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ABSTRACT 

GLASSMEYER, MICHAEL PATRICK, M.S. DECEMBER 2014  GEOLOGY 
 
GEOLOGICAL AND GEOTECHNICAL FACTORS RESPONSIBLE FOR 

LANDSLIDE SUSCEPTIBILITY OF THE KOPE FORMATION IN CINCINNATI, 

OHIO (196 pp.) 

 
Thesis Advisor: Abdul Shakoor 

The objective of this study was to determine the factors responsible for the high 

frequency of landslide occurrence in the Kope Formation and the overlying colluvial soil 

present in the Cincinnati area and to prepare a landslide inventory map. .  The area 

around Cincinnati is one of the most landslide susceptible regions in the United States.  

Several million dollars are spent yearly by the government and private entities to repair 

landslide damage.  Landslides within the Cincinnati area generally occur in colluvium 

derived from the Kope Formation.  The Kope Formation consists of approximately 80% 

shale inter-bedded with 20% limestone. The colluvium that is formed from the 

weathering of the shale consists of a low plasticity clay.  There are two main types of 

slope failures that occur in the Cincinnati area: rotational slides and translational slides.   

An inventory map was created using LiDAR data of the landslides that occurred 

in the colluvium derived from the Kope Formation.  From the landslide inventory 
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map, ten landslides were chosen for detailed study and undisturbed samples were 

collected from each site for laboratory testing.  Of the ten landslide sites chosen, seven 

were rotational and three were translational in nature.  One sample, representative of the 

slide material was collected from each rotational landslide.  Two samples were collected 

from each translational landslide, one from the overlying colluvial soil and one from the 

underlying bedrock.  Tests were conducted to determine natural water content, Atterberg 

limits, shear strength parameters, dry density, grain size distribution, and slake durability.  

For the translational landslides, strength parameters were determined by shearing the 

sample along the contact between the bedrock and the overlying colluvium. 

Multiple factors were found to contribute to landslide susceptibility of the Kope 

Formation and the overlying colluvium.  These factors include: low shear strength of the 

colluvial soil; development of pore water pressure within the slope; human activities such 

as the addition of weight to the top of the slopes or the removal of material from the base 

of the slope; low to very low durability of the bedrock that allows rapid disintegration of 

the bedrock and accumulation of colluvial soil; undercutting of the slope toe by stream 

water; and the steepness of slopes. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

The Cincinnati area, including the Hamilton and Clermont Counties, is located in 

the southwest corner of Ohio and is characterized by extensive landslide activity (Ohio 

EMA, 2011).  Landslides in the Cincinnati area occur in glacial soils, bedrock, and 

colluvial soils derived from bedrock (Fleming, 1975).  Although a majority of these 

landslides are associated with the Kope Formation and the overlying colluvial soil, some 

landslides also occur in the colluvial soils that overly the Fairview Formation.  Most 

landslides in the Cincinnati area occur during late winter into early spring, but they may 

occur at any time throughout the year (Fleming, 1975).   

The Cincinnati area is one of the most landslide susceptible areas in the United 

States (Ohio EMA, 2011).  Figure 1.1 shows areas in Ohio that are most susceptible to 

landslides and have the highest landslides incidence.  The red color in the figure indicates 

high landslide susceptibility and incidence, dark green indicates areas of high 

susceptibility and moderate incidence, light green indicates areas of high susceptibility 

and low incidence, yellow indicates areas of moderate susceptibility and moderate 

incidence, orange indicates areas of moderate susceptibility and low incidence, and tan 

indicates areas of low susceptibility and low incidence of landslides.  The map also 

indicates the regional susceptibility and incidence of landslides with region 1 having an 
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Figure 1.1: Landslide susceptibility and incidence map of Ohio, red indicates high 
landslide susceptibility and incidence, dark green represents areas of high susceptibility 
and moderate incidence, light green indicates areas of high susceptibility and low 
incidence, yellow indicates areas moderate susceptibility and moderate incidence, orange 
indicates areas of moderate susceptibility and low incidence, and tan indicates areas of 
low susceptibility and low incidence (Ohio EMA, 2011).  
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overall low susceptibility and low incidence, region 2 having primarily moderate 

susceptibility and low incidence of landslides with areas that are highly susceptible and 

areas that have a high incidence of landslides, and region 3 having a high susceptibility to 

landslides and low to high incidence of landslides (Ohio EMA, 2011).  

Millions of dollars are spent each year on landslide damage and emergency road 

repairs in the Cincinnati area (Rockaway, 2002).  The annual per capita cost for landslide 

damage in the Cincinnati area is $5.80 in 1981 dollars, which is equivalent to $17.00 in 

current dollars.  This cost does not include the more than $22 million in 1981 dollars, 

equivalent to $64 million in current dollars, that was spent to stabilize a single landslide 

that occurred on Mount Adams during the construction of Interstate 471.  One of the most 

costly time periods for landslide damage in the Cincinnati area occurred between 1973 

and 1978 when, over a six-year period, an average of $5.1 million in 1981 dollars, 

equivalent to $14.9 million in current dollars, was spent per year to repair landslide 

damage (Schuster, 1996). 

1.2 Topography and Geology of the Cincinnati Area 

1.2.1 Topography of the Cincinnati Area 

The Cincinnati area consists of an upland surface that is enveloped by the 

Illinoisan age glacial deposits and has been dissected by ancient drainage systems as well 

as the modern Ohio River and its tributaries.  Many of the tributaries are located in broad 

terraced valleys with steep slopes.  The Cincinnati area has approximately 120 m (400 ft) 

of relief between the Ohio River and the hilltops (Baum and Johnson, 1996).    

1.2.2 Geology of the Cincinnati Area 

There are primarily two types of material in the Cincinnati area in which 
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landslides occur, the colluvium that is derived from the Kope Formation and glacial 

deposits from the Pre-Illinoisan, the Illinoisan, and the Wisconsinan glaciations.  Glacial 

deposits mainly cover the upland areas of Cincinnati.  The glacial deposits also form 

terraces along the Ohio River and its tributaries.  Alluvium and outwash cover the valley 

floors and colluvium covers a majority of the hillsides. (Baum and Johnson, 1996).  The 

Cincinnati area is located on the western flank of the Cincinnati Arch where the bedrock 

dips gently at about 1.5 to 2 meters (5 to 6.5 feet) per kilometer (0.7 mile), which 

amounts to less than 1 degree (Fleming, 1975).  Figure 1.2 shows a generalized 

stratigraphic column of the bedrock in the Cincinnati area. 

1.2.2.1 Kope Formation and Associated Colluvium 

The Kope Formation, Ordovician in age, is stratographically the lowest formation 

exposed in the Cincinnati area, and is overlain by the Fairview Formation.  The contact 

between the two formations is at an elevation between 200 and 215 m (670 and 715 ft) 

(Gibbons, 1973).  Figure 1.3 shows the extent of the Kope Formation in the Cincinnati 

area as indicated by the surficial geology map.  The Kope Formation is more than 60 m 

(200 ft) thick and consists of inter- bedded, medium to dark grey, shale (80%) and 

coarse-grained fossiliferous limestone (20%) (Yahne, 1974; Fleming and Johnson, 1994).    

The shale is made up of illite, chlorite, calcite, and quartz (Yahne, 1974).   

The limestone of the Kope Formation, which can be seen at any location in the 

Cincinnati area, contains three sets of near-vertical fractures occurring at regular spacing.  

The orientations of the fractures, however, vary between different locations (Hofman, 

1966; Brett and Algeo, 2001; Brett et al., 2003).  The shale of the Kope Formation also 

contains steeply dipping fractures (Richards, 1982; Baum, 1983).  Fractures, small local 



 
 

7 
 

System Series  
KENTUCKY OHIO  

(U.S. Geological Survey) 
(Ohio Department of Natural 

Resources) 
O

R
D

O
V

IC
IA

N
 

U
pp

er
 O

rd
ov

ic
ia

n 

   Bull Fork Formation      Undifferentiated   
          26+ m (85+ ft)             0 - 41+ m (0-135+ ft)   
          50% shale 

 
            % shale varies 

 
  

                    
   Grant Lake Limestone (Bellevue 

tongue)      Bellevue Limestone   
          2 - 10 m (2-33 ft)             0 - 8 m (0-25 ft)   
          0% shale 

 
            0% shale 

 
  

                    
  

Miamitown Shale of Ford (1967) 
    Miamitown Shale   

            0 - 11 m (0-35 ft)   
            90% shale   
                    
    Fairview Formation       Fairview Formation   
          ~30 m (~100 ft)             ~21 - 100 m (~70-100 ft)   
          45 - 60% shale 

 
            60 - 75% shale 

 
  

                    
                    
  

   
  

    
  

   Kope Formation      Kope Formation   
          61+ m (200+ ft)             61+ m (200+ ft)   
          80 - 85% shale 

 
            70 - 80% shale 

 
  

  
   

  
    

  
                    

M
id

dl
e 

an
d 

U
pp

er
 

O
rd

ov
ic

ia
n 

                    
  

   
  

    
  

   Point Pleasant Formation      Not exposed 
  

  
          ~30 m (~100 ft)   

    
  

          30 - 50% shale 
 

  
    

  
                    

 
Figure 1.2: Generalized stratigraphic column of bedrock in the Cincinnati area (Fleming, 
1975). 
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Figure 1.3: Map showing the extent of the Kope Formation in the Cincinnati area.  The 
star indicates the location of downtown Cincinnati.  The shaded area in the south west 
corner of the Ohio map shows Hamilton (left) and Clermont (right) counties. 
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solution channels, and nearly horizontal shale-limestone contacts are the main venues of 

groundwater movement within the bedrock (Fenneman, 1916). 

The colluvium associated with the Kope Formation is classified as Eden silty clay 

loam according to the Hamilton county survey report and as clay of low plasticity (CL) 

according to the Unified Soil Classification System (USCS) (Lerch et al., 1982; Holtz et 

al., 2011).   The colluvium ranges in thickness from a few centimeters up to 13 m (45 ft) 

(Fleming and Johnson, 1994) and covers many of the hillsides, especially the hillsides 

that been glaciated only during the pre-Illinoisan time.  The colluvium is derived from 

weathered bedrock and consists of broken pieces of weathered limestone and a silty clay 

matrix (Fleming and Johnson, 1994).   

1.2.2.2 Glacially Deposited Soils 

There are at least three major episodes of glaciations that have affected the 

Cincinnati area: the Pre-Illinoisan, Illinoisan, and the Wisconsinan glaciations.  These 

glaciation episodes changed the drainage pattern within the Cincinnati area and left 

glacial deposits in the valleys, on the upland areas, and on the hillsides (Durrell, 1961, 

1977; Pavey et al., 1992).  Prior to glaciation the Cincinnati area was a gently rolling 

plain and had north flowing streams with approximately 45 m (150 ft) deep valley 

(Durrell, 1977; Potter, 2007). 

1.3 Types of Slope Movement Associated with the Kope Formation 

Landslides associated with the Kope Formation occur in both the bedrock and within the 

colluvial soil that covers the bedrock.  Slides that occur within the colluvial soil or along 

the contact between the colluvial soil and the bedrock are much more common than the 

slides that occur within the bedrock of the Kope Formation.  The types of slope 



 
 

10 
 

movement associated with the Kope Formation are rotational slides, translational slides, 

rapid earthflows, rockfalls, combination of rotational and translational slides (complex 

slides), and soil creep, with rotational landslides and translational landslides being the 

most common and rockfalls and creep being the least common.  A brief description of the 

main types of slope movement that are associated with the Kope Formation is given 

below.   

1.3.1 Rotational Landslides 

A rotational landslide is a type of slope failure in which movement occurs along a 

curved and concaved surface (Cruden and Varnes, 1996).  Rotational landslides are very 

common in the colluvium derived from the Kope Formation.  Rotational landslides are 

generally 2 -15 m (6 ft - 50 ft) thick, 30 - 300 m (100 ft - 1000 ft) in width (measured 

perpendicular to the direction of sliding), and 30 -150 m (100 ft - 500 ft) in length 

(measured in the direction of sliding).  They occur on slopes that are between 6 degrees 

and 15 degrees (Baum and Johnson, 1996).  Figure 1.4 shows a cross section of a typical 

thick rotational slide in colluvium derived from the Kope Formation bedrock. 

