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MALAWI: Chikwawa-Bangula Road
 

Road Deterioration and Factors Contributing to Failure
 

EXECUTIVE SUMMARY 

Background
 

In February 1977 construction of the Chikwawa-Bangula Road in southern
 
Malawi was completed. It stretched some 51 miles through the Shire
 
River valley between the provincial towns of Chikwawa and Bangula. The
 
southern two-thirds of the road provided an important commercial link
 
between the Sucoma Sugar Mill and the railhead at Bangula.
 

The technical and economic feasibility study, the design and preparation
of plans and-specifications, and the supervision of construction were all 
performed by the U.S. consulting firm of Daniel, Mann, Johnson and Mendenhall 
(DMJM), Los Angeles, California on behalf of the Ministry of Worksand 
Supplies (MOW&S) of the Republic of Malawi. 

The construction of the paved road with appurtenant bridges and drainage 
structures was carried out under a contract between the MOW&S-and Nello 
L. Teer-Company, Durham, North Carolina signed August 9, 1974. Construction 
was completed a few days ahead of schedule in February 1977 at a cost of 
$11,619,724. Two AID loans were made for the project in the total amount 
of $10;300,000. 

The road began showing signs of distress in the form of pavement cracking 
from the time that it went into service. Deterioration has now progressed 
to the point that some 30% of the road has failed to the point requiring 
reconstruction. The remainder needs an asphaltic overlay to seal and restore
 
the riding quality of the surface and to sustain the integrity of the roadway
 
structure.
 

In September 1981 a Highway Engineer and a Materials Engineer from the
 
U.S. Department of Transportation, Federal Highway Administration.(FWA),
 
went to Malawi to assess damage and recommend corrective actions to
 
restore the Chikwawa-Bangula Road.-'The team's observations and
 
recommendations were presented in a November 1981 Report: "Causes of
 
Road Failure and Proposals for Restoration and Reconstruction".
 

Genesis of This Report
 

At the request of REDSO/EA, in December 1981 the writer undertook to inspect
 
the road and to review all project documents and files available with AID
 
and the MOW&S with-the objective of identifying the factors, and related
 
technical responsibilities, that led or contributed to the present state
 
of road failure.
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Responsibility for Design and Construction
 

Examination of the relevant documents shows clearly that the Engineer
 
(DMJM) was not only responsible for the road design but also to an
 
extraordinary degree for quality control of construction. The roadway 
design envisaged use of naturally occurring soil materials for the 
subgrade, subbase and sand-asphalt pavement. Under the terms of the 
Professional Services Agreement and of the Construction Contract, the 
Engineer was responsible for locating, sampling and testing suitable 
materials for the Contractor's use; and for inspecting and testing the 
work done by the Contractor to assure compliance with the technical 
specifications. 

Design 

The design of the road pavement was a least-cost solution which utilized 
naturally occurring soil materials in the vicinity of the road, rather
 
than hauling crushed stone some forty miles, for base and-pavement
 
construction. The Engineer used a design method recommended by the
 
Asphalt Institute (U.S.) for road pavements. The FHWA team found the 
road structural section inadequate using AASHO (Association of American
 
State Highway Officials) criteria. The FHWA team was requested to go
 
through the detailed pavement design using the Asphalt Institute method
 
and DMJM's basic design assumptions against the possibility that a
 
significant error had been made in the application of the selected design
 
method. That exercise proved inconclusive with the data available.
 

Construction Operations and Supervision
 

The construction contract documents generally followed prevailing form
 
and practice except that, as mentioned above, the Contractor was relieved
 
of responsibility for locating suitable roadway materials and for sampling
 
and testing work laid down for compliance with specifications; also, no
 
maintenance or warranty period against defects (usually for one year after
 
completion) was required of the Contractor. These departures were
 
consciously made as cost-saving measures approved by MOW&S and AID.
 

The construction contract required at many stages the determination of
 
suitability of materials, inspection and approval of the work by the
 
Engineer. Unfortunately, the records of day-to-day procedures adopted-
inspections and test reports, construction diaries, etc.--were not
 
available with the MOW&S, or known to be available. Given their
 
importance to the technical history of construction, the Principal
 
Secretary, MOW&S, indicated that he would query DMJM. (It is considered
 
likely that DMJM offered or turned over such records to MOW&S when'the
 
field offices were vacated; where and if they were stored and what has
 
happened to them in the intervening five years is an open question).
 
Other less definitive reports available--weekly site meeting and monthly
 
progress reports--indicate a good working relationship between Contractor
 
and Engineer and that problems were recognized and dealt with.
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Road Deterioration
 

Cracks began appearing in the sand-asphalt paved surface of the road
 
from the time it went into service. This was officially brought to
 
DMJM's attention by MOW&S in June 1977 following an inventory of cracks
 
and pavement deflection tests.
 

On the basis of a visual inspection of the cracks then apparent DMJK
 
concluded that the cracks were superficial, and not uncommon, and
 
recommended sealing as a normal maintenance measure. Atthe same time, 
MOW&S was cautioned to check on actual wheel loadings of vehicles using 
the road and to curtail loadings in excess of the legal limit. From 
evaluation of pavement deflection measurements made in May 1977 by MOW&S 
every 500 feet over the length of the roadway (using the Benkelman Beam 
technique), DMJM advised MOW&S that pavement performance indicated was 
superior to the design criteria (10-year life). 

The findings of a consultant brought in by AID in December 1977 to
 
assess the situation generally confirmed DMJM's conclusions. Deterioration
 
of the road has now progressed to the point that a survey in September 1981
 
by the two-man team of specialists from the U.S. Federal Highway Administration
 
showed that on 7.4 miles of the road the pavement was totally destroyed, and
 
for another 7.0 miles, failure was partial or imminent. Thus some 28% of
 
the road has "failed" while 72% remains in reasonably good condition. Good
 
and bad stretches of the road occur in various lengths at various locations.
 
The failed-sections predominate on the stretch between the Sucoma Sugar
 
Mill and Bangula.
 

Why Did Sections of the Road Fail?
 

It is clear from the physical condition of the damaged sections of
 
the road and from the findings of the FHWA Report that in addition
 
to pavement break-up the subbase and subgrade layers have-failed
 
structurally. Which occurred first or precipitated the failure is
 
not clear; it was likely a complex interaction.
 

Did these breakdowns come about from built-in causes, i.e. inadequate
 
design or poor construction of the roadway section; or did they come
 
about from external causes, i.e. inadequate maintenance and overloading
 
after completion of construction?
 

The Engineer made a thorough examination of conditions affecting the
 
design and use of the proposed road in the feasibility study 'stage,
 
and used a design method disseminated by an authority in the field
 
(The Asphalt Institute),. With the data available the FHWA team was unable
 

to determine conclusively whether a significant error had been made in the
 

application of the method.
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The Engineer was responsible for quality control of construction and
 
had the staff (expatriate resident engineers and local technicians)
 
and facilities (laboratory and testing equipment) to do the job. As
 
mentioned above, the detailed construction supervision and test records
 
were not available for review. These would be the ultimate indicators
 
of construction having been done in compliance with technical specifications,
 
which in turn mirrored the intent of the road design.
 

The local materials used in the road embankment, subgrade and subbase for
 
the pavement were generally fine-grained and clayey; vulnerable to loss
 
of bearing capacity and to deformation under load when saturated.
 
Overloading of such material when infiltrated with water leads to
 
structural failure of the road section. Inadequate maintenance of
 
paved surface (sealing of cracks, repairing of pot holes) and shoulders
 
will allow such infiltration. Records show that the MOW&S has not
 
neglected maintenance of the Chikwawa-Bangula Road; however, the
 
effectiveness with respect to minimizing seepage of water into the
 
subbase and subgrade is not clear. Truck overloading is recognized as
 
epidemic in Malawi (and other developing countries). No program of
 
stopping and weighing trucks to determine axle load, has ever been
 
implemented on the Chikwawa-Bangula Road. The fact that pavement deflection
 
tests in 1977 (after the first rainy season under service) indicated the
 
roadway to be in good condition, and that the incidence of subsequent failure
 
-was primarily on the route used by the sugar trucks moving from the Mill
 
to the railhead, lend credence to the theory that overloading in conjunction
 
with infiltration of water into an unforgiving subbase and subgrade was
 
the root cause of failure.
 

Culpability of the Engineer
 

There is no indication of professional negligence in the design of
 
the road. DMJM conducted extensive investigations and used a design
 
method recommended by an established authority. An assertion of
 
professional incompetence might be sustained only if (1) a team of
 
unassailable experts could, and would be willing to, demonstrate that
 
the Engineer's design of the pavement section was grossly in error
 
and/or (2) it could be demonstrated from construction records that the
 
procedures used -- inspection, sampling, testing, etc. -- and the program
 
implemented to assure compliance with the technical specifications and
 
to maintain the integrity of the design were grossly inadequate.
 

Post-completion evaluation, analysis and speculation notwithstanding,
 
the fact is that about 70% of the road is in reasonably good shape after five
 
years of service. Overloading and roadway maintenance that may not have been
 
sufficiently effective in preventing water infiltration over time into
 
a vulnerable structure cannot be ruled out as the primary causative
 
factor where failure occurred.
 

It is concluded that an assertion of professional negligence or incompetence
 
in the design and supervision of construction of the Chikwawa-Bangula Road
 
cannot be sustained five years after completion. There are too many shades
 
of gray.
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Lessons Learned for Future Road Projects
 

1. During the conceptual design stage one must be concerned as much,
 
perhaps more so, with the physical realities and conditions of
 
service of the locality as with design calculation numbers and
 
first costs. Is it a "forgiving design"; how will the road materials
 
hold up under spotty maintenance and react to overloading that is
 
almost inevitable? One is dealing with imponderables but judgments
 
made at this stage may be all-important to the future well-being of
 
theproject.
 

2. Agreements for professional services should be fairly precise in
 
setting out the technical records to be submitted to the Owner: for
 
design, detailed design computations and design memoranda on principal
 
features; for construction supervision, the program for inspection
 
and testing plus day-to-day inspection and testing reports in sufficient
 
detail to track key material and workmanship features.
 

3. As a cost saving measure on the Chikwawa-Bangula Road, the Contractor
 
was relieved of responsibility of locating naturally occurring suitable
 
materials and testing of work laid down for compliance with specifications.,
 
All was left to the Engineer. Certainly the dual approach where the
 
'Contractor does his own checking subject to independent test and
 
approval by the Engineer makes the Contractor more quality-control
 
conscious, and double-checking gives better coverage with respect
 
to both quality and extent. It is a cost trade-off' for an increment
 
of risk.
 

4.,Also as a cost savings measure, the usual protection of a one-year
 
maintenance orwarranty period against defects was not required of
 
the Contractor. The nature of the job and the Owner's interest in
such an "insurance policy" must be carefully considered before
 
dispensing with it.
 

5. 	 The Owner should have his own staff "Resident Project Engineer" at 
the right hand of the Consulting Engineer's resident project manager. 
Though the latter's administrative and technical responsibility 
should not be diluted, the Owner needs his own eyes-and-ears constantly 
observing and reporting what is going on. 

6.. 	The AID Engineer normally has neither the time nor (in many cases)
 
the specific expertise to make a significant technical impact on the
 
project. Either project-specific qualified individuals must be
 
secured and given time and opportunity to perform that function, or
 
it must be recognized that AID and the Owner (in most cases) depend
 
almost wholly on the engineering services firm for the technical adequacy
 
of a project.
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I. BACKGROUND 

A. The Project 

The project consisted of the design and construction of approximately 51 miles 
of paved road with appurtenant bridges and drainage structures in the Shire River 
Valley of southern Malawi between the provincial towns of Chikwawa and Bangula. 
The southern two-thirds of the road connects the Sucoma Sugar Mill with the 
railhead at Bangula. 

A technical and economic feasibility study for the project was completed January 
1973 by the U.S. consulting engineering firm of Daniel, Mann, Johnson & 
Mendenhall (DMJM), Los Angeles, California. Final engineering design, 
specifications and tender documents were prepared by the same firm for 
competitive bidding of a construction contract. 

A construction contract was signed between the Malawi Government and a U.S. 
contractor, Nello L. Teer Company, Durham, North Carolina, August 9, 1974, in 
the amount of U.S. $7,875,090 and local currency equivalent (kwacha) of $2,681,944 
for a total of $10,557,034. Construction was completed a few days ahead of 
schedule in February 1977 at a total cost, including variation orders and 
contingencies, of $11,619,724. Construction supervision was provided by DMJM 
at a cost of $655,985 under a supplement to the professional services agreement 
for the design phase of the .project ($450,057). Two AID loans were made for 
the project in the total amount of $10,300,000. 

B. Present 	Condition of Road 

The road began showing signs of distress (some pavement cracking) from the 
time that it went into service. Deterioration has progressed to the point that 
a recent survey by a two-man team of specialists (a Highway Engineer and a 
Materials Engineer) from the U.S. Federal Highway Administration (FHWA) 
showed: 

7.4 miles: 	 Pavement totally destroyed. 

3.4 	miles: 20-30 percent of pavement destroyed; rest severely distressed, 
subject to imminent failure. 

3.6 	 miles: In poor condition and subject to failure during 1981/1982 wet 
season. 

10.0 miles: 	 In marginal condition and subject to failure within 3 years. 

26.5 miles: 	 In fair condition, probably lasting 2-5 years. 

The FHWA report entitled "Causes of Road Failure and Proposals for Restoration 
and Reconstruction", November 1981, showed the specific locations of road damage 
falling in the above categories on strip maps appearing on Pages 99-104 of the 
Report. 
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II. OBJECTIVE OF THIS REPORT
 

At the request of the Regional Economic Development Service Office, East 
Africa (REDSO/EA) the writer has undertaken to identify the factors, and related 
responsibilities, that led or contributed to the present state of road failure 
substantially short of its design service life (10 years). 

III. ACTIVITIES AND BASIS FOR FINDINGS 

After briefing by the staff of the Office of Development Resources, Bureau for 
Africa (AFR/DR) and review of the FHWA Report on the Chikwawa-Bangula 
Road, the writer proceeded on November 30, 1981 to Nairobi and thence to 
Malawi. In Nairobi, meetings were held with the Director, REDSO/EA, and 
appropriate staff and all Chikwawa-Bangula Road project documents and 
correspondence files examined. In Malawi, the full length of the road was 
inspected in company with the REDSO Chief Engineer and the Regional Roads 
Engineer (South), Roads Department of the Malawi Ministry of Works and Supplies 
(MOW&S). Following the field inspection, several days were spent in Lilongwe 
examining all USAID project documents and files, all Malawi Ministry of Works 
project documents and files, and consulting with USAID and Ministry of Works 
officials. Prior to departure from Nairobi December 19, a debriefing was held 
with REDSO staff. All information concerning the Chikwawa-Bangula Road known 
to be available with AID and the MOW&S was reviewed. Appendix A sets forth 
the particulars of persons conferred with during the course of the review. 

IV. ROAD DESIGN 

A. Malawi Standards 

The road was to be constructed to Malawi Class I standards with a bituminous 
pavement (DMJM Feasibility Study January 1973). Significant features included: 

- Design speed up 	to 60 miles per hour. 

- 22-foot carriageway plus two 5-foot shoulders. 

- Pavement structure designed for 9000-pound wheel load. 
Malawi Class I road design standard 8.2 metric tons; axle load limit 
6.1 metric design tons, prior to 1980. 

- Compaction: 	 Subgrade 95% Modified AASHO. 
Subbase 95% Modified AASHO. 
Base 98% Modified AASHO. 

B. Pavement Design 

As stone or gravel was not available in the vicinity where the road was to be 
constructed, and securing stone from outside the area (average haul about 40 
miles) would have increased the cost of the road significantly, DMJM recommended 
utilization of a sand asphalt pavement and base/subbase materials from naturally 
occurring selected materials in the area. Two alternate pavement designs were 
proposed in the Feasibility Study: Alternate I utilized a Portland cement stabilized 
base; Alternate II utilized a hot-mix sand asphalt base. 
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Alternate I was prepared on Road Research Laboratory (U.K.) criteria; Alternate 
II was prepared on Asphalt Institute (U.S.) criteria. Detailed design criteria for 
each alternate are excerpted from the Feasibility Study and presented in Appendix 
B. 

