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. . . . .	 . . . .. . . . ........
. .	 -..BACKGROUND: One of the high priorities or less-developed
countries is the development of transportation and 
communication systems. 
 This research study addressed the
 
teransportaion 	system 
.sp~eo-ifa11ytheo nat uotiho--roao s 
ueang a material unique to the tropics. 

Pavement design practices in the tropios have evolvedo by andlarge, from Amerioan and-European experiences. The prooedures 
were devised through years of experience, but with
 
temperate-tone 	 soils. The adequacy of these procedures had never been evaluated for climatic conditions, or the soils and
traffic patterns of tropical countries 

In June 1967, the Agency for International Development funded

the beginning of a world-wide research effort on lateritio

materials which are found throughout the tropical areas of the
world. The purpose of this major research effot was to
 
provide satisfaotory engineering definitions, as wel as

classification and utilization oriteria for these materials to
 
insure adequate but not overly conservative design and
 
oonuorvative design and construction.
 

The aotivitv was implemented in three phases:
 

1) Phase I 	 "Engineering Study of Laterite and Lateritic 
Soils in Connection with Construction of Road&, 
Highways and Airfields - Southeast Asia" was 
initiated in 1967 and ended in 1969. The area
 
under studl was Southeast Asia with emphasis on 
Thailand. The contractor was Soil and Pavement 
Consultants of Southeast Asia. (buod-1810.
06/30/67 - 04/30/69); 

2) Phase 1I 	 "Laterite, Latmritic Soils and Other Problem
 
Soils of Afrioa" was initiated in 1968 and ended
 
in 1971. Phase II was based in Kumasa, Ohana. 
The areas studied included all of tropical 
Africa with emphasis on Ghana. The contractor 
for this phase of the project was Lyon
 
Assooiates, Inc. (#osd-2164, 06/30/68.
 
02/15/71)1
 

3) Phase III 	 "Laterite, Lateritio Soils and Other Problem 
Soils of the Tropics" was initiated in 1972 and 
ended in 1975. Phase III was based in Rio de 
Janeiro, Brasil. Theoontractor for this phase
of the study was also Lyon AssoOiates, Ino 
(#oodm3616, 06/30/72 - 02/28/75)1 

The final report of the overall researoh effort was prepared in
 
two voluAee under Phase III and inoluded the findings end 
recommendations of all three phasesi: 
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-- -blak 

Volume!I covers specific topics such as: formation andengineering properities of tropical soils# testiig methods,
development of the pavement design procedures, durability
of natural aggregate stabiliati.on of tropioal soils, 

-claytsof-tn t-ropio (-regions-and--terabn--eovaluation;- i i 
______ 

Volume II is a technical manual to be used by field 
engineers and technicians. The information is presented in 
a direct form to be used as a guide in the engineerine
evaluation of tropioal soils and in the design of flexible 
pavements in the tropics. (Copies are available in
S&T/DIU, Room 105, SA-18.) 

EVALUATION OBJECTIVE To determine how well the initial aims 
and purposes of the laterite study were accomplished, wheother 
some follow-up work might be required and, in sumh to measure 
the study's contribution to the state-of-the-art of road 
building and other construction in tropical countries. 

EVALUATION METHODOLOGY: In September 1979, a contract was 
awarded to conduct terminal evaluation. The contractorcarried out direct interviews in the u.S. with persons familiarwith lateritic soils, developed and issued a questionnaire on 
the lateriti studies to firms and organizations overseas whichwere considered knowledgeable on the subject, and analyzed the 
responses to the questionnaire. 

Prior to the preparation of the questionnaire, a study was madeof goals which should be targeted in order to assure the 
statistical validity of the survey. Based upon a review ofprocedures for evaluating random samples, it was concluded that
with a questionnaire distribution of five hundred (500) aminimum total response of seventy-five 175) and minimum 
significant response of sixteen (16) would be required. In 
actuality a total of five hundrod-nino (509) questionnaires 
wore distributed and the total response was one. 
hundred-seventeen (117). 

The evaluation was funded from the S8T Bureau's Small Activity 

Fund (Project (931-0003)0 

. 

O0OCLUSIONS. 

1. The reports on the lateritio soils studies have received 
significant world-wide distribution, prinoipally in tropical
countries where lateritic soils are enoountered. 

2. ?est mottods, design procedures and specifications
recommended In the laterite reports are utilised by one-third 
of the survey respondents; Africa is the prinoipal area of use. 
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* 	 ~ 3. The overall reliability of the fi~ndings of the laterite 
reports is rated as good to excellent. On speoifio topics such 
as the values of the geoteohnical properties of local soil., 

______83%o,,-fthe.ou"reyre apondentsi..reported,-good.toex lent
correlation with the results of their own investigations. 

4. The 	 laterite reports are principally used in the design,
construction and maintenano of pavement systems for highways.
There is interest, however, in the use of laterites in such 
works as home building and dam construction. 

5. Coat-benefit studies conducted on projects where laterite
construction alternatives were developed, identified savings on
approximatell one project in four. Although cost information 
is limited, it is estimated that savings o over one million
dollars have oeen realised on fourteen projects in Southeast 
Asia and Africa where information contained in the laterite 
reports were realized. 

RECONNMNDATIONS OF THE EVALUATOR:
 

Performance studies on highways constructed with both lateritio
soils and tropical black olafs should be conducted and reported
after several fearsof servioce. Information developed in such 
studies 	would be 
a practical and useful supplement to the 
existing reports. 

Due to the availability of lateritio materials in tropical

countries, consideration should be given to the conduct of
 
studies directed toward 
their utilisation in construction of
 
such facilities as housing and dame. 

Based on the 
success of Laterite Soils Studies, it is

recommended that 
other topics be considered for future 
practioal engineering research studies. These topics inolude!
 