Some of the rotational slides that occur in the Kope Formation are due to natural 

processes, such as groundwater causing a buildup of pore pressure.  However, a majority 

of the rotational slides are due to earthwork operations done in material that would be 

stable under normal conditions (Fleming and Johnson, 1994).  Most of the rotational 

slides are characterized by a single major scarp, also known as the head scarp, and a few 

minor scarps.  The lateral margins of the slides are often poorly defined (Baum and 

Johnson, 1996). 

The presence of springs and local marshy ground at a rotational slide indicates 
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Figure 1.4: Cross section of a typical rotational landslide that occurs in colluvium derived 
from the Kope Formation (Fleming, 1975). 
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that a portion of the slide is saturated.  The springs usually exist at the base of the toe of a 

landslide, and are indicated by the large amount of vegetation that can be seen in the toe 

areas of many landslides.  Marshy areas are either at the base of the toe of a landslide or 

they are located on top of the toe (Fleming and Johnson, 1994). 

1.3.2 Translational Landslides 

A translational landslide is a type of slope movement where a mass of sliding 

material is displaced along a planar or undulating surface of rupture (Cruden and Varnes, 

1996).   Translational slides are very common in thin colluvial soils covering steep 

slopes.  These slides are generally 10 - 150 m (33 – 500 ft) in width and 30 – 130 m (100 

ft – 430 ft) in length.  They occur on slopes that are 15 – 30 degrees.  The translational 

slides can vary in shape from long and narrow to wide and short (Richards, 1982).  Figure 

1.5 shows the typical cross section of a translational landslide seen in the Cincinnati area.  

Translational slides generally occur during the spring because the slide material, the 

colluvium derived from the Kope Formation, is almost 100% saturated between the 

months of January and May (Haneberg, 1991).   

The dominant form of deformation in translation slides is longitudinal stretching.  

A large majority of the translational slides have a number of scarps that face downhill, 

which is consistent with longitudinal stretching.  The well-developed flanks of the slide 

are indicated by the presence of troughs or scarps.  The failure plane is close to or is 

located along the irregular contact between the colluvium and the underlying bedrock 

(Baum and Johnson, 1996). 

1.3.3 Complex Landslides 

Complex landslides are made up of one or more thin slides, that are joined 
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Figure 1.5: Cross section of a typical translational landslide that occurs in colluvium 
derived from the Kope Formation (Baum and Johnson, 1996). 
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together to make a thick landslide.  The thin landslides are on the upper part of the 

hillside and contain a series of scarps; the thick landslides are confined to the lower 

portion of the hillside and will contain internal toes.  The thin landslides usually act as the 

head and the thick landslides act as the toe of the landslide complex.  The Delhi Pike 

Landslide complex is an example of a complex landslide (Baum and Johnson, 1996). 

1.3.4 Rapid Earth Flows 

A rapid earthflow is a spatially continuous movement that contains surfaces of 

shear that are short-lived and that are closely spaced (Cruden and Varnes, 1996).  Rapid 

earthflows occur on steeper slopes that are underlain by the Kope Formation and are 

common along the Columbia Parkway.  In the Cincinnati area rapid earthflows are 

commonly referred to as mudslides.  Rapid earthflows commonly spill on to roadways 

and disrupt traffic.  They occur during wet periods in areas where the overlying 

colluvium is thin, < 2 meters (6.6 feet) and is clayey in nature (Pohana, 1983).  Rapid 

earthflows involve the movement of the entire thickness of the colluvium, with the failure 

plane along the contact between the bedrock and the colluvium, which results in exposing 

the bedrock (Fleming, 1975; Richards, 1982; Riestenberg and Sovonik-Dunford, 1983). 

1.4 Typical Methods of Remediation 

There are several methods of remediation that are used by both the county and the 

city government agencies.  One of the most common methods used when a landslide 

causes damage to a road is to pave over the damaged section.  This is done when it is 

determined that the movement of the slope is too slow for any permanent solution to be 

cost effective.  There are several roads in the area where this method has been used for 

more than twenty years and has resulted in the pavement of some roads being in excess of 



 
 

15 
 

2.5 m (8 ft) thick.  Another common method of remediation that is used is the pier 

retaining wall built to support the hillside. The placement of a pier wall is currently one 

of the most widely used methods of slope stabilization in the Cincinnati area.  Another 

method is the placement of a crib wall or a concrete gravity retaining wall.  Some less 

common methods include the use of soil nails or the placement of gabions.  

1.5 Study Objectives 

Although landslides in the Cincinnati area have been studied extensively, the 

susceptibility of the Kope Formation to landslide occurrence has not been investigated 

specifically.  Thus, the main objective of this study was to investigate as to why the Kope 

Formation and the colluvium derived from it are so highly susceptible to landsliding.  

The following tasks were chosen to accomplish the main objective: 

1) Determine the engineering properties of the Kope Formation and the 

overlying colluvium. 

2) Identify the types of slope movement that affect the Kope Formation. 

3) Evaluate the triggering mechanisms of slope failures in the Kope Formation 

and the overlying colluvium. 

4) Create a landslide inventory map for Kope Formation and the associated 

colluvium within the Cincinnati area. 

5) Explain the susceptibility of the Kope Formation and the overlying colluvium 

in terms of engineering properties, slope characteristics, and hydrologic 

conditions. 
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CHAPTER 2 

PREVIOUS RESEARCH 

Most landslide investigations in the Cincinnati area did not begin until after the  

1970’s and the descriptions of the local geology prior to 1970 only briefly mention 

landslides (Baum and Johnson, 1996).  The studies that have been conducted since the 

1970’s have either focused on the Delhi Pike landslide complex, or on a small specific 

area.  Also, most of the previous studies on landslides did not discriminate between the 

type of material in which the slides occurred (e.g. colluvium derived from the Kope 

Formation, glacial deposits, or lake bed clays deposited during several glaciation events). 

There have been two studies done to produce landslide susceptibility maps for the 

Cincinnati area.  The first study was conducted by Hough and Fleming (1974) who 

divided the Cincinnati area into three categories based on landslide susceptibility.  The 

first category includes areas critical with respect to stability.  The second category 

includes areas which have the potential for slope instability.  The third category includes 

areas of stable bedrock or areas of glacial deposits which may or may not be susceptible 

to slope instability.  The second study was by Sowers and Daltymple (1980).  In this 

study, the landslide prone areas were divided into four categories:  least susceptible, 

moderately susceptible, moderately to highly susceptible, and highly susceptible to 

landslides respectively. 

 In 1978 Dr. Arvid Johnson of the Department of Geology, the University of
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Cincinnati, started a program to create detailed engineering geologic maps of portions of 

the Cincinnati area.  Consequently eight engineering geology and related slope stability 

maps were created for areas in Hamilton County as a part of Masters’ thesis mapping 

projects.  These maps identified landslide areas and areas that had the potential for 

landsliding.  The purpose of these maps was for the planning and development of specific 

areas in Hamilton County.  These reports can also be used by geotechnical engineers and 

engineering geologists who may be interested in performing a detailed investigation 

within an area of a proposed development.  In preparing these reports, Baum (1983) 

looked at the stability of the Fay Apartments and  a section of the Mount Airy Forest 

area, Brockman (1983) looked at the stability Dry Run Creek area, Geiger (1983) looked 

at the stability of sections of Newport, Bellevue, and Fort Thomas, Kentucky,  Lion 

(1983) studied the stability of a part of the Springfield Township area for the 

development of the hillsides, Pohana (1983) studied a part of the Anderson Township 

area, Richards (1983) studied the stability of Mount Adams and portions of Walnut Hills 

and Columbia Parkway, Rodriguez-Molina (1983) studied the stability of areas within 

Avondale, and Olson (1988) studied the stability around Sawyer Place.    

In addition to the eight maps mentioned above, several theses and dissertations 

written at the University of Cincinnati on landslide mechanisms. Yahne (1974) conducted 

a preliminary study of landslides in Cincinnati, Ohio.  McCandless (1976) studied the 

bulking of landslides by looking at the topography and density changes in landslide 

debris.  Riestenberg (1981) studied the effect that vegetation has on the stability of slopes 

in the Cincinnati area, especially the increase in stability in thin colluvium caused by the 

roots of sugar maple and white ash.  Murdock (1987) studied pore-water pressures and 
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unsaturated flow during infiltration at the Delhi Pike landslide complex.  Gokce (1989) 

described the mechanisms of landsliding.  Haneberg (1989) studied the effects of water in 

thin colluvium in Delhi Township.     

Besides the studies that were conducted at the University of Cincinnati there are 

also several U.S.G.S. publications that deal with landslides in the Cincinnati area.  

Fleming and Taylor (1980) performed a study on estimating the cost of landslide damage.  

Baum (1994) looked at the contribution of artesian water pressure on progressive failure 

at the Delhi Pike landslide complex in detail.  Fleming and Johnson (1994) studied the 

Delhi Pike landslide complex.  Haneberg and Gokce (1994) studied the effects of rapid 

water level fluctuations in thin colluvium at the Delhi Pike landslide complex.  

Riestenberg (1994) studied the effect of sugar maple roots on the stability of slopes in the 

Cincinnati area.  Baum and Johnson (1996) performed a study about the landslide 

problems, research, and mitigation methods in the Cincinnati area.   

Other research examining landslides in the Cincinnati area includes the following 

studies:  Exon (1929) did a senior thesis on the Riverside landslide , Von Schlichten 

(1935) studied landslides that were in the vicinity of Cincinnati, Scheper (1973) 

developed a report of landslide investigations in the Cincinnati area,  Fleming (1975) and 

Hough (1978) performed overview studies of landslides in the Cincinnati area,  and 

Fleming, Johnson, and Hough (1981) studied the engineering geology of the Cincinnati 

area for the 1981 Geological Society of America (GSA) field trip guide book.  Taylor, 

Fleming, and Durrell (1981) studied the seasonal movements of landslides in the 

Cincinnati area.  Riestenberg and Sovonik-Dunford (1983) studied the role that woody 

vegetation plays in the stabilization of hillside in the Cincinnati area.  Bernkopf et al 
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(1985) studied the economics of landslide mitigation strategies.  Bernknopf et al (1988) 

looked at a probabilistic approach to hazard mapping  with applications for economic 

evaluation.  Haneberg (1991) studied the pore pressure fluctuations in thin colluvium.  

Behringer and Shakoor (1992) looked at selected landslides and their relation to human 

activity.  Gokce (1992) studied extrusion landslides in Cincinnati lake bed clays.  

Haneberg (1992) developed a mass balance model of the hydrologic response of fine-

grained hillside soils to rainfall.  Haneberg et al (1992) studied the geologic environment 

of Cincinnati for the development of a field trip guide book.  Hutto (1992) performed a 

stability analysis on a landslide along Interstate 275.  Pohana (1992) performed an 

overview study of landslides for the Hillside Trust.  Pohana (1992) also evaluated the 

landslide prevention and  remediation techniques used by the City of Cincinnati.  

Riestenberg (1992) studied the effect of two tree species interplanted in colluvium on the 

hillsides of Cincinnati.  Pohana and Jamison (1993) looked at the remediation and 

prevention of landslides in the Cincinnati area.       

There have also been several city and county reports on landsliding in the 

Cincinnati area.  H.C. Nutting and Co. (1967) studied the physical features of the 

Cincinnati area in an unpublished report for Hamilton County.  The Cincinnati City 

Planning Commission (1970) developed a plan and a program for the developing 

Cincinnati hillsides.  Merritt (1975) performed a hillside development study to identify 

areas of critical environmental impact.  The Hamilton County Regional Planning 

Commission (1976) studied the development of the hillsides and the effects of 

development on landslides in the Cincinnati area.  The Earth Movement Task Force 

(1982) gave recommendations to mitigate the hazard that is associated with landslides in 
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the developed and undeveloped areas of Hamilton County in an unpublished report.  The 

Earth Surface Process Group (1987) prepared a report and gave recommendations for the 

maintenance and repair of deteriorating retaining wall and streets that have been damaged 

by landslides.  Smale (1987) looked at the infrastructure of the City of Cincinnati.  The 

Cincinnati Hillside Trust studied the economic impact that landslides have on Cincinnati 

and Hamilton County.  The Cincinnati Hillside Trust (1991) developed a hillside 

protection plan for the Cincinnati area that involved an overview study of the hillsides, 

identification of hillsides sensitive to sliding, and guidelines for development of the 

Greater Cincinnati hillsides. 
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CHAPTER 3 

METHODOLOGY 

3.1 Field Investigations 

3.1.1 Landslide Inventory Map 

In preparation for the field investigations, a landslide inventory map was 

developed for the Kope Formation and the overlying colluvial soils.  Landslide data was 

collected from multiple sources including LiDAR (light detection and ranging) imagery, 

field observations, and city and county agencies.  Three different layers were used to 

define the area mapped on the LiDAR maps.  These layers included the extent of the 

Kope Formation in the Cincinnati area, as defined by the Ohio Department of Natural 

Resources (ODNR) bedrock geology map, the extent of the Kope Formation as defined 

by the ODNR surficial geology map, and the extent of the colluvium as defined by the 

ODNR soil survey.  Appendix I provides the details of the three layers used.  Landslides 

that were identified using the LiDAR derived maps were verified through field 

observations.  Figure 3.1 shows the landslide inventory map. 