Both designs were included in the tender drawings and, bids taken on both 
Alternates I and II. The latter was bid at a lower price and the contract signed 
for construction of Alternate II, i.e., a 11-inch hot-mixed, -sand asphalt surface 
course, a 21-inch hot mixed sand asphalt base course,. and a 6-inch soil-aggregate 
'subbase composed of' a naturally occurring selected earthen material. See' 
Appendix C for Typical Road Section drawing. Critical design features were 
the requirements that the subbase- have a minimum California Bearing Ratio 
(CBR) of 25 and the subgrade a CBR of not less than 6. (Note: The CBR is 
a measure of the bearing strength of road construction materials). 

C. Earthwork (Road Formation) 

As noted above, the strength of the subgrade layer underlying the subbase was 
a critical design assumption. It envisaged the use of selected fill material for 
embankment sections and the removal and replacement of unsuitable materials 
in cut sections. A minimum embankment height of two feet was, established to 
elevate the roadway above the surrounding terrain which is relatively flat for 
substantial stretches. Areas over "black cotton soils", (highly plastic clay soils) 
required special attention. In such areas, a solid blanket of sandy material was 
to be placed and compacted as a base over which regular embankment was to 
be constructed to a minimum height of three feet above the black cotton soil. 

D. Draihage Criteria and Design 

Drainage structure requirements were based on a study of topography, climate 
and hydrology of the Lower 'Shire Valley. A 10-year frequency flood was used 
for computing discharges of pipe culverts and catchment areas less than 15 
square miles. A 50-year frequency flood was used for design of all major drainage 
structures. Flow velocity of eight feet per second at inlets was assumed for 
computation of waterway openings. Culvert capacities were based on flows under 
submerged outlet conditions with one foot of head at inlet. 

E. Traffic Projections 

Traffic estimates and projections were based on Roads Department traffic counts 
between 1966 and 1972.' 'Three census points (two census counts taken annually) 
were within the Chikwawa to Bangula route. The estimated 1972 Average Daily 
Traffic (ADT) for the 59 miles of then existing road was 154 vehicles, with over 
80% composed of commercial vehicles and 40% -of total traffic classified as 
heavy vehicles. Studies from that base resulted in a 1976 ADT projection of 
238 rising to 348 vehicles anticipated in 1980. 



-4-


V. 	 ROAD CONSTRUCTION 

A. Construction Contract 

The work was carried out under a competitively-bid construction-contract awarded 
to Nello L. Teer Company, Durham, North Carolina. The basic contract document 
was the commonly used Conditions of Contract (International) for Works of Civil 
Engineering Construction, 2nd Edition, prepared by and recommended for general 
use by the "Federation Internationale des Ingenieurs-Conseils" (FIDIC) 
supplemented by special conditions and technical specifications and drawings. 

Daniel, Mann, Johnson and Mendenhall (DMJM) acted as the owner's (Ministry of 
Works and Supplies - MOW&S) representative in administration of the contract 
and was in full charge of supervision of construction. 

The construction contract was not amended significantly during the course of 
construction; the four variation orders issued dealt with short road extensions, 
curbing- at special locations, signs, and special treatment of shoulders at road 
junctions. 

B. Responsibilities of the Parties 

The construction contract generally followed prevailing practice except for three 
significant departures, all instituted as cost-saving measures in that they relieved 
the contractor of exposure to certain direct and contingent costs: 

1. 	 The location and suitability of soils and gravels for road construction 
were the responsibility of the Engineer (DMJM)- rather than the 
Contractor (Teer). 

2. 	 The contract conditions eliminated the duplication of the usual 
requirement for both the Contractor and Engineer to have survey 
crews and - material testing laboratories. All setting out, 
measurement -and material testing responsibility was placed on the 
Engineer. 

3. 	 There was no Contractor maintenance or warranty period (generally 
one year) after completion and acceptance of the road. 

It was thus the- Engineer's responsibility to locate and test suitable construction 
materials, to designate them for the Contractor's use, and to sample and test 
materials as laid down in the construction for compliance with specifications. 
In essence, the Engineer was responsible for suitable materials; the Contractor 
for good workmanship, which was inspected by and subject to the approval of 
the Engineer. 

C. Construction Standards 

The Technical Specifications, together with the Construction Drawings, set forth 
in detail the work to be done and how it was to be done. The specifications 
described construction operations in detail, the materials to be used, -and the 
Engineer's role in assuring that the work was carried out as described. Portions 
dealing with the road formation and paving are summarized below; bridges and 
culverts are not treated- as that portion of the work has proven generally
satisfactory. 
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1. Earthwork for Road Formation 

a. Definitions 

- The "formation" is the completed embankment or cut section in its 
final shape after completion of the earthworks. 

- The "subgrade" is the surface of the formation upon which the sub
base course is laid. 

- The "subgrade layer" is the top six inches of the formation just 
below the subgrade. 

b. Excavation 

The subgrade layer of the cut formation shall be compacted to 95% of 
maximum- density (Modified AASHO compaction test). Excavated material 
shall be used for the construction of embankments, or as directed by the 
Engineer. Unsuitable material in cut sections or embankment foundations 
shall be excavated to the depths and widths directed by the Engineer and 
replaced and compacted with suitable material.. This work will be paid 
for at the appropriate rates for Unclassified Excavation-"Cut-to-Spoil", 
"Cut-to-Fill", or "Borrow-to-Fill". 

c. Embankments 

Embankments shall be constructed of suitable materials obtained from 
required excavation or borrow areas shown in the drawings. Embankments 
shall be constructed in layers not exceeding eight inches loose measure 
before compaction, parallel to the formation level and cross-section, and 
compacted throughout to a minimum of 90% compaction (modified AASHO) 
except that the subgrade layer (top six inches) shall be compacted to 95% 
compaction. 

Areas over clay soils (A-7 AASHO classification) shall be constructed as 
indicated on the Drawings or directed by the Engineer so as to provide a 
relatively solid blanket of sandy material over which regular embankment 
may be placed. This shall be attained by, immediately before placing 
embankment, covering the limits of the area with a layer of sand (A-3 
AASHO Classification) having a minimum loose thickness of 10 inches. 
The sand shall be end dumped starting at the edge of the area and a sand 
blanket, the width of the embankment limits, pushed across the area and 
compacted to 90% Modified AASHO, or compacted until yielding of the 
subgrade occurs as determined by the Engineer. 

d. Borrow Pits 

The Contractor shall use borrow pits as located and/or approved by the 
Engineer. Borrow material shall generally be obtained by widening cut
sections on the inside of curves or from side drains: "Borrow pits Within 
Road Reserve" and paid for as "Unclassified Excavation, Cut-to-Fill". 
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Material excavated from borrow pits outside the Road Reserve Boundary 
and used as fill will be paid for as "Unclassified Excavation, Borrow-to-Fill". 

The Engineer will direct the Contractor regarding the type of material to 
be excavated, and the areas and depths to be worked, and the quantities 
of suitable material to be stockpiled. The Contractor may be required 
to mix selected material in the borrow pit by bulldozing into stockpiles 
and by face loading with the object to ensure a uniform material. 

e. Spoil Dumps 

Unsuitable material from required excavation shall be removed to an 
approved spoil dump and paid for as "Unclassified Excavation, Cut-to-Spoil". 

2. Pavement 

a. Definitions 

- The term "pavement" means the layers of construction above 
formation level consisting of sub-base, base and surfacing. 

- "Sub-base" means the course composed of soil-aggregate placed and 
compacted on a prepared embankment or cut section. 

- "Base" means the course of hot sand-asphalt mixed mechanically in 
a plant, placed and compacted on a prepared sub-base by bituminous 
pavers. 

- "Surfacing" means the course of hot sand-asphalt mixed mechanically 
in a plant, placed and compacted on a prepared sand-asphalt base. 

b. Sub-base 

The sub-base shall consist of the construction of a course of soil-aggregate 
placed and compacted on a prepared embankment or cut section conforming 
to the lines, grades, thickness and typical sections shown on the Drawings. 

The soil material to be used shall be a well-graded sand-clay or clayey 
gravel. The material shall be obtained from borrow areas designated in 
the Drawings or from other sources approved by the Engineer. 

All sub-base material shall be homogeneous throughout, shall consist of a 
natural or -artificial mixture of hard durable particles and soil binder and 
shall have the following characteristics: 

(1) The C.B.R. obtained, after 48 hours soaking of the material compacted 
to 95% of the maximum dry density at optimum moisture content, as 
obtained in the Modified AASHO Compaction Test, shall be not less than 
25%. 

(2) The liquid limit shall be not greater than 40 and plasticity index of 
the material shall be not greater than 20. 



-7

(3) The C.B.R. swell of the material shall not be greater than 0.5%. 

(4) The product of the percentage passing the No. 200 sieve and 
the plasticity index shall not be greater than 400 provided that not 
more than 25% shall be passing the No. 200 sieve. 

(5) The maximum size of aggregate shall be not greater than 21 
inches. 

Materials are available from "in situ" deposits identified below and 
when processed as indicated will meet the above requirements. (See 
Apendix D, Subbase Material Source and Processing, which identifies 
14 pis) 

If the natural or artifical mixture of material when compacted and 
tested- has a C.B.R. of less than 25%, the Contractor may be 
directed to add additional selected materials which shall be 
thoroughly mixed with the sub-base material and recompacted. 

The sub-base shall be placed on prepared embankment and compacted 
in a layer of the thickness shown on the plans -(six inches). Care 
shall be taken to avoid segregation of the coarse and fine material. 
Immediately following final spreading and smoothing, the sub-base 
course shall be compacted to 95% density. The moisture content 
of the material shall be within thirty percent of the optimum 
moisture content. 

The minimum thickness of the sub-base shall be that shown on the 
Drawing (6 inches). The thickness shall be checked by cutting test 
holes in the sub-base or extending density test holes to establish 
the thickness. 

c. Base 

The base shall consist of a course of hot sand asphalt mixed 
mechanically in a plant, placed on a prepared sub-base by bituminous 
pavers and compacted in reasonably close conformity with the lines, 
grades, thickness and typical cross section shown on the Drawings. 

The sand and filler shall be naturally occurring material from 
designated sources as shown on the Drawings or as directed by the 
Engineer Bitumen shall be 40 - 50 penetration grade conforming 
to ASTM D 946 requirements. The combination of materials and 
bitumen shall have a Marshall stability of not less than 200 pounds 
at 140 degrees F., 18 maximum air voids and maximum flow of 20 
using 50 blows on each end of the specimen. 

The Engineer will approve a job mix formula for each mixture. 
Bituminous material shall be added at the rate of 4.0 to 5.0% by 
weight of total mix. The following tolerances for the job mix 
formula will be allowed per single test: 
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Passing Sieve Percentage Points (+) 

3/8 inch and larger 5 
No. 8 12 
No. 30 10 
No. 200 5 

Asphalt 0.5 

The mixture shall be placed with an asphalt paver to provide a 
nominal compacted thickness of 21 inches.. The mix shall be 
compacted immediately after placing to a density equal to or greater 
than 95% of a laboratory specimen prepared by the Marshall method 
from a sample taken from a truck delivering mixture to the job 
site. The laboratory density shall be compared with the field density 
at the location of the same truckload of mixture from which the 
laboratory specimen was made. The thickness of the base course 
will be determined by the measurement of cores taken therefrom. 

d. Surfacing 

The surfacing shall consist of a course of hot sand asphalt mixed 
mechanically in a plant, placed on a sand asphalt base by bituminous 
paver and compacted in reasonably close conformity with the 
thickness and typical cross section shown on the Drawings. 

The provisions with respect to material, placing, etc. as set forth 
above for "base" shall apply except the following: 

- Bituminous material shall be added at the rate of 5.5 to 6.5%. 

- Maximum air voids shall be 15 per cent. 

- Maximum flow shall be 15. 

- Thickness shall be within 5 percent of that shown on the 
Drawings (11 inches). 

- Tack Coat - If directed by the Engineer, a tack coat of 0.05 
to 0.15 gallons per square yard of diluted emulsified asphalt 
shall be applied on the base course and allowed to cure before 
placing the succeeding course. 

D. Construction Operations 

1. General 

As indicated in B and C above, a most significant aspect of the construction 
contract was that full responsibility for selection of materials and all 
sampling and testing, both with respect to selection of material and quality 
control (conformance with specifications) of the work in place, rested with 
the Engineer. The Contractor's primary role was thus moving, mixing, 
shaping and compacting materials selected or approved by the Engineer
into a roadway laid down in, accordance with the specifications as 
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determined and approved by the Engineer. This was a most important 
undertaking as it translated the design of the road section from a piece 
of paper to a physical product having the qualities and structural integrity 
envisaged by the designer. Stability of the whole under anticipated service 
depended on the individual structural integrity of the road formation and 
subgrade, the subbase, the base, and the surface course. As each of these 
were formed or laid-down separately, constant and careful surveillance 
and continual sampling and testing were needed to assure the integrity of 
the finished roadway section. 

2. Construction Supervision by the Engineer 

a. Services to be Provided 

Under the Agreements of July 13 and August 9, 1974 between DMJM and 
the Government of Malawi, the Engineer's services to be provided during 
the construction phase included: 

- furnishing qualified resident staff approved by the Government 
to insure compliance with the requirements of the contract 
plans and specifications, 

-- responsibility for administration of the construction contract 
agreement and technical control of construction, 

-	 all field and laboratory testing of construction material, 

-	 issuing instructions to the Contractor, 

-	 maintaining records of construction progress, 

-	 conducting final inspections, approving and certifying to the 
Government the completion of the construction agreement. 

A complete listing of services is excerpted from the Agreement and shown 
in Appendix E. 

b. Expatriate Staff 

To perform the services the Engineer's resident expatriate staff under the 
agreement 	was as follows:
 

- Resident Engineer
 

- Assistant Resident Engineer
 

- Materials Engineer
 

- Survey Engineer
 

-	 Office Engineer 

-	 Construction Engineer 
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e. Facilities and Support Services for the Engineer 

Facilities to support the quality control work of the resident staff included: 

- Office and laboratory facilities, including cierical and 
technical staff 

- Soil testing equipment and laboratory supplies 

Malawi staff assisting the expatriates averaged 24-28 technicians and 
surveyors (per DMJM Final Report, September 1977). 

A complete listing of supporting services and facilities is excerpted from 
the Agreement and shown in Appendix E. 

3. Records of Construction 

-a. Record Availability 

The biggest disappointment during the examination of the project by the 
writer was the dearth of meaningful construction records;- project diaries 
and, in particular, the program instituted by the Engineer and the day
to-day steps taken to assure selection and use of suitable materials and 
to confirm that construction elements as laid-down met the technical 
specifications., For example: sampling and tests of materials for 
embankment and for subbase, quality control tests on subgrade, subbase, 
and sand asphalt which would have included gradation and classification, 
compaction (density), CBR's station-by-station, asphalt extraction and 
stability test results. Such records would have confirmed the faithful 
translation of roadway design to the finished product. Records which 
touched on construction but were not definitive in the sense described 
above are summarized below. 

b. Site Meeting Reports 

The closest one comes to the flavor of construction operations was a 
series of weekly Site Meeting Reports, 57 in number, from September 9, 
1975 to February 19, 1977 between Teer's Project Manager and DMJM's 
Resident Engineer. These reports are brief (usually one page) and generally 
portray ordinary- construction operations and problems such as availability 
and condition of materials, equipment and personnel, fire and shut-down 
of asphalt plant which delayed paving May-August 1976, maintenance of 
partially completed roadway being used by the contractor, etc. 
Occasionally quality control matters surfaced: defects in some paved 
areas, shoulder construction, material in borrow pits. As early as February 
1976 some pavement failure was noted and an Asphalt Engineer from Mobil 
Oil brought in and a report submitted - to what effect is not clear. The 
Site Meeting Reports tend to alert the reader to problems but generally 
do not close the circle by reporting resolutions (which was not necessarily 
their function). In June 1976, two meetings reported need for sand in 
subbase to meet CBR specifications at listed stations. Meetings in June 
and September 1976 identified failed pavement sections requiring repair 
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by Contractor. Though the genesis for the change was not clear, the last 
month -of paving (about November 10 - December 11, 1976) utilized 80
100 penetration grade bitumen rather than 40-50 grade specified and used 
previously. 

c. Engineer's Monthly Progress Reports 

These reports by definition dealt primarily with physical progress: work 
started or completed, portions of road accepted and turned over to 
Government, etc. Technical matters or special events noted included: 

- October 1975: Pavement complete over 634+ stations (about 
12 miles in the north); being constructed with +4.1% bitumen 
for base course and +5.1% for the wearing surface. 
Specifications regarding the mixes are being satisfied. 
Stabilities of +500 are consistently obtained (very significant). 