Surface Treatments of Roads
 
Soils of Arid Areas
 
Expansive
 
Olafs
 

ATTACHMENTi Contractor's Report "TerminalLateritic Soils Studies for U.S. 	 Evaluation ofAgency for International 

Development AID/otr-C-1626"
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r 	 1.0 
INTRODUCTION 	 K 

In accordance with the cotat _f2 _ 	 j-emberj199,.-PRC__Harris, Inc.-has 
tot studiesof lateritic soI which werepreviously documented In reports published 	by the U.S. Agency for International

Development as follows: 

r * 1969 - Engineering Study 	of Laterite and Lateritlc Solis 1n Connectionwith Construction of Roadsp Highways and Airfields - Southeast 
Asia 

* 1971 Laterlte Lateritic Soils and Other Problem Soils of Africa 
* 197,- Laterite and Lateritic Sols 	 and Other Problem S01l of theFTropics 

The purpose of this terminal evaluation was to assess the Impact of the studiesand reports cited above on the state-of-the-art of road building and otherconstruction In tropical countries where laterltic soils are found. Attention wasgiven to determining both the technical advances and cost benefits which wererealized in developing countries as a direct result of the utilization of informa.
tlondeveloped In the studies and associated 	reports. 

The methodology utilized lA carrying out this terminal evaluation consisted ofboth direct Interviews In the U.S. with persons familiar with lateritic soils, thedevelopment and Issuance of a questionnaire on the laterite studies to firms andorganizatio considered knowledgeable on this topic, and the evaluation of the reCan7te 3ueslnmto the questionnaire. Information developed from both the interviews 
estlonnaIre were synthesized and form the basis of this evaluation. 

The terminal evalurtlon has been cenpleted and the results are presented In thisreport. Conclusions regarding the effectiveness of the laterltlc soils studies andrecommendations for further work are also presented herein. 

Based on the terminal evaluation, It has been determined that the laterite
studies resulted In the development of satisfactory criteria and procedures forthe dentifidatlon, classification and testing of lateritic sols and tropical blackclays. The use of the recommended design methods, specifications and construetion control procedures has prmitted the successful utilization of locally
available lateritic Solis and blac clays on an Increasing number of highwayP ojects In the,tropical areas of th world. Maintenance costs for these projectsnv been found to be comparable with similar 	costs for projects constructedwith other materials. Construction cost-benefits have been realized on several
of these projects. 
The overall response to the terminal evaluation demonstrates the effectivenessof the efforts of the U.S. Agency of International Development to Improve the[ construction of basic Infrastructure In tropical countries through practical 



engineering research studies. In continuation of this work, it is recommended 
that performance studies be conducted on highways constructed with bothlateritic soils and tropical black clays after several years of service. Such
studies would supplement the information contained in the laterite reports.
Consideration should also be given to the conduct of studies directcd toward the use of lateritic materials in the construction of such facilities as housing and 
dams. 

Based cn the success of the Laterite Soils Studies, it is recommended that other
topics be considered for future practical engineering research studies. These 
topics include: 

* Surface Treatments of Roads 
* Soils of Arid Areas 
* Expansive Clays 
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2.0
 
CONCLUSIONS
 

The use of 	information contained2.1 	 in the laterite reports has resultedin the development of construction alternatives on projects whereboth laterite and other materials sources were available. On a 137kilometer 	long rod in Malawi, the direct utilization of laterites inaccordance with the recommendations and procedures presentedthe reports resulted in a cost savings of $246,000 
in 

over a cementstabilization construction alternative. 

2.2 	 Cost-benefit studies conducted on projects where laterite construction alternatives were developed, identified savings on approximatelyone project in four. Although cost information is limited, it isestimated 	that savings of over one million dollars have been realizedon fourteen projects in Sodtheast Asia and Africa where information
contained in the lateritie reports were utiliz:cd. 

2.3 	 The overall reliability of the findings of the laterite reports is ratedas good to excellent On specific topics such as the values of thegeotechnical properties of local soils, 83% of the survey respondentsreported good to excellent corrcjation with the results of their own
investigations. 

2.4 	 Maintenance costs roadsfor constructed using laterites are considered comparable to the maintenance costs for roads constructedwith other 	materials. 

2.3 	 The reports on the lateritic Soils studies has received significantworld-wide distribution, principally to tropical countries where
lateritic coils are encountered. 

2.6 	 Test methods, design procedures and specificaticns recommended inthe laterite reports are utilized by one-third of the survey 	respondents; Africa is the principal area of u:se. Projects on which the use ofinformation contained in the laterite report were identified are as
follows: 

AFRICA Ptzojl:cr 

Cameroon 3amnenda - Mamfe-[kok lighway
Chad fljermnay.1 - )ji mtilo Road
Ghana Axiti-LI.J)O Road 

Tena l-ree,tfole 
YamorAn.i - Br4'I Wa i Rod

Kenya Kapl',at Ch, .v-kaIliRoad 
Trans. Airic(im Ipehway,,MI.i c~11, h rll 	.'. mh .BIorder 

Road adrc 1.llt gwr. y-Pam's 
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AFRICA PROJECT 

Malawi Salima - BengaMali Ansongo - Anderambovkane RoadNigeria Abakaliki - Edor Highway
Beni Sheik - Uba Highway 
Owo - Egbe Highway 

SOUTHEAST ASIA PROJECT 

Thailand: Sur-abaya Ind. Estate 

2.7 The implementation of the recommendations presented in the lateritereports appears to be increasing, particularly in the tropical countries
of Africa. 

2.8 The laterite reports are principally used in the design, constructionand maintenance of pavement systems for highways. There isinterest, however, in the use of laterites in such works as homebuilding and dam construction. 
2.9 The need for continued practical engineering research studies and theutilization of recommendations for design and construction whichresult from such work has been demonstrated by the overall positive

response to the questionnaire. 
2.10 The response to the questionnaire has exceeded the statistical goalsfor random safnple analyses established forthe results of the survey 

this survey. Therefore,are considered to accurately representviews and opinions of individuals, firms, organizations 
the 

and nationaltransportation agencies engaged in work with tropical soils. 
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3.0
 
RECOMMENDATIONS
 

3.1 	 Performance studies on highways constructed with both lateritic soils and 
tropical black clays should be conducted and reported after several yearsof service. Information developed in such studies would be a practical and
useful supplement to thc existing reports. 

3.2 	 Due to the availability of lateritic materials in tropical countries, con
sideration should be given to the conduct of studies directed toward their
utilization in construction of such facilities as housing and dams. 