The LiDAR data and aerial photographs were obtained from the Ohio 

Geographically Referenced Information Program (OGRIP).  The LiDAR data were 

collected from 2006-2008 as a part of the Ohio Statewide Imagery Program I (OSIP I).  

The LiDAR data were collected with Leica ALS50 digital LiDAR systems.  The average 

post spacing between LiDAR points was 2.1 m (7 ft) and the flying altitude was 2225 m  
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Figure 3.1: Landslide inventory map for the Kope Formation and the colluvial soils 
derived from it within the Cincinnati area.  
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(7,300 ft) at 170 knots (Ohio Office of Information Technology, 2007). The data for each 

county was divided up into tiles that were 1524 m (5000 ft) by 1524 m (5000 ft) square.  

The data is accurate to within 0.33 m (1 ft) (Ohio Office of Information Technology, 

2006).  

Since LiDAR data is a las, a blob point file, the data had to be converted into 

usable maps through the use of ArcGIS.  The files had to be first converted from 

multipoint file to an ASCII files.  The ASCII files were then converted to raster files.  

Once the raster files were created, a variety of different map types were developed 

including a slope map, a hillshade map, a DEM map, and a topography map, as shown in 

Appendix II. 

Each map that was created was studied to look for landslide related features such 

as scarp or the toe bulges.  The landslides that were identified from the LiDAR and aerial 

photographs were randomly verified through field observations.  Verification of the 

landslides was done using the GPS.    

3.1.2 Site Selection for Detailed Study 

From the landslide inventory map ten landslide sites were chosen for detailed 

study.  The sites were selected so to encompass a range of landslide sizes, landslide types, 

and geographic locations across the Cincinnati area.  Figure 3.2 shows the landslide sites 

selected for detailed study. 

3.1.3 Field Data Collection 

Field data collected at each site included the thickness of the colluvium, the 

location of the failure plane with respect to slope face and whether the slide occurred in 

colluvium or within the bedrock, slope geometry including the slope height, slope angle, 
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 Figure 3.2: Map showing the locations of the landslide sites selected for detailed study. 
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and slope length, and landslide dimensions including the length and width of each slide.  

The type of slope movement was identified at each site in accordance with the Cruden 

and Varnes classification system (Cruden and Varnes, 1996).  Where possible, 

information about the hydrogeologic conditions was obtained. 

In order to properly describe the various types of landslide features at the selected 

sites, the standardized terminology recommended by the International Association of 

Engineering Geology (IAEG) Commission on Landslides (1990) was used, as shown in 

Figure 3.3 and defined in Table 3.1.  The IAEG Commission on Landslides (1990) also 

provides the definitions for landslide dimensions as shown in Figure 3.4 and Table 3.2. 

The landslide dimensions were measured in accordance with the definitions provided in 

Figure 3.4 and Table 3.2. 

3.1.4 Sampling 

An attempt was made to obtain undisturbed Shelby tube samples from local government 

agencies and also from local geotechnical companies.  However, no undisturbed Shelby 

tube samples were available for any of the landslide sites.  Therefore, undisturbed chunk 

samples were collected for laboratory testing.  At least 5 kg (11 lb) of material, 

representative of the slide material was collected for each of the rotational and 

translational slides that were studied in detail.  Additionally, 5 kg (11 lbs) of a bedrock 

sample was collected for each of the translational landslide sites.  The collected samples 

were immediately sealed in air tight bags and then placed in five gallon plastic buckets.  

This was done to ensure that the natural water content of each sample was preserved and 

so that the sample would not slake. 
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Figure 3.3: Landslide features as defined by the International Association of Engineering 
Geology Commission on Landslides (1990), the features are defined in Table 3.1. 
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Table 3.1: Definitions of landslide features as identified in Figure 3.3 (International 
Association of Engineering Geology Commission on Landslides, 1990). 
 
Number Name Definition 
1 Crown Practically undisplaced material adjacent to highest parts 

of main scarp 
2 Main scarp Steep surface on undisturbed ground at upper edge of 

landslide caused by movement of displaced material (13, 
stippled area) away from undisturbed ground; it is visible 
part of surface of rupture (10) 

3 Top Highest point of contact between displaced material (13) 
and main scarp (2) 

4 Head Upper parts of landslide along contact between displaced 
material and main scarp (2) 

5 Minor scarp Steep surface on displaced material of landslide produced 
by differential movement within displaced material 

6 Main body Part of displaced material of landslide that overlies 
surface of rupture between main scarp (2) and toe of 
surface of rupture (11) 

7 Foot Portion of landslide that has moved beyond toe of surface 
of rupture (11) and overlies original ground surface (20) 

8 Tip Point on toe (9) farthest from top (3) of landslide 
9 Toe Lower, usually curved margin of displaced material of a 

landslide, most distant from main scarp (2) 
10 Surface of rupture Surface that forms (or that has formed) lower boundary of 

displaced material (13) below original ground surface 
(20) 

11 Toe of surface of rupture Intersection (usually buried) between lower part of 
surface of rupture (10) of a landslide and original ground 
surface (20) 

12 Surface of separation Part of original ground surface (20) now overlain by foot 
(7) of landslide 

13 Displaced material Material displaced from its original position on slope by 
movement in landslide; forms both depleted mass (17) 
and accumulation (18) 

14 Zone of depletion Area of landslide within which displaced material (13) 
lies below original ground surface (20) 

15 Zone of accumulation Area of landslide within which displaced material lies 
above original ground surface (20) 

16 Depletion Volume bounded by main scarp (2), depleted mass (17), 
and original ground surface (20) 

17 Depletion mass Volume of displaced material that overlies surface of 
rupture (10) but underlies original ground surface (20) 

18 Accumulation Volume of displaced material (13) that lies above original 
ground surface (20) 

19 Flank Undisplaced material adjacent to sides of surface of 
rupture; compass directions are preferable in describing 
flanks, but if left and right are used, they refer to flanks as 
viewed from crown 

20 Original ground surface Surface of slope that existed before landslide took place 
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Figure 3.4: Landslide geometry as defined by the International Association of 
Engineering Geology Commission on Landslides (1990), features are defined in table 2. 

 
 
Table 3.2:  Definitions of landslide geometric features as identified in Figure 3.4 
(International Association of Engineering Geology Commission on Landslides, 1990). 
 
Number Name Definition 
1 Width of displaced mass, Wd Maximum width of displaced mass perpendicular to 

length, Ld 
2 Width of surface rupture, Wr Maximum width between flanks of landslide 

perpendicular to length, Lr 
3 Length of displaced mass, Ld Minimum distance from tip to top 
4 Length of surface rupture, Lr Minimum distance from toe of surface of rupture to 

crown 
5 Depth of displaced mass, Dd Maximum depth of displaced mass measured 

perpendicular to plane containing Wd and Ld 
6 Depth of surface of rupture, Dr Maximum depth of surface of rupture below original 

ground surface measured perpendicular to plane 
containing Wr and Lr 

7 Total length, L Minimum distance from tip of landslide to crown 
8 Length of center line, Lcl Distance from crown to tip of landslide through points on 

original ground surface equidistant from lateral margins 
of surface of rupture and displaced material 
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3.2 Laboratory Investigations 

Laboratory tests were conducted to determine the geological and geotechnical 

properties of the Kope Formation bedrock and the colluvial soils derived from it.  All 

tests were conducted in accordance with the American Society for Testing and Materials 

(ASTM) specifications (ASTM, 1996).  The tests performed include natural water 

content, grain size distribution, Atterberg limits, direct shear test, and slake durability 

test. 

3.2.1 Natural Water Content Test 

The natural water content of each sample was determined in accordance with 

ASTM method D2216 as soon as the sample was brought to the laboratory.  The natural 

water content is a reflection of the void ratio of a soil and a general indicator of its 

engineering behavior. 

3.2.2 Grain Size Distribution Analysis 

ASTM method D422 (sieve analysis) was used to determine the grain size  

distribution of oven dried samples of colluvial soil.  For material passing the #200 sieve 

(<0.074mm), hydrometer analysis (ASTM 422) was performed to determine the grain 

size distribution.  The purpose of grain size distribution analysis was to classify the soil at 

each site according to the Unified Soil Classification System (USCS) (Casagrande, 1948; 

Holtz et al., 2011).   

3.2.3 Atterberg Limits Test 

Atterberg limits were determined in accordance with ASTM methods D2487 and 

D4318.  This test was conducted only on fine grained material that passed the #200 sieve 

to determine the liquid limit, plastic limit, and the plasticity index.  Atterberg limits were 
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used to classify the fine grained material according to the USCS (Casagrande, 1948; 

Holtz et al., 2011). 

3.2.4 Direct Shear Test 

Direct shear testing was performed in accordance with ASTM method D6528.  

Two versions of the direct shear test were conducted: the first was with the failure plane 

passing completely through the soil to simulate failure conditions in case of rotational 

type landslides, and the second was with the failure plane along the contact between the 

bedrock and the overlying colluvial soil to simulate failure conditions in the case of 

translational landslides.  The direct shear test was conducted to determine the strength 

parameters of the soils (cohesion and friction angle) for use in stability analysis. 

3.2.5 Slake Durability Test 

ASTM method D4644 was used to perform the slake durability test on the shale 

layers within the Kope Formation to evaluate their susceptibility to weathering.  The 

slake durability test was performed on the bedrock samples that were collected from the 9 

Mile Road landslide, Berkshire Road landslide, and Columbia Parkway landslide sites.  

Two cycles of the test were performed on each sample and the second-cycle slake 

durability index (Id2) was calculated as follows: 

𝐼𝑑2 =
𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑠𝑒𝑐𝑜𝑛𝑑 𝑐𝑦𝑐𝑙𝑒

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
(100) 

Based on the second-cycle slake durability index values the samples were 

classified according to Gamble’s (1971) classification as follows: high durability (Id2 > 

95%); medium durability (Id2 85% to 95%); low durability (Id2 60% to 85%); and very 

low durability (Id2 0% to 60%).   
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3.3 Stability Analysis Using the Slide 6.0 Program 

Slide 6.0 is a limit equilibrium slope stability program that was developed by 

RocScience, University of Toronto.  It is used for determining the factor of for circular 

(rotational) or non-circular (translational) failures in both soil and rock.  It uses the 

vertical slice equilibrium method to analyze the stability of a slide.  The Slide program 

was used to perform a detailed stability analysis on the Nine Mile Road site, the 

Columbia Parkway site, and the Wagner Road site. 
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CHAPTER 4 

LABORATORY DATA PRESENTATION AND ANALYSIS 

4.1 Natural Water Content 

 The water content of a soil is the ratio of the mass of water in the soil to the dry 

mass of the soil (Holtz and Kovacs, 2011).  The water content is one of the most 

important index properties of a soil and has been correlated to many other soil properties.  

Table 4.1 shows that natural water content values for colluvial soils from the ten 

landslides sites ranges from 13.1% to 27.1% with a mean value of 20.4%.  These 

relatively high water content values suggest the presence of a high percentage of fine-

grained clayey material in the colluvial soils at the landslide sites which will promote 

buildup of pore pressure and reduction in shear strength during wet periods.  The high 

water content values also indicate the potential for flow type movement. 

4.2 Grain Size Distribution 

 Figures 4.1 and 4.2 show the grain size distribution curves for the Eight Mile 

Road landslide site and the Columbia Parkway landslide site, respectively.  The grain size 

distribution curves for all of the sites can be seen in Appendix III.  The distribution of 

particle sizes in soil mass is defined by the coefficient of uniformity, Cu, and coefficient 

of curvature, Cc, with well graded soils exhibiting Cu values greater than 4 and Cc values 

between 1 and 3.  