- August 1976: Sand from the Tangadzi River was blended 
with subbase material from Borrow Pit 2240 to provide 
adequate sub-base strength over Stations 2222+00 to 2432+00 
(about four miles in southern portion of road). 

- December 1976: Paving completed 11 December 1976. 
Between 20 and 31 December flooding between Stations 
1885+00 and 1902+00 (1700 feet) caused considerable damage 
to shoulders on left side; some pavement was damaged. 

d. As-built Drawings 

As-built drawings were prepared by the Engineer; that is, the original 
drawings were revised/marked to reflect any construction changes or 
adjustments. Examination of the drawings showed such changes to be 
minor: the slope of the shoulder on the typical road section was flattened 
from 17:1 to 33:1; on the special section for "black cotton soils" the 
blanket separating the unsuitable material from regular embankment was 
changed from eight inches select borrow to six inches sand blanket; "fine
tuning" adjustments were made at various culvert locations. 

e. Engineer's Final Report 

DMJM's Final Report of December 1977 dealt with all aspects of the 
project-weighted heavily to chronological history, quantities of work and 
cost aspects. Of particular interest with respect to the physical aspects 
of road construction the following is exerpted: 

- "The use of naturally occurring deposits of sand in an asphalt 
pavement was of continuing interest to the GOM as it was 
the first such usage in Malawi. AID Engineers also expressed 
a continuing interest for the same reason plus the fact that 
this provided for a substantial reduction in costs over 
pavement mix requiring crushed stone." 

- "Construction work included earth excavation of 1,167,153 
cubic yards, 44,747 cubic yards of sand to blanket the black 
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soils south of Ngabu, 237,778 cubic yards of pit run select 
material for a 6-inch subbase course and 48,754 cubic yards 
of sand asphalt base and 30,955 yards of sand asphalt 
pavement utilizing naturally occurring sand and filler. Seven 
multiple span steel beam with concrete deck bridges ranging 
in length from 90 to 315 feet, 3,357 feet of large pipe arch, 
and 7,833 feet of corrugated metal culvert pipe were 
installed." 

- "During late December, 1976, and early January, 1977, 
extensive flooding over 800 feet of roadway centering on 
station 1893+00 occurred due to extremely heavy rainfalls 
which was reported to have exceeded all previous records..... 
because the project was essentially completed at the time 
of flooding, it was decided to utilize 3 No. 11" 5"? X 7"? 3"? 
Multiplate Pipe orginally to be installed on the LMZ Road 
Project.......The usage of the Multiplate Pipe at this location 
(to increase drainage capacity) was approved by the Chief 
Roads Controller during the site visits of 15 January 
1977......the work done included.....replacement of subbase, 
sand asphalt base and pavement ...... I 

- The average of bitumen extraction tests on the sand asphalt 
mixes utilizing the Mwanza River sand source (for the 
northern portion of the road) was 4.38% for base and 5.35% 
for pavement; utilizing Tangadzi River sand (for the southern 
portion of the road), the bitumen extraction tests averaged 
5.19% for base and 6.08% for pavement. Due to differences 
in sand, the southern 27 miles required more bitumen in order 
to meet stability and other specifications. 

- "In all but one area the subsurface design test information 
was verified upon exploitation of the indicated materials sites. 
The extent of suitable sub-base material in some locations 
exceeded the estimated quantity.....The one source which did 
not produce the material which was indicated by design boring 
was the source of 45,000 cubic yards of material for the 
sand blanket....The alternate source at the Tangadzi River 
which had been so identified to contractors at the site 
inspection was therefore utilized.....". 

"The total responsiblity for all setting out, measurement, and 
testing placed a substantial additional work load on the 
Engineer's construction supervision staff........ Experience on 
this project indicates the need for at least one additional 
expatriate soils/materials engineer and one additional 
expatriate chief of surveys on the Engineer's staff for projects 
having similar provision......." 
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VI. THE ANATOMY OF ROAD FAILURE - GENERAL 

A. Introduction 

When a road section fails, it may be due to a single, over-riding 
circumstance; more often, it is a combination of interacting factors. The 
causes may be "internal factors" associated with the structure of the road 
as designed and built-in, or "external factors" that affect the road in 
service. The factors perforce interrelate but for clarity one may 
differentiate, the major ones as follows: 

- Internal: 

- Road Design 

- Road Construction 

- External: 

- Traffic loading/frequency 

- Climatic effects 

- Topography/geology/hydrology 

- Maintenance 

B. Internal Factors 

1. Design 

Design is the starting point for a satisfactory road section. It is here 
that all the other factors impinge. Here one first must assess the service 
conditions under which it must perform-dynamic, such as traffic loading 
and frequency; and passive, such as topography, geology, weather and other 
natural conditions-and then develop a roadway configuration and structural 
strength to accomodate the forces reasonably expected to be applied over 
the service-life of the road. Satisfactory structural design is accomplished 
when applied loads to the surface of the paving are transferred (usually 
through discrete successive layers) to the underlying natural foundation. 
soil without exceeding the bearing strength of each structural element, 
including the foundation, i.e., the roadway section as a whole maintains 
its structural integrity under traffic. 

Structural design of a paved road is not so precise as say a bridge girder 
or building column where the qualities of the materials used and the 
application and stress paths of loads are more precise. Pavement design 
is essentially empirical. Guidelines have been developed over the years 
from the observations and experience of such bodies as the U.S. Corps of 
Engineers, the American Association of State Highway Officials (AASHO), 
the Asphalt Institute (U.S.) and the Road Research Laboratory (U.K.). 
Design methods have been developed which relate bearing capacities and 
thicknesses of layers of various materials-asphalt paving, soil/aggregate 
bases, and subgrade material-to capability of resisting applied loads. The 
sound application of these methods requires professional judgment and 
experience. 
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2. Construction 

The soundest design can be negated by inattention to quality of materials 
and poor workmanship during construction; that is, if basic materials having 
the physical qualities assumed in the design are not used and/or they are 
not worked or placed to produce the physical entities envisaged in the 
design, failure is invited. Thus it is essential in the first instance that 
the technical specifications for construction be drawn to call for materials 
and workmanship consonant with the design and, in the second, that "quality 
control" be exercised constantly during construction operations to assure 
that the work as completed indeed faithfully transfers the design to the 
ground. 

C. External Factors 

1. Traffic Frequency and Loading 

As traffic analysis and projections are a major feature of pavement 
structural design, so a. major deviation from design assumptions 'under 
actual use can have a significant effect on pavement life. Overloading 
is particularly destructive. For example, according to the FHWA Report 
(Pages 39 and 40), increasing each design axle load by 10% would raise a 
nominal 65 daily 18,000 pounds axle load repetitions to the equivalent of 
about 200-18,000 pound repetitions. The resultant effect of such increase 
would be to reduce the life of the pavement between 20 and 30 percent, 
or requite an additional 1-314" asphaltic concrete overlay to retain desired 
pavement life. 

2. Climatic Effects 

Roads are. designed to resist the deleterious effects of weather peculiar to 
a- region. Freezing and thawing of the base or subgrade is particularly 
destructive (fortunately not a factor on the Chilwawa-Bangula Road). High 
summer heat has a deleterious effect on pavement surfaces. Rainfall 
intensity and duration is a large factor, both from the standpoint of passing 
area surface drainage beneath the road (through culverts or bridges) and 
quickly disposing of water that falls on the paved surface and adjacent 
shoulders. The tightness of the paved surface must be preserved to prevent 
water' seeping through to the base and subgrade. The shoulders (often an 
extension of the subbase) must be sloped sufficiently to pass surface water 
to the ditches and sufficiently impervious to prevent seepage into the 
subgrade. A water saturated base/subgrade combined with heavy wheel 
loads is an invitation to distortion and pavement break-up. 
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3.. Topography/Geology/Hydrology 

In hilly or mountainous terrain, land slides on natural or cut slopes can be 
a problem. Terrain and surface water are primary factors in drainage 
design. Topography and ground water can combine to saturate road 
formations from springs or capillary attraction where ground water is close 
to the surface and embankments are low. If the geological strata underlying 
the road formation are unstable or yielding then the road above may be 
affected. 

4. Maintenance 

Even the best designed and constructed roads in areas blessed by the most 
favorable natural conditions require periodic maintenance and minor repair 
to preserve their integrity. The required maintenance effort increases, as 
climatic conditions or traffic loading become more severe. Cracks in 
pavement must be kept sealed, pot-holes or broken sections quickly 
repaired, surfaces and grades of shoulders maintained, ditches and culverts 
kept free of obstruction. The primary aim of such activities is to preserve 
the riding quality of the surface and to prevent saturation of the 
base/subgrade which almost inevitably leads to structural breakdown. 
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VII. FAILURE OF THE CHIKWAWA-BANGULA ROAD 

A. Extent 

When speaking of failure of the Chikwawa-Bangula Road one must bear 
in mind that after 4-5 years of service somewhat more than half of the 
road (26f miles) has been evaluated "in fair condition,. probably lasting 2
5 years" (FHWA Report). Further, another 10 miles "in marginal condition 
and subject to failure within 3 years" can be preserved by an overlay of 
asphaltic concrete. or bituminous surface treatment-, (as -also recommended 
for the 261 miles in the fair category). The necessity for application of 
an overlay after -five years of traffic on a bituminous pavement to build 
,up abraded areas, seal the surface and restore riding quality is not 
considered unusual. Thus the term "failure" applies strictly only to about 
28% of the road (some 14.4 miles) where the pavement has broken up and 
distortion of the subgrade has occured. Reconstruction/rehabilitation is 
complicated by the fact that the failed portion is. not continuous but 
occurs in various lengths at various places throughout the stretch of 
roadway. (See Pages 99-104 of FHWA Report). 

B. Examination of Possible 'Causes of Failure 

1. Pavement Design 

a. Method 

The Engineer (DMJM) utilized the design method presented in Asphalt 
Institute Manual Series No. 1 (MS-1), December 1969, for the 
pavement section selected for construction. 

b. Traffic-

Traffic projection was based on analysis of existing traffic counts 
at three points on- the then existing Chikwawa-Bangula route 
collected during a: seven-year period 1966-1972 With particular 
attention 'to the last two years. A detailed analysis is presented 
in the DMJM Feasibility Study, January 1973. 

c. Structural Design 

Unfortunately for purposes of this examination the structural design 
of the pavement section is not -presented in detail in the available 
documents. 

The Feasibility Study cites the method used, as above, states the 
design traffic parameters (1976 Average Daily Traffic of 238 
vehicles, 62 heavy vehicles in design lane, annual traffic growth 
7.5%, 9-ton gross average weight of heavy vehicles), and subgrade 
strength (CBR=6); and gives the result as determined by application 
of the MS-1 method: 1-inch Sand Asphalt Pavement; 3-inch Sand 
Asphalt Base, and 6 inches of Subbase. (See Appendix B). No 
subsequent or more detailed design calculations were discovered in 
the record- although thicknesses of- pavement and asphalt base 
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were shown as li inch and 21 inch respectively on the contract 
drawings. 

d. Materials Availability 

As a part of the Feasibility Study, a soil/materials investigation for 
the proposed road was carried out. 133 samples were taken and 
tested under the program, the results being presented as Appendix 
Table E-XIV in the DMJM Feasibility Report. However, it is striking 
that the average of the CBR tests shown on 18 samples designated 
for embankment use came to only 2.8 as demonstrated in the FHWA 
Report, Page 59. DMJM concluded from this preliminary sampling 
and testing program that suitable base and subbase, and embankment 
material was available for construction of the road section in 
accordance with the designs proposed. The feasibility study soils 
testing program was followed by a further program, prior to 
construction tenders, recorded in DMJM Soils Information Report 
dated April 1974 (reproduced as Pages 65-98 in the FHWA Report). 
This program included analyzing 127 embankment soils samples taken 
throughout the length of the proposed road, and sampling of materials 
and location of pits for subbase and base materials. Although the 
Report showed soil descriptions and the usual test determinations 
such as grain size, liquid limit, plasticity index, density and optimum 
moisture content for embankment soils samples, no CBR values were 
shown. As noted above, a CBR value of 6 for the subgrade. was 
a critical design assumption. 

e. FHWA Team Assessment 

The FHWA Report brings the adequacy of the DMJM design very 
much into question, though not conclusively (quoting from Page 28
29): 

"The design assumptions that equate 1 inch of sand-asphalt surfacing, 
3 inches of sand-asphalt base, and 6 inches of asphaltic concrete 
(DMJM Report) appears to be overstated. The equivalency criteria 
used by DMJM were not available to the FHWA team. However, 
assuming the sand-asphalt base, surfacing mixes, and the subbase 
materials conformed to the specifications, the FHWA team concludes 
the pavement structure is underdesigned. Using the layer co
efficient proposed by AASHTO's Interim Guide dated October 1961, 
the DMJM pavement design thickness equals about 4" of asphaltic 
concrete and not 6". Therefore, the pavement appears to be 
underdesigned." 

Further, the FHWA team finds that "the (sand-asphalt pavement) 
mix design information from DMJM had extremely low Marshall 
stabilities which, in the Team's opinion, did not meet their structural 
design assumptions for equivalencies to asphaltic concrete" (Page 
27). In order to either harden or modify the above conclusions, 
the FHWA team was asked to run through in detail the sand-asphalt 
pavement design based on Asphalt Institute Design Manual MS-1 
December 1969 using traffic assumptions, wheel loadings, and 
subgrade strength as stated in the DMJM Feasibility Report. That 
exercise proved inconclusive; from the data available it was "not 
possible to accurately confirm the design." 
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CONCLUSION 

The design method used by DMJM was one published by a well-known and 
respected authority, The Asphalt Institute (U.S.). Whether it was applied without 
error in procedure or interpretation is not known as the detailed design is not 
part of the record; and, from the data available, the FHWA team was unable 
to cheek it out to their satisfaction. 

2. Construction 

a. Correlation of Construction Contract with Pavement Design 

The technical specifications were explicit with respect to materials and 
workmanship for sand-asphalt pavement and base, and for soil-aggregate 
subbase (CBR=25). With respect to subgrade, the specifications spoke 
repeatedly of "suitable material" and removal of "unsuitable material", 
gave explicit requirements for compaction but never set forth the soil 
characteristics, particle size, plasticity, etc. that would delimit "suitable" 
or "unsuitable" subgrade material, including the minimum CBR value (6) 
upon which structural design was based. 

b. Quality Control During Construction 

(1) Responsibility 

In the Professional Services Agreement between DMJM and the 
MOW&S, and under the terms of the Construction Contract, it was 
DMJM's responsibility to locate and test suitable materials for use 
in constructing the road section, to designate such materials for 
the Contractor's use, and to sample and test materials as laid down 
during road construction for compliance with specifications. See 
Appendix F for relevant excerpts from the cited documents. 

(2) Resources 

Under the Professional Services Agreement, DMJM had a six-man 
resident/expatriate construction supervision force and was provided 
soil-testing equipment and supplies, office and laboratory facilities, 
and clerical and technical staff in anticipation of inspection, 
sampling and testing necessary for exercising quality control. See 
Appendix E for relevant excerpt from the Agreement. 

(3) Documentation 

Extensive review of all project documentation available with AID 
offices in Nairobi and Lilongwe, and the project files of the Minisitry 
of Works and Supplies, Government of Malawi failed to produce any 
of the documents, or mention of documents, normally associated 
with the many tests necessary to monitor and assure quality: in 
particular, the program developed for sampling and testing to assure 
compliance with technical specifications, and the actual day-to-day 
reporting on samples taken and test results with respect to the 
various roadway components-subgrade, subbase, sand-asphalt paving, 
etc. 
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As it was the Engineer's responsibility and resources were allocated, 
there is little doubt that DMJM formulated and operated such a 
program. The frustration of the present examination (of the causes 
of road section failure) is that no. assessment of the soundness or 
efficacy of the program can be made in the absence of relevant 
documents.. For example, were the physical characteristics of soils 
used and laid down for the various purposes-subgrade, subbase, 
sand-asphalt, etc.-along the length of the roadway in compliance 
with technical specifications and design assumptions; in particular, 
was a subgrade CBR value of 6, and a subbase CBR value of 25 
maintained? 