3.3 	 Based on the success of the Laterite Soils Studies, it is recommended that
other topics be considered for future practical engineering research 
studies. These topics include: 

" Surface Treatments of Roads
 
" Soils of Arid Areas
 
" Expansive Clays
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A-1.3.1 RESPONDENT IDENTIFICATION 
The Initial source of potential respondents was the file materials provided by

AID. Based upon a review of project flies and lists of attendees at AID
sponsored seminars conducted In Ghana,, Brazil and Peru, a list of potential
respondents was prepared. Other potential respondents were Identifiled fromInformation provided by the Transportation Research Board (TRB), the Inter-American Development Bank(IDB)-boththe-Federation-Internatlonale-des
Ingenlurs - Consells (FIDIC) of Europe and the Consulting Engineers Council(CEC) of the 	 U.S. many of whose member firms provide design !ervices fortransportation Infrastructure In laterite areas, and the National Technical
Information Service (NTIS) which currently sells copies of all the laterite
reports. Lyons Associates, Inc. also provided Information on persons who had
requested and 	received copies of their AID sponsored reports on both Africa andthe Tropics. Howevert this data did not Include sufficient mailing identification.
A total of 309 potential respondents were identified from the several sources as
follows: 

SOUR CE NUMBER RESPONDEES 

AID Project Files 165 
TRB 
IDB 
FIDIC 

141
26 
96 

CEC 23 
NTIS 58 

TOTAL .. . 

In accordance 	with project requirements, this list was submitted to and approved
by AID. 

A.1.3.2 QUESTIONS 

The questionnaire was developed In three parts. 

# PART I-	 Questions I through 3 provide for respondent Identification and 
an Indication of the extent of the studies reports distribution. 

• 	 PART 2- Questions 6 through 17 are technical questions developed from 
a review of the three reports. The purposes of these questionswere to determine the extent to which reported testing 
methods, design procedures and specifications were beinglemployed, and to assess the reliability of the report findings
when applied to pavements, foundations and embankment con
struction. 

* PART 3-	 Questions 18 through 25 were directed toward the overall 
usefulness of the report and the identification of any economic
benefits. 

In addition, space was provided In the questionnaire for comments and theidentification, 	where poulble, of technical and cost Information which any of the 

A-i1-2
 



respondents might have on laterite soil projects where study report information 

has been utilized. This questionnaire was submitted to and approved by AID. 

A.1.3.3 DISTRIBUTION
 

In June the questionnaire was printed and mailed. At the request of AID, 
 a
second copy of the questionnaire was sent by special delivery mail to potential
respondents in the countries which hosted the three completed studies, namelyThailand, Ghana and Brazil, and in the countries of Malawi and Peru. Cables 
were alsc sent to the national transportation organizations in the host countries
requesting their support by encouraging the participation in the survey by their
staff members through the completion of the questionnaire. Special attemptswere also made to contact the Brazilian National Highway Department by
telephone in order to encourage their participation. 

By the end of July, eighty-five responses had been received. These responses
were principally from consultants and lending institutions located in North
America and Europe. An additional thirty-two responses have now beer, received 
principally from national transportation organizations located in Africa and 
South America. 

A.1.4 FOLLOW-UP 

Although provision had been made for travel outside the United States to seek 
additional data or to validate responses, the replies to the questionnaire did not
indicate that such travel was warranted. 

A-l-3 



A.2.0 
INTERVIEW EVALUATION 

Interviews were conducted with representatives of five organizations and firms
considered knowledgeable in the field of lateritic soils. Summaries of the
interviews are presented in Table A.2.1. The persons interviewed all had
knowledge of the reports and two had used them on constructed highway
projects. There was general agreement that the reports are of great value in thedesign, construction and maintenance of highways. They also agreed thatadditional time may be required in order to permit the assessment of the impact
of the studies on the performance of projects completed in accordance with the 
reported recommendations. 

Cost data were available for one project which indicated a savings of $246,000,as a direct result of the use of laterites in conformance with the testing
methods, design procedures and specifications presented in the AID I. "ite 
reports. Based on the engineer's estimate of construction cost, this represe.,ted
a 20% savings over the construction cost of an alternative cement stabilized 
road which is typically employcd. 

A-2-1
 



TABLE A.2.1
SUMMARY OF PERSONAL INTERVIEWS 

* *0 Wrllam C.La:auph 
Information on the costs associated with the utilization of laterites In the---- construction-of -the  137-kilometer- long-Llonwe/Mchlnjl/Zahbli jj(LMZ)-"Border Road and Lilongwe By-Pass in Malawi were provided by W. C. 
LaBaugh (DM3M). He noted that much of the data used In developing aconstruction alternative utilizing latertes was obtained from AID reportson lateritic sols. 

In the LMZ project provision was made for the use of a subbase materialbetween the formation level and base level, If the formation level wasadequate. Additionally, stabilization Items 
not 

were provided to Improve Inplace base which did not meet specifications. Selected grading and use ofaterltes resulted In all embankments exceeding,strength as measured the speclfled minimumIn CBR tests and essentially no stabilization wasrequired. The construction bid utlllzlng the laterlte alternative wasapproximately 20% below the estimate using cement stabilization. Thisconstruction resulted In a reported cost savings of $246,000. 

9 Raymond Millard 

Mr. R. Millard (World Bank) has extensive knowledge of laterite? gained InF his former Position as head of the Transport and Road Research Laboratory(TRRL), England. He noted that the AID reports compiled in one conve
nient source, design Information which previously was available only In anumber of other separate reports. Regarding the continuation of practicalengineering research, Mr. Millard stressed the concern for the study of"dry-compaction" techniques which must be employed In the major arid areas of the world. 

* Lloyd CrQwthers 

Mr. Crowthers (TRB) noted that he was aware of the reports and that someInformation on laterites had been Included In the compendium on lowvolume roads which Is currently In publication by TRB under ContractAID/otr-C.1 1. 

Mr. A. Beers (1DB) had reviewed the reports. He noted that although IDB 

was not currently Involved In road projects In the tropical zones of Latinand South America, the reports would be of great technical assistance onfuture road and earth construction projects. 

r: 

:i r .
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JJoseph Fiteni
 

Mr. J. Fiteni (TAMS) reported having recently used 
 the AID reports test
and design procedures on a highway project in Botswana with very good
results. 

