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PROBLEM STATEMENT 
Each year AHTD spends millions of dollars to deal with problematic soil and rock 

conditions, which cause slope stability issues along roadways or require removal of 

rock layers. The remediation of slopes and the removal of bedrock can be both time 

consuming and expensive. While slope stability and shallow bedrock issues may be 

unavoidable or even expected on certain projects, encountering unexpected 

subsurface conditions during construction can lead to significant cost overruns, 

change orders, and construction delays. Currently, subsurface conditions are 

assessed on transportation projects using drilling and sampling along the project 

alignment. While this provides an acceptable level of accuracy for projects where 

problematic soil and rock layers are consistent in depth and thickness, significant 

errors can exist when conditions are variable both inline and crossline to the 

alignment. If a more accurate/complete 3D understanding of the subsurface 

conditions were available during the design phase, some problems could be avoided 

or at least scheduled and budgeted for in advance. Obtaining this understanding of 

the subsurface using conventional drilling and sampling methods is extremely time 

and cost prohibitive; however, geophysical methods may offer a solution for sites 

where the subsurface conditions are quite variable. 

 
A complete 3D subsurface map can be developed rapidly and cost effectively using 

geophysical methods such as Capacitively Coupled Resistivity (CCR), Ground 

Penetrating Radar (GPR), Seismic Refraction, surface wave testing, horizontal to 

vertical spectral ratio (HVSR), etc. Each geophysical method has potential strengths 

and weaknesses for detecting various underground features. For example, CCR has 

been shown to be effective at identifying weak clay seams, which exhibit higher 

moisture levels (due to high PI), as well as identifying bedrock location (due to lack 



 
of moisture). Surface wave methods and seismic refraction provide the advantage of 

measuring the rippability of rock or strength of clay deposits. HVSR and GPR 

provide the advantage of simple field testing procedures and analysis methods, but 

sacrifice recoverable information regarding the subsurface materials. 

 
AREA OF STUDY 
The objective of the study is to examine the applicability of using various 

geophysical methods to map problematic soil and rock locations along highway 

alignments. For the study, four sites will be identified (at AHTD project sites) where 

soil and bedrock profiles are quite variable or where slope stability issues have been 

observed. Geophysical methods will be used to develop 2D and 3D cross sections 

and subsurface maps of soil and/or rock layers. For slope stability sites, failure 

surfaces will be identified using geophysical mapping. These failure surfaces will be 

modeled using standard slope stability analyses and/or finite element analyses to 

model the failure plane location and potentially propose possible mitigation solutions. 

For rock excavation sites, rock elevations will be estimated using the geophysical 

methods along the alignment and used to estimate rock cut quantities based on 

design drawings. These rock cut estimates will be compared to estimates based on 

drilling logs and true project excavation quantities. 

 
METHOD OF STUDY 
This project will be comprised of two phases. Phase I will focus on identifying the 

geophysical methods for testing and understanding the strengths and weaknesses 

of each for identifying subsurface rock and soil layers. Phase II will focus on 

understanding the accuracy and cost/benefit ratio for each of the geophysical 

methods identified as advantageous during Phase I and developing solutions to 

slope stability issues based on the geophysical results. 

 
Phase I: 
Task1. Identify two sites (AHTD sites) which have soil/rock conditions which would 

be problematic for highway construction. One site will preferably have slope stability 

issues while the other site will have shallow bedrock which will be removed during 

the construction phase. The sites must be approved by the project subcommittee 

before testing can begin. Geophysical methods including but not limited to CCR, 



 
GPR, Seismic Refraction, surface wave testing, and HVSR will be used to develop 

2D and 3D maps of the subsurface of each site. Nonetheless, any other testing 

technique the Principal Investigator (PI) believes to be more effective could be 

utilized after being approved by the subcommittee. Results will be compared to 

available drilling logs for the project and materials encountered during construction. 

The proposal submitted for this research project must clearly show the ability to map 

problematic soil and estimate rock cut quantities. 

 
Task2. Using results from Task 1, the strengths and weaknesses for each method 

will be identified, along with the ability of each geophysical method to map the 

subsurface layers of interest and retrieve the engineering properties of the layers, 

which can be used in engineering analyses. 

 
Task3. Prepare an interim report detailing results from Phase I and detailing the 

most advantageous geophysical methods which will be used in Phase II. 

 
Phase II: 
Task1. Similar to Phase I, two sites will be identified (AHTD sites) which have 

soil/rock conditions that are problematic for highway construction. One site will 

preferably have slope stability issues while the other site will have shallow bedrock 

which will be removed during the construction phase. These sites will be tested 

using the geophysical methods identified as most advantageous in Phase I. Testing 

will be conducted with the goal of assessing the accuracy and determining the best 

testing parameters for each method. 

 
Task2. The accuracy of the geophysical methods used in Phase II will be 

determined based on information from Phase I and Phase II. Testing parameters 

and data processing methodologies will be developed for the methods utilized in 

Phase II. Using the subsurface layering information and 3D models developed in 

both Phase I and Phase II for the sites with slope stability issues, stability analyses 

will be conducted using conventional slope stability software and/or finite element 

analysis methods to model the slope failure and potentially propose solutions which 

would prevent further movement. 