Based on the results of grain size distribution analysis and the Unified Soil



 
 

33 
 

Table 4.1: Natural water content values for the colluvial soil samples from the landslide 
sites studied. 

Sample Locations Natural Water Content 
8 Mile Road Landslide 13.1% 
9 Mile Road Landslide 27.1% 
10 Mile Road Landslide 13.9% 
Berkshire Road Landslide 23.8% 
Columbia Parkway Landslide 23.0% 
Delhi Pike Landslide 25.6% 
Elstun Road Landslide 18.9% 
Nordyke Road Landslide 13.6% 
Old US 52 Landslide 21.1% 
Wagner Road Landslide 23.5% 
Mean 20.4% 
Median 22.0% 
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Figure 4.1: Grain size distribution curve for the colluvial soil from the Eight Mile Road 
landslide site. 
 

 
 
Figure 4.2: Grain size distribution curve for the colluvial soil from the Columbia Parkway 
landslide site. 
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Classification System (USCS), the colluvial soil derived from the Kope Formation can 

classified as clayey sand (SC).  The sand size particles consist predominantly of broken 

pieces of bedrock and fossils.  Although the colluvial soil classifies as clayey sand, its 

engineering behavior during landslide activity is controlled primarily by the fine-grained 

clay matrix. 

4.3 Atterberg Limits 

 Table 4.2 shows the Atterberg limits test results for the studied soils.  The table 

also lists the liquidity index (LI) values.  The liquidity index compares the natural water 

content with the Atterberg limits and indicates how a soil will behave when sheared.  If 

LI is more than 1, the soil will behave as a viscous liquid when sheared, if it ranges from 

0-1, the soil will behave as a plastic material on shearing, and if it is less than zero, the 

soil will behave as a brittle material.  The LI values in Table 4.2 indicate a plastic 

behavior of colluvial soils during landsliding. 

Figure 4.3 shows Atterberg limits plotted on the Casagrande’s plasticity chart.  

The plot shows that the fine-grained fraction of the colluvial soils classifies as clay of low 

plasticity (PL).   

4.4 Clay Content and Clay Mineralogy 

According to Sarman (1991), Dick (1992), and Hajdarwish (2006) who performed 

x-ray diffraction analysis on samples from the Kope Formation, the clay in the Kope 

Formation is composed of chlorite, kaolinite, and illite.  The mineral chlorite is subject to 

swelling when exposed to moisture (Holtz et al., 2011).  Swelling clays are known to 

facilitate landsliding (Sarman, 1991).  
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Table 4.2: Atterberg limits of the fine-grained fraction of the colluvial soil from the 
studied sites. 

Sample Locations 
 Liquid 

Limit 
Plastic 
Limit 

Plasticity 
Index 

Liquidity 
Index 

Eight Mile Road Landslide 23.6 10.9 12.7 0.2 
Nine Mile Road Landslide 41.9 20.1 21.8 0.3 
Ten Mile Road Landslide 23.0 12.3 10.7 0.2 
Berkshire Road Landslide 40.0 23.3 16.8 0.03 
Columbia Parkway Landslide 42.6 22.5 20.1 0.02 
Delhi Pike Landslide 44.0 19.8 24.2 0.2 
Elstun Road Landslide 37.8 18.5 19.3 0.02 
Nordyke Road Landslide 24.4 11.6 12.8 0.2 
Old US 52 Landslide 37.2 18.5 18.7 0.1 
Wagner Road Landslide 34.1 18.4 15.7 0.3 
Mean 34.9 17.6 17.3 0.2 
Median 37.5 18.5 17.8 0.2 
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4.5 Slake Durability 

 The slake durability index was measured for bedrock samples collected from each 

site where a translational failure occurred.  Table 4.3 provides the results of the slake 

durability index test.  The second-cycle slake durability index (Id2) ranges from 7.1% 

(very low durability) for the Columbia Parkway Landslide to 39.9% (low durability) for 

the 9 Mile Road Landslide. 

The slake durability index is a measure of a rock’s durability and resistance to 

weathering and erosion.  The durability properties of argillaceous rocks are important in 

slope stability because of the reduction in strength properties as a result of weathering 

(Dick and Shakoor, 1995).  The low to very low durability of the Kope Formation also 

explains the thick accumulation of colluvial soil that overlies it at many places. 

4.6 Strength Parameters 

 The strength parameters of a soil, which include both cohesion and friction angle, 

are the most important engineering property of a soil in terms of the stability of a slope.  

Table 4.4 shows the strength parameters for a failure plane developing within the 

colluvial soil, whereas Table 4.5 shows the strength parameters for a failure plane 

developing along the contact between the colluvial soil and the bedrock.  Appendix IV 

shows the normal force versus the shear force for the direct shear test results for each 

landslide site.  According to the stability analysis results, discussed later in the document, 

the shear strength parameters for both types of failure are well below those required for 

the slopes to be stable, especially upon buildup of pore pressure during the spring season. 
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Table 4.3: Slake durability index test results for the bedrock samples from translational 
landslide sites. 

Location 

Slake 
Durability 

Index Id1 (%) 

Slake 
Durability 

Index Id2 (%) 
Durability 

Rating 

Berkshire Road Landslide 73.3% 28.5% Very Low 
Columbia Parkway 

Landslide 51.9% 7.1% Very Low 

Nine Mile Road Landslide 71.4% 39.9% Low 
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Table 4.4: Shear strength parameters for the failure developing through the colluvial soil. 

Sample Locations 

Peak 
Cohesion 

(Kpa) 

Residual 
Cohesion 

(Kpa) 

Peak Friction 
Angle 

(degrees) 

Residual 
Friction Angle 

(degrees) 
Eight Mile Road 
Landslide 24.5 23.3 31.0 20.8 
Ten Mile Road 
Landslide 27.5 22.5 33.8 15.6 
Delhi Pike 
Landslide 33.4 24.0 23.8 17.8 
Elstun Road 
Landslide 26.4 24.5 50.4 19.8 
Nordyke Road 
Landslide 47.7 38.9 22.8 17.8 
Old US 52 
Landslide 35.2 32.7 39.4 20.3 
Wagner Road 
Landslide 27.7 22.2 27.5 18.3 
Mean 31.8 26.9 32.7 18.6 
Median 27.7 24.0 31.0 18.3 
     

 

Table 4.5: Shear strength parameters for failure developing along the soil bedrock 
contact. 

Sample Locations 
Residual Cohesion 

(Kpa) 
Residual Friction Angle 

(degrees) 
Nine Mile Road Landslide 11.8 14.0 
Berkshire Road Landslide 13.0 8.0 
Columbia Parkway 
Landslide 6.8 14.6 
Mean 10.5 12.2 
Median 11.8 14.0 
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CHAPTER 5 

DESCRIPTION AND ANALYSIS OF SELECTED SLOPE FAILURES 

5.1 General Description of Sites Studied 

 Ten landslide sites were chosen for detailed study.  Seven of the landslide sites 

were classified as rotational landslides and  named on the basis of their location as the 

Eight Mile Road landslide site, Ten Mile Road landslide site, Delhi Pike landslide 

complex, Elstun Road landslide site, Nordyke Road landslide site, Old US 52 landslide 

site, and Wagner Road landslide site.  Three of the landslide sites were classified as 

translational landslides and were named as the Nine Mile Road landslide site, Berkshire 

Road landslide site, and the Columbia Parkway landslide site.  The location of each 

landslide site can be seen in Figure 5.1.  Detailed descriptions of each site, including 

figures, can be seen in Appendix V. 

5.1.1 Rotational Landslides 

Rotational landslides constitute the most common type of slope failure in the 

colluvial soil derived from the Kope Formation. All of the rotational landslides that were 

studied occurred in clay of low plasticity with abundant Ordovician age fossils.  

Rotational landslides occur where the soil material is 2 m – 15 m (6 ft – 50 ft) thick. 

The rotational landslides were caused by low shear strength parameters, poor drainage, 

buildup of pore pressure, over steepening of slopes during constructions, the addition of 

weight to the top of the slope, and undercutting of the toe by the stream water.   
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Figure 5.1: Map showing the locations of the landslide sites selected for detailed study. 
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5.1.2 Translational Landslides 

Translational landslides are the second most common type of failure in the 

colluvial soil derived from the Kope Formation.  Translational landslides tend to occur in 

complexes, affecting wide spread areas.  The failure plane for a translational slide is 

located along the contact between the colluvial soil and the underlying bedrock.  The 

sliding mass for all of the translational slides consisted of clay of low plasticity with 

abundant Ordovician age fossils.  The thickness of colluvial soil at the locations of 

translational slides was found to be approximately 1.5 m to 3.0 m (5 ft to 10 ft).   

The causes of translational landslides include low shear strength of the soil, 

undercutting of the toe of the slope by the stream, steepness of the slope and sliding 

surface, constant removal of material from the toe of the slope, and pore pressure 

developing during wet periods. 

5.2 Stability Analysis 

A stability analysis was performed on the Ten Mile Road landslide, the Wagner 

Road landslide, and the Columbia Parkway landslide using the Slide software program 

RocScience, 2012.   

5.2.1 Ten Mile Road Landslide Stability Analysis 

For the Ten Mile Road landslide the critical surface with the lowest factor of safety can 

be seen in Figure 5.2.  The location of the critical surface, determined by the Slide 

Program, matches the failure surface location observed in the field.  The minimum factor 

of safety for the dry condition is 0.83, and that for the saturated condition is 0.79. 

The results of the stability analysis show that the cohesion of the soil would need 

to be 61.2 Kpa (1287 lb/ft2), instead of 27.5 Kpa (575 lb/ft2) for the landslide site at the 
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Figure 5.2: Critical surface for the minimum factor of safety for dry and saturated 
conditions for the Ten Mile Road landslide as determined by the Slide program. 
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10 Mile Road landslide to achieve a factor of safety equal to 1 if the friction angle 

remains constant (31o).  The stability analysis also shows that for the 10 Mile Road 

landslide would need to have a residual friction angle of approximately 22o instead of 16o 

to have a factor of safety equal to 1 if the cohesion remains constant. 

5.2.2 Wagner Road Landslide Stability Analysis 

 In performing the stability analysis on the Wagner Road landslide  

a linear load equivalent to 0.3 m (1 ft) thick concrete layer, was added to the top of the 

slope to account for the road.  The critical surface with the lowest factor of safety, as 

determined by the Slide software, is shown in Figure 5.3. 

The results of the stability analysis show a factor of safety of 0.95 for the dry 

slope and 0.62 for the saturated slope. The stability analysis results show that when the 

the water table is located at the position as determined from the boring logs, obtained 

from H.C. Nutting Co., the factor of safety is further reduced to 0.82.  

The results of the stability analysis show that the soil would need to have a 

friction angle of approximately 24.5o for the slope to have a factor of safety equal to 1 if 

the cohesion remains constant.  The stability analysis also show that the soil would need 

to have cohesion of 24.7 Kpa (515 lb/ft2) for the slope to have a factor of safety equal to 1 

if the friction angle remains constant. 

5.2.3 Columbia Parkway Landslide Stability Analysis 

A stability analysis was performed on the Columbia Parkway landslide using the Slide 

program.  The critical surface as determined by the Slide program is located along the 

contact between the colluvial soil and the underlying bedrock.  The critical surface 

initiates at the top of the slope and progresses along the contact and emerges at the top of  



 
 

46 
 

    

 

Figure 5.3: Critical Surface for the minimum factor of safety for wet and dry conditions 
for the Wagner Road landslide as determined by the Slide program. 

 
 

 

 

 

 

 

 

Meter
s 

 

Meters 

 

Critical Surface 

Kope Formation 
Bedrock 

Colluvium 



 
 

47 
 

 

the retaining wall at the base of the slope and can be seen in Figure 5.4.   