Interviews were coflndUCTed with all of the above except Messrs. Morin and Todorwho were ovmr-cas on long-term assignments knd Messrs. Vilozzi and Berger who 
could not be contacted. 
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A.3.0gtTONNAIRE EVALUATION 

A.3.1 STATIMTCAL VALIDITY 

---Prior-t.i
should be targeted Inorder to assure the statistical validity of the survey. Based 

--- the-preparation -oteuslonle- std-a aeogoals which
upon a review of procedures for evaluating random samples, It was concludedthat with a questionnaire distribution of five hundred ( 00) a minimum total response of seventy-five (75) and minimum significant response of sixteen (16)would be required. Inactuality a total of fivye hundred-nlne (509) questionnaires
were distributed and the total response was one hundred-seventeen (117). Thenumber of significant responses to the several questions varied from a low of 23to a high of 109. A statistical analysis of the targeted goals and the actual 
response Is presented on Table A.3. I.SA.3.2 GMNRAL ANALYSIS 
A general analysis was made r' the distribution and response to the questionnaire

by pograhlclocation, respondent sources and respondent affliation. Theanalyses apresented on pages A-4-3 through A-4 of this Appendix. 

A.3.2.1 GEOGRAPHIC 

Respondents from 36 of the 91 countries surveyed Indicated their reept and useof the reports on the lateritic studies.largest number of questionnaires Africa was the continent to which thewere sent. 0However, Africa produced thelowest percent of responses. Th greatest percent response was In North 
(4 America and primarily the United States. '#To rate of response may have been

influenoced by the international postal service. 
Tre largest distribution of questionnaires bycountry was In the United States.Iwever, many of the smaler countries hout the world had a traterpefcat of reponses. This is attrbutd to the smaller disrbu& ofquestionnaires. 

* Th lateritic studies host countries of ThaIland Ghana and Brail together withthe countries of Malawi and Peru provided significant response. In SouthArica 3M%of the questionnaire were distributed In the countries of razilnd Peru. Thes countries provided 43% of all respnses from that contit.Sixtee percet of the questionnire were distributed In Ghana and Malawiwhich countries prdce 1%of all responses InAfrica. Similarly 17% of thequestion were d=tributed and 27% of the responses were received from TMiland 
In Southeat As 

fit A4.1 



TABLE A.3.1
SUMMARY OF STATISTICAL VALIDITY OF QUESTIONNAIRE
 

TOTAL RESPONSE GOAL ACTUAL 

o Number of Questionnaires 500 

o Number of Response 75 

509
 
117
 o Percent Response J5%
 o Deviation ( 95% Reliability -3% -4% 

ACTUAL 
ECONOMICSIGNI,'V;CANT RISPONSE GOAL GENERAL TECHNICAL & OTHER 

o Number of Questionnaires 75 
 117 117 
 117
 o Number of Response 12 104 31 26
 
o Per tnt Response 
o 16% ;9% ?7% 22%Deviation (d)95% Reliability -S% -6% -8% :7% 
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!: A..2.2 SOURCE, ... 

The largest source of both potential and actual respondents was the AID projectfiles, see page A-4-10. Approximately one-third (32%) of all questionnaires weresent to persons Identified from this source and produced approximately one-third
(31%) of the responses. 

A.3-..2.-3 ....AFFILIATION 

The lbrgest group of both potential and actual respondents was the Consultants,see page A.--I1. This-group received 38% of the questionnaires and provided46% of the responses. National transportation agencies, lending Institutions anduniversities each provided approximately 15% of the responses. 

A.3.3 QUESTIONS 

The questionnaire was developed in three parts and the average number ofresponses varied as followst 

AVERAGE NUMBER 
QUESTIONS D.SCRIPTION OF RESPONSES 

I through 3 Respondent Identification 1046 through 17 Technical 31 
18 through 23 Economic & Overall Usefullness 26 
The complete analysis of the responses to the questionnaire Is presented on pagesA-4-12 through A-4-36 of this Appendix and a Summary is presented on Table
A.3.2. 

A.3.i.1 PART I . RESPONDENT IDENTIFICATION 
The average response to the questions In Part I was 104 which Is S9% ±6%of allIesponhes. This significantly exceeds the targeted response level reired for
statistical validity. 

Most of the respondents are actively involved in the design or construction ofpavement systems for roads or airports., More than one-third of the respondentshad received copies of one or more of the reports. SignifIcantly, almost one-halfof the other respondents submitted requests for copies of the reports. 

A.3.3.2 PART 2 - TECHNICAL RESPONSES 
Oly prersons who had received one or more of the reports on the laterite studies 
were asked to respond to the technical questions. The average significantresponse to the questions InPart 2 was 31 which Is2796 1896 of all reponses.This exceeds the targeted response level required for statistical validity. 

A-3-3
 



d 

A
t 

II 

fil 
flft1 

oil 

SI 

!,ttli' 

II 
j 

4 

It 
I 

I 
S

 
!
5
,
 

J
I S
~
 
gI 

I 

i 

f i 
l 

p
0!!'s
t 41 

l l I 

4 
4 -

I 
S
 

t
II 

! 
, 

1I I 

: 

I 

I s 
SI 

I 
,, 

S
 

£ , 

litl 

* 
I,, .'4 

'' 
''  II 

4l111, 

' 

A
i 

f 
, 



e Terminology and Soil Classifications - 88% of the respondents utilize thesoils terminology presented with reports. 

* 	 Geotechnical Properties - 73% of the respondents have Investigated theproperties of local soil; 83% of these report good to excellent correlationwith property values presented In these reports. 

.	 Testing Procedure - 33% of the respondents utilize the testing proceduresand standards recommended In the reports. In order of descending use, thefive most frequently used procedures are Atterberg Limits, CBR, grada
tion, compaction and sample preparation. With regard to the latter
procedure 46% of the respondents have evaluated the variation In geotechnical properties due to sample disturbance; 67% of these report goodto 	 excellent correlation with observed variations presented In these 
reports. 