Queries of present senior staff in the roads design, materials and 
engineering departments of MOW&S gave no clue to the existence 
of documents such as construction diaries, inspection, reports, 
sampling- and test reports which would permit one to correlate 
construction events or materials with failed or satisfactory road 
sections. It was concluded that if such documents were still in 
existence, they would be with DMJM. (The Principal Secretary, 
MOW&S, indicated' that a query would be sent to DMJM regarding 
such documents). 

c. Post-construction Physical Tests 

(1) Benkelman Beam - 1977 

Benkelman Beam deflection measurements of the pavement were 
made, by MOW&S at 500-foot intervals along the full length of the 
Chikwawa-Bangula road in April-May 1977. This was after the end 
of the first rainy season after the entire road had been completed 
and opened to traffic. The plot of the deflection measurements 
by stations was available at the time that the concern over pavement 
cracking was at its height and being examined by all concerned. 

The Chief Design Controller reported "the results are very good 
with only minor deflections well within the expected standard" 
(letter of June 16, 1977 to Secretary MOW&S). The DMJM Project 
Director 'in letter of December 27, 1977 to the Chief Roads 
Controller stated, in part: "It is noted that average deflections for 
all except the three readings mentioned above (over 36" culverts 
and not representative) are from 0.42 mm to 0.82 mm with most 
being approximately 0.60 mm. This indicates a pavement 
performance considerably better than the design criteria." 

(2) Subgrade and Subbase. - 1978 

In October 1978, the Materials Officer, MOW&S, sampled and tested 
the subgrade and subbase at 12 locations in an 18-mile stretch of 
road where, "surface failures were evident." A- Report on these 
tests dated 22 January 1979 showed the subgrade- to be a heavy 
clay soil with CBR's ranging from 3 (four samples) to 6 (two 
samples); and the sub-base material varying "tremendously from one 
point to the other....the materials.....range from sandy, silty 
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clays to very heavy plastic clays...."and having CBR's varying from 
12 (two samples) to 18 (four samples). 

(3) Benkelman Beam and Test Pits - 1981 

A further Benkelman Beam Deflection Survey was carried out by 
the MOW&S, February 1981, at 200-meter intervals along the entire 
length of the Chikwawa-Bangula road. Reports were prepared by 
the Materials Branch dated February 1981 and by the Design 
Department dated July 1981. 

According to the Materials Branch Report, "a deflection level of 
0.9 mm at a standard axle loading of 0.5 million (repetitions) has 
been considered to indicate an acceptable level of pavement quality 
for this particular project. The criteria has been taken from 
interpolation of other criteria from Zube's Charts." Under 
conclusions, the Report states: "The Benkelman Beam survey 
indicates sections which are below the accepted level of deflection 
while a considerable length of the road has deflections much higher 
than the accepted level. The high deflections are recorded on 
either the failed lengths or those showing severe cracking and 
approaching failures." 

Twenty-two test pits were excavated to a depth of 600 mm (about 
two feet); six between Bangula and Ngabu, and 16 between Ngabu 
and Chikwawa. The pits were dug with hand tools in areas that 
showed no cracking, areas showing cracking but not yet failed, and 
areas which had severly deteriorated, badly cracked and failed. 
Usual soil tests were carried out on the material encountered at 
subbase and at subgrade level. Significant findings shown in the 
Report included: 

- A majority of the soils classify as A7-5/A7-6 materials 
having a very high plasticity index. 

- The visibly failed sections invariably have A7-5/A7-6 type 
of materials as subgrade. 

- The percentage compaction achieved is generally at the 
accepted level. 

- Wherever the field moisture content has been maintained 
near laboratory optimum moisture content, a high in situ 
CBR is obtained (upto 25); but, as the "very plastic silty 
clayey soil has absorbed water and moisture content in the 
field has risen to a considerably higher level than the 
laboratory moisture content, the CBR values determined are 
very low" (down to 2). 

- "No gravel sub-base was encountered in any of the 22 test 
pits. The sand mix (asphalt) being constructed on the 
unprimed sub-grade." (NOTE: This last assertion is arguable. 
Though no "gravel" may have been encountered, the soil tests 
show different grain sizes and plasticity indexes for the six 
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inches of material at sub-base level and that lower down at 
subgrade/embankment level). 

d. FHWA, Team Assessment 

The FHWA team concluded that "the failures occurred because of 
an inadequate structural section to carry the traffic volume and 
vehicular load." It cited lack of subbase, base and surfacing thickness 
to carry the load; low CBR's for subbase and subgrade material; 
high percentages of- clay and fine-grained material; high moisture 
content; excessive fines in sand-asphalt pavement and low Marshall 
stabilities. See Appendix G for conclusions as presented in detail 
in the FHWA Report with respect to Subgrade and Embankment 
Soils, Subbase Materials, and Sand-Asphalt Pavement. 

CONCLUSION 

The visual and test evidence points to subbase and subgrade failure 
of substantial portions of the road. It may have been partly induced' 
by early cracking of the sand-asphalt paving. In those parts that 
have failed, tests show the material in both subbase and subgrade 
to be clayey and fine-grained with. a high plasticity index. Clays 
have high strength when relatively dry and low strength when wet. 
Clearly they did not perform adequately under the service conditions 
encountered. Whether the basic materials laid down in -the road 
construction had been adequately tested as suitable and -within the 
specifications is impossible to ascertain in the absence of detailed 
construction records. It is clear that the subgrade and subbase did 
not perform their structural role when excessively wet and subjected 
to the applied traffic loads. Whether the -primary causative factor 
was built-in (design and construction) or external (overloading and 
infiltration of water through pavement and shoulders because of 
less than adequate maintenance) cannot be conclusively determined. 

The Benkelman Beam deflection tests in 1977 along the entire length 
of the roadway after the first rainy season under traffic suggest 
that the road was then basically sound though pavement cracking 
in many places continued to fuel doubts. The fact that the major 
portions of damaged road sections occur in the stretch between the 
Sucoma Sugar Mill and the railhead tends to support overloading as 
a significant factor in failure-again only conjectural as no weighing 
of trucks to determine axle loads was ever performed. 

In sum, the conclusion is that at best the road built was not of a 
"forgiving" design and construction; that is, it could not accomodate 
well to departures from basic design assumptions with respect- to 
strength of materials -nor with loading and service conditions to 
which it was subject over time. 

3. Traffic Frequency/Overloading 

As indicated earlier, a well designed and constructed road can be 
damaged when vehicle frequency and axle loadings exceed design 
assumptions significantly. Only one traffic count on the Chikwawa
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Bangula Road was reported taken since its completion-a four-day 
period in late June/early July 1981 (see Appendix H, Manual Traffic 
Count Results). The heaviest traffic was between the Sucoma Sugar 
Mill and Bangula, about 275 vehicles average daily traffic (ADT) 
including about 105 trucks of all types counted at Ngabu 
approximately midway between Sucoma/Nehalo and Bangula. This 
may be compared with the design assumption (year 1976) of ADT 
238 of which 125 vehicles over 5-ton capacity with annual traffic 
growth projected at 7.5% No weighing was done during the traffic 
count; therefore, there is no firm information available on wheel 
or axle loading. (The Principal Secretary, MOW&S, indicated that 
he would request whatever information was available from Sucoma 
concerning the trucks outloaded with sugar). 

CONCLUSION: Overloaded trucks (axle loads of more than 18,000 
pounds) travelling between the Sucoma Sugar Mill and the railhead 
at Bangula, and indeed trucks loaded with cane from the fields in 
the vicinity of the Mill, may well have been a factor in causing 
sections of the road to fail. Overloading of trucks is known to be 
epidemic in Malawi-it is said that about one-third of trucks stopped 
at main road check points are found to exceed the Malawi Class I 
road load limit. The record shows that both MOW&S and DMJM 
had expressed concern about trucks between Sucoma and Bangula 
exceeding design (and Malawi road standard) axle load limits. With 
no stopping and weighing of trucks on the Chikwawa-Bangula Road 
having occurred in its approximately five years of service life one 
can but speculate; but the probability of trucks exceeding the load 
(and design) limit is high. In sum, truck overloading cannot be 
ruled out as a factor in the road failure that has occurred. 

4. Weather Effects 

a. Surface Cracking 

The combined effect of alternating hot dry seasons and wet seasons 
likely induced some cracking in the paved surface due to differential 
drying-out of embankments with relevant shrinkage pressure on the 
pavement. Also, over time oxidation tends to make pavement brittle 
and more subject to cracking. Such cracks are generally regarded 
as superficial with little effect on the structural life of the pavement 
if they are promptly sealed. 

b. Water Infiltration 

Seepage of rain water into the sub-base and subgrade probably did 
more damage, or set up the potential for damage, than any other 
external factor. Under heavy loading, and particular overloading 
or impact loading, a saturated road formation deforms and permits 
the pavement to deflect beyond its limit to recover and crack-up 
begins. And once break-up starts in the area, cracking and distortion 
tend to- spread and structural integrity of the section is lost. 
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The infiltration of rain water in sections of the Chikwawa-Bangula 
Road likely occurred through both pavement cracks and the 
shoulders, the degree in each case depending on the effectiveness 
of road maintenance. Cracks, left unsealed through the rainy season 
give water direct access to the subbase/subgrade. The shoulders, 
which were essentially constructed as a 5-foot extension of the sub
base to each side of the asphalt paving, are particularly vulnerable 
to erosion and traffic abrasion. Serious erosion will expose the 
subgrade. "Guttering" or a continuous depression along the edge of 
the pavement is a ready-made channel for seepage migration beneath 
the pavement. Building-up the shoulders (during maintenance) above 
the level of the pavement gives a "bath-tub" effect which tends to 
pond water on the road-again, an invitation to seepage and 
saturation of the road formation. 

In addition, in low-lying areas where the embankment was at or 
near minimum height (two feet), capillary attraction may have 
contributed to saturation of the road formation. 

CONCLUSION: The degree to which any or all of the above 
occurred over the past five years is impossible to determine. It is 
natural that it would have occurred to some degree, its incidence 
would depend to large degree on the effectiveness of the road 
maintenance program. Clearly, a road subbase and subgrade of 
clayey fine-grained material with a high plasticity index would be 
most vulnerable to water allowed to infiltrate, and if subjected to 
"pumping" associated with overloading it could be disastrous to the 
stability of the section. 

5. Topography/Geology/Hydrology 

As noted previously, a short section of the road was overtopped by 
localized flood waters and damaged shortly after completion of 
construction. The FHWA Report (Page 32) noted that there was 
evidence of overtopping at three other areas and recommended 
raising the height of the road by one to three feet in four locations. 
These recommended grade raises totaled 1.93 miles and are detailed 
on Page 134 of the FHWA Report. 

The possible adverse effects of natural soil characteristics along 
the route of the road pervades one's thinking but is speculative, 
not subject to a rigorous analysis leading to a finite conclusion. 
DMJM recognized the existence in some areas of highly expansive 
"black cotton soils" and developed a special road section (sand 
blanket and three feet of cover) for those areas. In general, the 
soils along the route of the road were clayey and fine-grained which 
equate to swelling and loss of bearing strength when saturated. 
Many cubic yards of "suitable" material from road cut sections and 
excavated within the road reserve were used to construct 
embankment sections. One wonders at the complex actions and 
reactions that might have taken place over alternating wet-dry 
seasons between such natural materials and a relatively thin flexible 
pavement section . 
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CONCLUSION: Topography-low, flat and slow draining-and soil 
structure-clayey, silty and fine-grained-probably contributed to 
saturation of road formation in areas where embankments were low 
(design minimum height, two feet). Whenever moisture content rose 
well above the optimum in embankments constructed of clayey fine 
grained materials, bearing strength would have been reduced, 
contributing to deterioration in the structural capability of the road 
section and possible failure under applied loads. 

6. Road Maintenance 

Road maintenance is necessary to keep a roadway as close as 
possible to its originally designed and constructed condition. For 
the Chikwawa-Bangula Road it was particularly important as cracks 
were observed throughout the length of the pavement from the time 
it was first put in service. (See Appendix J, Crack Observations). 
This condition was the subject.of much correspondence between the 
MOW&S and DMJM, and a special inspection by an AID Consultant. 
The conclusion by DMJM and the AID Consultant was that under 
the conditions, such cracks were not unusual, that they were not 
serious and indicated no breakdown of structural integrity; that the 
treatment of such cracks by filling with bitumen was a normal 
maintenance procedure and should be undertaken as such by MOW&S. 
See Appendix K (Copies of MOW&S and DMJM letters assessing the 
cracking of road pavement) and Appendix L (Copy of Lubin Report 
on Pavement Crack Inspection, December 5, 1977). 

The Chief Roads Controller gave orders for the recommended 
maintenance work to be undertaken and reports submitted monthly,
which was done. (See Appendix M for relevant instructions and 
examples of maintenance and repair reports). These reports indicate 
a continually worsening situation. Crack sealing and pavement 
patching has been discontinued on various sections of the road as 
the distortion is so great that obviously the road structure has failed 
(necessitating reconstruction). Patching continues where the subgrade 
appears sound. MOW&S furnished maintenance expenditures for the 
Chikwawa-Bangula Road by years as follows: 

1977-78 $59,000* 

1978-79 65,000 

1979-80 72,000 

1980-81 113,000 

*Based on One Kwacha = U.S. $1.15 

The above may be compared with an annual maintenance figure of 
570 Kwacha/per mile for bituminous roads developed in 1971 by the 
Roads Department (and mentioned in the DMJM Feasibility Study) 
which equates to $36,000 for a 52-mile road (conversion rate at 
the time: One K=$1.20). 

http:subject.of
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CONCLUSION: The need for maintenance was recognized by the MOW&S 
and the maintenance of the Chikwawa-Bangula road was not neglected. 
Whether pavement cracks were sealed effectively and shoulders maintained 
over a five-year period in condition to reasonably prevent infiltration of 
surface water into the subbase and subgrade cannot now be determined. 
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VIII. EXAMINATION OF ENGINEER'S (DMJM) PERFORMANCE
 

A. Responsibility 

When elements of a construction project fail or -do not function as 
intended the question always arises: how did it happen; who is to 
blame? Usually the apportionment of responsibility between 
Contractor and Engineer is difficult. With respect to the Chikwawa-
Bangula road project the locus of technical responsibility is clear. 
The Engineer prepared the feasibility study, designed the project, 
prepared the contract drawings and technical specifications, and 
under the terms of the professional services agreement (and as 
reflected in the construction contract), had the responsibility for 
selecting or approving materials to be incorporated in the work, 
and for inspecting, sampling and testing roadway elements 
constructed by the Contractor to assure compliance with the 
specifications. The Contractor was "home-free" after approval and 
final acceptance of the work by the Engineer (there was no post
completion maintenance or warranty period). Therefore the praise 
or blame attached to the technical superiority or shortcomings of 
the project rests with the Engineer. 

B. Pavement Design 

The design of the road pavement section proposed in DMJM's 
feasibility study was considered a least cost technically adequate 
solution. It sought to utilize naturally occurring sands and soil 
aggregates available in the vicinity of the road rather than more 
conventional crushed stone which would have required a forty-mile 
average haul at considerable increase in costs. The proposed road 
design with sand-asphalt surface and base course laid on a naturally 
occurring soil aggregate subbase was to be the first of its kind in 
Malawi. To confirm the availability of materials for the proposed 
design, a soils investigation was undertaken in the feasibility study 
stage. It included the extraction and testing of 133 soil samples 
in the MOW&S Laboratory at Blantyre (Feasibility Study Table E-
XIV). 

In a follow-up preliminary engineering phase, a detailed material 
investigation program was undertaken by DMJM to verify the soil 
profile along the recommended route and to determine the extent 
of soil aggregate deposits located earlier. This program included 
embankment soils sampling and analysis at 125 locations plus 
identifying 20 pits for base and subbase materials (Soils Information, 
April 1974). 