 
Task3. The PI will provide theoretical and technical expertise to AHTD personnel 

(3D subsurface imaging, determining the engineering parameters, detecting the 

slope stability) including field preparation, data collection, data reduction and 

interpretation. As implementable results are obtained from the project, the PI is 

required to provide multiple training sessions with the Department personnel to 

assure accurate equipment operation and data analysis procedures. A complete 

field manual and data analysis guide will be provided for the best methods. Also, 

technical support will be provided for the next 6 months upon project completion. 

 
Task4. Compile a final report detailing strengths and weaknesses of each 

geophysical method including a cost/benefit analysis of utilizing the geophysical 

methods on various AHTD projects. The report should provide the recommendations 

on the use of the methods for various transportation applications and details 

regarding the use of the methods. Results from the slope stability analysis will be 

included along with potential recommendations regarding mitigation of the slope 

stability issues. All data collected for the research project should be provided in an 

AHTD specified electronic format for its future use. 

 
BENEFITS 

A detailed benefit cost analysis will be included in the proposal. The analysis must 

include but is not limited to the following: 

1. Detailed cost analysis on savings to the Department with full 

implementation of the projects findings. 

2. Any anticipated benefit not foreseen as a cost savings. 

 
TIME AND FUNDING OF STUDY 

Work will begin no earlier than July 1, 2017, contingent upon acceptance of the 

proposal and availability of research funds. The length of the project will be twenty-

four (24) months. A final report is to be drafted and presented to the Research 

Subcommittee within 90 days after the completion of the project. Up to 25% of the 

estimated project costs will be withheld pending final acceptance of the final report. 

Failure to deliver the required Final Report within 90 days will result in the 

cancellation of the project and 25% of the total project cost will be retained by the 

Department. 



 
 
REPORTS 

Quarterly Progress Reports, Interim Reports, annual Benchmark Reports, and a 

Final Report conforming to the March 2015 Research Manual will be required prior 

to project completion. All Final Reports are required to be reviewed by a technical 

editor before submission to the Department. An oral report to the Transportation 

Research Committee may also be required. In accordance with the March 2015 

Research Manual, an Implementation Report which details the recommended 

means/techniques for using the project results will be submitted to the Department 

six months prior to the research project’s Final Report. In addition to reports and 

publications, the Department shall be furnished one (1) copy of any master’s thesis 

or doctoral dissertation which is a result of any investigation or study on this project. 

The submitting of any report to be published by an outside publication or 

presentation on this project before its completion; shall be submitted for the 

Department’s approval before submission. 

 
All reports must be in accordance with the March 2015 Research Manual (available 

from the Research Section). 

 
PROJECT DELIVERABLES 
The proposed research will provide AHTD with effective geophysical methods which 

can be used to map subsurface bedrock and soil layers. A report detailing the field 

testing requirements and analysis scheme of each of the most advantageous 

geophysical methods will be included along with details of the accuracy of each 

method. A cost/benefit analysis will be conducted for each of the most advantageous 

geophysical methods. The report will also detail the slope stability analyses 

conducted during the project along with potential solutions to mitigate the slope 

failures. To that end, a PI should have extensive experience conducting geophysical 

testing for identification of problematic areas including voids, soft spots, liquefiable 

soil, permafrost, and slope failure surfaces. The PI should plan on discussing the 

results of the study directly with personnel from the AHTD and working with AHTD to 

make the study as useful as possible for AHTD. 

 



 
AUTHORIZATION TO BEGIN WORK 
A letter separate from the contracting documents authorizing the beginning of work 

will be transmitted initiating the project. Any cost accrued before the authorization 

letter is received, will not be eligible for reimbursement. It is anticipated that the 

project will begin work on July 1, 2017. 

 
EQUIPMENT 
A complete physical verification of all software and equipment purchased or built for 

use on this project and the actual location of the equipment will be made each year. 

An Equipment Capitalization Notice is available from the Research Section for the 

reporting of software or equipment purchased during the project. All software 

developed on the project will be completed in open source format and the AHTD 

shall be provided a copy of the source code. If non-expendable or special equipment 

is purchased with project funds, the equipment is owned by AHTD and disposition of 

the equipment will be determined by AHTD at the project’s closeout session. 

 
All rental rates will be approved by AHTD before the approval of the proposals. 

Should a subcontract be part of the proposal, AHTD will not approve the purchase of 

any equipment in the subcontract. During Phase I the rental of the required 

equipment will be based on a lump sum rental rate. In Phase II, the project fund will 

be utilized to purchase the equipment for the most advantageous geophysical 

method identified in Phase I. 

 
All equipment will be purchased in accordance with the State purchasing laws.  

 
PROPOSALS 
Proposals shall be submitted in electronic format by the end of business on March 

29, 2017. This is a firm deadline. All procedures shall be in accordance with the 

March 2015 Research Manual and Federal Aid Policy Guide (FAPG). In the event of 

policy contradiction, The FAPG shall be observed. Upon approval of the electronic 

version of the Proposal by the Research Subcommittee, two (2) signed copies shall 

be submitted. Budgets, estimates and resumes shall be prepared in accordance with 

the March 2015 Research Manual and must be submitted with proposal. 

 
Proposals should be sent to: 



 
 
Mrs. E. C. Wright-Kehner 

System Information and Research Division 

Arkansas State Highway and Transportation Dept. 

P. O. Box 2261 

Little Rock, Arkansas 72203 
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