations of the work. Any damage
to the stone masonry, caused by the Contractor's carelessness, shall be
repaired by the Contractor at no additional expense to the State.

Method of Measurement

The quantity of stone masonry. removed and reset will be the number of

square feet of reset wall measured along the top of the re—established
stone masonry wall,

Basis of Payment

The unit price bid per squars foot shall include the cost of furnishing
all labor, materials, and equipment necessary to complete the work.
This work includes the cleaning and storage of the stone masonry.
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STATE OF OKLAHOMA
DEPARTMENT OF

TRANSPORTATION

200 N. E. 21st Street
Oklahoma City, OK 73105-3204

November 12, 1986

Refer: Our File No. 1-6-2-3

Mr. Thomas J. Parsons

Assistant Professor

Department of Engineering

P. O. Drawer 1080

State University, Arkansas 72467-1080

Dear Professor Parsons:

The Department of Transportation has in the past used rock buttress
retaining walls primarily in shallow slide restoration contracts. The
general analysis procedure is that outlined in Highway Research Board
Special Report 29 for earth buttresses. The material specified for
rock buttress walls is either native stone or cru%hedfﬁock meeting our
standard rip-rap specification underlain by standard bedding material
(see enclosed standards).

If there are any further questions, please advise.
Sincerely,

J. D. Telford, P. E.
Materials Engineer

W@- ﬁzw/é—@\

James B. Nevels, Jr., P. E.
Soils & Foundations Engineer

a
Enclosure

cc: Materials File
Soils & Foundations Branch

STATE TRANSPORTATION COMMISSION
CHAIRMAN-STANTON L YOUNG. VICE CHAIRMAN-W. R. STUBBS. SECRETARY-PAUL L PATTON. MEMBERS-JAMES W
ALLEN. W.E. ALLFORD. J.E. CARTER. M.A. DIEL. MERLE SWINEFORD. DIRECTOR—V. O. BRADLEY

AN EQUAL OPPORTUNITY EMPLOYER



713.03

readings, will not be less than 20 mils nor more than 30 mils (0.51 - 0.76
mm).

Removability. Striping tape shall be removable by following the
manufacturer’s recommendations so long as the material is substantially
intact. Removal shall not require sandblast, solvent or grinding methods and
shall not result in objectionable staining of the pavement surface.

Durability and Wear Resistance. The striping material applied in
accordance with manufacturer’s recommended procedures shall he weather
resistant and show no appreciable fading, lifting or shrinkage during the
useful life of the line. Samples of material applied to standard specimen plates
and tested in accordance with Federal Test Method Standard No. 141,
Method 6192 using a CS-17 wheel; and 1000 gram load shall not wear
through to the metallic surface after 2000 cycles.

The striping material shall be packaged in standard commercial containers
so constructed as to insure acceptance by the carrier and prevent damage
during shipment and storage.

The striping material as supplied shall be capable of being stored at
temperatures up to 100° F (37° C) for periods up to one year without
deterioration.

SECTION 713
STONE FOR MASONRY AND RIPRAP

713.01. MATERIALS COVERED. This Section covers stone for Ashlar
Masonry, Mortar Rubble Masonry, Dry Rubble Masonry, Plain Riprap,
Laid-Up Riprap or Grouted Riprap, precast concrete blocks for Laid-Up
Riprap or Grouted Riprap, stone for Special Plain Riprap and material for
Filter Blanket.

713.02. ASHLAR STONE. The stone shall be tough, dense, sound, and
durable, resistant to weathering action and shall be free from seams, cracks,
or other structural defects. Preferably, stone shall be from a quarry the
product of which is known to be of satisfactory quality. Stone shall be of
such character that it can be wrought to such lines and surface, whether
curved or plain, as may be required. Any stone having defects which have
been repaired with cement or other material shall be rejected.

Size. The individual stones shall be large and well proportioned. They shall
not be less than 12 or more than 30 inches (31-76 cm) in thickness.

v13.03. RUBBLE STONE. Stone for mortar rubble or dry rubble masonry
shall be of approved quality, sound and durable, free from segregations,
seams, cracks, and other structural defects or imperfections tending to
destroy its resistance to the weather. Stone for mortar rubble shall be

379
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713.03

reasonably free from rounded. worn or weathered surfaces and weathered
stone shall be rejected. Selected stones with flat faces as nearly paralle] g
practicable shall be used. .

Size. Individual stones shall have a thickness of not less than 4 inches (10.2
cm) and a width of not less than 1.5 times the thickness. No stones. exeept
headers, shall have a length less than 1.5 times their width.

713.04. RIPRAP STONE. General. Stone for riprap shall be hard, sound
and durable and shall be approved by the Engincer prior to use. Samples of
the stonc 1o be used shall be submitted to and approved by the Materials
Engincer before any stone is used. .

Tests for weight and absorption will be determined in accordance with
ASTM C97. The minimum weight shall be 140 pounds per cubic foot (2243
kg/cu M) and the maximum absorption shall be 6 percent. ’

The size of stone for the various kinds of riprap shall be as follows:

(a) Stone for Plain Riprap.

Ripeap Thickness Maximum Average Sise Not More Than 20 Percent
Inches (cm) Pounds (xg) Pounds (xg) Shall Weigh Less Than

12 (%05) 150 (68) 30-50 (14-23) 20 ®

18 (45.7) 350 (159) 70-125  (32-57) % (14)

24 (61.0) 1000 (454) 225400  (102-181) 40 (18)

30 (76.2) 1000 (454) 225400  (102-181) © a8)

When placed on the embankment the smaller stones shall be well
distributed throughout the mass. Neither the breadth or the thickness of any
piece of riprap shall be less than 1/3 of its length.

(b) Stone for Laid Up or Grouted Riprap.

12 inch (30.5 c¢m) thick riprap size of stone 50 to 250 Ibs. (23-113 kg)
with at least 60 percent weighing 100 Ibs. (45.4 kg) or more. 18 inch (45.7
cm) thick riprap size of stone 50 to 500 Ibs. (23-227 kg) with at least 60
percent weighing 150 Ibs. (68 k) or more.

Slabs or sliver will be rejected. Spalls shall be well graded, of a suitable size
for the work.

(<) Stone for Special Plain Riprap.

40 percent to 60 percent — 5 ¢.f. to 12 c.f. in volume
20 percent to 30 percent — 2 ¢.f. to 5 c.f. in volume
10 percent to 20 percent — 0.25 to 2 c.f. in volume
S percent to 15 percent — may be less than 0.25 c.f. in volume

713.05. PRE-CAST CONCRETE BLOCKS. Pre-cast concrete blocks for
laid-up riprap or grouted riprap shall have a vertical dimension of 6 to 8
inches, (15.2-20.3 cm) a horizontal dimension of from 8 to 16 inches,
(15.2-40.6 ¢m) and a dimension perpendicular to the slope of the wall of 9
inches (22.9 cm).

Concrete blocks shall be made of Class C concrete or equivalent.

380
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713.06

Cement-sand blocks will be permitted when composed of one part of
cement to three parts of approved clean zand by volume.