The minimum factor of safety for the dry condition is 1.04, when the colluvium is 

at its natural water content, the factor of safety is 0.95, and when the colluvium is 

saturated the factor of safety is 0.94.  If the water table is located in the middle of the 

colluvium, 1 m (3.3 ft) below the ground surface, the factor of safety is reduced to 0.77 

and if the water table is located at the ground surface the factor of safety is reduced to 

0.68. The results of the stability analysis show that the soil-rock friction angle need to be 

18o instead of 15o (Table 4.5) to have a factor of safety equal to 1, if the cohesion remains 

constant (6.8 Kpa (142 lb/ft2).  The stability analysis also shows that the slope would 

need to have cohesion equal to 8.9 Kpa (185 lb/ft2) for the slope to have a factor of safety 

equal to 1 if the friction angle remains constant (15o). 
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Figure 5.4: Critical Surface for the minimum factor of safety for wet and dry conditions 
as determined by the Slide program for the Columbia Parkway landslide. 
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CHAPTER 6 

DISCUSSION 

6.1 Landslide Inventory Map 

 In preparing the landslide inventory map, a total of 842 landslides were identified 

in the colluvial soil derived from the Kope Formation. Of these, 542 landslides were 

identified using the LiDAR derived maps and 300 were identified through field 

observations and data obtained from county and city governments. 

6.2 Factors Responsible for Landslide Susceptibility of the Kope Formation 

6.2.1 Strength Parameters 

 The residual strength parameters are more important than the peak strength 

parameters for the long term stability of slopes comprised of colluvial soil derived from 

the Kope Formation.  This is because many of the landslides in the Kope Formation have 

developed progressively or occur slowly over a long period of time.  Figures 6.1 through 

6.6 show the relationships between factor of safety and the residual strength parameters 

of cohesion and friction angle for the Ten Mile Road, Wagner Road, and Columbia 

Parkway landslides, respectively.  A comparison of these plots with the residual strength 

parameters provided in Tables 4.4 and 4.5 shows that the residual cohesion and residual 

friction angle values for both types of failure (rotational and translational) are not high  

enough to support the slopes.  Thus, the low shear strength of the colluvial soil and soil-

bedrock contact is an important factor contributing to landslide susceptibility of the Kope  
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Figure 6.1: Relationship between cohesion and factor of safety for the Ten Mile Road 
landslide. 
 

  

Figure 6.2: Relationship between friction angle and factor of safety for the Ten Mile 
Road landslide. 
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Figure 6.3: Relationship between cohesion and factor of safety for the Wagner Road 
landslide. 
 

  

Figure 6.4: Relationship between friction angle and factor of safety for the Wagner Road 
landslide. 
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Figure 6.5: Relationship between cohesion and factor of safety for the Columbia Parkway 
landslide. 
 

  

Figure 6.6: Relationship between friction angle and factor of safety for the Columbia 
Parkway landslide. 
Formation. 
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6.2.2 Groundwater 

 The presence of water within a slope can cause a significant decrease in the 

stability of a slope.  Since the slide material is silty, clayey sand for all of the landslides 

studied, it can be assumed that the material has low permeability and poor drainage 

characteristics (Holtz et al., 2011).  This can lead to buildup of pore water pressure within 

the slope during prolonged periods of rainfall and snow melt, reducing shear strength and 

contributing to slope failure.  Figures 6.7 through 6.9 show the relationship between the 

location of the water table and the factor of safety for the slopes for the Ten Mile Road, 

Wagner Road, and Columbia Parkway landslides, respectively.  Where 0 represents the 

water table being located at the bedrock and 1 represents the water table being just below 

the ground surface and values in between represent the relative elevation of the water 

table along a vertical line from the bedrock to the ground surface. 

 The plots in Figures 6.7 through 6.9 and the results of the stability analysis 

(Chapter 5) show that as the water table within the slope rises the factor of safety of the 

slope gradually begins to decrease.  The factor of safety is at its lowest point when the 

water table is just below the ground surface.  When the water table is just below the 

ground surface, i.e. the soil is saturated, the factor of safety for the slope decreases by 

approximately 1/3 of its original.  However, only partial saturation of the slope is 

required to cause failure as the slopes already have a factor of safety below 1. 

The presence of groundwater in many of the slopes is evident from the 

continually flowing water or water seeps that can be observed throughout the year.  

Water seeps were frequently observed in the scarp areas of the landslides investigated in 

this study.  Thus, development of pore pressure is another important factor that explains    
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Figure 6.7: Relationship between water table location and factor of safety for the Ten 
Mile Road landslide, 1 indicates the water table is just below the ground surface and 0 
represents the water table being located on the bedrock.

 

Figure 6.8: Relationship between water table location and factor of safety for the Wagner 
Road landslide, 1 indicates the water table is just below the ground surface and 0 
represents the water table being located on the bedrock. 
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Figure 6.9: Relationship between water table location and factor of safety for the 
Columbia Parkway landslide, 1 indicates the water table is just below the ground surface 
and 0 represents the water table being located on the bedrock. 
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the high susceptibility of the Kope Formation derived colluvial soils to landsliding.  

6.2.3 Human Activity 

 Human activity is an important factor in the stability of many slopes in the 

Cincinnati area.  Construction activities alter the stability of a slope in two ways: (i) by 

adding weight to the top of the slope, and (ii) by removing lateral support the toe of the 

slope.  Figure 6.10 shows the relationship between the load applied to the top of the slope 

and the factor of safety for the Wagner Road landslide.   

 The results of the stability analysis show that if the road was not on the top of the 

slope, the factor of safety for the slope would be just above 1.0, meaning a barely stable 

slope or a slope in a state of limit equilibrium.  However, when load equivalent to 0.3 m 

(1 ft) thick pavement layer is imposed on the slope, the factor of safety decreases to 0.9, 

meaning an unstable slope. 

Due to the topography of the Cincinnati area, many of the roads are either built on 

tops of hillsides, cut into hillsides, or built in the toe areas by partial removal of the 

slopes. By building on top of the slopes the driving forces acting to cause failure increase.  

By cutting out the hillsides and the toes of the slopes the resisting forces decrease.  Thus, 

human activity adds to the potential for a slope to fail. 

6.2.4 Disintegration and Erodibility of the Bedrock 

The Kope Formation is a clay-bearing rock of low to very low durability against slaking 

(Id2 = 7.1% - 39.9%) because of which it easily disintegrates and erodes.  It is the easy 

disintegration of the Kope Formation that leads to thick accumulation of the colluvial soil 

on top of bedrock.  The weak nature of the Kope Formation and the colluvial soil derived 

from it make these materials susceptible to landsliding.  
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Figure 6.10: Relationship between load applied to the top of the slope and factor of safety 
for the Wagner Road landslide. 
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6.2.5 Undercutting of the Slope Toe 

 Many slopes in the Cincinnati area are subject to erosion of the slope toe by a 

stream.  The erosion of the toe removes the lateral support, reducing the resisting forces.  

Thus, undercutting of the slope toe, facilitated by the low durability of the Kope 

Formation is a very important factor responsible for the high susceptibility of the Kope 

Formation to landsliding.  Figure 6.11 shows a small stream removing material from the 

base of a slope by undercutting the toe at the Berkshire Road landslide.. 

 
6.2.6 Steepness of Slopes  

 The steepness of the hillsides in the Cincinnati area is one of the contributing 

factors to the landslide susceptibility of the colluvium that is associated with the Kope 

Formation.  Many of the hillsides have been over-steepened as a result of the rapidly 

eroding streams.  Again, the low to very low durability of the bedrock results in rapid 

down cutting of the valleys, giving rise to steep slopes.  The hillsides have also been 

over-steepened as a result of human activities. The slope angles in the Cincinnati area 

range between 20o and 40o, which is generally higher than the residual friction angle 

values.  The results of the stability analysis show that slopes steeper than 15o will not 

have an adequate factor of safety against failure under wet conditions.  

 The above discussion shows that there are multiple factors which, either 

individually or in combination, contribute to the high susceptibility of the Kope 

Formation to landsliding. 

 



 
 

59 
 

  

Figure 6.11: Undercutting the toe of the slope at the Berkshire Road landslide. 
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CHAPTER 7 

CONCLUSIONS AND RECOMENDATIONS 

7.1 Conclusions 

 From the results of this study the following conclusion can be drawn: 

1) Rotational and translational landslides are the main types of movement 

affecting the slopes comprised of colluvial soil derived from the Kope 

Formation.  Once a failure has been initiated, both types of movement may 

transform into earthflows with the addition of water and occasionally into 

mudflows. 

2) There are multiple factors that contribute to the high susceptibility of the 

colluvial soil to landsliding, including: 

a. Low shear strength parameters of the colluvial soil.  The shear strength 

of the soil is not high enough to prevent the failure of most slopes 

under varying drainage conditions. 

b. Development of pore water pressure within the slopes that causes a 

significant reduction in the factor of safety. 

c. Human activities, such as addition of weight to the top of the slopes 

and removal of material at the base of the slopes, increase the driving 

forces and decrease the resisting forces thereby increasing the 

landslide potential. 
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d. Low to very low durability of the bedrock that allows rapid 

disintegration of the bedrock and accumulation of colluvial soil of 

varying thicknesses, depending upon the original slope of the bedrock. 

e. Undercutting of the slope toe by stream water. 

f. Steepness of the slopes. 

7.2 Recommendations 

 Based on the results of this research the following recommendations are made: 

1) Zoning laws governing the development on and around hillsides should be 

implemented to limit the development on unstable slopes for all types of future 

development.  These zoning laws should require that a detailed geotechnical study 

be performed on all hillsides where a future development is planned. 

2) Education of the citizens of the Cincinnati, Ohio area is needed so that the public 

can be aware of the landslide hazard.  This will require communicating 

information about recognition of the conditions that make a slope susceptible to 

landsliding.  This should also include how to recognize the signs of the past and 

the currently active slope failures. 
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Figure AI.1: Map showing the extent of the Kope Formation bedrock in the Cincinnati, 
Ohio area. 
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Figure AI.2: Map showing the surficial deposits of the Kope Formation in the Cincinnati, 
Ohio area. 
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Figure AI.3: Map showing the colluvium derived from the Kope Formation in the 
Cincinnati, Ohio area. 
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LiDAR Derived Maps and Aerial Photographs 
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Figure AII.1: Slope map generated from LiDAR data of the Cincinnati, Ohio area. 
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Figure AII.2: Hillshade map generated from LiDAR Data of the Cincinnati, Ohio area. 
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Figure AII.3: DEM map generated from LiDAR Data of the Cincinnati, Ohio area. 
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Figure AII.4: Topographic map generated from LiDAR Data of the Cincinnati, Ohio area. 
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Figure AII.5: Aerial photograph of the Cincinnati, Ohio area. 
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Figure AIII.1: Eight Mile Road landslide grain size distribution analysis results. 
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Figure AIII.2: Nine Mile Road landslide grain size distribution analysis results. 
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Figure AIII.3: Ten Mile Road landslide grain size distribution analysis results.  
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Sample #: X D30 = 0.13 SC-SM, Silty, Clayey Sand Size, mm %  Passing
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1.00" 25.00 100.0% #60 0.250 41.0% 41.0%
7/8" 22.40 100.0% #80 0.180 34.6%
3/4" 19.00 100.0% #100 0.150 31.9%
5/8" 16.00 100.0% 100.0% #140 0.106 27.9% 27.9%
1/2" 12.50 98.5% #170 0.090 27.0%
3/8" 9.50 97.2% #200 0.075 26.1% 26.1%
1/4" 6.30 95.8% #270 0.053
#4 4.75 95.1% 95.1%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.0010.010.11101001000

%
 P

as
si

ng
 b

y 
W

ei
gh

t

Grain Size in Millimeters

U.S. Standard Sieve Opening in Inches U.S. Standard Sieve Numbers Hydrometer Results

Cobbles
Gravels Sands

Silts
Coarse Fine Coarse Medium Fine

Clays

0%#41½ 10 16620 ¾ ⅜ 30 50 100 20034 4020½

20%

50%

60%

70%

10%

80%

30%

40%

90%

100%

%
 R

et
ai

ne
d 

by
 W

ei
gh

tCc = 0.78
Cu = 29.31

Cc=0.8 

Cu=29.3 



 
 

86 
 

 

Figure AIII.4: Berkshire Road landslide grain size distribution analysis results. 