* 	 Pavement Evaluation - 38%L of the respondents conduct performancestudies as part of their evaluation of existing pavement structures. Mostof 	the evaluations are carried out In connection with either design ormaintenance and consist primarily of deflection and traffic studies. 
0 	 Design Procedure - 28% of the respondents utilize the tropical designprocedures recommended in the reports. 43% of the respondents utilize 

TRRL Road Notes Nos. 29 and 30. 
* 	 Materials - 59% of the respondents determine the durability of materialssuch as Ironstone and concretronary gravel by testing. The principle tests

employed are Los Angeles abrasion, slaking and Impact. 
• 	 Stabilization 68% of the respondents employ soils stabilization methods

all with good to excellent results. 66% of the respondents conductperformance tests (primarily CBR and unconfined compression tests) on
stabilized Soils. 

* 	 Black Clay - 62% of the respondents test the swelling of black cotton soils.The most frequently employed test methods are free swell, potential
volume change and odometer. 

o 	 Construction Standards - 72% of the respondents utilize the following(' standards In descending order: 

American Association of State HIghway and Transportation
Offflclals 78% 

British Standards 	 52% 
American Society for TestIng and Materials 	 26% 

L., A-3 -5 



A.33.3 PART 3- ECONOMC & OVERALL USEFULNES t 

Only persons who had received or moreof the reports on the laterite studies 
were asked to respond to these questions. The average significant response tothe questions in _Part,3w-as ,26 which-s22 +17_ofathrespo nses, .Thissexceeds 
the targeted response level required for statrstlcal validity. 

* Topics - The respondents identifled the topics presented In the reports Indescending order of usefulness as follows: 

I - Geotechnical Properties
2 - Stabilization
 
3- Testing Procedures
 
4 - Classification System

S- Pavement Performance Study

6 - Specifications

7 - Black Cotton Soils
 
8 - Ironstone and Concretronay Gravel
 

* Utilization - 29% of the respondents utilize the test procedures, design
methods or specifications recommended In the reports on projects InSoutheast Asia and Africa. They rated the reliability of the reportedfindings as good to excellent. Projects on which the use of Informationcontained In the Laterite Reports were Identified are as follows: 

AFRICA PRO3ECT 

Cameroon Bamenda - Mamfe-Ekok Highway
Chad Djermaya.- Djimtilo Road 
Ghana Axim-Elubo Road 

Tena Freestone 
Yamoransa - Bekwal Road 

Kenya Kapsabet Chavakall Road 
Trans-African Highway

Malawi Salima -Benga
Mall Ansongo -Anderambovkan Road
Nigeria Abakallkl -Edor Highway 

Benl Seik - Uba Highway 
Owo Egbo HIghway 

SOUTHEAST ASIA P039CT 

Thailand Surabaya Ind. Estate 

9 Cost Benefit. 12% of the respondents Identified cost benefits associatedwith the use of Irformatlon presented in the reports. Conversely 28% of
the respondents lontifled laterltic soils as having a greater cost benefit incomparitive studios with alternate sources of materials. No cost benefit 
values were provled. 

UA3-6 
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e	Further Studies -82% of the respondents recommended the continued study
of laterite and other tropical soils. Such studies In descending order of
Importance are as follows: 

Surface Treatments 	of Pavements
Laterite inBuildingConstruction (Houses)
Swelling of Tropical Soils 
Laterite InDam Construction 

F' 9 	 Maintenance Costs - 30% of the respondents rated as good to excellent themaintenance costs for roads constructed using laterltlc soUs when
compared with roads constructed using other materials. 

e Summary - 89% of the respondents rated the overall usefulness of the 
Laterlte Reports as 	good to excellent. 

A3.3.4 SUPPLEMENTAL INFORMATION 

At the end of 	the questionnaire provision was made to permit t respondents toF. offer 	additional comments and technical or cost Information. $6% of therespondents provided comments of which 3 % were considered significant. Thelatter are summarized on Table A33. In general the reports on the laterite
studies were considered both comprehensive and useful. Performance studieswere cited as a necessary and useful follow u. Other topics s ested for studyIncluded surface treatments, soils of arId areas and expansive clays. 

F 	 Only 3%of the resondents provided comments on additional technical or costInformation. This Information Isalso summarized on Table A.3. 



TABLE A.3.3
 

SUMMARY OF ADDTONAL COMM AND 
TECHNICAL OR COST INFORMATION __r7-__- --- _ __
 

__-_ 

.-Resp ... ..dent Identification 

101014206 

10101"06l 

V101062309 

101089310 

101096910 

203006 

207001202 

[ 31200103 

40001202 

"ll 413004302 

013007107 

013003107 

13117 

, *19003207 

500001202 

I00003302 

606001 906 

Additional Comments 

repors are considerable help as areference 

too much chemistry
performance studies are required on roads
constructed according to recommendations
 

correlation of quality to methods of excavationrequired
study deterioration 

uses procedures but avoids using laterltes
 
reports are comprehensive and useful
 
practical data provided
 

recommen study of bauxite 
provided surface course (laterite) specification 

negative experience 

used with hot mix asphalt layer 

practical 

author of text on laterltes agrees with reports 

useful 
pertrmance studls required 

good performances where drahln e Is -o
procedue for traffic studies employed 

orlginal work contained In reports Is worthwhile 

studying expansive clay 
researching the Identification and location of

laterites throug aeial photography 
recommends study of surfac tretmnt with

materials Ife concretionary gravels 

A-3 



{ TABLE A-3.3 (CONTID) 

SUMMARY OP ADDONAL COMMENTS AND 
I 4 4,4TECHNICAL OR rWST INFORMATION 

Responden Identification Additional comments
 

609003308 

612002308 
61403 1308 

614038308 

614042308 

[ 51009308 

U612006410 
IV,614042)0S 

'U 

F1a 

(4 

very useful 
utilizes stablPtation methods Indesign 

black cotton soil difficult 
expansive clays are problem soils 

using lateritic soils for dam construction in 

more stringent materials requirements would
lead to Improved performnte 

!Tcnical or Cost Informaticin 

paper on geotchnIcal characterization of 

providedgeneral Lita on aggregate testing InSweden 

technical note on pavement design for 
Nigerian road on lateritic clay provided 



A.4.O 

QUESTIONNAIRE ANALYSIS 

A-4-1
 



-VALLA-rfoN OF LATERITIC SOiUY STUDIES . * 0/1 0/17I"] Ol,-C- 1626
 

TMArL NtUMPER OF RESPONDENTS"' "117
 

- I -UTI
 



F 
)IA

~
~~94L

' 
4
 

lo
 I

to 
W

 *
 C

L
 

P
o'* 

tIf~ 3J" 
F.~t 

C
?~ 

06.* 

A
o,,* 

29I:t~
 

A
l 

t.' 