713.06. FILTER BLANKET MATERIAL. Material for a filter blanket shall
consist of sand, uravel, crushed stone, or other approved materials processed,
blended, or naturally combined. It shall be reasonably free from lumps or
balls of clay, organic matter, objectionable coatings, or other forcign
materials, and shall be durable and sound. Blanket material shall be
reasonably free from flat and/or elongated particles in an amount exceeding
20 percent. A flat or clongated picee is one the length is greater than 5 times
the average thickness. The backing material in place shall be reasonably well
graded within the following limits:

SINGLE COURSE BACKING (FILTER BLANKET)

Sieve Designation Percent
U.S. Standard by Weight
Square Mesh Passing
Inch (mm)
1 (100) 100
2 (50) 60-90
1 (235) 40-70
3/8 9.5) 15-40
No. 4 (4.73) 0-15

TWO COURSE BACKING (FILTER BLANKET)

Sieve Percent by Weight Passing
Sqquare Mesh Lower Course Upper Course
Inch (mm) of Two Layers  of Two Layers
6 (150) = 100
1 (100) - 90— 100
2 (50) - 65-85
| (25) - 10-70
3/8 (9.9) 100 15-35
No. 4 ) 95— 100 010
No. 8 (2.36) 80-90 -
No. 16 (1.18) 5575 -
No. 30 (0.60) 30-60 -
No. 50 (0.30) 12-30 -
No. 100 (0.150) 0-10 =
381
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Department of Transportation

, HIGHWAY DIVISION
l ueTDR Ve TRANSPORTATION BUILDING, SALEM, OREGON 97310

GOVERNOR

August 14, 1986

In Reply Refer to
File No.:

Thomas J. Parsons DES
Assistant Professor

Arkansas State University

Department of Engineering

P.0. Drawer 1080

State University, AR 72467-1080

The Oregon State Highway Division does not design mortar-free,
natural stone, gravity retaining walls (rockery walls).

We do design rock buttresses to stabilize landslides. Typi-
cally, the outer slope of the rock buttresses are 1.5:1 to
2:1. The size of each buttress is based on the resisting
force required to stabilize the landslide, which is determined
by a stability analysis.

If you desire further information, please contact Geogée Machan,
Geotechnical Supervisor, 1178 Chemeketa Street, Salem, OR 97310
or phone (503) 373-7994.

E. S. Hunter
Assistant State Highway Engineer

92
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Department of Transportation
DIVISION OF PUBLIC WORKS
State Office:Building
Providence, R.I. 02903

August 14, 1986

Mr. Thomas J. Parsons

Assistant Professor of Civil Engineering
Arkansas State University

P.0. Drawer 1080

State University, Arkansas 72467-1080

Dear Mr. Parsons:

This is in response to your letter of July 31, 1986 regarding
rock buttress wall designs.

The Rhode Island Department of Transportation does not use

this type of wall, as described. The closest we have is a

wet stone masonry wall, which is a gravity wall using natural
stone. A copy of this detail is attached for your information.

truly yours;

A 2loeerece

Richard B. Kalunian
. Bridge Design Engineer

RBK/ fmv
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REVISION

S A —

3y 5a7e— RHODE ISLAND DEPARTMENT OF TRANSPORTATION

R.L
STANDARD
10.1

DIVISION OF PUBLIC WORKS
WET STONE MASONRY

RETAINING WALL

Semma _.__.__H

GROUND~_ |

BACKFILL WITH
SUITABLE MATERIAL

3" PLASTIC PIPE ,OR EQUAL ,SPACED 10’ C.C.

6 C.F. FILTER STONE SEE STANDARD:
SPEC. M. 21.07.

2'-0 :
TYP. EXCAVATION PAY LINE
—Ti__ - __J ;
DIMENSIONS AND QUANTITIES
H A CU.FT./UN.FT. OF WALL

5.0" 3’ _5" 12.30

6-0" 3'.10" 16.02
T =0 4'-3" 20.16 i

g8 -0" 4-8" 2472
9 -0" 5-0" 29.25 ;
10°-0" 5-6" 35.00 i

- off 6 -0 41.25

12°-0 6 -6 48.00

130" 7°-0" 55.25

140" 2.6 63.00

150" 8 -0 71.25

Supervising Civd Eng.

Road Design

Chief Design Eng. Chiet En'qin“r
Public Works

Dept. of Transportation
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WASHINGTON

‘BEA.E GJARD RAIL CONNECTION AT TRAFFPIC BARRIER

Where shown in +he plans, the Contractor shall connect beam guazd zail
+o the precast conc-ete traffic barrier per S+=andard Plans C-3, Type 2
aad C-5, Type . .

Al’ cos~s for «coapleting the ccanection as specified shall b=
iacidental to and included in the unit contzact price per linea:z

for "Beam Guard Rail Type 1",

8 INCH QUARRY ROCK

" Eigqht inch guarry rock_shall consist of cr-ushed quarcy rock and shall
meet the followving requirements for gradation:

Passing 8 inch screen 100%
Passing 3 inch screen 20% maximum
Passing 3/4 inck screen 10% maximunm

All percentaqes by weight.

The s*one shall be hard, sound and durable. + shall be free f-o=x
seqregation seams, cracks and othar defects ternding to destroy i<s
ra3sistance to veathe;.

Eigh+ inch quarcy rock will be measured by the ton of rock placad.

"The unit ccatrac= price per tcan for "8 Inch Quarcy Rock™ shall be full
compelsation for furnishing and placing the Tock as shown in the plats
ard spacified herein.

ROCK RETAINING WALL

This wvork shall consist of constzucting rock <retainizg walls in
accordance with the details shcwn in the placs and thése special
provisions.

The rock <Ta2taining wall shall be coastructed cf rocx Tangicg iz size
from 400 pounds %o 1,600 pounds and shall bave a uniform ranga of s;"e
in betwean. - The rinimum rock weight shall increase from <top to boz
with the top 3 feet consisting of rock having 2 minimum weight of uoo
pounds in a cut and 800 pounds in a £ill and witk a miaimum rock
veight for 2ach succeeding 3 foot zone increasing by ai additional 400
pounds over =he zole above.

The rock shall be hard, scund, and durable. ¢+ shall be free fronm
segreqation, ssams, cracks, and other defects tending to destroy its
resisis=ance to weather. BROck used shall have a dansity of at laas+
155 pounds per cutic foot. Each hcrizontal row of Trocks shall be
szated apd bedded by placing acnd <+amping backfill for rock wall
mazerial behind the rock tc provide a stable cordizion for the enzice
vall, In addition, e2ach Tock shball te keyed intc adjacent rocks by

SR 90

PIRST BILL LID EXCAVATION

AND TEMPORARY WALLS

85w 173 127
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utilizing tkhe natural irreqular shapes of the rocks. Any larqe voids
existing betweer each course of rock as it is placed shall be filled
by wedging smaller rock of the same quality into the voids un*il <he
maximum remaiaicg void is 1 iach.

The rock retairing wall shall be ccnstructed one 3-foot zone Cour-se as
a time. Rock selection 2nd placement shall be Such that at least 80
parcent of the exposed faca of the wall is rocke.

A  6-inch tolerance will be allowved for the exterior slope plane ard
grade in the finished surface of the wall.

Measurement of rock Tetainipng wall will be by the ton.

The unit contract price per ton for "Reck Retaining Wall" shall be
full compensation for furnishing all lator, tools, Bmaterial, and
equipment necessary to construct the rock retairing wall as specified.
BACKFILL POR ROCK WALLS

Backfill <£for <+he rock iall shall te made from c-ushed quar-y rock of
the same hardness and durability as the <rock used for rock wall
construction and shall meet the following gradation requirements:

Passing 2-1/2 inch screen 90-100%

Passing 1-1/2 inch scrceen 50-80%"
Passing S/8 inch screen 0-20%

Backfill fér rock re+aining walls will be measured by the ton.

