From: Civil Engineering Software Center, University of Kentucky
Subject: Geotechnical software for stability analysis of earth slopes

The Civil Engineering Software Center at the University oftkeky is very pleased to announce
that a new version or REAME, REAME?2008, has just been released. The regular price of the software
is $550 for use on multiple computers. If you order it now, you canmroBEBAME2008 at a special
promotional price o395 which is the regular price for use on a single computer. Younssall the
software on any number of computers as long as they are locdtedsaime address. To place an order,
simply fill out the order form on the last page of this breehunail or fax it to us, and the complete
package, including a User’'s Manual and a CD, will be shipped to you by first diasy pnail.

REAME (Rotational Equilibrium Analysis of Multilayered Earthworks) is a well-established
computer program developed in 1976 by Dr. Yang H. Huang, P.E., in respomse Sarface Mining
Control and Reclamation Act, which requires stability analf@isefuse dams, hollow fills, and spoil
banks created by surface mining. The original DOS program veasilded and listed in a book entitled
Stability Analysis of Earth Slopesand published by Van Nostrand in 1983 (ISBN 0-442-23689-1). The
book was later translated into both Chinese and Russian and hassbdemidely throughout the world.
The program has been constantly improved and a Windows versiomelgased in 1996. It was
upgraded and expanded every four years and culminates in the [REFIME2008. We believe that
REAME2008 is an excellent, user friendly, and comprehensive program, whithhelp you to solve
many problems relating to slope stability.

Recently we conducted a REAME2004 survey and received many postthaenents from
REAME?2004 users, such as:

| am very happy with the program.

Very straight forward to set up a slope model and check stability.

Previously | have used another popular program, which was not as user freREMARE2004.
Pretty good program overall. Definitely much easier to use now than 15agears

I commend you on your good work and good service.

| taught myself how to use your program in one day, and it workedwelhfor the variety of
block failure and circular failure surfaces | needed to check.

I do appreciate the customer support. | have emailed with a téeprs in running the program
and have received the help | needed. Thanks!

One statement to be evaluated in the survey is “Aydraim satisfied with the purchase of
REAM2004."” The results that 41 % strongly agree, 53 % agree, 1 Bemnadgree nor disagree, and none
disagree or strongly disagree clearly indicate that mostMRE2004 users are satisfied with what they
purchased. More new features have been addeBEAME2008 and make it even better.

REAME2008 can be used on any PC with Windows 95 and higher. It does not rdugiire t
support of third party software or any special equipment as lontpeadiardware requirements for
Windows 95 are met. In fact, REAME is one of the most populailistaanalysis software programs
for surface mining in the Appalachian region. Many technicianthénmining industry can use the
software with great ease. If you do not perform stabilityyaigin house, you may want to learn more
from REAME2008 to broaden your field of activities.

Two-Dimensional Analysis

1. The program can be used to analyze slopes of any configuratioa leitge number of different
soil layers. The slope can be subjected to a large numbetesha line loads applied on the
slope surface as well as internal line loads, such as anchibnsaits, and geogrids, applied on
the failure surface. Uniformly distributed loads can beutated by using a soil layer with a
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large unit weight but no shear strength. Seepage can be cedshie specifying a phreatic
surface or a pore pressure ratio. Each soil can have its lawatig, or piezometric, surface or
pore pressure ratio. To simulate the excess pore pressimg danstruction, a soil can have
both a phreatic surface and a pore pressure ratio, togethea spicified elevation or a number
of boundary lines above which the weight of soils is multiplied Hey gore pressure ratio to
determine the excess pore pressure. Both static and seismic facmietytan be determined in
the same run. The seismic factor of safety is based gustheslo-static method using a seismic
coefficient.