 

 

Date : 06/14/12 D10 = 0.06 USCS Classification % Gravel % Sand  Hydrometer Results

Sample #: X D30 = 0.41 SC-SM, Silty,Clayey Sand with Gravel Size, mm %  Passing

Sample ID: Berkshire D60 = 1.81 Specifications 16.2% 71.3% 0.074 12.4%
Source: X CC = 1.51  No Specs  0.050 11.9%

Project: Thesis CU = 30.15 Sample Meets Specs % Silt  & Clay  0.020 10.2%
Location: Berkshire Road Liquid Limit= 40.0% n/a 12.5% 0.005 5.8%
Boring #: X Plastic Limit= 23.3% Fineness Modulus % Silt % Clay 0.002 3.7%

Depth: X Plasticity Index= 16.7% 3.32 6.7% 5.8% 0.001 2.3%
Coarse Actual Interpolated Fines Actual Interpolated
Section Cumulative Cumulative Section Cumulative Cumulative

Sieve Size Percent Percent Specs Specs Sieve Size Percent Percent Specs Specs
US Metric Passing Passing Max Min US Metric Passing Passing Max Min

6.00" 150.00 100.0% #4 4.750 83.8% 83.8%
4.00" 100.00 100.0% #8 2.360 65.7%
3.00" 75.00 100.0% #10 2.000 63.0% 63.0%
2.50" 63.00 100.0% #16 1.180 49.8%
2.00" 50.00 100.0% #20 0.850 44.5% 44.5%
1.75" 45.00 100.0% #30 0.600 36.5%
1.50" 37.50 100.0% #40 0.425 30.9% 30.9%
1.25" 31.50 100.0% #50 0.300 25.2%
1.00" 25.00 100.0% #60 0.250 22.9% 22.9%
7/8" 22.40 100.0% #80 0.180 18.2%
3/4" 19.00 100.0% #100 0.150 16.3%
5/8" 16.00 100.0% 100.0% #140 0.106 13.3% 13.3%
1/2" 12.50 94.9% #170 0.090 12.9%
3/8" 9.50 90.6% #200 0.075 12.5% 12.5%
1/4" 6.30 86.0% #270 0.053
#4 4.75 83.8% 83.8%
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Figure AIII.5: Columbia Parkway landslide grain size distribution analysis results. 

 

 

Date : 06/14/12 D10 = 0.03 USCS Classification % Gravel % Sand  Hydrometer Results

Sample #: X D30 = 0.24 SC-SM, Silty, Clayey Sand Size, mm %  Passing

Sample ID: Columbia D60 = 1.49 Specifications 10.2% 68.4% 0.074 21.4%
Source: X CC = 1.07  No Specs  0.050 20.4%

Project: Thesis CU = 42.65 Sample Meets Specs % Silt  & Clay  0.020 18.0%
Location: Columbia Parkway Liquid Limit= 42.6% n/a 21.4% 0.005 9.8%
Boring #: X Plastic Limit= 22.5% Fineness Modulus % Silt % Clay 0.002 6.3%

Depth: X Plasticity Index= 20.1% 2.89 11.7% 9.8% 0.001 3.9%
Coarse Actual Interpolated Fines Actual Interpolated
Section Cumulative Cumulative Section Cumulative Cumulative

Sieve Size Percent Percent Specs Specs Sieve Size Percent Percent Specs Specs
US Metric Passing Passing Max Min US Metric Passing Passing Max Min

6.00" 150.00 100.0% #4 4.750 89.8% 89.8%
4.00" 100.00 100.0% #8 2.360 71.1%
3.00" 75.00 100.0% #10 2.000 68.3% 68.3%
2.50" 63.00 100.0% #16 1.180 55.0%
2.00" 50.00 100.0% #20 0.850 49.6% 49.6%
1.75" 45.00 100.0% #30 0.600 42.9%
1.50" 37.50 100.0% #40 0.425 38.2% 38.2%
1.25" 31.50 100.0% #50 0.300 32.8%
1.00" 25.00 100.0% #60 0.250 30.7% 30.7%
7/8" 22.40 100.0% #80 0.180 27.0%
3/4" 19.00 100.0% #100 0.150 25.4%
5/8" 16.00 100.0% 100.0% #140 0.106 23.1% 23.1%
1/2" 12.50 96.8% #170 0.090 22.3%
3/8" 9.50 94.1% #200 0.075 21.4% 21.4%
1/4" 6.30 91.2% #270 0.053
#4 4.75 89.8% 89.8%
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Figure AIII.6: Delhi Pike landslide grain size distribution analysis results. 

 

Date : 06/14/12 D10 = 0.06 USCS Classification % Gravel % Sand  Hydrometer Results

Sample #: X D30 = 0.37 SC-SM, Silty, Clayey Sand Size, mm %  Passing

Sample ID: Delhi Pike D60 = 1.35 Specifications 5.3% 82.3% 0.074 12.4%
Source: X CC = 1.64  No Specs  0.050 11.9%

Project: Thesis CU = 22.40 Sample Meets Specs % Silt  & Clay  0.020 10.2%
Location: Delhi Pike Liquid Limit= 44.0% n/a 12.4% 0.005 6.2%
Boring #: X Plastic Limit= 19.8% Fineness Modulus % Silt % Clay 0.002 4.4%

Depth: X Plasticity Index= 24.2% 2.93 6.2% 6.2% 0.001 2.9%
Coarse Actual Interpolated Fines Actual Interpolated
Section Cumulative Cumulative Section Cumulative Cumulative

Sieve Size Percent Percent Specs Specs Sieve Size Percent Percent Specs Specs
US Metric Passing Passing Max Min US Metric Passing Passing Max Min

6.00" 150.00 100.0% #4 4.750 94.7% 94.7%
4.00" 100.00 100.0% #8 2.360 76.1%
3.00" 75.00 100.0% #10 2.000 73.3% 73.3%
2.50" 63.00 100.0% #16 1.180 56.4%
2.00" 50.00 100.0% #20 0.850 49.6% 49.6%
1.75" 45.00 100.0% #30 0.600 39.9%
1.50" 37.50 100.0% #40 0.425 33.1% 33.1%
1.25" 31.50 100.0% #50 0.300 26.5%
1.00" 25.00 100.0% #60 0.250 23.8% 23.8%
7/8" 22.40 100.0% #80 0.180 18.8%
3/4" 19.00 100.0% #100 0.150 16.7%
5/8" 16.00 100.0% 100.0% #140 0.106 13.6% 13.6%
1/2" 12.50 98.3% #170 0.090 13.0%
3/8" 9.50 96.9% #200 0.075 12.4% 12.4%
1/4" 6.30 95.4% #270 0.053
#4 4.75 94.7% 94.7%
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Figure AIII.7: Elstun Road landslide grain size distribution analysis results. 

 

 

Date : 06/14/12 D10 = 0.05 USCS Classification % Gravel % Sand  Hydrometer Results

Sample #: X D30 = 0.25 SC-SM, Silty, Clayey Sand Size, mm %  Passing

Sample ID: Elstun D60 = 1.25 Specifications 7.3% 78.6% 0.074 14.1%
Source: X CC = 0.96  No Specs  0.050 12.8%

Project: Thesis CU = 23.49 Sample Meets Specs % Silt  & Clay  0.020 11.3%
Location: Elstun Road Liquid Limit= 37.8% n/a 14.1% 0.005 5.7%
Boring #: X Plastic Limit= 18.5% Fineness Modulus % Silt % Clay 0.002 3.5%

Depth: X Plasticity Index= 19.3% 2.78 8.4% 5.7% 0.001 2.2%
Coarse Actual Interpolated Fines Actual Interpolated
Section Cumulative Cumulative Section Cumulative Cumulative

Sieve Size Percent Percent Specs Specs Sieve Size Percent Percent Specs Specs
US Metric Passing Passing Max Min US Metric Passing Passing Max Min

6.00" 150.00 100.0% #4 4.750 92.7% 92.7%
4.00" 100.00 100.0% #8 2.360 75.8%
3.00" 75.00 100.0% #10 2.000 73.2% 73.2%
2.50" 63.00 100.0% #16 1.180 58.8%
2.00" 50.00 100.0% #20 0.850 53.0% 53.0%
1.75" 45.00 100.0% #30 0.600 44.7%
1.50" 37.50 100.0% #40 0.425 38.9% 38.9%
1.25" 31.50 100.0% #50 0.300 32.5%
1.00" 25.00 100.0% #60 0.250 29.9% 29.9%
7/8" 22.40 100.0% #80 0.180 24.2%
3/4" 19.00 100.0% #100 0.150 21.7%
5/8" 16.00 100.0% 100.0% #140 0.106 18.1% 18.1%
1/2" 12.50 97.7% #170 0.090 16.1%
3/8" 9.50 95.8% #200 0.075 14.1% 14.1%
1/4" 6.30 93.7% #270 0.053
#4 4.75 92.7% 92.7%
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Figure AIII.8: Nordyke Road landslide grain size distribution analysis results. 

 

 

Date : 06/15/12 D10 = 0.04 USCS Classification % Gravel % Sand  Hydrometer Results

Sample #: X D30 = 0.23 SC-SM, Silty, Clayey Sand Size, mm %  Passing

Sample ID: Nordyke D60 = 1.26 Specifications 6.6% 74.9% 0.074 18.4%
Source: X CC = 1.02  No Specs  0.050 16.3%

Project: Thesis CU = 31.14 Sample Meets Specs % Silt  & Clay  0.020 12.8%
Location: Nordyke Road Liquid Limit= 24.4% n/a 18.5% 0.005 6.4%
Boring #: X Plastic Limit= 11.6% Fineness Modulus % Silt % Clay 0.002 4.4%

Depth: X Plasticity Index= 12.8% 2.73 12.1% 6.4% 0.001 2.9%
Coarse Actual Interpolated Fines Actual Interpolated
Section Cumulative Cumulative Section Cumulative Cumulative

Sieve Size Percent Percent Specs Specs Sieve Size Percent Percent Specs Specs
US Metric Passing Passing Max Min US Metric Passing Passing Max Min

6.00" 150.00 100.0% #4 4.750 93.4% 93.4%
4.00" 100.00 100.0% #8 2.360 75.3%
3.00" 75.00 100.0% #10 2.000 72.6% 72.6%
2.50" 63.00 100.0% #16 1.180 58.6%
2.00" 50.00 100.0% #20 0.850 52.9% 52.9%
1.75" 45.00 100.0% #30 0.600 45.2%
1.50" 37.50 100.0% #40 0.425 39.8% 39.8%
1.25" 31.50 100.0% #50 0.300 34.0%
1.00" 25.00 100.0% #60 0.250 31.6% 31.6%
7/8" 22.40 100.0% #80 0.180 26.3%
3/4" 19.00 100.0% #100 0.150 24.0%
5/8" 16.00 100.0% 100.0% #140 0.106 20.7% 20.7%
1/2" 12.50 97.9% #170 0.090 19.6%
3/8" 9.50 96.2% #200 0.075 18.5% 18.5%
1/4" 6.30 94.3% #270 0.053
#4 4.75 93.4% 93.4%
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Figure AIII.9: Old US 52 landslide grain size distribution analysis results. 

 

 

Date : 06/15/12 D10 = 0.04 USCS Classification % Gravel % Sand  Hydrometer Results

Sample #: X D30 = 0.20 SC-SM, Silty, Clayey Sand Size, mm %  Passing

Sample ID: Old US 52 D60 = 0.94 Specifications 2.3% 76.8% 0.074 20.8%
Source: X CC = 1.20  No Specs  0.050 18.8%

Project: Thesis CU = 26.33 Sample Meets Specs % Silt  & Clay  0.020 15.1%
Location: Old US 52 Liquid Limit= 37.2% n/a 20.9% 0.005 8.4%
Boring #: X Plastic Limit= 18.5% Fineness Modulus % Silt % Clay 0.002 6.4%

Depth: X Plasticity Index= 18.7% 2.44 12.5% 8.4% 0.001 4.4%
Coarse Actual Interpolated Fines Actual Interpolated
Section Cumulative Cumulative Section Cumulative Cumulative

Sieve Size Percent Percent Specs Specs Sieve Size Percent Percent Specs Specs
US Metric Passing Passing Max Min US Metric Passing Passing Max Min

6.00" 150.00 100.0% #4 4.750 97.7% 97.7%
4.00" 100.00 100.0% #8 2.360 82.9%
3.00" 75.00 100.0% #10 2.000 80.7% 80.7%
2.50" 63.00 100.0% #16 1.180 64.6%
2.00" 50.00 100.0% #20 0.850 58.2% 58.2%
1.75" 45.00 100.0% #30 0.600 49.3%
1.50" 37.50 100.0% #40 0.425 43.1% 43.1%
1.25" 31.50 100.0% #50 0.300 36.6%
1.00" 25.00 100.0% #60 0.250 33.9% 33.9%
7/8" 22.40 100.0% #80 0.180 28.2%
3/4" 19.00 100.0% #100 0.150 25.8%
5/8" 16.00 100.0% 100.0% #140 0.106 22.2% 22.2%
1/2" 12.50 99.3% #170 0.090 21.5%
3/8" 9.50 98.7% #200 0.075 20.9% 20.9%
1/4" 6.30 98.0% #270 0.053
#4 4.75 97.7% 97.7%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.0010.010.11101001000

%
 P

as
si

ng
 b

y 
W

ei
gh

t

Grain Size in Millimeters

U.S. Standard Sieve Opening in Inches U.S. Standard Sieve Numbers Hydrometer Results

Cobbles
Gravels Sands

Silts
Coarse Fine Coarse Medium Fine

Clays

0%#41½ 10 16620 ¾ ⅜ 30 50 100 20034 4020½

20%

50%

60%

70%

10%

80%

30%

40%

90%

100%

%
 R

et
ai

ne
d 

by
 W

ei
gh

t

Cc = 1.20
Cu = 26.33

Cc=1.2 

Cu=26.3 



 
 

92 
 

 

Figure AIII.10: Wagner Road landslide grain size distribution analysis results. 