I ; 
'

lk4 

-4P-r 
1 

o "N
 

'-9
4
-4

 

t6 

4 
4, 



A
ilA

 

a, 
4 

a', 
%

0 
w

 A
L

 I. 
I 

0 

.. et:W
 

W
 I 

1
t 

C
 

Z
lo

w
I-J

 pi 
00~

 

V 
~

-, 
r %

 0A
 

IN
--

N
 

tugs 

A
,, 1

1
 

a
 08 

aI 
0 

t 
* 

-oO
m

n-
a' 

aA
 A

 
2 

a
A

. 
v 



!
i 

i ~ 
4 

(fl 
I 

6
 

'-V
%

 

ZIA
 

e 

0 

o
p

.. 

N
 

.. 

00 
0. 

0 00 
0 

*4 

0 

* 
0 

Ii',000 
nio 

'~
0

0
 

,
c
 

iD
~

q 
#o

 
4 

4
 

44 

4: 

N
 *

.... 
'0 

lb
lI

I 

IA
. 

6
4
 

0 
c 

tO
 

4 

!q4m
 

44w
C

 
00V

 

ca 

.4
,, 

A
-



IL
 

,, 
it 

?4 

A
m

 
* 

W
.04

944 
"a4~ 

~'w
 

PO
O

 
114 

1. 
0
4
 

j 7 L
L

 
' *4 

M
 

o 
%

o 
L

tU
4 

&
 

A
-4

 
lo 

444 



EVALUATION OF LATEITXC SOILS STUDIES 
 DATEt 80/10/17
AID OT$-C-1626
 

v 44 

IQUESTION*NO. -41 ~ 4 4 & « ~-

* ~IS ADDRESS LABEL CORRECT? > 4 
444 

YE66
 

is 
0444~NO# ~ _ 4 O .C F - . , T . 

YES4 
44 92L 

.4v 4L4.94 '.* . 

.5*f o 

*I ~ 4~44~4-1114 

am~ A-r 



EVALUATION OF LATERITIC SOILS STUDIES 
AID OTR-C-1626 DtT: 

D AE 
0101 
0/1/1 

UESTION ,NO *;. 

PLEASE INDICATE YOUR AFFILIATzON,:, . 4 

, 
* A) dOVERNMEN 

ENT3 

4X.,.... s. ....... ..B).,, ...... NBU T NT+ , 
. .4 

4',~ 
. . . 

3 
23 . . c,7"' * 2.21 1 

& 

, D) EDUCATOR-

14 

. , A P 

*.48 I , 

1. 

1 2 4 . 

% q4 

A. 

v,. 
4 '. ,+'' , * .7 .4 l .e A %.+ 

*+. ....... . .. 
t'+ #1+ .44 .44+ 4 54++.4 : m-. ,+ + ..... ,$P...... .... 4... ... ..' ... . 4J.. 

m++. .+ ++ : .++ ,-,+ :- . . + + ,+, 

I 
,.. 

+ 

.. 
*+ : .+++ + 

.4 ,*:. 4+ .--
. . 

,4. + + m 

m 

. 

++ + +%+ . ... 
4.... ++.- :.... 

+ 
:+ 

, ... , 
+ 

++ 

.9 4 ...# 

984 

. . 4. 

.4+.......+ .++4++ pl+ 

+i 
v ,, * 

44,.444' 

.. 

: 

-

' 

41)" -, 
",-4-14 

S 444.44, ,+ ++.t+++++++++ +:+++ 
B| + + +++ + .. + +; . + 

+ +- +,' + + 

+ 

44 4, + 
4 
4,+. .+.:+++i+ p + 

4''++,+ 44 

.4 + , 
< 4++. 

u , 
4t v 4 4i 

,. +'+ 



EVALUATION OF LATERITIC OILS STUDIES, DATE 80/10/17 +: 

OF'' 

HAVE YOU RECEIVED A COPY OF ONE OF THE FOLLOWING ' 

+, ts.4 * + 4+ + ,1vI,5 
14 

rnin ...... m .nin m m i ,+++ :+.+ , + ,b , : + + 

S . : +, + 

+. ,4, . .... .. . r '4 

RESPONSES 
4 .!+ f t 

RESPONSESE 
4 , 

4> 4*m;+ 

a .. + ... + +.... :-+.... 1+:++ +: RESPONSES RESPONSES 

* 

S. 

4 

~A) SOUTHEAST ASIA~ 

*3+2 +4*>++,.. p 

B-FRIC 
+ I 

. '4 

;r.i 

:. 

4''4, 

++P '4 * +4'+ 

**. ' 

*9 ) 
... + 
4. /-!& 

. 
ll 

. . .. .. 
... .. 

. 4 
+ 

t~t 
+ :+: + : ? ++ 

; + + 
+ + ,44 4p

ft, ft.44:+ + f 
+;++4:+ + ++ ;;ft44+
ft 44+++ + + t 

T 
+ ; 

+ 7 + + 
+ , + ; 

' , !+ + + ; : + Y + : 4; , .. . +4++ 4 , ; i ( 

: 
* 

. 

*.e 

L U 

, 

• 

.. . 

4++ 

A 

- j
+ :. ++ + 
.. + + ++ '+.. 

5+ 

+ _ 

+4f + 

+;? +++++ 

+ : 

4 

'+ 

+ 

,,++'+4 
1+ ;.... 

;+ ' +;+ 

4 

, 4 : 

> + + 

4 .. 

ftIt 

.4:: 

,+ . 
: + 
+ 

+ ' 

44+ 
* + + : +> + + " + : + + ++ 

+ ; + + + 

4 .4+ +; ++s;++ 

?. +.. 

+ 4 

ft.... 

+ 

# 
, 

. . 

ft: ++ 

44 

ft+ 

; 

+ : 

+ 

* . . *4 J, C+ I+ 4 + + 

4 ., 4 .' , 



EVALUATION OF LATERZTZC SOILS STU61ES 
 DATEBO8/1O/17,

AID OTR-C-1626,
 

~ 4OUESTIOWN.NQ 4 i.,. ., 
..... 