DMJM engaged the services in October 1973 of a Staff Engineer 
(Mr. Dillard Woodson) from the Asphalt Institute experienced in 
sand-asphalt road. design and construction. Mr. Woodson made an 
inspection trip in the area and prepared sampling and testing 
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procedures- in connection with pavement design. His conclusion: "Based 
on visual inspections of the sand deposits and other materials examined, it 
is felt that good asphalt mixes can be made from the materials available, 
and a strong and durable asphalt pavement can be constructed that will 
satisfy traffic demands in the area. Past experience with similar sands 
have produced excellent pavements of this type and with proper planning
and construction control, the same type of results should be obtained from 
this project." (Woodson Report transmitted to MOW&S by DMJM letter 
of December 4, 1973). 

Selected samples of materials for pavement mix were subsequently shipped 
to the Froehling and Robertson, Inc. Laboratory in Richmond, Virginia for 
analysis and molding of Marshall stability specimens as shown on reports 
dated March 4 and 5, 1974. 

Up to that point the record is clear that the Engineer took prudent and 
responsible steps toward developing the design of the pavement section. 
The next step would be final structural design of the pavement section 
and job design of the sand-asphalt mix. There are no details in the record 
on that phase. That is not to say that the Engineer did not perform the 
tasks; submittal of such details was not specified in the Professional 
Services Agreement. 

The next relevant information is contained in the tender drawings and 
technical specifications. The pavement sections presented were essentially 
as shown in the feasibility study. The CBR value of 6 for subgrade is 
not mentioned in Section 4, Earthwork and Road Formation, of the 
Technical Specifications. The specifications called for the Engineer to 
approve a job mix formula for sand-asphalt using materials as specified 
and set the Marshall stability limit at not less than 200; too low according 
to the EHWA team, though it is not known what was actually attained in 
the field. One monthly progress report mentioned stability of +500. 

C. Quality Control During Construction 

For an informed assessment of the Engineer's performance in assuring that 
the materials used and the Contractor's work in place conformed to the 
specifications, the day-to-day construction supervision records-inspection, 
sampling and test procedures and results-are required. These would be 
expected to show the extent of surveillance of the Contractor's operations: 
what materials (source and physical characteristics) were used where; the 
extent to which samples were taken and tests made of work laid down 
-- densities, mositure content, CBR values, etc. 

Unfortunately, those records were not available with the MOW&S, or known 
to be available in- Malawi. As the Engineer had full responsibility for 
quality control, and staff and physical facilities to perform the function, 
it is inconceivable that records such as mentioned above were not 
generated. (If the writer may indulge in speculation, it is likely that the 
Engineer's field construction records, which would have been rather bulky, 
were offered to the MOW&S Roads Department at the time that the 
Engineer was vacating and closing up his project field offices. It is 
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probable that the records were transported and stored somewhere. Whether 
they still exist and are locatable after five years is another question.) 

The Principal Secretary,- MOW&S indicated that he would query DMJM as 
to disposition or availability of the records. 

Other less definitive reports give clues that quality control functions were 
being, carried out, for example: 

- DMJM. Monthly Report, October 1975: Pavement complete over 
634+ stations- (12 miles). Specifications regarding the mixes are 
being satisfied. Stabilities of +500 are consistently obtained. 

- Site Meeting Reports 27 and 29, March-April 1976: Asphalt Engineer 
from Mobil (Mr. Crawford) brought in, to assist with problems in 
pavement mix. 

- Site Meeting 34, 1 June 1976: Material from Pits 2088 and 2302 
currently under investigation with preliminary results showing the 
addition of sand may be required to obtain specification for CBR. 

--	 DMJM Monthly Progress Report, August 1976: Sand from the 
Tangadzi River was blended with sub-base material from Borrow 
Pit 2240 to provide adequate sub-base strength over Stations 2222 
+ 00 to 2432+00 (4 miles). 

- DMJM Final Report, September 1977: In all but one area the 
subsurface design information was verified upon exploitation of the 
indicated material sites. 

D. CONCLUSION 

Though questions have been raised and there are nettlesome gaps 
in the record regarding the Engineer's technical performance, 
professional negligence is not indicated. And professional 
incompetence might be indicated only if (1) a team of unassailable 
-experts could, and would be willing to, demonstrate that the 
Engineer's pavement section design was- grossly in error as related 
to the state-of the-art at the time and/or (2) it could-be-demonstrated 
from construction records that the procedures used-inspection, 
sampling, testing ete.-and program implemented to assure 
compliance with the technical specifications and maintain the 
integrity of the design were grossly inadequate. 

Post-completion evaluation, analysis and speculation notwithstanding, 
the fact is that some 70% of the road is in reasonably good shape 
after 	five years of service. Then why did the other 30% built in 
essentially the same way deteriorate to failure or near-failure? 
Overloading and roadway maintenance -that may not have been 
effective in preventing water infiltration over time into a vulnerable 
structure cannot be ruled out. 
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THE BOTTOM LINE: Assertion of professional negligence or incompetence 
in the design and supervision of construction of the Chikwawa-Bangula 
Road cannot be sustained five years after completion in the face of 
essentially satisfactory deflection tests made on the road in February 1977 
by MOW&S, and the relatively "clean bill of health" given the road after 
examination in December 1977 by a special AID Consultant (the Lubin 
Report dated December 5, 1977). There are too many shades of -gray. 
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IX. RECOMMENDED ACTIONS FOR FUTURE PROJECTS
 

From the examination of the Chikwawa-Bangula Road Project and relevant 
previous experience (aided by the impeccable vision of hind sight), certain 
lessons may be learned that are worthy of consideration in future projects 
of this kind. Some have to do with the successful formulation and execution 
of projects per se; others with generating and maintaining the kinds of 
records that permit the Owner to track and retain in reasonable detail 
the technical aspects of the project. 

A. Conceptual Design 

When one goes for an innovative design (innovative in the sense that it is 
a departure from usual practice or is a first-of-a-kind in a country) it 
must be examined carefully to see that it will fit the physical realities 
and- conditions of service of the locality. There is more involved in sound 
design than the cost and design calculation numbers: judgements such as, 
in the case of a road project, is it a good idea to put a relatively thin 
flexible pavement section ,over generally fine-grained, plastic soils 
susceptible to wetting and loss of strength; how will it perform under 
maintenance that may be spotty and react to overloading that is almost 
inevitable? These are the kind of practical considerations that do not fit 
neatly into a computer but are vital in making basic design decisions. In 
sum, a neat least-cost solution off the designer's sheet may not fit the 
realities of construction and conditions of service at the particular place 
and time. 

B. Detailed Design 

If there is one thing for which the Owner (and AID) must rely almost 
wholly on the Engineering Services Firm it is detailed design. One seeks 
such services because the capability, either in staff-time or expertise, is 
not available in-house. It is essential in the writer's opinion that for 
purposes of overview and the technical record that professional services 
agreements require that the Engineer submit to the Owner design 
memoranda on principal project features and reproducible copies of detailed 
design computation sheets. Things do go wrong. Facilities such as docks, 
bridges, roads and buildings are damaged or do need repair or renovation 
occasionally. At such times design memoranda/detailed computations are 
invaluable in assessing the problem and developing a solution. The 
requirement for submittal of such to the Owner should represent no 
appreciable cost (mainly reproduction) as the Engineer must prepare such 
material in the course of properly doing his job. 

C. Construction Records 

Records of construction operations are necessary to confirm that things 
are built according to plans and specifications. In the course of construction 
of a large project that can run into a sizeable mass of paper. At the 
time that an agreement for provision of supervisory construction services 
is drawn up, the inspection and testing arrangments and the records 
reasonably required by the Owner should be considered and specified. It 
will vary depending upon the kind of project. For quality control of 
construction it should begin with the preparation of a Program for 
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Inspection of Construction and Sampling/Testing Procedures. Key features 
of construction such as subgrade and base, concrete or paving mixes should 
be covered with records of job mixes, frequency and location of sampling, 
test results, etc. Project diaries are useful for tracing the start and 
completion of various operations, unusual occurrences, weather 
complications, etc. Again, what is required is no more than the Engineer 
would normally prepare in the proper execution of his job. That portion 
desired by the Owner and requirements for submittal should be specified 
in the Agreement. 

D. Sampling and Testing of Materials and Workmanship 

As a cost savings measure on the Chikwawa-Bangula road project the 
Contractor was not required to locate naturally occurring soils materials 
suitable for incorporating in the work, nor to sample and test work 
completed to assure compliance with technical specifications. That task 
was left solely to the Engineer. It is more usual for the Contractor to 
affirm the availability and quality of soils materials, check compaction, 
moisture content, etc. in his own right subject to independent cheek and 
approval by the Engineer. Despite its cost something is to be said for 
the dual approach. It tends to make the Contractor more quality control 
conscious at all stages; with the responsibility his in the first instance, he 
is more vulnerable to the Engineer having him tear-out and replace below
specifications work. 

E. Maintenance or Warranty Period 

Also as a cost savings measure on the Chikwawa-Bangula road project, 
the usual protection of a one-year maintenance or warranty period from 
the Contractor against defects was omitted from the construction contract. 
The Owner's interest in such an "insurance policy" must be carefully 
considered versus its cost before dispensing with it. 

F. Owner's Resident Construction Engineer 

In all cases the Owner should have his own staff "Resident Project Engineer" 
at the right hand of the Consulting Engineer's resident project 
manager/engineer. Though the responsibility for management and technical 
control of construction may rest undiluted with the latter, the Owner 
should have his own eyes-and-ears on the project constantly observing what 
is going on, what problems arise, how they are handled (he might even 
help on occasion). He should file his own'report to his superiors at least 
monthly. 

G. AID Project Engineer 

The following is a comment; not a recommendation. "What was the AID 
engineer doing?" This is likely the first question asked internally when 
an AID-financed construction project goes wrong. 

The role of an e.igineer working in AID is a very curious one. Given the 
realities of staffing, the AID engineer is spread very thin. He generally 
must deal with both design and construction aspects of a multiplicity of 
projects, oftentimes outside his education or experience specialty. 



-32-


There is no way that in such circumstances the AID engineer can make 
a significant technical input into design and construction features of most 
projects. If by good fortune an AID engineer is dealing with a project in 
his specialty, he may pick up a design "bull" (error) or spot a construction 
problem even in the short time usually available to him by virtue of 'is 
perspicacity and past experience. 

That is the exception rather than the rule. Generally the AID engineer's 
concern is (and' he only has time for) engineering management of a project 
in the sense that documents are prepared for securing professional and 
construction services, that the work proceeds with the consulting engineer 
and construction contractor doing their jobs on schedule within authorized 
costs. 

If detailed technical input is expected from the AID engineer, then an 
individual with the project-specific background and expertise must be put 
on that project and stay with that project through design and construction. 
Which brings us full circle-that is essentially what the engineering services 
firm is hired to do! 
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MALAWI: Chikwawa-Bangula Road Investigation
 

OFFICIAL CONTACTS
 

Nairobi, REDSO/EA, December-2-6 and December 16-18, 1981:
 

Ray Love, Director
 

Peter Bloom, Deputy Director
 

Donald Reilly, Chief Engineer
 

Denis Light, Staff Engineer
 

Edward Spriggs, RLA
 

Malawi, December 6-15
 

AID, Lilongwe
 

Vivian Anderson,, AID Representative
 

Donald Reilly (December 7-11)
 

Ray Love (December 15)
 

Ministry of Works and Supplies (MOW&S), Lilongwe
 

Roger King, Principal Secretary
 

Gowa Nyasulu, Deputy Secretary (Development)
 

Hilary Mwalwenje, Engineer-in-Chief
 

A. E. Mkandawire, Chief Roads Controller (met at Blantyre) 

G. J. Chisi, Regional Engineer-South (met at Blantyre)
 

B. G. Jones, Chief Civil Engineer, Design Department
 

J. Shepherd, Chief Civil Engineer, Roads Department
 

W. G. Mwamlima, Chief Design Controller
 

J. H. Mwasima, Materials Superintendent
 

G. S. Aubby, Chief Materials Technician
 

Patrick Chirwa, Senior Economist
 

1q
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Ministry of Justice, Lilongwe 

J. B. Kalaile, Solicitor General (December 10)
 

G. F. Harwood, Solicitor (December 15)
 

AID/Washington, AFR/DR, November 1981 - January 1982 

John Koehring, Office Director
 

George Rublee, Assistant Director
 

Jack Snead, Chief, Engineering Division
 

Anthony Tummarello, Civil Engineer
 

Otto Mayr, Highway Engineer (Consultant from FHWA)
 



2.. Pavement Design 

Two alternate pavement designs were computed. These preliminary 

designs were based on Road Research Laboratory (U.K.) and The Asphalt Insti

tute (U.S.) criteria based on the following design criteria: 

Alternate Pavement I - RRL Report LR 279
 
Design Life 10 years
 
Annual Traffic Growth 7. 5%
 
100 Commercial Vehicles = 50 axles of 18, 000 lbs.
 
Subgrade CBR = 6
 
1976 ADT 238 of which 125 are over 5 ton capacity
 

Alternate Pavement II - Asphalt Institute Manual Series No. 1 (MS-1), Dec. 1969 
Design Life 10, years 
Annual Traffic Growth 7. 5% 
Subgrade CBR = 6 
1976 ADT 238 of which 125 are over 5 ton capacity
 
62 Heavy Vehicles in Design Lane
 
50% Vehicle Load Factor
 

9 ton gross average weight of heavy vehicles
 
Sand Asphalt Pavement = Asphalt 'Concrete
 
Sand Asphalt Base = 1. 3 x Asphalt Concrete
 
Subbase = 2. 0 x Asphalt Concrete
 

- Alternate I Design requires 6 inches of Base and 6 inches of subbase 

having a minimum CBR of 25 (unsoaked). 

Alternate II Design requires a total thickness equivalent to six inches of 

Asphalt Concrete. This would be composed of I inch Sand Asphalt Pavement, 3 

inch Sand Asphalt Base and 6 inches of subbase. (The subbase equivalent of 2. 0 

is considered to be more realistic for 'the climatic conditions of the Shire Valley 

rather than the 2. 7 utilized in climates subject to freezing and thawing conditions.) 

'3. Drainage Criteria and Design 

In order to analyze drainage structure requirements, based, on topogra

phy, climate, hydrology and economic costs, it was first necessary to establish 

design criteria. After reviewing available data related to the Lower Shire Val

11-15
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Page 1 of 2 

EXCERPT FROM ADDENDUM NO. 3 TO BIDDING DOCUMENTS 

Page 10-1 (Technical Specifications) 

Sub-Clause 1001.A delete the last paragraph and insert:
 

"Materials are available from "in situ" deposits identified 
below and when processed as indicated will meet the above re
quirements. The Employer will provide for the free occupation 
of and extraction rights for the indicated material sites. 

SUBBASE 

Pit 
Identification
 

1061 

1411 

368 

447 

477 

705 

CEIKWAWA-BANGULA 


MATERIAL SOURCE 


Cubic Yards
 
Available
 

35,000 

20,000
 

13,000 

13,000 

6,500
 

160,.000 

1401 14,000
 

1534 20,000 

1437 23,000 

ROAD 

AND PRCCESSING 

Cubic Yards
 
Required
 

11,000 

6,750 

2,000
 

110,000 

13,000 

lo,4oo 

2,100
 

Required Processing
 

Pit Stockvilihg
 

Pit Stockpiling
 

Pit Stockpiling
 

Pit Stockpiling
 

Pit Stockpiling
 

Pit Stockpiling 

Pit Stockpiling plus 
road mixing with 
sand from pit Left 
Station 1437+00 

Sand to be roadmixed
 
with material from
 
Pit 1534
 

M
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Subbase
 
Location Identification
 

1562+00 
to 1774 

1930+00 

Ngabu 1774 
Access Road
 

1930+00
 
to 2088
 

2135+00
 

2135+00
 
to 2098
 

218o+oo
 

2180+00 
to
 2302 

2432+00 

2180+00 Tangadzi River 
to Station 2514 

2432+00 

2432+00 
to 2560 

Bangula 

Cubic Yards
 
Available
 

100,000 

49,000
 

6,ooo
 

63,000 

Unlimited 

48,ooo 


Cubic Yards
 
Reouired
 

46,000
 

8,000
 

26,000
 

5,625 

26,250 

5,250 

34,000
 

Required Processing
 

Pit Stockpiling
 

Pit Stockpiling
 

Pit Stockpiling of
 
selected areas
 
of pit
 

Pit Stockpiling
 

Pit Stockpiling plus
 
road mix with sand
from Tangadzi River
 

Sand to be roadmixed 
with material from 
Pit 2302 . 