‘The unit contract price per tomn for “Backfill For Rock Retaining Wallnm
sh2ll be full compensation for furnishing all labor, materials, tocols,
and eguipment arnrd all other costs and expense for loading, hauling,
and tamping the specified material.

ILLOMINATION, TRAFFIC SIGNAL SYSTEZAS, AND ELECTRICAL

Section 820 cf the tandard specifications is supplemented by *he
following:

SR 90

FIRST HILL LID EXCAVATION

AND TEMPORARY WALLS

85W173 128
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State of Wisconsin \ DEPARTMENT OF TRANSPORTATION

DIVISION OF HIGHWAYS AND
August 12, 1986 TRANSPORTATION FACILITIES

SOILS SECTION

3502 Kinsman Blvd.
Madison, Wil 53704

Professor Thomas J. Parsomns

Assistant Professor of Civil Engineering
College of Engineering, Agriculture and
Applied Science

P.0. Drawer 1080

State University, AR 72467-1080

Dear Professor Parsomns:

I am responding to your letter of July 31, 1986. I will attempt to
answer although terminology may make a difference in our understanding.
But first let me say we do not have a standard drawing or specificatioms
for what we have done. I believe our basic usages with some hybrid have
been:

1. A large shot-run rock bulkhead, largely triangular or trapezoidal in
shape. This had been used predominantly as an "anchor" at toes of
fills or in landslide repair. The shape is usually:

2. Another is a facing in heavily preconsolidated tills where the
benefits are largely erosion preventive. We make no effort at
analyses but merely stock blocks along the face. We often feel this
is a situation where a detailed study would prove they would not work
- analogous to the bumblebee not flying.
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Up to 25' Soil

y
I’:\\/’l
2!

3. A third type is in sand, the use of flat stones, possibly split
concrete block, as largely an erosion protection in sands although in
usage we do go to steeper slopes than allowed for an exposed face.

Sand

I trust this has been of some use to you. If we can assist further,
please let us know. Ordinarily these have been predominantly expedient
measures with little analyses, rather spur-of-moment direction to
contractor (specification if you wish) and yet the success has been so
good that we suspect that we are over comservative. Gabions are not
considered in this class.

Sincerely

AP,
(,%/,Q//'/éfyb /LL,
Clyde N. Laughter
Chief Soils Engineer

CNL:1lcr
cc: GHZ
File
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APPENDIX B
BOSTON - MAINE CORPORATION

WALL DESIGN APPROACH
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PrRESSURE O FOUNDATION:
 TBe rmaarmam pressares onthe foundation shall be

 determined From the Formules and Fhe Footing desgned so

° Fhat these shall not be ercessive. Where a pile foundation /s used
the pressures For each pile can be flgured by faking the moment of
inertia of the pile fops abouf an atrs Hroagh #he center of
grav/ty and paralle! with the aris of Pheprer ynderimvestigaltion
neglecting Fhe moment of nertia about thegrarity aris of the
indiviual prte fops. The intensity of pressure atfhe cornerof
prér can be obtaned by faling 1he surm of #he pressures
cawsed by the horizonta/ Forces from both directions plus
fhe pressure Jue o the vertizal force.

GENERAL DES/IGH:- . L

The Fop of the prer shall be a rectargé whose yrid Hhlindercoping)
exterds 3 beyond the edyes of the base plate andnhose kngth
tsnoftess Fhan Fhe distance ouf o out or‘éf/;:f.w‘mc/we bearings
plushe widhh of pier. The diimensions should never be less #han
regarred For s£ability of Fhe prer

The coprrg shall be From [ to 2% Feet Fhrch vwith onoftset

The shaF#shall bave a bater of £/ 1n/2"

Cut waters should be g7 1201 /ESs Fhan 2feet aboveh 94

water and have asection and rakfe determined by /ocal
condrtors. '
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STRBILITY REAUNST OVERTURNINVG. Geond)

TF water carn Hind s way ander #e foundafionnfydrostarti
conci¥ion. the weight of Fhe part of #heprer immersed will
be dirmnished by 624 /bs per ca tf and thestability of fhe

* prier should be investigated for the differens cases cons/aenng
baoyarkcy:

Wher line of action of vertiéal forees comcrdes with the
grarity axss of the prér the cord'r#on Fhat Fhe prer /s
stable against oyerfurinng /s Fhat e ande shallbesd of
the length of the base of Fhe sechion investigated. This
eccentricity should be determined For eact of #he abore
combinatrons of forces. The resalfant eccerntricity: 1 +ef
G A be Compuled Sor M I/ Teres cases o dbrmme T

 movimupn. IF #hrs s €4 of the dragonal of Fhe sectrionor
Hhe prir 1h guestion the prer 1s sate dgainst overturrning
about Hhat section. |

I [he of action of verscd/forces does nofcomc e with
grarity axis of pler #e condrtion of stabilks is that i o i 22

 STABILITY AEANST SLIDING:

o ———

Sliating shall be investigates Forthe marirmarr cond1#1o0ns
- getermined From Fhe cornbirnatons of Forces, using a
coefFrerent of Friction in accord with preyvaiing condl#ons at
fhe srte. The resaltont fendency fo shae /s egual fo #he
Square roof of the sum of the sguares of #he Jongs#udinal
ard of fhe Fransverse forees fenaing foproduce s 131G

STRBILITY REAINST CRUSHING:-

Stabiity qya/b.s-;‘ crushihg shal/ be determmed Frorms
the Formulas, atbase of shar#
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/// prers shall ée es) fpned so astobestable a d/ﬂ.r/-

_ (a) O/ar/afn/nj o] base or Sy Techon above
(4) S/r1adir Ing on base aray.rec/ or7 dbove.

() Crushing

a/ fhebase of Hhe shafF m/ Hhe botforrn of Fhe /oo//ﬂy

- Thepressare on Ahe Foundation shallnot be excessive.

-‘} £

ST7ABILITY AernsT OVERTUR VNG -
The ﬁ/ﬁwxfy cormbrrations of . orces shallbe used to
deterrmine Hhe 1 arimarn fendency fo overfarnmg.

Casel i::ame @ wind pressare perpendicalar o braze
fangernt 07" Y ard rnotram on the brraze.