The failure surfaces can be circular, composite, or nonairclilae composite surface is mainly
circular but, when the circle intersects a weak soil |gyait of the circular arc is replaced by one
or more straight lines along the bottom of the weak layer. ndmeircular failure surface is
represented by a series of straight lines. Six different methods can be usednmdetes factor
of safety, including normal, simplified Bishop, original Spen&pencer, and two methods by
Janbu. Based on the type of surface specified, REAME will reeomdrthe method to be used.
However, any other methods can be used as a check by changing a single inpeteparam

To avoid the necessity of dividing a soil into several By®ro new features have been added to
REAME2008: one involving the fine-grained soils with undrained sheamgtheincreasing
linearly with depth and the other involving granular soils witbuaved Mohr’s envelope. For
embankments constructed of granular materials, the assumptionrafgatdine envelope with
zero cohesion results in a very shallow failure surface, whacdlyoscratches the surface of the
slope. The factor of safety for such failure surface cacob®uted by the infinite slope formula
and is considered too conservative. Because the Mohr’s envelope fdpossssoils is a curve
with the angle of internal friction decreasing with the insecim confining pressure, the angle of
internal friction of cohesionless materials should decregtbethe increase in depth. There is no
reason that the most critical circle should be located auttiece of the slope where the angle of
internal friction is the largest. Although the specificatiomahinimum depth for the tallest slice
can eliminate these shallow circles, a more precise soloéinrbe obtained only by considering
the Mohr’s envelope as a curve.

For circular and composite failure surfaces, the factors effysaf a number of grid points can be
determined or a search can be made to determine the minimton désafety. To obtain the
minimum factor of safety in the same run, search can follomediately after grid, using the
most critical center obtained from grid as the initial cefde search. However, for noncircular
failure surfaces, the coordinates of each failure surface must be egppdgifihe user and REAME
will compare each factor of safety and determine which is midstat. In contrast to some other
computer programs, which use a search routine to locate thecntastl noncircular failure
surface, REAME applies the search routine to locate the entisal composite failure surface,
which consists of a combination of circular and noncircular fatwréaces. The reason that a
failure surface is noncircular is due to the presence ofakwayer. Because this weak layer is
known apriori, it is expected that part of the most critical faikurface will follow the bottom of
the weak layer, while the other part, due to the lack of a predotweak layer, will be circular.
This method is more efficient than moving the noncircular surdabirarily, although the final
outcome should not be too much different because part of the noaciswface can be
approximated by a circular surface. In REAME, noncirculaufaikurfaces are used only when
a number of weak layers exist and the coordinates of the failuresaii@ known.

Another new addition tREAME2008 is the application of a probabilistic method to determine
the reliability of the design after the minimum factoisafety for the most critical failure surface
is found. In the lack of site-specific data, three diffetemels of variability (high, average, and
low) are suggested. By assigning PROB = 1 with the highestbility, the lowest and most
conservative reliability can be readily estimated. Aatelity of 99 percent indicates a
probability of failure of 1 percent, which is more easily undedable than a factor of safety of
1.5. Other than the reduction of variability by quality control amate extensive testing, the
most effective way to increase reliability is to incretisefactor of safety. If the default PROB
= 0 is used, no reliability analysis will be performed.
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Three-Dimensional Analysis

1

Although most failure surfaces in reality are three-dimenbk{@Ry with a limited length
in the longitudinal direction, the assumption of a two-dimensional (2)ré surface
with an infinite length has been used exclusively in engineeriactipe because of its
simplicity and more conservative results. It should be pointed oytuhder certain
circumstances; such as an earth dam across a narrow zab&ep slope with a short
length, or a heavy load over a limited area, the use of 2Dss#&\too conservative and
the use of 3D analysis is warranted. However, under other cir@nces such as a
landfill underlain over the entire area by geotextiles or geostintblay liners with very
low shear strength, the use of 2D analysis is unsafe and a 3Biarshould be used
instead.

The purpose of 3D analysis is to include the end effect when theefailass is of a short length
and is bounded by two types of failure surfaces. The first typestems a cylinder at the center
and a half ellipsoid at each end. If some planes of weaknessaxismposite failure surface
bounded by the weak planes at the bottom can also be analyzed. @he sge consists of
circular, noncircular, or composite failure surfaces at tidecéut plane failure surfaces at both
ends. A comparison of the factors of safety obtained by thesgypas of failure surfaces can
determine which one is more critical.