Pit Stockpiling"
 



Appendix E
 

Page 1 of 3
 

CONSTRUCTION SUPERVISORY SERVICES BY ENGINEER
 

Excerpt from Agreement for Professional Services 13 July 1973
 

Pages 10 and 11 (following)
 

.1 

A'
0 



---

Cl 

Dutie:n and 
Gas-. 

Phase 

(1) 	 Uion rh com-leticn cF -:= preaual:ficauicn 
:e ~inlse 11 hereof C"e Cove-= 

m-,. :f i:u :ards a ccntract for construction, 
Z curatSe ,otts2 :22t to r:rc-:ce seracet lor the 

r -="i on ofconstr flfl. .- 8s anrerstooa 
- :±. incng d11 ns3 Decce available far this 

;-:e a::10 ss aac unlil contracts and sunporting zara
 
are reviexed zd apro;ved in -'-ag'byA.I.D.
 

13. (2) Che servizes to be pro-vided by the 
Consula-int uder succl-ause (1' shal include, but 
noe 'be rcstricted to: 

(a) furnisnlZn qualifted resident staff 
approved 	 oy -te Govern:ent to ensure 
cemDaarnce .1,he retuarements of t:e 

=l'* cot::ct ad smcfazatrns 

(s) t1 tor.ad isration of 
the cunstructton cor:-ct aereezent and 
technical control of consrrucrion; 

(c) checkinr cf basic horizontal and 
vertical survey controls ser during the 
design phase ann szakimg out of the 
contzruccion cer 1trelin ; 

(d) all Aielc ard lahor--r gs+c po 

construczion. na-etals; 

(e) issuinga nstrucions to the contractor; 

(f) checkn.- and cerrif h dhe contractor's 
eaiztates of c.-sterlals in olace as suCacted 

for pazrtIal am f na payents;* 

S(z) maizaining records of constructicn 

monthly prcgress repor: including photographs
to the 	 oc'rnnent; 

*(h) conuci fi alinsecdiOns. apprsving
and certif,,a. to tne Go7rnen- the 
comleziCn :f -. n= constructzrc agreeren; 

(i) revising 3 sets of contract 4rawizys 
to reflect ts-oual-:" conditions; 

Q) revie;:a1z -is for e:cra paynent 
subniuzed '-:- e ccncrcctcr and nrenarin, 
recozmencatts- to the joverrnmen; 

(k) asslster; in settling dispures or 
differencez 1ich nay arise bez;een the 
conrscor :nd the 7overnment, e:cent 
litigztion in: a'bitri on. 

~1. (1) If the Zovernmenc should call unon 
the Consultant's ser-saces for the constr:tttion
Chonte c s i contract shall snpecfy
ther the conzracror szall prxvide the followine 
supro:; for the CansUant's staff; 

(a) sie housing, incuding utilities, 
furniture anecuancen: cc a scale to be 
agree- ucon ::t& the &-orrnfent and . 
includinz re-si :imgs as =ay be rzeured; 

IAN
 
arm - rmmaSmz= . 



' (b) office o aboator faiite 
. .1xludig el= -sa ;ee=zlal s-aff; 

V(c) transort, including fuel and 
maintenance; 

(d) skilled and unskiled labour onm 
site; 

(e) 	 survey and drawinr office zechnicar3, 
instruents and sunt-es, including

araw:in retpoducrion ecui=ment and 
suploies; 

(if) 	soil tesif seOune-t and laboratory 

(5) 	 office equipment and supplies; 

(h) 	 iny necessary snecialisr services 
,rovided by ochsrs with the consent of the 
Govern-ent; 

(i) all other recuired logisvlc support 
other than that normally expec-ed to qe
furnished o. zhe Consultent. 

Specficancas including the abo-e nrcvisios 
shallib subject to azprral by the Govercnezz and 
tne Government =ay elect to reinburse dirercly the 
Consultran for any of the above rather tz'a 
specify suptly by the zontractor. 

1-. (2) P-o:th satisfactory pa7fo3rmanc~e of 
the services relating to supervision of the con
struction agreement, the Goverment shall reizbtrse 
the Consulcn-zz in res ct of resident era:: at rhe 
rate of 2.5 zines the fesnectise aczual annual 
saLaries naid for the first 12 months and at the 
raze 2.35 imes the resrective actual anzsl 
salaries for Zhe rem-r' g :eriod of the '-=reement. 
UDon the Govemen's exercisi Its preeoaatre 
unaer Clause 13.(1) to reouire the Consultan to 

* 	 provide serrices for the surer-:iszer of conszructron: 

(i) 	 the :ult:Uher sball be suboect vo review 
and adustzenz by one ^overnment .=n 
prese.zatio oaroprite aocumn tatioz; 
and 

(ii) 	 a schedule of man macnths of effort during 
the constractor chase will be agreed upon 
between the crsajleant and (-overrnent. 

:axizuz salary scales for the key nosicons will be 
as follows: 

Annual
sitionSalary Scale 

Resdntzmnesr b 27,000 
Assistant Resident -nzineer 24,000 

SBurvey Ingin-er 22,000 
Office Engtneer 22,000 

Construction Thgieer 22,000 

ILI A 

BOwt Available Document 	 'iin
BlR mmes 
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QUALITY CONTROL OF CONSTRUCTION BY ENGINEER 

The following pages contain excerpts from various contract documents which set 

forth the Engineer's responsibility for selection of suitable materials and 

for technical control of construction, 

All sampling and testing requirements should be read in the context of the 

following statement extracted from DMJM Final Report, September 1977: 

"....the contract conditions eliminated the duplication of the usual 

requirement for both the contractor and engineer to have survey crews 

and testing laboratories. All setting out, measurement and testing 

responibility was placed on the Engineer." 
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Pro 5S'o/ crves AC /wJ ten AIJA 

_C/a cW 6c £12>)) Pqec 3 

5. - (2) In the preparation of the contract 
documents the Consultant shall, inter-alia: 

S.. (a) conduct geologic and soils investigazices 
(including test pits, drilling, sampling and teSring) 
to evaluate road and foundations characteristizs 
and structural parameters necessary for staili:y
analysis of cuts and fills and the design of 
drainage structures, and to locate sources of 
snitable road surfacing and other construction 
materials. The-Consultant shall take available 
to the Government the results of his tests on 
gravel:. deosits -incliding: c

(i) -locations. 

(ii) extents 

(iii) depths of' overburdens 

(iv) - gradations 

(v) Atterburg limits 
(vi) C.B.Rs
 

(vii) densities
 

He shall also make recommendations for mateiia' 
blending or stabilisation for base and surf2cingZ 
where required..- - - -

'The Consultant shall satisfy himself as
 
I .to the *locations, extents and suitabilities of- soils 

and gravels for construction purposes along t.e 
selected roads. Construction procedures anz 
processing of such shall be identified and- s-eii
cations and bid items' shall be stfucturedain s zn 
a manner that the contractor need not satisfy 
himself on the locationr-extent and suitability of 
soils and gravels; 

1 
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From Conditions of Contract FIDIC, Part I, General Conditions:
 

Clause 2. 	The duties of the Engineer's Representative are to watch 

and supervise the Works and to test and examine any materials 

to be used or workmanship employed in connection with the 

Works. ... 

Clause 13.	 Save in so far as it is legally or physically impossible 

the Contractor shall execute complete and maintain the 

Works in strict accordance with the Contract to the 

satisfaction of the Engineer and shall comply with and 

adhere strictly to the Engineer's instructions and 

directions on any matter....touching or concerning the Works. 

Clause 36. (1) All materials and workmanship shall be of the respective
 

kinds described in the Contract and in accordance with the
 

Engineer's instructions and shall be subjected from time to
 

time to such tests as the Engineer may direct..............
 

Clause 38.	 (1) No work shall be covered up or put out of view without
 

the approval of the Engineer....and the Contractor shall afford
 

full opportunity for the Engineer.... to examine...any work which
 

is about to be covered up or put out of view and to examine
 

foundations before permanent work is placed thereon.
 

Clause 39. (1) The Engineer shall during the progress of the Works have power
 

to order in writing from time to time
 

(a) The removal from the Site .... of any materials 

which in the opinion of the Engineer are not in 

accordance with the Contract. 
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(b) The substitution of proper and suitable materials.
 

(c) The removal and proper re-execution.. .of any work
 

which in respect of materials or workmanship is not
 

in the opinion of the Engineer in accordance with
 

the Contract.
 

From Part II, Conditions of Particular Application
 

Clause 1(4) Daniel, Mann, Johnson & Mendenhall, hereinafter called
 

"The Engineer", is the Project Consultant to the Government 

of the Republic of Malawi. In addition to the duties and 

powers described in Clause 2, Part I, General Conditions,
 

and elsewhere throughout the Contract Documents, the Engineer's
 

role shall specifically include:
 

b. Approving the quantity and quality of equipment and
 

materials delivered to the site....
 

c. Inspecting and accepting or rejecting work in place.
 

d. Requiring replacement of defective work, equipment or materials.
 

h. Making final inspections and giving recommendations regarding
 

acceptance of the finished project by the Employer, including
 

approving test procedure schedules and test results.
 

From TECHNICAL SPECIFICATIONS, February 1974 

Section 4 - Earthwork for Road Formation 

401. 	 The Engineer shall direct the Contractor regarding the distribution and use
 

of all excavated materials.
 

'AI 
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402. 	The Contractor shall submit his programme for earthworks to the Engineer,
 

shall obtain the Engineer's approval to it prior to commencing work, and
 

shall adhere to the agreed programme unless, subsequently, modification is
 

approved by the Engineer.
 

406. 	Excavated material shall be used for the construction of embankments, or
 

as directed by the Engineer.
 

Unsuitable material in cut sections or embankment foundations shall be
 

excavated to the depths and widths directed by the Engineer and replaced
 

and compacted with suitable material.
 

407. 	 Embankments shall be construcged of suitable materials obtained from required
 

excavations or borrow areas shown in the drawings.
 

Areas over clay soils (A-7 AASHO Classification) shall be constructed 

as indicated on the Drawings or directed by the Engineer so as to provide 

a relatively solid blanket of sandy material over which regular embankment 

may be placed. ... The sand shall be end dumped starting at the edge of the 

area and a sand blanket, the width of the embankment limits, pushed across 

the area and compacted to 90% Modified AASHO or compacted until yieling of the 

subgrade occurs as determined by the Engineer. 

408. 	 ...The Contractor shall use borrow pits as located and/or approved by the
 

Engineer.
 

... Borrow material shall generally be obtained by widening cut-sections on the 

inside of curves or from side drains. 

409. 	Unsuitable material from required excavation shall be removed to an approved
 

*spoil 	dump.... 
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Section 7 - Quarries, Borrow-Pits and Spoil Dumps 

703. 	No quarry (borrow-pit) or spoil dump shall be opened until express approval
 

is given by the Engineer.
 

704. 	The location of the proposed borrow-pits are indicated on the drawings. 

If the Contractor wishes to obatain materials from other sources he may 

do so provided the Engineer approves... . 

707. 	 The Engineer will direct the Contractor regarding the type of material
 

to be excavated, and the areas and depths to be worked, and the quantities
 

of suitable material to be stockpiled. The Contractor may be required to
 

mix 	selected material in the quarry by bulldozing into stockpiles and by
 

face loading with the object to ensure a uniform material.... . 

902. 	The Contractor shall not commence work on the sub-grade, sub-base and
 

base until he has obtained the Engineer's Approval in writing of the plant
 

and methods that he proposed to use for each and every operation.
 

The 	foregoing provisions shall not prevent the Engineer from requiring
 

the 	Contractor to vary his plant or methods at any time during the execution
 

of the Works, should the Engineer consider this essential for carrying out
 

the Contract.
 

Section 10 - Subbase and Base 

1001.A. The soil material to be used shall be a well-graded sand-clay or clayey 

gravel....The material shall be obtained from borrow areas designated 

in the Drawings or from other sources approved by the Engineer. 

B. 	If the natural or artificial mixture of material when compacted and tested
 

has a C. B. R. of less than 25%, the Contractor may be directed to add
 

additional 	selected materials which shall be thoroughly mixed with the
 

subbase material and recompacted.
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C. 	...Excavation of Borrow Areas shall be such as to accomplish
 

the mixing of layers of materials as shown on the drawings
 

and directed by the Engineer.
 

E. 	Immediately following final spreading and smoothing, the subbase
 

course shall be compacted to 95 percent density. The moisture content
 

of the material shall be within thirty percent of the optimum moisture
 

content.
 

1003.A. 	The sand and filler shall be naturally occurring material from designated
 

sources as shown on the Drawings or as directed by the Engineer.
 

The combination of materials and bitumen shall have a Marshall stability
 

of not less than 200 pounds at 140 degrees F, 18 maximum air voids and
 

maximum flow of 20 using 50 blows on each end of the specimen.
 

B. 	The Engineer will approve a job mix formula for each mixture (of hot-mix
 

sand-asphalt base).
 

H. 	The mix shall be compacted immediately after placing to a density equal to
 

or greater than 95% of a laboratory specimen prepared by the Marshall method
 

from a sample taken from a truck delivering mixture to the job site. The
 

laboratory density shall be compared with the field density at the location
 

of the same truckload of mixture from which the laboratory specimen was made.
 

Section 11 - Hot-Mix Sand Asphalt Pavement 

1102. All of the provisions of Section 1003 shall apply except the following:
 

(Testing specifications alter slightly).
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FHWA 	Team Conclusions
 

- --	 Subgrade and Embankment Soils 

(Page 18 excerpted from FHWA Report November 1981)' 

- - Subbase Materials 

(Pages 22 and 23 excerpted from FHWA Report) 

- - Sand-Asphalt Pavement 

(Pages 26 and 27 excerpted from FE4A Report) 



0 

I er
 

A4'P''Prn4x e-,7 

S
18 a 
C. -asticity Index average 31 and two non-plastic. 

- d. The-in situ isture contents in the failed a s are greater 

than the optimum mo re contents. A

e. The compaction density numb of the pit samples did 
-s 

-4' 

not meet 95 per t of the maximum densi AASHTO, T-180). 

-Subgrade3. FHWjsal 'Toncusions and Recommedations aitcnvkment 

x'-SoilsI-s 

Conclusions:
 

The failures occurred because of an inadequate structural section
 

to-carry the traffic volume and.vehicular load. The inadequate
 

section is due to one or more of the following:
 

a. Lack of subbase, base, and surfacing thickness to carry
 

the load.
 

b. Subgrade soils had less strength (CBR 2.8) than the design
 

CBR of 6.
 

c. Underestimating traffic volume or allowing overloaded
 

vehicles to use the road.
 

d. Poor techniques or inadequate inspection may have contributed 
4' 

to the lack of density. The CBR values are directly related
 

to the density of soils. The low densities with high moisture
 

contents yield lower CBR values.
 

61
 



c. The percent passing the No..200 sieve (.075 mm) on the 

majority of samples were too high to be classified as 

suitable subbase materials. 

23 

d. The majority of GOM's pit samples in cracked and failed 

areas had in situ moisture contents above the optimum 

moisture content. 

e. The pavement failure was compounded by the lower than 

95 percent compaction density. 

f. The thickness of the subbase observed was less than the 

specified 6". 

g. As reported on page 2, GOM, Ministry of Works and Supplies, 

M-8 Chikwawa-Bangula Report, July 1981, "No gravel subbase 

was located in the 22 trial pits. The sand mix being con

structed on the unprimed subgrade." The FHWA team agrees 

with their statement. Visually we could not locate any 

material that appeared to fall inthe subbase classification 

in the failed areas. The lack of this structural section 

which was in the original DMJM design is a major contributing 

factor to the early failure of this road. 

Recom tions: 

a. Strict enforcement o ificati or subbase materials. 

b. Write specific s that will insure qua materials 

a sure adequate quality control of construction. 

r -awwmv~. - r s M 
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3. FHWA Team Conclusions and Recommendations - Subbase Materials 

Conclusions:
 

a. Evaluation of DMJM and GOM reports on subbase materials
 

indicates there was a large percentage of clay present.
 

The moist clay encountered in the subbase material con
5: 

tributed to the lower (12, 12, and 14) than specified
 

CBR value of 25, thus the bearing capacity was lower
 

than designed. The Plasticity Index (17 and 25) was high.
 

Classification, both Unified and AASHTO, support the fact
 

that large amounts of clay are present in subbase materials.
 