//or/zaﬂ/e/fﬁfmmcﬂny paralle/ 7o brigge faggernt < £,/
— S Y. “RBFGJL.
}é’ff/cd/ forces <5 B, BB, W
Crsell. Assarne a wind pressure of. 5077 paralll/ fo brigae
tangent and no Framr onbrigze.
/a'-/zm/d//ar:e: Geting paralt! fo bride fargent-L,OK /N
n " - perp.. - - - =2F4G L.
K'f//:o/ Forces- BREE W,...
Cose Tl Rsswrme a wind pressure of. 307 perpendicutor o
 Brigge fangens with fram on brigge.
i /Yaﬂz’or?/d/ Forces acting paralle/Fo bride fangens £ AN

k’r//:a//or:e; BB EE, 2,1;;_3;}3:,/1’ REN-¥ o
Cosell ﬁxame @ wind pressure of 30 5 ,ﬂl/’d//e/ Yo bridge
Fangenst with fram on brigge. -
ﬁ’or/zom‘a/ ;’orce: act /ypam//e/ % Jfrlye 74m_¢en QHE,N.
. Pan % Pe,./g o = _.;'5‘5/[_
lér//c'a//brae: - 7 .3,1.’:,.7}, 2 2,.58,5,W ‘

o e perp e ABCDAGTL
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[ORMULAS:-

S fecadd exposed surface of one Fruss a//a//&é’iﬂ'/f ray
- *ée/yyee/r 7op ana bolformr chords ;- '
. Becsarca of Hoor gystern qpplied o/ cenler of J/de
e/eralion. -
C- Centrifagal force compuled From Sfondard e curres
D - 400 lbs =lernglt of Fram in 17 quplied 70 abore ror
£-02 s Deod lood qpplicd @7 7op of shoes.
F- 4007 % area of prer corered b/ ce gopted of A{’?ﬁ weler
k., :
G- mVia eppled one Fird of Hoe Feolth dorvr Trom surfoce
of waler: 72 L24 for spuare pvers, 062 for curcedor prers, Q46 for
jvers Jove ar iy hrees a5 g 95 brood with cut walers e faces
of which make @ angle of 0] and 429 for prers Horee hmes
as /ofzj o brood wiit Hal ernds.
H-02 « live food on spans qoplied at fhe rail
J=cx areq of end of pier abore moler qoohed fal” ray
belreerr lp o prer and waler .
Kcxarea of wae of prer sbore waler goplied ha/f ay
belweerr Gp of prer and woler
N-14225x k5L gpotedd above sechon vrveshgalea
L-M25ch*x b qpplredtabore sechon wmveshgaled
© O-07(ME) goplied o Zop of Shoes

“f= 7:/7/ of harrzon/a! Forces apolscable,
\ 7 /]
o

Ved
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S0 b i of, Corer af section rnvestigated i feet

N D Aance betieasrs 1ol of 40 of rer and load from superstiac fare.

: /a"f.;'ec//ofz' Mnr.f}“ya Ve s

7 2 Secron 1nvestigated. _
e VR Weloeity of strearm in feef per second.

i, B
i 3. o
. Ri shfeay T ww TR
by @ i
-~

L ‘ A’q)yg/?az#r&ﬁfcmﬁ R
a- Brea of prer exposes fo carrent in spiare fof

e Fressure ereried by rind 1hpoands per spaare FooX

& - Lccentricrty of theresulfant of Yhehorizonta/and verfeal forces
0://"/'7 paralie/ 7o é/‘(//é'ﬁffdﬂéﬂ’?’%fﬁéﬁiﬂﬁ e o crdar aweshgakd
‘& Lecentricrfy of he resulfant of the horizonta/ and
vertreal forces ocing pepeodicilr /o bridgs Zongerit orr bose

.

- Fachor of safety agamst s//b?/;y- oFszechion m’)e.r/y'am
 h-Depth of ermbedment of prer below river botfom.

- Cocttrcrert of #riction. o sechon inveshyaoria!

t-Length of prér af sectron investipatad 1 faef

M, = Flgebrare sam of moments offorizontal forces acting
poralle! o brizge fangent about section imyvest gated.
M- Flgebrare sarm of moments of farrrontal forces acting
peroendcatr fobrizge farngent about sectior 1ryestigates.

1= Lccentrierfy of [1ne of actron of dead and /ive loads from
certer of sectian, postfiveon fecvward'side and neya//i’e on wirdvrarg

Site, 1. 15 dependent on condr#rons of /oading From super-
stracture:- Lxample. )2 maybe = %é
p < Resulfont pressure o feervord bageof secton investigated
p’, . w - windward 5 -
- Mornent of vertical forces faken about lee ward edge oF

7= Vatlve of ﬁ}#m e Jormzrcny 63‘:,&;1’/5
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APPENDIX C
CALIFORNIA TEST SPECIFICATIONS 206 AND 229
1. California Test 206
Method of Test for Specific Gravity and
Absorption of Coarse Aggregate

2. California Test 229
Method of Test for Durability Index
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STATE OF CALIFORNIA—BUSINESS AND TRANSPORTATION AGENCY

DEPARTMENT OF TRANSPORTATION

DIVISION OF CONSTRUCTION
Office of Transportation Laboratory
P. O. Box 19128

Sacramento, California 95819

(916) 444-4800

California Test 206
1978

METHOD OF TEST FOR SPECIFIC GRAVITY
AND ABSORPTION OF COARSE AGGREGATE

A. SCOPE

This test method, which is a modification of AASH-
TO Designation: T 85, specifies procedures for the
determination of the bulk and apparent specific
gravities and absorption of coarse aggregate.

B. APPARATUS

1. A balance having a capacity of at least 5,500 g.
sensitive to 1 g. or less.

2. A wire mesh basket made of No. 8 mesh, and of
sufficient capacity for samples weighing up to 5,500
grams.

3. Immersion tank of sufficient size to allow the
wire mesh basket to be completely immersed. The
immersion tank and balance shall be arranged in a
manner that will allow weighing the wire mesh bas-
ket and test sample while immersed.

4. Corrosion resistant containers with a capacity of
approximately 2-gallons.

C. PREPARATION OF SAMPLE

1. Rock Slope Protection: Crush the submitted
sample to pass the 1% inch sieve. Then sieve the
crushed material over the 1Y% inch, 1 inch and % inch
sieves. Prepare a test specimen weighing 5000 = 500
g. by combining equal weights of the 1% inch x 1 inch
and 1 inch x % inch sieve size fractions of material.

2. All Other Materials: Prepare a representative
5,000 £ 500 g. portion of the retained No. 4 sieve size
material for testing.

D. TEST PROCEDURE

1. Place sample in 2-gallon container, cover with
water at a temperature of 59° to 77° F., and soak for
a minimum period of 15 hours.

2. Transfer the sample to the wire basket and rinse
clean with fresh water.

3. Suspend the wire basket from the balance im-
mersing the basket and sample completely in water
and weigh to the nearest gram.

a. Record the weight as “Weight of Sample in Wa-

ter”.

4. Transfer the sample onto a large absorbent
cloth and remove all visible films of water.

115

a. Surface water can be removed by rolling the
sample in the cloth or by blotting with a towel.

b. Large aggregate particles may be individually
wiped with a cloth towel.

5. Weigh the sample to the nearest gram.

a. Record the weight as “Weight of saturated sur-
face-dry sample in air”.

b. Avoid loss of absorbed water by drying the sumn-
ple to surface dry condition as rapidly as possi-
ble and then weighing immediately.

6. Transfer the sample to a suitable container and
dry to constant weight at 230° = 9° F. (110° = 5° ().

7. Cool to room temperature and weigh to nearcst
gram.

a. Record the weight as “Oven-dry weight”.

E. CALCULATIONS

1. Description of factor:
A = weight in grams of sample in oven-dry con-
dition.
B = weight in grams of sample in saturated sur-
face-dry condition, and
C = in grams of saturated samplc¢ immersed in
water.
2. Bulk specific gravity (oven-dry basis).
Use this procedure for bituminous mix agge-
gates, aggregate base and cement treated base
aggregate.
. Specific Gravity = A/ (B-C)
Bulk specific gravity (saturated surface-dry ba-

0

Use this procedure for portland cement con-
crete aggregates.

. Specific Gravity = B/ (B-C)

Bulk specific gravity (apparent).

Use this procedure for rock slope protection.

. Specific Gravity = A/ (A-C)

Absorption.

Percent Absorption =RB-A) /AJ %x 100.