The same cross section for 2D analysis is also used for 3is@nand the only difference is the
failure surface at the end. All the capabilities cited abfov 2D analysis can also be applied to
3D analysis except that only the first three methods; viz. nposmaplified Bishop, and original
Spencer, can be used for 3D analysis.

Other Features:

1.

2.

3.

4.

Although the program consists of 104 input parameters, due to the gmayisi large number of
default values, only a small number of parameters need to be inputted.

The User’'s Manual is professionally printed like a textbook,a@xiplg the theory involved and
deriving the major equations incorporated in the program.

The software is particularly helpful to multiple users heeamost of the information presented
in the User’'s Manual, other than theoretical background, can be viewed on fhe&ostreen.
Four sample problems and seventeen examples are presented tdhshapplication of
REAME2008 for both 2D and 3D analyses.

How Does REAME2008 Work?

The heart oREAME2008 is the following Main Screen that controls the flow of thaigie

process by simply clicking a series of buttons.



It is well known that stability analysis requires the aéa trial-and-error process. First a cross
section is assumed and its factor of safety is determinethe factor of safety is too low and does not
meet the minimum requirement, the design is modified and the precespeated until a satisfactory
factor of safety is obtained. This process can be accomplisheticking successively the following
buttons on the Main Screen: filREAMEINP to create a new data file, th&EAME to perform the
stability analysis, and finalliEDITOR to inspect or print the results. If unsatisfactory, repeaprbeess
until a satisfactory factor of safety is obtained. Ondiéeaame is named or renamed REAMEINP ,
the name will appear automatically in the File Name boxhenMain Screen for use in all subsequent
operations. Without the need to type or search the files repeaiegteat deal of time and effort can be
saved. Other buttons on the Main Screen inclBEETION to plot the cross section of the slope,
CONTOUR to plot contours of safety factors within the rectangulat gnd, in the case of 3D analysis,
PLANS3D to plot a plan view of the failure mass. TMANUAL button can be used to view Chapter 2
of the User's Manual and the other parts of the manual canWwed/igy clicking each menu on the menu
bar. TheEXIT button is clicked only when the job is completed and no more isgadnilalyses are to be
run. The most difficult part of stability analysis is ttreation of data files. However, the input of data
by REAMEINP is greatly facilitated by thelELP menus, which explain every input parameter on the
screen so the user can read the instructions and input the tfegasatne time. Some graphical printouts
by SECTION, CONTOUR, and PLAN3D are presented below:

Finally, it should be noted that technical support is alwaydadle. If you have any problems
with REAME2008, simply send an email, possibly attached a data file, tdHDang, now a Professor
Emeritus of Civil Engineering, who will be very happy to help yoli.is only through the direct
communication with the software users over the past 30 years that REAMEdiaed its current status.



REAME 2008 ORDER FORM

(Mail or Fax this form to order)

To: Civil Engineering Software Center Fe8569)-257-4404
354 Oliver H Raymond Building Phone: (859)-257-4856 (Order)
University of Kentucky Phone: (859)-269-6666 (Technical)
Lexington, KY 40506-0281 E-mail: yhnuang@uky.edu

| would like to ordelREAME 2008 including a CD and a User's Manual at a
special promotional price &395 It is my understanding that this offer lastsyonl
for a limited period and may expire anytime withaotice and that the software is
licensed to my company for use on multiple commukecated at the same address.
If my company has several branch offices, eaclt@effian purchase a copy with a
50 percent discount. Following is the license iinfation to be appeared on the
computer screen and in the printout:

Company Name

Company Location

Number Street o frost office box please)

City State Zip code

Method of payment (please check one of the threelbev.)

Enclosed is a check db 395 (Make check payable to University of Kentucky.)

Purchase Order No.: (invoice will be sent to you with the software)

, Chargeb395to my Visa MasterCard (Sorry, we cannot accept other credit cards)

Credit Card # Exp. Date Name

Please ship REAME008t0o: (Package will be sent to you by the first class priority mail.)

Name:

Address:

Phone FAX E-mail