DMJM Unified Classification had the following:
 

(1) GC clayey gravels;
 

(2) SC clayey sand; and
 

(3) CL clays with low plasticity.
 

GOM/AASHTO classification were:
 

(1) A-2-6(0) clayey sands and gravels;
 

(2) A-2-7(1) clayey sands and gravels; and
 

(3) A-7-6(5, 6, and 7) clays.
 

b. There were some sands and gravels that were classified SW
 

(sand well-graded) and A-2-4(0) (sands and gravels). These
 

materials would be desirable as selected materials for
 

subbase and were used at various locations.
 

A 
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Government of Malawi, Ministry of Works and Supplies, M-8
 

hikwawa-Bangula Report, July 1981, data on sand-asphalt. 

a.. rface 5.50 m wide.
 

b. 25 mm hick wearing course.
 

c. 65 mm thick ase course. 

100 mm thickne total. 

d. The sand-asphalt wa laced directly on he subgrade.
 

e. Asphalt extraction by re ux Sampl No.'1 (no location):
 

H-56 4.59 percent bitumen weight of mix 

H-75 4.43 percent bi men by wei t of mix
 

Average bitumen .43 percent by weigh of mix
 

f. Gradation of xtracted aggregate Sample No. 1. 

P cent Passin
 

3 " (9.5 mm) - 100%
 
/16" (4.75 mm) - 93%
 

#7 (2.36 mm) - 83%
 
#25 (.60 mm) - 44%
 
#36 (.425 mm) - 33%
 
#52 (.30 mm) - 26%
 
#100 (.15 mm) - 15%
 
#200 (.075 mm) - 6%
 

3. FHWA Team Conclusions and Recommendations - Sand-Asphalt Pavement 

Conclusions:
 

a. The concept of using natural occurring sources for sand

asphalt is not a -new concept. It is an economical approach 



- ~Apprr7ctnt~. -- 
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 t 
to be able to use existing materials without crushing. Also, 

haul distances are usually reduced which is an additional 

savings. We are in agreement with the concept and believe 

it should be used when the materials are available. 

b. In addition to the lack of structural adequacy of the subbase 

and subgrade soils, the sand-asphalt mix also contributed to 

the early failure. 

g-S. 

.4 

-A 

The mix design information from DMJM had extremely low 

Marshall stabilities which, in the team's opinion, did not 

meet their structural design assumptions for equivalencies 

to asphaltic concrete. 

c. There was apparent lack of quality control, inthe production 

of the mix which included: 

(1) Gradation - excessive in amount of fines. 

(2) Asphalt percent  too low. 

(3) Density  possibly too low. 

d. Mixes of sand-asphalt with low percentage of asphalt produce 

very brittle (high modulus) mixes. We would estimate this 

mix to have modulus of resiliency values (Mr) between 

800,000 to 1,000,000. 
At 
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1anual traffi , Co s were zarried zu: at frur 
: 4rvattr. 2orS 'n t road: 38/Y7: jmztzon, Mtchalo, 

t oermn tr*ffic voluet.ubu and Zanuiula. :he aim waz 

The period C a -- at faosf 2<,'h June to Frd uly 

191' qnd fcur numerators frcm Regional £rneer(S) were used. 
Cn lt Jil A98 traffi; c-unts were cardied out at Ngabu caly 

a - eakdown of the landrover uset by enumerators.i tn 

,i-tIng started frn t.o qm to 6.0 pm.
 

he resul"t; 2f the counts are shown =n the attached table. 
Zhg rpsults show heavy traffic esceciall' of cars, vans and lorries 
between xikwawa and Banrula. However, *:e =ajority of lorry 
7rt'rff± 4z between chalz irA Sanrula, w.: more than 35 
Ar ,d lorries from :ctali iarry sugar to 3angula either 
f-r cxport or internal listribution. 

oAvailable Documnt L 



MU MANUAIL TRAFFIC COUNT RESIfLTH2 - 29TH JUNE TO 37?i) JULY 1981 

ObservaLion 
Pi o: 

Junction Cars Vans Land 
Ruvers 

luies 2 axle 
Lorries 

3 axle 
Lorries 

4 or worte 
axe 0 
Lorries 

Lorries 
with 

Trailer 

iotor 
cycles 

Other Total 

NO i8/D135 Chikwawa 

1) To and from 
Blantyre 15 9.5 1.2 'I S. G .2 9.0 0 74 . 

To and from 
tichalo 14.2 23.0 8.5 5 20.5 i.0 .5 1.0 7.2 
To and from 
Chiikuus. Btirm 14.8 19.2 3 14.2 .* 10.0 4.. 

)' N. Ihal 

&o.a a 20.5 *.C 3r.5 ).C. i.L.0 17.2 

To and 
36.8 111.0 8.W 30 14.0 2<) .7' 11.',* 

/.I *( 

To UnlNehalo1 

$5.8 15.8 i 9. 5 -It I. 27.8 2.2 217,9 
.t. 

I ii 

Io:i N 
'3.8 tic . 11. ) I'..'' 'If 

y tOfi l Io 
he Iui *i G 795 U, 1'. * 2! .? t 

ib 



we' p. - et C - -. * - *.*** ~ -*~.*-~-** *-* *-' * - * -:. *.~ I 

-l 2
9}.0 70.6 3. S 1.6 1.2 46.5 1. A 9*. 

6.2 56.0 3.2 3.2 1.2 38.0 3.2 237.4 

8.0 0. 2 Q2.5 >8 6 , 11.5 12 9. 

3.5 .2 12.2 .2 .5 9.0 .2 3t1 

5.8 .2 18.2 .2 .2 7.5 .2 
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PAVEMENT CRACKING OBSERVATIONS, June 1977 

1. Letter Chief Design Controller to Secretary, MOW&S 16 June 1977
 

2. Pavement Crack Details (3 sheets)
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Appendix K 

Page 1 of 11 

DMJM RESPONSE TO PAVENENT CRACKING - 1977 

Letters: 

1. Secretary MOW&S to DMJM 17 June 1977
 

2. DMJM to Secretary MOW&S 24 June 1977
 

3. Chief Roads Controller to DM1 5 December 1977
 

4. DMM to Secretary MOW&S 8 December 1977
 

5. Chief Roads Controller to DMJM 6 December 1977
 

6. DMIM to Secretary MOW&S 12 December 1977
 

7. DMJM to Secretary MOW&S 13 December 1977
 

8. Chief Roads Controller to DMJM 17 September 1977
 

9. DMJ1 to Secretary MOW&S 27 December 1977
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17th June, 1977 

Daniel Mann Johnson & Kendenhall,
 
F.. Box 30003,
 

Copy to: The Chief Design Controller,.P/Bag 16, Lilongwe 3. 

-Dear Sirs, 

CONTRACT NO. 5/74 

CHIKWA'A - BANGULA ROAD 

During routine investigations carried out by this inistry 
as part-of the programe:to obtain data on newly constructed 
pavements it has been observed that there are numerous cracks -, 
along sections of this road and I enclose herewith a-copy of a., I 
these observationser the chainages stated therein, relating to 
the setting out marks nsed by the Contractor. 

Bearing in mind that the Completion Certificate an referred 
to in Clause 62 (1) has not been issued it would be appreciated 
if you could, as a matter -of urgency, carryout an inspectionof the 
road in order to ascertain the extent'of the cracking and prepare
a report indicating the -causes together with your recommendations 
for'remedial measures. 

Yours faithfully, 

J.H. Ryder 
for SEGRTARY FOR ' .ORKS AND 7UPPLIES 

JH.R/ac 



[\I /-,:, 

DMJMDANIEL. MANN. JOHNSON & MENDENHALL 

-12 3--7al // 
1997P June, 

5c etary for Works & Supplies
 
.inistry of Works & Supplies
 
Priuate Bag 316
 
Lilongwe 3
 

V rgntion : Chief Roads Car troller 

I 

Contract No.5/74 
Chikwawa-Bangula A 2 7JUNI977 

.J,2dt Sir:
 
X 1 A
 

>3 requested in your letter RP 78" (44) Of 17 June, 1S?? an

Ianpection of the road was made on 
22 June by the writer andVr. F.L. Swartzman. 

*1 fneveral instances we observed that the actual conditions were.ccurately described in the listing which was sent to us.
in 'ance the "Large Crack on L.H.S. Chainage 10O00"was observed

For
 

j be 1/16 inch wide and epproximately 50 feet long. The "Pot hole
n L .H.S. Chainage 256+00" observed
was to be an indentationaro.x.imately 1/4"deep and 3" in diameter which was a cattle trackat the time of pavement laydown or shortly thereafter. Theholes up to the Thangadzi River Bridge Chainage 2497+00"trved to be numerous minor indentations several of which 
were 

could be 
- inqiuished as cattle hoof marks. These evidently occurred

itt y after pavement laydown.
 

e e were observing the pot holes left of chainage 2594+50 andnale 2596+00, which were plainly identified as being caused
.±eahing metal fuel drums evidently recently used to prop up a
 
* -under repair at each location, a large herd of cattle


*>ri2d outt of the Fields and proceeded down the 
road pavement towardst TIrdngadzi iver Bridge on their way to water. They did not appearavde any indentations on the pavement as it now exists but
vnth did when it was newly laid.
 

racking gEnerally consists of one or more cracks runningU Ltudinally at approximately 12 to 18 inches in from the edges.ctu jarity )f these are fran 1/64th to 1/8th of an inch in width a-ne short areas mainly in the edges near culverts being up toin idth. These appear to have been caused by edge deflection 
"oes not appear to have been a permanent settlement. The areasni:h the cracking is predominant are those which have underlying:hiCh are subject to swelling or shrinking. We surmise that theL chages of theie soils exerted forces on the emankment whth 

-e resulted in the hairline logitudinali"4is may also have*n aJgrevated by the passage of overloaded vehicles. 

... 

6
11 ~t' II I ITAT It v';ix -EERINC_M iSTEl1S 2/ 

U. IL's 3kaL t.ILONGWE 3 
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DANIEL. MANN. JOHNSON & MENDENHALL Appr ell 

2....
 

There were two small areas, one at Chainage 1005+00 being 35 feet long 
by 3 feet wide and I inch deep at mid point and another at Chainage
1151+00 being 6 feet long by 3 feet wide and I inch deep that shaved 
permanent settlement and may have been due to settlement of work done 
by the Contractor. 

The other cracks we judged to be maintainance operations to be performed
 
uy the Ministry. We would recommend that the cracks be sealed by
 
pouring a narrow bead ofasphalt emulsion in the cracks. Those few that
 
are ; inch wide might also be filled simultaneously with sand. The cattle 
track indentations in our opinion would not require any work but could be 
filled at some time that routine maintenance patching was in progress. 

The pot holes caused by leaking fuel should be patched as should the two
 
relatively small areus at Chainage 1005+00 and 1151+00. As the pavement
 
has been in use at these two locations for almost two years, and
 
considering the 
minor amount, we do not feel that the Contractcr should
 
be renuired to either make or pay for this patching.
 

Photis were taken of the typical situations encountered and will be given 
tc. you upon their processing. 

It is our recommendation that you check on the actual wheel loadings of 
vehicles presently using this road to determine if they are in excess 
of the legal 8 metric ton limit. If excessive wheel loadings are fcund 
tnese shuuld be curtailed in order to preserve the road pavement. 

.'dc would be pleased to receive a copy of the results of your deflection 
:::easuremants so that we could correlate them with our pavement design. 

Yours truly 
DANIEL, PlA JOHNSON & MEADENHALL 

......... Signed F.L. Swartzman, Jr.
 

PiO CT DIRECTOR. 

t41N11i: 7. ARCUTECTIE ENCINEERING = SYSTEMS E EONI)XI4cs 
P.O Boa 3r"3 LILONGWE I 
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REST 
P4 

5 December 1977 

JohnsOn r -endefhallDaniel flann 
Ie o fla7,0003 

;ILOUG' . 

Qsar Sir
 

T-ofClT
caIx :A-BANUL.~ OAD 

ate fetan 
T refer to defct notd On tle tl e orp o f sbetie i iAsbeththe a wleroad i ayr/s wthich10of lT te ~vi sphaltcra~LZ anditiuat i Oi t hsf site 
j i -of oflt h e al~ o r end ofO ra notstate bhethGx or 

naticr of'urgency pleaseaJzn~tZItr 973as is attrib tfll to Is un
above defect the Works.tile ca -- of tbe the pursuanlfce of 

s~fltOY pefortCe 6uzr43~Xt. 
rc .. ard is in t1he

the nbovl
22 ~GOcinionh riven in 

action you- proposG takcing to remedy 
pleae t&isO theaffirativ 

any cbe deettesorcinofwihi 
thle sbCdetect or trs resOflsibility.t;:Io 1 0.tr 

3siocd to be 


at this letter.
 
fzloasa anlC'JSS , receipt 


IrOUrS faitb'Uh17
 

(f G trind) 
oands Controiler
Chief 

Cot's : P Y 7* ~ O*Z . rr~ 

Danie, Mann.Johnson.& Mendenhal Pianning
1709 Now Yok Avenue.N.W. ArIhOlatur 
Washinqton. DC. 20006 CAhaus 



C~jiK IN.. ;YJ-7 
oft/.r 

PaipJ.Darne; !S:2.:97'
 
AturE.M.1ra
 
S Kenncnb j. nn.OS 92-1
 
t"30 F teeit~
 
r 1C.Kl.1 
DveNdH hrler(I 
Snr B.S&ncse, 

William C. LaSaugh. PE Aluert ADuiman 
.,Si.eAm Stanley M.Smith 

G Deceiber, 1977 

Secretary for Works F, Supplies
 
Ministry of Works & Supplies
 
PrivatE Bag 316
 
Lilon:q
 

Attencion Chief Roads Controller
 
Contract No. 5/74
 

Chi kwawa-Bangula Road Pro iect 

Oear Sir: 

Receipt is acknowledged of your letter RP 78 XI (52) dated 5 December, *977. 

On 3 December, 1977 the following conducted a site inspection of the
 
Iongitudinal hairline cracks:
 

G.H. Sheinbaum, U.S. Embassy 
S. Lubin, REOSO/EA, Engineer 
C. Brahmbhatt, REDSO/EA, Engineer
 

:..C. La Baugh, OMJM
 
F.L. Swartzman, OMJM 
C. Fisher, OMJM -£ )I 

This inspection did not disclose any. ational information and the conclusions
 
reached in our letter of 24 June,4197? are considered to still apply.
 

It was noted that MOW & S. Crews were placing asphalt emulsion in the thin cracks 
and blotting them with stone dust. It was also observed that the configuration 
and amount of loading on the sugar hauling trucks appears to have been adjusted 

within the legal load limits. 

I: is suggested that a representative of the MOW & S and the Contractor 
acczrmpanv our Engineer on a final inspection in mid January. 

-Y. -YflrDruly

DANStEL, 4ANNN JOHNJON & MENDJENHALL 

.P.0 TLAJAUTOR 
" 7PIJECT D>;:ECTmR 

Daniel,Mann.Johnson,& Mendenhall Planning 
1709 New York AvenueN.W. Archte ture 
Washington. DC. 20006 rgmeer ng 
Telephone: 202/872-8668 Systems 
inhin- natwnes Wnhinen n r C-----
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6 December 1977 

Daniel Hlann Johnscr & Fendenhall 
CO U0:: 3000 

near Sir-i 

OHIK&'9A-3 .41;JLA ROD. C.;.WACT 5/74 

A2±iln5 from your joint inspection with nmDSO Iairobi 
officials of the above project on SaturdaY 3 instant with 
esrci21 rference to the cracks w-hich have formed in t-'e 
tcr& zirzhalt carriaveway surfacing layer/s over recent months 
plezzc stato your opinion as to the roarons for their 
at;tcrreoe tcgothov with an assoonart as to the detrimental 
cf-:ct thcy may havo and/or are likely to have on the life of 
the sn:' layor/a and whether any defect in the undarlying 
co-truc.ion atertcials either hnve contributod to t.te present 
ctztc crc lil:ol7 to be advernely affooted as a rouflt 
of .i :: the Xlfe of the layur/5. 

Z7:1 youl opinion be such an to indicIte the e.istence of 
a no:cn eetGIn construction it uill be necessary fo5r 
yo1 to, Zenify and apportionarosponsbility for tho said 
decect/ togothnr 4ith evaluation o^ its cost/u with recommand
aticnn cs to the c.o-rrective measures required to be taken fCC 

the2.gelop's conzidoratilon, 

--- so ubmit the above opinions/recommnendationsto reach 
this Wintzry by 20 instant. 