' 
 i ,. _.
9 


... TROFP
,,, DO YOU EMPLOY ANY CLASSIFICATION SYSTEMS FOR RED K
ICaL S 0OIL.ET. 

..
 .
 

~ '1*. ~ a4';... E : , .pRESPONS9 .4. 8P-

YES is 
 60.0s
 

~2 CHECK ALL THOSE APLCBE-

*RESPONSES 
 RESPONSES 
* 4*4n * A 4
 .......
 

A) FAD-UNESCOI. 4 ~4.4
 

itB)__LiS. SOIL -TAXO 
 OY~________________ 

C) FRENCH PEDOLOOXCAL (DOHOORE) 
 6'- 33o3 .....
 

4114 

lot ''4t ~~ , 4 

I I ... 

; *9 . , j 9;, -a4. ... .....
*~K 9 
 7 ai 

...
 

to .. .. . ....
 

d o 
Ii 

1. "* 

AU 
9-; a*
 

9
 

0V 
9 9 , 4 9

of 

9 44 44 h 
0 9 4 4 4 ~ 4 4 ~44 ~ a 9-oil 

http:4OUESTIOWN.NQ


EVALUATION OF LATORITIC SOILS STUDIES
ENAID OTR-C-1626 DATE: 80/10/17
 

*QUESTION NOpt.,V~i3' Iv
 

ARE
---- ANY OF THE TE5T' PROCEDURES AND STANDARDSIN..,. RECOMMIENDEDOLL ,,...,,.,,,,.OTS 


m m m m m m ,i , * ., ..... 

a 

f ,.t f 4
 

N*N
 

4 9 .... .... 

4,. '4z k 

- I
4.. • 4& * .i ,4 -''. i N4, 

55 9 , , ., ~ l~ , . , -, . I ,, , 

. ... . .., .
 

4f'
 

I I
 

N4 4., ; 

0 9l 
INa-A 1 . 4 0 

4 4: , .. . : , :
 

4' i ' .... 9 Ii$r i 4iii ,- A i ' ...-. . . .. . . : ,...' : : 

k4w2
 



4 

EVALUATION OF LATERITIC SOILS STUDIES 
 DATE: 80/10/17

AID OTR-C-1626,,
 

.....
-......... 	 .. ............
N THIE EVA!LUATION OF E:XISTING PAVEME£NT STRUC'TURIEBIv,'
 

4 

IN HE VAUATONOF
XISIN AEN 	 SUCTURES.; PONSE
 

I"' A) ... +++ A 	 r1IF *YEloL';i',EAlE INDICAITE WHIC 	 SPO*,i ARE
.RPfFRAC STDl 	 ,.........
 

II- B 	 9 If I,. 0z 

I '
 

*IF 'YES*#ASTEINIPE I STDE
PRORMANCE EIDCNUCEDAIN
++'++,v++++++++++. ++;+++++ +++-++++ + + ,+ ++* 

++ + + + +;+mi ;+? ;:.. . ++*+.'++++
+,++..'Z . +++. .T '.'++ u 	 4 +I+ 

*9 +. ...., 
4 1 	 *p; 

+ 

4+ ++
d K4 , e ,
 .....
 

"4.+ o .. .... * * .. . =v +;:+I> ,: 	 +; 

i++ +
+ +++++ IF,++:+++ ARp++++ ++E +;F R +A C mTD
Y E V, ++H ' ++++ ++ E 
 DEINO CO.DU.TE. IN 'l + - 1--:+
 
++"+,"++:++.+ ++++++..+ +. + +++ . T ++ !,F V S " + + i+ +,+ + +,+
 

I- , .... ., ++.. + .. +... ... -+ . + .. . + .. .+
++++ +++ ++ o ++ + ... ...

+++++, + + ++++p +o+++,+ +. +.+ 	 . .
 + ++ , +++ ++ + + ++. +. + ++ + . , + . .. . 

In im
~~jt Z3) TERACE 

C OADTIEE 
 0 	 06.0 

0)IP *YTIIER H P 
 l 0 0.0CEITUZ8 


CONtCXH-0T # YO H FLOZOI
 
+ + ++ + +++<++++ + + + > +'+ + +
g. ' + + ++ : ++;A+'* + + + +++ :+'+ . . . + +"+ "' .- +. .. .. .. .+. i - "14 

+ +
 ++ +++.+ +++++++ ++;+;+ - . . +++ .. 	 4" + :+ + +
++++++ +:.}+++: +h+ +++ ; . .. -.* 	 . ' 

7++ ,:+ +++L .	 ++++
+i''+. -+++. + 

+"+++++'+++ +++'+z++' ! ; 9 



4 

EVALUATION OF LATERITIC SOILS STU0IEB 
 DATE$ 80/10/1

AID OTR-C-1626 


mjmrrnr~s.u~u. ~ t~ 4 
QUESTION NO 13 

10 YOU DETERMIINE THE DURABILITYOFATRLSSCAS 

* - N 

I ~.RESPOSES -RESPONSE 

YESE 17
 

tOCHECK ALL TlHOSE APPLICj8Lx#L 

RESIPONSES RIES6W SE 

4 4 
Iof A) .A AD A I N9 ! ~ N O 4~~ 

C) OTHER 3 1. 
AZA 

*1 44A 

4-2 



EAUTOOFLATERITIC SOILS STUDIES
'AID OTR-C-1626 DATE t60/10/17 

QUESTIONN0 

DO YOU EMPLOY ANY OF THE FOLLOWINO PERFORMANCE, 

.. . 

4 

YES 

~ 
NO. 4 0 

~RESPONSER v. 
1 ... .. .'.. 

P.65.. 

PCX~iT 
R-EhSv~

... 

3 

4 

. 

.+ , + A 

.. 

4+ *+ 

.. 

? i; 

IF YES% PLEASE INDICATE,s .. ... 

a 
. ... .. S. . . . . ... ' 

• 
. 4~.... : 'E B 4UN 1,E '::e 

*C) 
I 

3 UNCONFINED 'COMPRSSI Oi 

SPLIT-TENSILE 

S.kP 

D) -OHE 
I'4'I i $ ' '~ ' 4 

, 

-

<' 

:+ 

P: 

1 

4 

4W 

5.3 

a+mm~lll, 

I 

' 

:: + ..... : [ . . ... I : 

' 

4.11 

0 0+ +++ 

4' 

+. +: + , 

4 

, : + 

'' 

....... 
: +++ ++ ++ + 

. . 
+P 

. .. .. . . 