»
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California Test 206
1978

F. PRECAUTIONS

When tare weights are used to compensate the
weight of the basket and/or apparatus used to sus-
pend the basket from the balance, be certain the
correct tare weight is used.

G. REPORTING OF RESULTS

Report specific gravities to the nearest hundredth

(2.65,2.52, etc.), and absorptions to the nearest tenth
(14, 2.3, etc.). ’
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REFERENCES
AASHTO Designation: T85
End of Text (2 pgs) on Calif. 206



STATE OF CALIFORNIA—BUSINESS AND TRANSPORTATION AGENCY

DEPARTMENT OF TRANSPORTATION

DIVISION OF CONSTRUCTION
Office of Transportation Laboratory
P. O. Box 19128

Sacramento, California 95819
(916) 444-4800

California Test 229
1978

METHOD OF TEST FOR DURABILITY INDEX

A. SCOPE

The durability index test provides a measure of the
relative resistance of an aggregate to producing clay-
sized fines when subjected to prescribed methods of
interparticle abrasion in the presence of water. Four
procedures are provided for use with materials with
various nominal sizes and specific gravities.

Procedure Designation Type of Material Section
Retained No. 4 sieve  F §-1
Dc “modified Lightweight or porous, * }-2
retained No. 4 sieve
Passing No. 4 sieve FH3
Df “modified No. 4 x No. 16 sieve R4

(pea gravel, chips)

B. APPARATUS.

The following equipment is required to perform
this test. Detailed descriptions and specifications are
included as necessary to assure standardization.
Items bearing an Office of Business Management
(OBM) catalog number are available to California
State Agencies from the Department of Transporta-
tion, Office of Business Management. Detailed plans
are available for those items bearing a Transporta-
tion Laboratory (TL) drawing number.

1. Agitator (Figure 1). A mechanical device de-
signed to hold the wash vessel in an upright position
while subjecting it to a lateral reciprocating motion
at a rate of 285 * 10 complete cycles per minute. The
reciprocating motion shall be produced by means of
an eccentric located in the base of the carrier and the
length of the stroke shall be 1.75 = .025 inches. The
clearance between the cam and follower of the ec-
centric shall be .001 to .004 inches.

The combination sieve shaker-agitator, OBM cata-
log number 6635-0940-6, meets these requirements
when in the agitation mode.

The Tyler portable sieve shaker meets these re-
quirements when modified according to TL drawing
number D-536.

2. Mechanical Sand Equivalent Shaker (Figure 2)

a. A mechanical device designed to hold a gradu-
ated plastic cylinder in a horizontal position
while subjecting it to a reciprocating motion

parallel to its length. The motion shall provide
a stroke length of 8 = 0.04 inches. The device
shall operate at a speed of 175 * 2 complete
cycles per minute. Prior to use, the shaker shall
be fastened securely to a firm and level mount.
. OBM catalog number 6635-0930-5.
TL drawing number D-256.
Sand Equivalent Test Apparatus (Figure 3)
A graduated plastic cylinder, rubber stopper,
irrigator tube, weighted foot assembly and si-
phon assembly, all conforming to the specifica-
tions and dimensions shown in TL drawing
number C-218 (Figure 4).

A one gallon minimum size glass or plastic
container with cover and fitted with the siphon
assembly or a discharge tube near the bottom
shall be used to disperse the working calcium
chloride solution. The container shall be placed
on a shelf or suspended above the work area in
such a manner that the level of the solution is
maintained between 36 and 46 inches above the
work surface.

b. OBM catalog number 6635-0610-7.

4. Measuring Tin. A 3 ounce tin approximately
2Y, inches in diameter having a capacity of 85 * 5 ml.

5. Wash Vessel. A flat bottomed, straight sided
cylindrical vessel equipped with a watertight remov-
able lid and conforming to the dimensions and toler-
ances shown in Figure 4.

The “Stainless Steel Pot”, OBM catalog number
7330-0130-1, meets these requirements.

6. Collection Pot. A round pan or container hav-
ing vertical or nearly vertical sides and equipped as
necessary to hold the wire mesh of an 8-inch diarne-
ter sieve at least 3 inches above the bottom. An adup-
tor which will not allow loss of fines or wash water
may be used to nest the sieve with the container, or
the sieve may be nested with a blank sieve frame
resting in the bottom of the pan.

7. Graduated Cylinder. A graduated cylinder

p oo

~ having a capacity of 1000 mls.
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8. Rubber Stopper. A stopper to fit the plastic
cylinder.

9. Funnels
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FIGURE 2
a. A wide mouth funnel suitable for directing wa-
ter or aggregate into the plastic cylinder.
b. A wide mouth funnel large enough to hold an
8-inch diameter sieve while directing water into
the plastic cylinder.

10. Balance. A balance or scale accurate to 0.2
percent of the weight of the sample to be tested.

11. Oven. A drying oven set to operate at 230° *
9°F (110° = 5°C).

12. Timer. A clock or watch reading in minutes
and seconds.

13. Sieves. U.S. Standard Sieves, % inch (19.0
mm), % inch (12.5 mm), % inch (9.5 mm), No. 4
(4.75 mm), No. 8 (2.36 mm) and No. 200 (0.075 mm).
The No. 8 and No. 200 sieves shall be in standard
8-inch diameter frames.
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California Test 229
1978

FIGURE 3

14. Flexible Hose

C. MATERIALS
1. Stock Calcium Chloride Solution

a. “Sand Equivalent Stock Solution™, OBM cataloy
number 6810-0100-6.
b. Solution may be prepared from the following

454 g (1 Ib) tech. anhydrous calcium chloride
2,050 g (1,640 ml) USP glycerine.

47 g (45 ml) formaldehyde (40 percent by vol
ume) solution.

Dissolve the calcium chloride in Y gal of distilled
or demineralized water. Cool the solution to rooim
temperature, then filter it through Whatman No. 12
or equivalent filter paper. Add the glycerine and
formaldehyde to the filtered solution, mix well, and
dilute to 1 gal with distilled or deminceralized water
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E.

2. Working Calcium Chloride Solution. Prepare
the working calcium chloride solution by diluting 85
* 5 ml of the stock calcium chloride solution with
water to obtain 1 gal of working solution.

3. Water. Use distilled or demineralized water
for the normal performance of this test, including the
preparation of the working calcium chloride solu-
tion. If it is determined, however, that the local tap
water is of such quality that it does not affect the test
results, it is permissible to use it in lieu of distilled or
demineralized water.

D. CONTROL

The temperature of all solutions and water should
be maintained at 72° * 5°F during the performance
of this test. Individual test results which meet the
minimum durability index value when the tempera-

ture is below the recommended range are accepta-
ble.

E. SAMPLE PROCESSING

1. Obtain a representative sample of the material
to be tested.

2. Process the sample and separate on the No. 4
sieve according to the procedures in California Test
201. The material passing the No. 4 sieve is tested
independently from the material retained on the No.
4 sieve. If either of these primary size portions
amounts to less than 15% of the total sample, that
portion should not be tested. The durability index of
the tested portion will represent the entire sample.

3. Separate the retained No. 4 material on the %
inch, % inch and 3% inch sieves.

4. Calculate the size distribution of the % inch x
No. 4 portion of the material. Do not include the
material retained on the % inch sieve or the material
passing the No. 4 sieve in this calculation.