 

 

Date : 06/15/12 D10 = 0.05 USCS Classification % Gravel % Sand  Hydrometer Results

Sample #: X D30 = 0.31 SC-SM, Silty, Clayey Sand Size, mm %  Passing

Sample ID: Wagner D60 = 1.35 Specifications 6.3% 77.1% 0.074 16.5%
Source: X CC = 1.55  No Specs  0.050 15.0%

Project: Thesis CU = 29.83 Sample Meets Specs % Silt  & Clay  0.020 12.3%
Location: Wagner Road Liquid Limit= 34.1% n/a 16.6% 0.005 6.1%
Boring #: X Plastic Limit= 18.4% Fineness Modulus % Silt % Clay 0.002 4.2%

Depth: X Plasticity Index= 15.7% 2.86 10.5% 6.1% 0.001 2.7%
Coarse Actual Interpolated Fines Actual Interpolated
Section Cumulative Cumulative Section Cumulative Cumulative

Sieve Size Percent Percent Specs Specs Sieve Size Percent Percent Specs Specs
US Metric Passing Passing Max Min US Metric Passing Passing Max Min

6.00" 150.00 100.0% #4 4.750 93.7% 93.7%
4.00" 100.00 100.0% #8 2.360 75.3%
3.00" 75.00 100.0% #10 2.000 72.5% 72.5%
2.50" 63.00 100.0% #16 1.180 56.8%
2.00" 50.00 100.0% #20 0.850 50.4% 50.4%
1.75" 45.00 100.0% #30 0.600 41.8%
1.50" 37.50 100.0% #40 0.425 35.7% 35.7%
1.25" 31.50 100.0% #50 0.300 29.6%
1.00" 25.00 100.0% #60 0.250 27.2% 27.2%
7/8" 22.40 100.0% #80 0.180 22.6%
3/4" 19.00 100.0% #100 0.150 20.6%
5/8" 16.00 100.0% 100.0% #140 0.106 17.7% 17.7%
1/2" 12.50 98.0% #170 0.090 17.1%
3/8" 9.50 96.4% #200 0.075 16.6% 16.6%
1/4" 6.30 94.6% #270 0.053
#4 4.75 93.7% 93.7%
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APPENDIX IV 

Direct Shear Test Results 
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Figure AIV.1: Eight Mile Road landslide direct shear test results. 

 

 

Figure AIV.2: Ten Mile Road landslide direct shear strength test results. 
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Figure AIV.3: Delhi Pike landslide direct shear strength test results. 

 

 

Figure AIV.4: Elstun Road landslide direct shear strength test results. 
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Figure AIV.5: Nordyke Road landslide direct shear strength test results. 

 

 

Figure AIV.6: Old US 52 landslide direct shear strength test results. 
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Figure AIV.7: Wagner Road landslide direct shear strength test results. 

 

 

Figure AIV.8: Nine Mile Road landslide direct shear strength test results. 
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Figure AIV.9: Berkshire Road landslide direct shear strength test results. 

 

 

Figure AIV.10: Columbia Parkway landslide direct shear strength test results. 
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Description and Analysis of Selected Slope Failures 
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Eight Mile Road Landslide 

 The Eight Mile Road landslide is located 16 km (10 miles) east of downtown 

Cincinnati.  The failure occurred on the western side of Eight Mile Road approximately 

0.8 km (0.5 miles) south of its intersection with the Bridle Road and 8 Mile Road (Figure 

AV.1).  This landslide was identified from LiDAR derived maps as well as aerial 

photographs as can be seen in Appendix VI.  The hillside at this site is 30 m (98 ft) high 

and prior to failure had a slope angle of 30o.  The landslide is 26 m (85 ft) long, 39 m 

(127 ft) wide, and has a 3.7 m (12 ft) of displacement along the scarp.  The toe of the 

landslide is located along the bank of a small stream (Figure AV.2). 

According to the Unified Soil Classification System (USCS), the landslide 

material at the Eight Mile Road site is a silty, clayey sand.  The bedrock is not seen at the 

Eight Mile Road landslide site.  

The soil contains Ordovician age fossils, and limestone fragments ranging in size 

from 0.2 m to 0.6 m (0.5 ft to 2 ft).   The soil has a peak friction angle of 31o, a peak 

cohesion of 2.4 KPa (512 lb/ft2), a residual friction angle is 21o, and a residual cohesion 

of 2.3 KPa (487 lb/ft2) (Table 4.4).   

The probable cause of the Eight Mile Road landslide is the low shear strength of 

the soil and the development of pore water pressure within the hillside.  The initial slope 

angle of the hillside is too steep for the slope to remain stable given the low strength 

parameters and buildup of pore pressure.  Undercutting of the slope toe by the stream also 

appears to have contributed to the failure.  
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Figure AV.1: Map showing the location of the Eight Mile Road landslide site. 
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Figure AV.2: View of the toe of the Eight Mile Road landslide. 
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Ten Mile Road Landslide   

 The Ten Mile Road landslide is located 24 km (15 miles) east of downtown 

Cincinnati.  The failure occurred on the eastern side of Ten Mile Road approximately 100 

m (330 ft) north of the intersection of Pond Run Road and Ten Mile Road (Figure AV.3).  

This slope failure was identified from LiDAR derived maps Appendix VI.  The landslide 

is 43 m (141 ft) long, and 13 m (45 ft) wide.  The scarp face is 3 m (10 ft) high (Figure 

AV.4). The toe of the landslide is located along the bank of a small stream (Figure AV.5).   

The Ten Mile Road landslide silty, clayey sand according to the grain size 

distribution results and the USCS.  It has a peak friction angle of 34o, peak cohesion of 

2.8 KPa (575 lb/ft2), a residual friction angle of 16o, and a residual angle cohesion of 2.3 

KPa (470 lb/ft2) (Table 4.4).  The bedrock was not observed at the Ten Mile Road 

Landslide. 

Similar to the Eight Mile Road landslide, low shear strength parameters, buildup 

of pore pressure, and undercutting of the toe by the stream water appear to be the 

probably causes of landslide at the Ten Mile Road site.   

 
 



 

104 
 

 
 
 
Figure AV.3: Map showing the location of the Ten Mile Road landslide site. 
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Figure AV.4: The scarp face of the Ten Mile Road Landslide. 

 

Figure AV.5: The toe of the Ten Mile Road landslide, undercut by a stream.  
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Delhi Pike Landslide 

The Delhi Pike landslide complex, consisting of several landslides, is located 

approximately 13 km (8 miles) west of downtown Cincinnati (Figure AV.6).  In 1973, 

Delhi Pike was closed permanently due to severe damage caused by landsliding.  Failures 

had occurred both above and below roadway.  The landslide complex is described in 

previous literature {Landslides in Colluvium (Fleming and Johnson, 1994) and is visible 

on the LiDAR derived maps and aerial photographs (Appendix VI).  The landslide is 97.5 

m (320 ft) long, 64 m (210 ft) wide, and has a 5.5 m (18 ft) high scarp.  Figure AV.7 

shows some of the damage caused by the Delhi Pike landslide.  Figure AV.8 shows the 

scarp face, and Figure AV.9 shows the toe of one of the landslides at the Delhi Pike 

landslide site. 

The slide material at the Delhi Pike landslide complex consists of silty, clayey 

sand according to the grain size distribution results and the USCS.  The soil has a peak 

friction angle of 24o, a peak cohesion of 3.3 Kpa (700 lb/ft2), a residual friction angle is 

18o and a residual cohesion of 2.4 Kpa (500 lb/ft2) (Table 4.4).  The bedrock is not visible 

at the Delhi Pike landslide site. 

 The series of failures that comprise the Delhi Pike landslide complex are caused 

by a combination of factors including the low strength properties of the soil, over 

steepening of slope during the construction of the Delhi Pike, poor drainage, and the 

addition of weight to the slope from the road and the houses.   
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Figure AV.6: Map showing the location of the Delhi Pike landslide complex site. 
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Figure AV.7: Damage caused to Delhi Pike by the landslide. 
 

 
 
Figure AV.8: Scarp face of one of the landslides at the Delhi Pike landslide complex site. 
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Figure AV.9: Toe of one of the landslides at the Delhi Pike landslide complex site. 
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Elstun Road Landslide 

The Elstun Road landslide site is located approximately 10 km (6 miles) east of 

downtown Cincinnati (Figure AV.10).  Failures have occurred all along Elstun Road, 

even in an undeveloped area of the road.  The landslides were identified from the 

information provided by Hamilton County Engineers office and also from LiDAR 

derived maps as well as aerial photographs (Appendix VI).  One of the landslides along 

the Elstun Road has caused damaged to a 300 m (1000 ft) long stretch of the road 

resulting in its temporary closing.  Along the roadway there is up to 0.3 m (1 ft) of 

vertical displacement of the pavement (Figure AV.11).   

The landslide that was chosen for detailed study from the Elstun Road landslide 

site is 27.4 m (90 ft) long and 10.1 m (33 ft) wide, with a 2.4 m (8 ft) of displacement 

along the scarp.  The toe of the landslide is located along the bank of a small stream 

(Figure AV.12). 

Soil material at the Elstun Road landslide is a silty, clayey sand.  It has a peak 

friction angle of 50o, a peak cohesion of 2.6 KPa (550 lb/ft2), a residual friction angle of 

20o, and a residual cohesion value of 2.5 KPa (512 lb/ft2) (Table 4.4).  The bedrock is not 

observed at the Elstun Road landslide site. 

 A combination of low residual shear strength, addition of weight on top of slope, 

and undercutting of the slope toe by the stream appears to be have contributed to the 

continual landslide problem along Elstun Road. 
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Figure AV.10: Map showing the location of the Elstun Road Landslide site. 
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Figure AV.11: An example of the damage caused to Elstun Road as a result of 
landsliding. 
 

 
Figure AV.12: The landslide toe (on right) of the Elstun Road landslide. 
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Nordyke Road Landslide 

The Nordyke Road landslide site is located approximately 18 km (11 miles) east 

of downtown Cincinnati (Figure AV.13).  Rotational landslides have occurred along the 

Nordyke Road as well as along a creek located downslope from Nordyke Road.  

Appendix VI shows the use of LiDAR and aerial photographs in identifying landslides 

along the Nordyke Road.  Figure AV.14 shows the damage to Nordyke Road as a result 

of landslide activity.  The landslide studied is 12.8 m (42 ft) long, 11.9 m (39 ft) wide, 

and caused 3 m (10 ft) of displacement along the head scarp (Figure AV.15).  Figure 

AV.16 shows the toe of the landslide. 

Similar to the other sites, the colluvial soil at the Nordyke Road landslide site is 

silty, clayey sand with fossils and limestone fragments. The soil has a peak friction angle 

of 23o, a peak cohesion of 4.8 KPa (995 lb/ft2), a residual friction angle of 18o, and a 

residual cohesion of 3.9 KPa (813 lb/ft2) (Table 4.4).  The bedrock was not observed at 

the Nordyke Road landslide site. 

The Nordyke Road landslide is the combined effect of low shear strength of the 

soil, the undercutting of the toe by the stream, and pore pressure buildup.   
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Figure AV.13: Map showing the location of the Nordyke Road landslide site. 
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Figure AV.14: Damage caused to Nordyke Road by landslide activity. 
 