60 

.. i 

J, 4W'A 

'414' '+A,' + 

j4 41 

3* .. .. 

+? t:++ ++ + 

.. 

;+ . 

"...+ ' m + ++ p+ + + ' 

+ + + , + =. ..=++++ + + ;+m l + 

: L +:+:+ ++++ :k 
"p:. +S+ 

.... - II IIIIIIIII 

+' 

++ J + ++ + 

+ + +:7+++ 
' 

iii i iiIIII 

+ ; 

ii .... 

p.,, 

. 

p 

4'0 

... 

,. 

,, p, 

4151 

f 

I 

f 

II 

, 

pp 

l III 

"'

4... 

A 

.. + 

4-2 

+I I 



AID OTR-C-1626
 

S~ 4t 
* ...-

r .. ..
t .
 

DO YOU EMPLOY ANY OF THE FOLLWINO STANDARDS ZN
 

*YES 23 71.o9 f 

ft ~ff~K,~CHECK-.ALL, THOSE 

5..RESPONSES. 

4l4 

AP,!LICABLE" 

4,R 94nm 4It * . rnANR 

ftI ** ' 

RESPONSES 

* f....... ftft4,~f44 I I I I IIIIII I IPt. , I tI ll* . fi, 4 ft.. . 

A )II II II ll I1 I II[I 

4;-t ox~ i t 4 r t~t 

Vo I t 

... C)......, O R 26 .
 

'
 
,tft- , 2 8 




EVALUATION OF LATERITIC SOILS STUDIES 
 DATEt 90/10/17

* AID OTR-C-1626
 

UESTION NO.,
0 9, 441,
 

HAVE YOU UTILIZED THE TEST PROCEDUREsr, DESrGN * .
M,... ..
THlfl9 BPrcrNprATrNRrOF, RIcn 
REPORTS ON ANYHZHiWAY..IR OR ERA J 

. +, 1.+,~~ .. ..... 

.. . ."4 , a . .... 

SNO' C Ab~2~j'~~ 

~ .ts 4 14 * 

4 "44 
+4444 + + + ",++ : +. f ++ 

* ,4"4""4 4." * 444 *+ . .. 
. " 4" 


," "4; 

. 

+++ ," 
+' 

9 / I++++: t+ 
44 

44 '4... 4, 4, 4 

,,,4 ...'++ 

44 

...+ ; +4 .. . . ..... .. , .+. 

+ + , ;+
+ * 4+ ++

) :+ 4":+ 4+ 4* +* +4$ " 444+4 4+++ 41 ++ : * 1 + V - i If, 
++ ... . ,Pr o 

'' + 
+ 

4"+ . . . .. ... L .. . 
+z< 404 447 . >4 : + 4 *++ *4i i 

: ; "a V.* 4 ..: . . . l . . 

9 4.,4S
"4i~i4444. I 4 

. . I #-. s~ 4" 

; + + ;+: ; +; + + 4+++ 
+ ,+ 

+ ++ + +4 ++;4 

44 



It 

EVALUATION OF LATERITIC SOILS STUDIES 
 - ATE: 80/10/17
AID OTIR-C-1626 1l
 

QUESTION4 NI0b 

HAVE ANY COST BENEFITS ASSOCIATED Wf$THE*USE OF INFORMATION 

4, ,~*- '~64~ 
mu "I. ft 

I ',w , 4 5 t . 

*4* 4t; 

4 
r~~~' *ft-4-4.,. 

2 



EVALUATION OF LATERITiC SOILS STUDIES 
' 1 I TE: 80/10/17
 
AIl, OTR-C-1626
 

4,".4 

....' 

*WERE 

- - .. RQUETION0NOSES ,.f. . - - - - J...... 

ALTERNATE MATERIAL SOURCES AVAILABLE FOR USE ON ANY 

, 

RESPONSE. 

--.-.- -

,. 

., 

REP.. 

---------

ES I 

10, 4 

1 ;: t4 I *4 ' . 
4 

IN u 11 4t1 4 
A, . a"-: 

.l 

IF'YEuIJR OT-
4 , n 

ET T SCNO 
.4-. 

DJCDTO 
4 

STD SN. 

7' +' ; LM NOO 072PTHE +:UE OPLAT I x o OF,, $ .... EOF ORE 

IIii..i. 

-T:9 

III' II 
, ..+ ++ Y 

:I IpI 
:: .+ . ...8 + -+ 4. . 

I 
.+++4.+++.+ , 

* f4, 444 

. .RESPON.... 

.IIIII 
4.. . I, ++ +++:+:- ++.I++,+ + ....~.. .....*4g+ 

S if.. .. 

. ... 

.4 

.. 
4 

4 4 

A . 

+ 4+4, 

444 

' ..
+: 
. 

++ 
#- +.... 

*I + 

4e: 

...... 

,, , . 

.. .. -

.. . 

- 4., 

, 

4 4 4 : + 

m ~ ........ 

,+a .. 

T.'g 
* :4+.44 

4-

*4 . ..44, 

4-. 

+ ; 

4, -40, 

4+4. -... -. 4. + + + 7 . . . -

A 4-3 



EVALUATION OF LATERITIC SOILS STUDIES 
 DATE; 10/10/17

AID'OTR-C-1626
 

0 
, 

....... U ST.ION ,NO 15 ....... i 14 Al, 

-4 - - - --'- - -


HOW WOUL, YOU RATE THE OVERALL USEFULNESS OF THEL~~~.ATERI TE REPORTS? 
: i 

B 
M 

GOOD'... 
44~ 

: 

P)r'i 

4 4, l - - --

-USTSACOY0 

- ini 

4 
I~~~~~ 

,, ,4 ,,,.:,, 
! . . -, S . . 

o c sI.. .. 

IF 

W1 :h' 0\ 

: ' , r ,: . .. .. 

...... . .4.I$rlrr I l ..... .......... . . . 

. ... .'. 

. 

.. 

. 
t ,'t 

*4....... 

V.. 

**" 
lii 

" 

L 

Z'. 
4'4 . " 3 . 