5. Materials with a minimum nominal size larger
than %, inch shall be crushed to pass the % inch sieve
and then processed as described below. The portion
of the crushed material which passes the No. 4 sieve
shall not be tested for durability index.

F. TEST PROCEDURES

1. Procedure A, Coarse Durability (D) for materi-
al retained on a No. 4 sieve.

a. Process the material to be tested as described in

ection,P “Sample Processing”.

b. Prepare a test specimen having an air-dry
weight of 2550 * 25 grams by combining the
graded fractions as specified below.

(1) For materials which have a minimum of 10
percent in each of the specified fractions,
prepare the test specimen according to the
weights listed in Table No. 1.
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Table No. 1
Basic Test Specimen Grading

Aggregate Sieve Size Air-Dry Weight

Passing Retained in grams

¥ inch Y% inch 1070 = 10

Y% inch % inch 570 = 10

% inch No. 4 910 =5

Total Test Specimen Weight 2550 = 28

(2) For materials with less than 10 percent in
any of the fractions specified in Table No.
1, prepare the test specimen using the actu-
al calculated percentage for the deficient
fraction and proportionally increase the
weights of the remaining fractions to obtain
the 2550 gram test specimen.

Example 1—Less than 10% of % in. x '% in. aggre-
gate.
Aggregate

Percent Air-Dry Wewht

Sieve Size Each Size  Calculations Grams

¥% in. x % in. 6 .06 x 2550 183 = 10

Y% in. x % in. 26 570 (2550 — 133) 923 * 10
570 + 910

% in. x No. 4 68 910 (2550 — 133) 1474 = 8
570 + 910 _

Totals 100 2550 = 28

Example 2—Less than 10% of % in. x % in. and %2
in. x % in. aggregate.

Aggregate Percent ’ Air-Dry Wewht
Sieve Size Each Size Calculations Crams

Y in. x % in. 4 .04 x 2350 102 = 10
Ya in. x % in. 7 .07 x 2550 179 = 10

% in. x No. 4 89 2550 — (102 + 179) 2269 + 3
Totals 100 2550 + 28

c. Wash the test specimen using the following pro-
cedure.
(1) Place the test specimen in the wash vessel.
(2) Add 1000 * 5 ml water, clamp the lid in
place and secure the vessel in the agitator.
(3) At 1 minute * 10 seconds after adding the
water to the specimen, start the agitator
and shake the vessel for 2 minutes * 5 sce-
onds.
Pour the contents of the vessel into a No. 4
sieve and rinse with fresh water until the
water passing through the sieve is clear

(4)

d. Transfer the material to a pan, dry to constant
weight at 230° *+ 9°F, and cool to room temperi-
ture.

e. Abrade the test specimen using the following
procedure.

(1) Place the washed and dried test specimen
in the wash vessel.
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(2) Add 1000 = 5 ml water, clamp the lid in
place and secure the vessel in the agitator.

(3) At 1 minute * 10 seconds after adding the
water to the specimen, start the agitator
and shake the vessel for 10 minutes * 15
seconds.

f. Separate the aggregate and water on the No. 200
sieve. :

(1) Remove the lid from the wash vessel and
bring the fines into suspension by holding
the vessel in an upright position and moving
it vigorously in a horizontal circular motion
5 or 6 times causing the contents to swirl
inside.

(2) Immediately pour the contents of the vessel
into the No. 8 and No. 200 sieves nested over
the collection pot.

(3) Tilt the No. 8 sieve to promote drainage,
then discard the material retained on the
No. 8 sieve,

(4) Collect all of the wash water and minus No.
200 sieve material in the collection pot. To
assure that all material finer than the No.
200 sieve is washed through the sieve, use
the following procedure:

(a) As the wash water is draining through
the No. 200 sieve, apply a jarring action
to the sieve by lightly bumping the side
of the sieve frame with the heel of the
hand.

(b) When a concentration of material is re-
tained on the No. 200 sieve, rerinse this
fine material by pouring the wash wa-
ter through the sieve again, using the
following procedure:

(1) Allow the wash water to stand undis-
turbed in the collection pot for a few
moments to permit the heavier parti-
cles to settle to the bottom.

(2) Set the No. 200 sieve aside and pour the
upper portion of the wash water into a
separate container.

(3) Place the No. 200 sieve back on the col-
lection pot and pour the water back
through the material on the No. 200
sieve. (If two collection pots are avail-
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able the specimen may be rinsed by al-
ternately placing the sieve on one and
then the other while pouring the wash
water through the material on the
sieve. Before each rinsing allow the
heavier particles to settle to the bottom
and pour only the upper portion of the
water through the material.)

(4) Repeat this procedure as necessary un-
til all of the minus No. 200 material has
been washed through the sieve. When
the material has been rinsed sufficient-
ly the material on the sieve will be free
of visible streaks of clay and the wash
water will flow freely through the sieve
and accumulated material.

. Pour all of the wash water and passing No. 200

sieve material into a graduated cylinder. Use
fresh water as necessary to flush all the fines
from the collection pot and adjust the volume to
1000 = 5 mls.

. Return the wash water to the collection pot tuk-

ing care to include all water and fines.

i. Fill the graduated plastic cylinder to the 0.3 inch

mark with stock calcium chloride solution and
place the funnel on the cylinder.

j. Stir the wash water vigorously with one hand to

bring all the fines into suspension. Use a circular
motion allowing the fingers to rub the sides and
bottom of the collection pot.

k. Immediately fill the graduated plastic cylinder

to the 15-inch mark with the turbulent wash
water.

. Stopper the cylinder and thoroughly mix the

wash water and calcium chloride solution by in-
verting the cylinder 20 times in approximatecly
35 seconds. Allow the air bubble to completcly
transverse the length of the cylinder each time.

m. Immediately place the cylinder on a work

bench or table free of vibrations, remove the
stopper, and allow the cylinder to stand undis-
turbed for 20 minutes * 15 seconds.

n. Immediately read the top of the sediment col-

umn to the nearest 0.1 inch.

0. Determine the coarse durability index (d,)

from Table No. 2.
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TABLE NO. 2
DURABILITY INDEX OF COARSE AGGREGATE AND CHIPS
Sediment Sediment Sediment 50dimént Sediment
height Durability height - Durability height Durability height Durability height Durability
(inches) index (inches) index (inches) index (inches) index (inches) index _
100 3.0 39 29 18
96 3.1... 38 29 18
93 3.2 38 28 18
90 33.. 38 28 17
87 34 37 28 17
85 35... 37 27 16
82 3.6 37 27 16
80 3.7... 36 27 15
78  38.. 36 26 15
76 39... 36 26 14
1. 74 40... 35 26 14
1. 73 4.1.. 35 25 13
1. 71 42... 46 35 25 13
L 70 43.. 46 M 25 12
1. 68 44... 45 34 24 12
1.5 67 45 M4 24 11
1.6 66 44 33 24 11
1.7 65 4 33 23 10
1.8 63 43 33 23 9
19 .. 62 43 32 23 9
20 ... 61 43 32 22 8
2.1 60 42 32 22 7
2.2 59 42 31 22 7
2.3 59 41 31 21 6
24 .. 58 41 31 21 5
57 40 30 20 4
56 40 30 20 4
55 40 30 20 3
54 39 29 19 2
54 39 29 19 1
0
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2. Procedure B, Coarse Durability (D.) “Modi-

fied” (for lightweight or porous aggregates)