 

Figure AV.15: Head scarp of the Nordyke Road landslide. 



 

116 
 

 

Figure AV.16: Toe of the Nordyke Road landslide. 
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Old US 52 Landslide 

 The Old US 52 landslide site is located approximately 24 km (15 miles) west of 

downtown Cincinnati (Figure AV.17).  The landslide can be seen on LiDAR derived 

maps as well as aerial photographs (Appendix VI).  The landslide is 6.7 m (22 ft) long, 

and 7.6 m (25 ft) wide, with a 1.5 m (5 ft) of displacement along the scarp face.  The toe 

of the landslide is located along the bank of a small stream (Figure AV.18). 

     The soil has a peak friction angle of 39o, a peak cohesion of 3.5 KPa (734 lb/ft2), a 

residual friction angle of 20o, and a residual cohesion of 3.2 KPa(683 lb/ft2) (Table 4.4).  

The bedrock is not visible at the Old US 52 landslide site. 

 Similar to most of the other sites, the failure at the Old US 52 landslide site is the 

result of a combination of low shear strength of the soil, undercutting of the toe of the 

slope by a stream, and development of pore pressure during wet periods. 
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Figure AV.17: Map showing the location of the Old US 52 landslide site. 
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Figure AV.18: Scarp and toe the Old US52 landslide.  Notice the small stream 
undercutting the toe. 
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Wagner Road Landslide 

The Wagner Road landslide complex is located approximately 22.5 km (14 miles)  

east of downtown Cincinnati (Figure AV.19).  The Wagner Road landslide was identified 

from field observations and Clermont County records.  It is also identifiable from LiDAR 

derived maps and aerial photographs (Appendix VI).  The landslide is 6.1 m (20 ft) long 

and 24.1 m (79 ft) wide.  The main scarp shows 1 m (3.3 ft) of vertical displacement of 

the road towards the creek (Figure AV.20).  Figures AV.21 and AV.22 show, 

respectively, the toe of the landslide and the retaining wall that was constructed to 

support the slope.  

The soil at the Wagner Road landslide site has a peak friction of 28o, a peak 

cohesion of 2.6 KPa (578 (lb/ft2), a residual friction angle of 18o, and a residual cohesion 

of 2.2 KPa (463 (lb/ft2) (Table 4.4).  According to the boring logs obtained from Terracon 

Company (Appendix VII), the bedrock is located at 4.6 m (15 ft) depth.  

The failure along the Wagner Road is the result of a combination of toe 

undercutting by a stream, steepness of the slope, the added weight of the road to top of 

slope, and the low shear strength of the soil 
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Figure AV.19: Map showing the location of the Wagner Road landslide site. 
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Figure AV.20: Scarp and the associated displacement at the Wagner Road landslide site. 
 

 
Figure AV.21: Toe at the Wagner Road landslide. 
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Figure AV.22: Remains of a retaining wall that had been constructed to stabilize Wagner 
Road.  
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Nine Mile Road Landslide 

The Nine Mile Road landslide complex is located approximately 19 km (12 miles) 

east of downtown Cincinnati (Figure AV.23).  Appendix VI indudes the LiDAR derived 

maps and aerial photographs showing the Nine Mile Road landslide.  The landslide is 

15.3 m (50 ft) long and 6.1 m (20 ft) wide, with a 3.4 m (11 ft) of displacement along the 

main scarp.  Thickness of the sliding mass was observed to be 1.5 m (5 ft).  The toe of the 

landslide is located along the bank of a small stream (Figure AV.24). 

The slide material at the 9 Mile Road landslide is similar to the other sites, a silty 

and clayey sand The residual friction angle for the soil rock contact is 14o and a residual 

cohesion is 1.2 KPa (250 lb/ft2) (Table 4.5).   

 The low shear strength of the soil, undercutting of the toe of the slope by the 

stream, and pore pressure developing during wet periods, in combination, are the factors 

responsible for the Nine Mile Road landslide.  

 



 

125 
 

 
Figure AV.23: Map showing the location of the 9 Mile Road landslide. 
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Figure AV.24: Scarp and toe of the 9 Mile Road landslide. 
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Berkshire Road Landslide 

The Berkshire Road landslide complex is located approximately 13 km (8 miles) 

east of downtown Cincinnati (Figure AV.25).  Appendix VI shows how the landslide 

appears on the slope map, hillshade map, terrain map, DEM map, topography map and 

aerial photos.  The Berkshire Road landslide was also identified from field observations.  

The landslide is 9.1 m (30 ft) long, 3 m (10 ft) wide, and has a 4.6 m (15 ft) of 

displacement along the scarp face. The failure plane is inclined at 50o and the thickness of 

the sliding mass of soil is 1.5 m (5 ft).  The toe of the landslide is located along the bank 

of a small stream (Figure AV.26). 

The soil-rock contact at the Berkshire Road landslide has a residual friction angle 

of 8o and a residual cohesion of 1.3 KPa (271 lb/ft2) (Table 4.5). 

The landslide at the Berkshire Road is the result of low shear strength of the soil, 

undercutting of the slope toe by stream water, and the steepness of the slope and the 

sliding surface.  
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Figure AV.25: Map showing the location of the Berkshire Road landslide. 
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Figure AV.26: Scarp and toe of the Berkshire Road landslide.  Notice the accumulation 
of landslide debris in the toe area. 
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Columbia Parkway Landslide Complex 

The Columbia Parkway landslide complex is located approximately 2.8 km (1.75 

miles) east of downtown Cincinnati (Figure AV.27).  The landslide complex was 

identified from field observations, landslide data from Hamilton County and from LiDAR 

derived maps (Appendix VI).  The landslide is 58 m (190 ft) long, 12 m (40 ft) wide, and 

resulted in 0.75 m (2.5 ft) of displacement along the scarp face.  The sliding soil mass is 

2.1 m (7 ft) thick.  The slope and the failure plane are parallel to each other and are 

inclined at an angle of 30o.  The head scarp is located along the edge of Columbia 

Parkway (Figure AV.28) and the toe of the landslide is located at the top of a retaining 

wall along the Riverside Road (Figure AV.29). 

The residual friction angle for the soil-rock contact at the Columbia Parkway site 

is 15o and the residual cohesion is 0.7 KPa (142 lb/ft2) (Table 4.5). 

The factors responsible for the Columbia Parkway landslide complex include the 

low shear strength of the soil, the constant removal of material at the toe of the slope by 

the City of Cincinnati, and development of pore pressure.  
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Figure AV.27: Map showing the location of the Columbia Parkway landslide. 



 

132 
 

 
 
Figure AV.28: Head scarp of the Columbia Parkway landslide. 
 

 
 
Figure AV.29: Toe of the Columbia Parkway landslide, emerging on the top of the 
retaining wall. 



 
 

APPENDIX VI 

LiDAR Derived Maps and Aerial Photographs of Selected Slope Failures
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Figure AVI.1: Slope map of the 8 Mile Road landslide. 
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Figure AVI.2: Hillshade map of the 8 Mile Road landslide. 
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Figure AVI.3: Terrain map of the 8 Mile Road landslide. 
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Figure AVI.4: DEM map of the 8 Mile Road landslide. 
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Figure AVI.5: Topographic map of the 8 Mile Road landslide. 

 

 



 
 

140 
 

Figure AVI.6: Aerial photograph of the 8 Mile Road landslide. 
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Figure AVI.7: Slope map of the 9 Mile Road landslide. 
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Figure AVI.8: Hillshade map of the 9 Mile Road landslide. 

 

 



 
 

143 
 

Figure AVI.9: Terrain map of the 9 Mile Road landslide. 
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Figure AVI.10: DEM map of the 9 Mile Road landslide. 
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Figure AVI.11: Topographic map of the 9 Mile Road landslide. 
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Figure AVI.12: Aerial photograph of the 9 Mile Road landslide. 
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Figure AVI.13: Slope map of the 10 Mile Road landslide. 
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Figure AVI.14: Hillshade map of the 10 Mile Road landslide. 
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Figure AVI.15: Terrain map of the 10 Mile Road landslide. 
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Figure AVI.16: DEM map of the 10 Mile Road landslide. 
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Figure AVI.17: Topographic map of the 10 Mile Road landslide. 
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Figure AVI.18: Aerial photograph of the 10 Mile Road landslide. 
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Figure AVI.19: Slope map of the Berkshire Road landslide. 
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Figure AVI.20: Slope map of the Berkshire Road landslide. 
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Figure AVI.21: Terrain map of the Berkshire Road landslide. 
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Figure AVI.22: Slope map of the Berkshire Road landslide. 
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Figure AVI.23: Topographic map of the Berkshire Road landslide. 
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Figure AVI.24: Aerial photograph of the Berkshire Road landslide. 
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Figure AVI.25: Slope map of the Columbia Parkway landslide. 
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Figure AVI.26: Hillshade map of the Columbia Parkway landslide. 
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Figure AVI.27: Terrain map of the Columbia Parkway landslide. 
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Figure AVI.28: DEM map of the Columbia Parkway landslide. 
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Figure AVI.29: Topographic map of the Columbia Parkway landslide. 
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Figure AVI.30: Aerial photograph of the Columbia Parkway landslide. 
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Figure AVI.31: Slope map of the Delhi Pike landslide. 

 

Figure AVI.32: Hillshade map of the Delhi Pike landslide. 
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Figure AVI.33: Terrain map of the Delhi Pike landslide. 
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Figure AVI.34: DEM map of the Delhi Pike landslide. 
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Figure AVI.35: Topographic map of the Delhi Pike landslide. 
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Figure AVI.36: Aerial photograph of the Delhi Pike landslide. 
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Figure AVI.37: Slope map of the Elstun Road landslide. 
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Figure AVI.38: Hillshade map of the Elstun Road landslide. 
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Figure AVI.39: Terrain map of the Elstun Road landslide. 
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Figure AVI.40: DEM map of the Elstun Road landslide. 
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Figure AVII.41: Topographic map of the Elstun Road landslide. 
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Figure AVI.42: Aerial photograph of the Elstun Road landslide. 
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Figure AVI.43: Slope map of the Nordyke Road landslide. 

 

Figure AVI.44: Hillshade map of the Nordyke Road landslide. 
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Figure AVI.45: Terrain map of the Nordyke Road landslide. 
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Figure AVI.46: DEM map of the Nordyke Road landslide. 
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Figure AVI.47: Topographic map of the Nordyke Road landslide. 
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Figure AVI.48: Aerial photograph of the Nordyke Road landslide. 
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Figure AVI.49: Slope map of the Old US 52 landslide. 
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Figure AVI.50: Hillshade map of the Old US 52 landslide. 
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Figure AVI.51: Terrain map of the Old US 52 landslide. 



 
 

185 
 

 

 

Figure AVI.52: DEM map of the Old US 52 landslide. 
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Figure AVI.53: Topographic map of the Old US 52 landslide. 
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Figure AVI.54: Aerial photograph of the Old US 52 landslide. 
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Figure AVI.55: Slope map of the Wagner Road landslide. 

 

Figure AVI.56: Hillshade map of the Wagner Road landslide. 
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Figure AVI.57: Terrain map of the Wagner Road landslide. 
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Figure AVI.58: DEM map of the Wagner Road landslide. 
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Figure AVI.59: topographic map of the Wagner Road landslide. 
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Figure AVI.60: Aerial photograph of the Wagner Road landslide. 



 
 

APPENDIX VII 

Borehole Logs for the Wagner Road Landslide 
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Figure AVII.1: Borehole log of the Wagner Road landslide. 
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Figure AVII.2: Borehole log of the Wagner Road landslide. 


	TITLE PAGE
	Signature Pages
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	ACKNOWLEDGEMENTS
	GLASSMEYER_ABSTRACT[1]
	CHAPTER 1_REVISED[1]
	CHAPTER 2-REVISED[1]
	CHAPTER 3-REVISED[1]
	CHAPTER 4-Correction
	CHAPTER 5-REVISED[1]
	CHAPTER 6-REVISED[1]
	CHAPTER 7-REVISED[1]
	References Cited
	Glassmeyer_APPENDIX I-REVISED[1]
	Glassmeyer_APPENDIX II-REVISED[1]
	Glassmeyer_APPENDIX III-REVISED[1]
	Glassmeyer_APPENDIX IV-REVISED[1]
	Glassmeyer_APPENDIX V
	Glassmeyer_APPENDIX VI
	Glassmeyer_APPENDIX VII