Because of the low specific gravity and/or high

absorption rate of some aggregates, the proportions
of aggregate to wash water are too great to permit
the intended interparticle abrasion. Testing of these
materials will require adjustment of the test speci-
men weight and volume of test water. All materials 49
which are not completely inundated, when 1000 mls l\?
of water are added to a,2800 gram test specimen
shall be tested according to Met%a A mtE %.Ee fol-
lowing modifications.

a. Determine the bulk, oven-dry specific gravity
and the percentage of absorption of the aggre-
gate in accordance with California Test 206.

b. Adjust the total weight of the test specimen
specified in E-1-b using the formula:

Adjusted Specimen Wt. (grams) = ((Specific
Gravity of Aggregate)/2.65) x 8500~ 2550

c. Adjust the weight of material in each size frac-
tion proportionally to the weights specified in
E-1-b.

d. Adjust the volume of test water specified in E-1-

c and E-1-e using the formula except that the
volume of water shall always be at least 1000
mls.
Adjust Water = 1000 + (A x W) — 50
Where: A = Absorption of Aggregate (%)

W = Weight of Test Specimen

3. Procedure C, Fine Durability (Ds) for material
passing a No. 4 sieve.

a. Process the material to be tested as described in
Section D “Sample Processing”.
b. Split or quarter 500 * 25 grams of material from
the passing No. 4 portion of the sample.
(1) See step 3-f for optional preparation proce-
dure.
c. Dry to constant weight at 230° = 9°F and cool to
room temperature.
d. Wash the dried material by the following proce-
dure:
(1) Place the material in the wash vessel.
(2) Add 1000 *= 5 mls of water, clamp the lid in
place and secure the vessel in the agitator.
(3) At 10 minute * 30 seconds after adding
water to the material start the agitator and
shake the vessel for 2 minutes * 5 seconds.
Pour the contents of the vessel into a No.
200 sieve and rinse with fresh water until
the water passing through the sieve is clear.
Use a flexible hose attached to a faucet to
direct water onto the material.

(4)

e. Transfer the material to a pan, dry to constant

weight at 230° £ 9°F, and cool to room tempera-

ture.

(1) Use water from the flexible hose as neces-
sary to rinse the material from the sieve
into the pan.

(2) Free water can be removed by tilting the
pan and then, after the fines have settled,
carefully pouring off the clear water.

. A 500 gram fine sieve analysis test specimen

which has been tested in accordance with Cali-
fornia Test 202, may be utilized in lieu of the
material prepared according to steps b. through
e. above. If the fine sieve analysis test specimen
is used, all of the material separated during siev-
ing including that portion retained in the sieve
pan shall be thoroughly recombined before pro-

ceeding to step g. below.

h. Fill the graduated plastlc cylmder to 4 * 0.1

inches with working calcium chloride solution.

i. Pour the prepared test specimen into the plastic

cylinder.

(1) Use the funnel to avoid spillage.

(2) Release air bubbles and promote thorough
wetting by bumping the base of the cylinder
against a firm object while the test specimen
is being poured into the cylinder or by tap-
ping the cylinder sharply on the heel of the
hand several times after the test specimen
has been poured in.

j. Allow the wetted material to stand undisturbed

for 10 = 1 minutes.

k. Abrade the test specimen by the following pro-

cedure:

(1) At the end of the 10 minute soaking period,
stopper the cylinder, then loosen the
material from the bottom by shaking the
cylinder while holding it in a partially in-
verted position.

(2) Secure the cylinder in the mechanical sand
equivalent shaker.

(3) Start the shaker and allow it to operate for
10 minutes * 15 seconds.

Insert "Split or quarter the wasned and dried materia?
to provide a test specimen of sufficient size to fill

the measuring tin to jevel fuil. Pre-determine tre

exact amount of materia: to be split using tne follow:

In¢ rrocecure.

{7, Fill tne measurirg tin to overflowing with .ne
preparec¢ materiai

'Z; Cornsclicate tha material in tne tin L. .tap’ ' n



Because ot Wtie low specuic gravity and/or high
absorption rate of some aggregates, the proportions
of aggregate to wash water are too great to permit
the intended interparticle abrasion. Testing of these
materials will require adjustment of the test speci-
men weight and volume of test water. All materials ‘70
which are not completely inundated, when 1000 mls ;»
of water are added to a,2500 gram test specimen
shall be tested according to Met%od A witE tEe fol-
lowing modifications.

a. Determine the bulk, oven-dry specific gravity
and the percentage of absorption of the aggre-
gate in accordance with California Test 206.
Adjust the total weight of the test specimen
specified in E-1-b using the formula:

Adjusted Specimen Wt. (grams) = ((Specific
Gravity of Aggregate)/2.65) x 8500~ 2550
Adjust the weight of material in each size frac-
tion proportionally to the weights specified in
E-1-b.
Adjust the volume of test water specified in E-1-
¢ and E-1-e using the formula except that the
volume of water shall always be at least 1000
mils.
Adjust Water = 1000 + (A x W) — 50
Where: A = Absorption of Aggregate (%)

W = Weight of Test Specimen

3. Procedure C, Fine Durability (Dy) for material
passing a No. 4 sieve.

a. Process the material to be tested as described in
Section D “Sample Processing”.
b. Split or quarter 500 * 25 grams of material from
the passing No. 4 portion of the sample.
(1) See step 3-f for optional preparation proce-
dure.
Dry to constant weight at 230° + 9°F and cool to
room temperature.
. Wash the dried material by the following proce-
dure:
(1) Place the material in the wash vessel.
(2) Add 1000 * 5 mls of water, clamp the lid in
place and secure the vessel in the agitator.
(3) At 10 minute * 30 seconds after adding
water to the material start the agitator and
shake the vessel for 2 minutes * 5 seconds.
Pour the contents of the vessel into a No.
200 sieve and rinse with fresh water until
the water passing through the sieve is clear.
Use a flexible hose attached to a faucet to
direct water onto the material.

b.

(4)

Insert "Split or quarter the
to provide a test specimen of

the measuring tin to jevel fy

exact amount of materiai *o b

ing rrocecure.

(1, Fill tne measuring tin t
prepared material.

Corsolidate the matsrial

™)

tng pottom edge wilrn o N
(3, Strike c¢ff tc level <ull
and Zetermine tne weight
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Lure.

(1) Use water from the flexible hose as neces-
sary to rinse the material from the sieve
into the pan.

(2) Free water can be removed by tilting the
pan and then, after the fines have settled
carefully pouring off the clear water.

f. A 500 gram fine sieve analysis test specimen
which has been tested in accordance with Cali-
fornia Test 202, may be utilized in lieu of the
material prepared according to steps b. through
e. above. If the fine sieve analysis test specimen
is used, all of the material separated during siev-
ing including that portion retained in the sieve
pan shall be thoroughly recombined before pro-

ceeding to step g. below.

~
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h. Fill the graduated

inches with working calcium chloride solution.

i. Pour the prepared test specimen into the plastic
cylinder.

(1) Use the funnel to avoid spillage.

(2) Release air bubbles and promote thorough
wetting by bumping the base of the cylinder
against a firm object while the test specimen
is being poured into the cylinder or by tap-
ping the cylinder sharply on the heel of the
hand several times after the test specimen
has been poured in.

j. Allow the wetted material to stand undisturbed
for 10 * 1 minutes.

k. Abrade the test specimen by the following pro-
cedure:

(1) At the end of the 10 minute soaking period.
stopper the cylinder, then loosen the
material from the bottom by shaking the
cylinder while holding it in a partially in-
verted position.

Secure the cylinder in the mechanical sand
equivalent shaker.
(3) Start the shaker and allow it to operate for

10 minutes * 15 seconds.

(2)

washed and dried materiai
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1. Irrigate the test specimen to flush the abraded
fines from the sand using the following proce-
dure:

(1) Atthe end of the shaking period remove the
cylinder from the shaker and set it upright
on the work bench. Insert the irrigator tube
in the cylinder, start the flow of working
calcium chloride solution, and rinse the
material from the sides of the cylinder as the
irrigator is lowered.

With the cylinder remaining in an upright
position and the solution flowing from the
tip, apply a twisting action to the irrigator
and force it to the bottom of the cylinder.
The flow of solution will flush the clay size
particles upward and into suspension. With-
draw the irrigator from the sand as neces-
sary to change position and again force it to
the bottom. The most effective technique
for penetrating the test sample with the ir-
rigator is to hold the irrigator between the
palms of both hands and rotate it by rubbing
the hands back and forth while applying a
downward pressure.

Continue twisting and forcing the irrigator
to the bottom of the cylinder until the fines
have been flushed from all areas of the sam-
ple. Rotate the cylinder with each penetra-
tion of the irrigator and visually inspect the
test specimen for pockets of fine material.
When the solution reaches the 15-inch mark
in the cylinder, slowly withdraw the irriga-
tor without shutting off the flow so that the
liquid level is maintained at about 15 inches.
Regulate the flow just before the irrigator is
entirely withdrawn and adjust the find level
to 15 inches.

@)

3)

m. Immediately place the cylinder on a work

bench or table free of vibrations and allow the
cylinder and contents to stand undisturbed for
20 minutes * 15 seconds from the time the irri-
gation is completed.

n. Determine the “clay reading".

(1) At the end of the 20-minute period read
and record the level of the top of the sedi-
ment column. This is the clay read.
When the clay reading falls between 0.1-
inch graduations, record the level of the
higher graduation.

If a clearly defined line of demarcation
does not form between the sediment and
the liquid above it in the specified 20-
minute period, allow the cylinder to stand
undisturbed until the clear demarcation
line does form. Then immediately read and

(2)

(3)

0.
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record the time and the height of the col-
umn. If tap water was used retest an untest-
ed portion of the sample using distilled or
demineralized water..

If the liquid immediately above the line of
demarcation is still darkly clouded at the
end of 20 minutes, and the demarcation
line, although distinct, appears to be in the
sediment column itself, read and record
the level of this line at the end of the speci-
fied 20-minute period. If tap water was
used, retest an untested portion of the sam-
ple using distilled or demineralized water.
Determine the “sand reading™.

(1) After the clay reading has been taken gent-
ly lower the weighted foot assembly into
the cylinder until it comes to rest on the
sand. Do not allow the indicator to hit the
mouth of the cylinder as the assembly is
being lowered.

As the weighted foot comes to rest on the
sand, tip the assembly toward the gradua-
tion on the cylinder so that the position of
the indicator is visible. Take care not to
press down on the assembly.

Read the level of the top edge of the indicu-
tor.

Subtract 10 inches from the observed read-
ing. This is the sand reading.

When the sand reading falls between 0.1
inch graduations, record the level of the
higher graduation.

(2)

p. Calculate the fine durability index (Dy) using

Dy

4.

the formula:

= (Sand Reading/Clay Reading) x 100

(1) If the calculated durability index is not u
whole number, report it as the next highes
whole number.

Procedure D, Fine Durability (Dy) “Modified ™.

for pea gravel or chips having a nominal minimumn
size no smaller than a No. 16 sieve.
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a.

b.

Process the material to be tested as described 1
Section D “Sample Processing™.

Split or quarter out 500 £ 25 grums of materinl
from the passing No. 4 portion of the sample

c. Wash the test specimen by the following proce

dure.

(1) Place the material in the wash vesscl.

(2) Add 1000 * 5 mls of water, clump the lid in
place and secure the vessel in the agitator

(3) At 10 minutes * 30 seconds after adding

water to the material, start the agitator and

shake the vessel for 2 minutes £ 3 seconde

(4) Pour the contents of the vessel into a No
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200 sieve and rinse with fresh water until
the water passing through the sieve is clear.
Use a.flexible hose attached to a faucet to
direct water onto the material.

. Transfer the material to a pan, dry to constant

weight at 230° = 9°F, and cool to room tempera-

ture.

(1) Use water from the flexible hose as neces-
sary to rinse the material from the sieve
into the pan.

(2) Free water can be removed by tilting the
pan and then, after the fines have settled,
carefully pouring off the clear water.

. Split or quarter the washed and dried material

to provide a test specimen of sufficient size to

fill the measuring tin to level full.

(1) When filling the measuring tin, consolidate
the material in the tin by tapping the bot-
tom edge on a hard object such as the work
bench.

(2) Fill the measuring tin to slightly rounded
above the brim and then strike off to level
full using a straightedge.

. Fill the graduated plastic cylinder to 4 * 0.1

inches with water.

. Pour the prepared test specimen into the plas-

tic cylinder.

(1) Use the funnel to avoid spillage.

(2) Release air bubbles and promote thorough
wetting by bumping the base of the cylin-
der against a firm object while the test
specimen is being poured into the cylinder
or by tapping the cylinder sharply on the
heel of the hand several times after the test
specimen has been poured.

h. Allow the wetted material to stand undisturbed

for 10 = 1 minutes.

i. Abrade the test specimen by the following pro-

cedure:

(1) At the end of the 10-minute soaking period,
stopper the cylinder, then loosen the
material from the bottom by shaking the
cylinder while holding it in a partially in-

-
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verted position.

(2) Secure the cylinder in the mechanical sand
equivalent shaker.

(3) Start the shaker and allow it to operate for
30 = 1 minutes.

j. Transfer the water and passing No. 200 sieve size

material to a second graduated plastic cylinder.

(1) Fill an empty graduated plastic cylinder to
the 0.3 inch mark with stock calcium chlo-
ride solution.

(2) Place a No. 200 sieve into a funnel that emp-
ties into the cylinder containing the calcium
chloride solution.

(3) Tip the stoppered cylinder containing the
test specimen upside down and shake to
loosen the material from the bottom.

(4) Hold the mouth of the inverted cylinder
over the sieve and remove the stopper, al-
lowing the test specimen and water to pour
onto the sieve.

(5) Collect the water and passing No. 200
material in the second cylinder.

(a) Rinse the remaining fines from the first cyl-
inder onto the sieve with a small amount of
fresh water.

(b) Rinse the material retained on the sicve
with additional fresh water to assure that
the minus No. 200 portion passes through
the sieve. Take care not to fill the cylinder
above the 15-inch mark.

(c) Adjust the level of the liquid to the 15-inch
mark with fresh water.

. Stopper the cylinder and thoroughly mix the

wash water and calcium chloride solution by
inverting the cylinder 20 times in approximute-
ly 35 seconds. Allow the air bubble to complcte-
ly traverse the length of the cylinder each time.

1. Place the cylinder on a work bench or table free

of vibrations, remove the stopper and allow to
stand undisturbed for 20 minutes * 15 seconds.

m. Immediately read the top of the sediment col-

umn to the nearest 0.1 inch.

n. Determine the Fine Durability index (1))

“modified” from Table No. 2.
End of Text (10 pgs) on Calif. 229
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