Yours faithflily 

(r G; Dr-ind),
Chof 12oadn Gontrollor 

- <. ;-*s ul.YtOR1 "Gi71T 3U IE 

BEeAvailable Dlocura 



-& *ppeein ef" C< 

PhiflipJ.Danel -9t2-972 
Adhure-Man 
S.KenneH Johflton II-:" 
Ievan F.MefldehaS 
T KKutay 
David R.Mlr 
svmna.svenesenBEST 
Albert A.Dorma 

william C. LaBauth. PE SissyaSm 
o President 

12 Decembe', 1977 

S6:1tary for Works F Supplies
 
?Atnis -r; of Works & Supolies
 
Private 2sg 316 

Contract 5/74 
Chikwawa/Bangula Road 

ControllerAstenticon Chief Roads 

Dear S7r: 
W1 

dated G December, 1977, nothing2Zih ref arence to your letter RP 78 IX (53) 
the conclusions and recomendations contained in

csrobsrved to allnor our
 

let'.er ot 2a Juno, 17.
 

these cracks considered to hr assential
2aintananco scaling of hairline is 

anticipate any detrimenta. effect on 
and, crnvided this is done, we do not 

or Che life of the pavcment..nderlyin layerc: 

I checked with the Asphalt Institute in ashington on triy return in July. They
 

ad isad that such cracks are a common occurrence in tho western part of the
 

U.S. 	 and oare considered to be due to the differential drying out of embarmencs 
on the pavement.

during -h, dry season with consequent shrinkage pressure 

usually require a bituminous seal at intervals of 5 to 
=f-and asphalt pavements 


rj Vara decondoni. .n clmaic conditions and traFfic.
 

Yours truly 
C. -tL, r:anN, JOHNSO & MENOEIHALL 

Planing 
Arcthi;k4r 

Daonic, Man.Johson,& Mendenhall 
1709 Nievy York Avonue.N.W. 

Snsnconsniashington.DM. 20006 
rnia.,,nman so 8B72.8888S 



'dliamn C. LaBaugh, PE 

PhtillpJ.Dartset92-1972-
Arthur E.Mann 
S.Kennethjonson !912-'974 -
Irvatn FMCndonhali 
T.K.Kutay 
David R.Mdler 
Sven 13Sw.nsen 
Albert A.Dorman 
Stanley M.Smh 

13 Decriber, 1977 
* *T 

Secretary for Works & Sustlies 
XIiniszr-y of 'lor-cs & Suopnoies 
Pcivaze 2ag 316 
Liln::e 3 

.4 

'd 

'. \* 

4 

4. 

Contract 5/74 
Chikwawa-Bangula Road A 

4' 

ALta.,xion :Chief Roads Controller 

Dear Sir: 

Refere--ez is made to your letter 78 XI (52) and our previous, reply, 

in-s is -o advise that it is our opinion that the cracks are not due to 
any deficiency on the part of the Contractor in the construction of the 
varicua rcad elments. 

Yzurs 
! "'. 

r-uly 
V.NN, JOHNSON & MEiDENIALL 

-'t, . ABl'G 
-ttLJT-*J REflTOR 

PlanningDaniel. MannJohnson, & Mendenhali 
Archtectufre1109 New York Avenuo,N.W. 
EngineeringWashington, D.C.20006 

Telephone: 2021672-8688 Systems 
Cable: DIMJrI WashingtonD.C. Economcs 
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frvanP MIrns*nt )I 

I K Kul-y 
D.,vid ni Miller 
Svn B S'endsonWiliarN C. LaBaugh, PE 
Albtl A.DormanViLc Presidert 
Stanley M.Smiln 

-- Appruic/;X~ t
oP[J/,'4e~ ii 

December 27, 1977
 

Secretary for Works & Supplies 
Ministry of Works & Supplies 
Private Bag 316
 
Capital City,
 
Lilongwe 3, Malawi
 

Attn: Chief -Roads Controller 

Dear Sir:
 
Contract No. 5/74
 

Chikwawa-Bangula Road
 

This is in reply to your RP 78 XI (37) dated 17 September 1977 concerning 
the rcSt of defic.ti. . curvcy c= the above refercced proj2ct 

In conjunction with a joint pavement inspection with REDSO/BA officials on 
3 Decenber, 1977 we observed the conditions at the three locations Station 
1110+00, 1500+00 and 1585+00 where deflections considerably in excess of 
average were indicated. At each of these locations a_36 inch diameter 
culvert is installed. The deflections under such conditions are not 

. representative.

- It is noted that average deflections for all except the three readings 
mentioned above are from 0.42 mm to 0.82 mm with most being approximately 
0.60 an. This indicates a pavement performance considerably better than 
the design criteria. 

By comparison the State of Oklahoma performed a field study of ia-service 
pavezents and found that pavement was satisfactory for a tranty year life 
where maxinum deflection did not exceed 0.94 mm. 

Yours truly,
 

DANIEL, MANN, JOHNSON, & MENDENHAILL 

&ijl,t. 'L< z_8 
William C. La Baugh
 
Project Director
 

Danicl,1.ann,Jh:-scn.& 'f-t:--a.l P~aPnr 2CC: F.L. :wartzran
 
1709 New York A.en.,.N.W. Acht,nec /C.2c^^5 E--2 ne .- g 
Tr'lthoe: ?"2:6:2-5SS Si:s±*'wn 

http:defic.ti


RLEPORT ON SITE VISIT TO C!1IEAWA-ANULA XROAD PROJET 
AID LOAUS 690-H-002 and 690-H-007 

I. OBJECTIVE 

Task Two in Work Order No. 29 issued to Zxprience, Inc. under 
Contract No. AID/AFR-C-1130 required: 

Travel to Malawi, to inspect the overall construction 
quality of Chikwawa-Bangula Road, specifically, inspect 
the "minor cracks" in the pavement and provide a written 
report on findings reflecting (a) the nature of the 
cracks, (b) tho cause, and (a) liability, if any." 

II . BACKGROUND 

A. Loan and Contract Details 

The project covers the reconstruction to paved road 
standards of the M-8 road from the intersection of the Chikwawa-
IBlantyre road to Bangula, a total of 52.9 miles. Included in 
the project are connecting roads to Ngabu and Sorjin and a spur 
at Bangula to oonnect to road M-9. 

The consulting engineering firm of Daniel, Mann, Johnson 
and Medenhall (DIUM) dezigned the road under a contract with the 
Government of Malawi (GOM), the EX component of which was financed 
under the AID loans and carried out the engineering supervision 
of construction under contract with the G94 with the B% component 
financed from the same loans. The total of both loans came to 
$10,300,.000 

A construction contract was awarded to Nello L. Teer Com
pany and signed on August 9, 1974, the EC component to be financed 
by the AID loans. Notice to Proceed was given on October 28, 1974 
with a completion date of 800 calendar days beginning 30 days 
after Notice to Proceed. An increase of 26 days was later granted 
cue to the addition of the Kamuzu Bridge-Chkwawa oxtension, miking 
the final completion date, March 1, 1977. 

The total amount of the orisinal Nello Teor contract was 
,7,375,090.30 plus Kwaoha 2,234,933.50. The final Contractor's 
claim, including four variation orders, overruns on unit price 
items and cocalation came to $8,639,634.61 plus Kwaoha 2,520.374.76. 
Total costs, including the DhRJM and Nello Teer Contracts exceeded 
the AID loan total by $211,200.48 and the GOM LC contribution by 
Kwacha 160,998.99. A request by the GOM to AID to finance the EX 
ovErrun wasa turned down. 

fl
 

http:160,998.99
http:211,200.48
http:2,520.374.76
http:8,639,634.61
http:2,234,933.50
http:7,375,090.30
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B. Construction 

Mobilization commenced at the beginning of November, 1974, 
earthwork in March, 1975, and paving in September, 1975, At the 
end of April, 1976 paving was 50%complete when it was interrupted 
by a fire in the asphalt heaters on May 9, 1976. These wore re
paired at the beginning of August and mainline paving of the southern 
25 miles of road was resumed on August 18, 1976 and completed on 
December 15, 1976. some Intermittent paving continued until early 
in February, 1977 on the Bangula spur, Sorjin connections and on, 
choulders on sections of the road. 

C. Standards 

The project provided for reconstruction of the road to 
Malaii Class I standard. This provides for a 22 foot wide sur
faced carriageway with 5 foot shoulders, designed to support an 
18,500 pound axle load. Vertical alignment limited grades to 5p 
raxuimum and horizontal alignment allowed for a design speed of 
60 mph. Pavement structure called for 3-1/2 inches of sand asphalt 
base and one inch of sand asphalt pavement. 

D. Pavement Cracks 

After final acceptance of the road the GOM's Chief Design 
Controller notified DIJM and the Chief Roads Controller, in a 
lotter dated June 17, 1977 of his observation of a number of 
cracks In the pavement. In his reply of July 11, 1977 the latter 
stated that the Consultants (DMJM) reconnended that the repairs 
should be regarded as normal maintenance work and not as contrac
tor s responsibility. An attached copy of a June 24, 1977 letter 
from DMUM to the Chief Roads Controller claimed the observations 
to have been exaggerated, suspected that some of the cracks re
sulted from loads. in excess of the legal 8 metric ton limit, 
others due to edge deflotion not caused by permenent settlement 
and some potholes" caused by cattle hooves and leaking fuel drums 
while the pavement was still fresh. Two emall areas, one 35 feet 
long, 3 feet wide, and 1/4 inch deep at chainage 100:00 and 
another 6 feet long, 3 feet wide, and 1/4 inch deep at chainage 
1115 00, which showed permanent settlement and may be the con
tractor's responsibility. The DM314 letter recommends sealing 
the cracks with asphalt emulsion and simultaneously filling the 
wider (1/4 inch) cracks with sand. Pavement indentations would 
b left for filling when routine maintenance patching was done. 
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The AID Auditors Report No. 3-612a78rO3 dated Qotober 27, 
1977, reported that during their site visit they noted cracks in 
the road pavement. Most were observed between the 20 and 40 mile 
markers on the road. Some of the cracks had been sealed and some 
'erosion ditches" in the road shoulders had been filled by GOM 
maintenance. The auditors brought the matter to the attention 
of REDSO/LA for its consideration in a review of the overall 
costs of the project. 

III. SrTa VISIT 

The site visit was conducted on Saturday, December 3, 1977 
with the participation of the following: 

G. Sheinbaum, DCM, American ambassy. Lilongwe 
W . Labaugh, D1JM, Washington, D.C. 
F. Swartzman, IJH, Lilongwe 
C . Fisher, DtUM, Lilongwe 
P. Brahmbatt, REDSO/EA 
S. Lubin, Consultant 

The party left Blantyre at 9:00 a.m. in two cars and proceeded 
via the Blantyre-Chikwawa road to the junction with the Chikwawa-
Dangula road after crossing the Shire River bridge. The connecting 
road from Blantyre dova the Shire Valley escarpment is a well main
tained earth road. Although we travelled on a Saturday grading 
work was in progress on the descent of the escarpment. A contract 
has been awarded to a U.K. firm for surfacing of the Blantyre-
Chikwawa road section under EX financing. Work is already in 
progress on construction of the Contractor's first work camp and 
we observed a surveying crew in action at the top of the escarp
ment . 

Mr. Labaugh had with him a deflection chart prepared by the 
&C0M Road Department. After a study of the chart it was decided 
to make stops for close inspection of the paving cracks at the 
four worst locations, at Stations 1110, 1275, 1335, and 1500 
(approximately, mileages 21, 24, 25.3 and 28.4), where the largest 
number of cracks had been observed. 

Prior to arriving at the first station extensive pavement 
patching was noted between Stations 800 and 900 in the vicinity 
of N'Chalo and the take-off of the road leading- to the Sucoma 
Sugar Refinery. We were informed that the Contractor'a work on 
this section was faulty and he was required to repave large por
tions of the left lane. After repair he applied a thin overlay 
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of asphalt with about a 5 inch overlap on the right lane to seal 
the joint. Similar repairs were noted between the bridge over the 
Mkombedzi River (Station 998) and Station 1070, The road sectian 
between the Shire River bridge and Station 1070 was completed in 
1975 and after two years under traffic appears in excellent condi
tion. The section from Station 1070 and about 1400 wau con
structed between the end of 1975 and April 1976 when paving was 
suapended because of the fire at the asphalt plant. Work was 
rezumned in August, 1976 and paving completed about mid-December, 

'1976. Some repair work continued to February, 1977. 

At Station 1107 longitudinal cracks were observed on both 
lanes, ranging from 12-18 inches from the pavement edge. Cracks 
extended 20-30 feet in length with continuing cracks overlapping. 
At Station 1100 a short longitudinal crack over a CMP culvert, 
about 2-1/2 feet in from the pavement edge was observed in what 
appeared to be a wheel Indentation, Since trucks tend to straddle 
the highway center line this indentation and crack could result 
from the impact of overloaded vehicles. Due to the relatively 
low embankments on the road there is only a one foot cover of sub
base and pavement over the culvert axis in most places. The impact 
of axle overloads could cause cracks at these points. At Station 
1500 a transverse hairline crack wa seen alang the culvert axis. 
This could also have been the result of wheel impact, 

At Station 1270 multiple hairline cracks extending about 
30 feet had been sealed by GOM1maintenance crews and a thin over
lay of asphalt brushed on and covered with quarny dust. At 
Statin 1330 sealing of multiple hairline cracks between 18 and 
24 inches from roadway edges was in progress by a GOM maintenance 
crew. Arphalt emulsiat was dripped into the cracks, brushed over 
with additional emulsion and covered with quarry dust. Cracks 
at Station 1500 were similarly sealed. In general, several sealed 
areaz were observed between Stations 1270 and 1500. Maintenance 
crews seem to be starting in the worst areas where multiple cracks 
'exist before going to areas where only a single orack line appears. 

The team decided not to proceed beyond Station 1500 uince 
the two or three areas beyond this Station were minor as observed 
on the chart * At all places checked cracks did not exceed 1/8. 
inch in width and were of about the same depth. There was no 
evidence at any location of deformation or settlement and pave
ment on either side of the oracks was level. Shoulders were in 
gbod condition, level, and there was no evidence of settling or 
failure of sub-base or pavement. 

A4\
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IV. CONCLUSIONS 

From the visual evidence there is no indication. that the 
longitudinal cracks are due to sub-base settlement. shoulder de
formation, or pavement failure., There does not appear to be any 
evidence that the cracks indicate future pavement failure. Seal
ing in the manner now being carried out by maintenance crews is 
recommended. to avoid any erosion which way be caused by water ab
sorption into the pavement, though due to the small amount of 
rainfall and rapid drying in the valley there seems little danger 
of such seepage . The cause of the cracking is not understood and 
the various explanations provided by DMM do not seem plausible. 
One explanation, that the cracks may be caused by overloaded 
trucks is contradicted by information we received that some cracks 
appeared within a few days of pavement laying. Any anomaly in 
the asphalt mix as the cause is also contradicted by the fpict 
that cracks were only an average of 12-24 inches in from the edges 
and appeared no place else on the road surface, Any anomaly in 
the mix should result in cracks over the entire pavement surface. 
Labaugh Informs us, that the Asphat Institute stated such cracks 
are common in dry, hot regians in the western U.S. and reseal 
themselves after -a rain. Again, there is no explanation of the 
reason for cracks to appear only at the road edges. One con
jecture I can advance is that any cracks appearing on the road 
surface would be resealed by the compressive action of traffic 
passing over them while cracks along the edges where traffic does 
not. cause pressure would not be resealed. 

In any event, with some sections of the road being in use one 
to one and a half years and older sections two years or more, 
there is no indication of pavement failure. Watever may be the 
cause of the hairline cracks it is not believed that any liability 
exists on t he part of the Contractor. 

GOM maintenance seems to be adequate on this road as well 
as the connecting road to Blantyre. If load limits are observed 
and routine maintenance continued as at present the road should 
,ive service throughout its projected life, 

Samuel Lubin 

Drafted: S. Lubin/ckg December 5, 19'7'7
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EXAMPLES OF MAINTENANCE ACTIVITY ON CHIKWAWA-BANGULA ROAD 

1. Letter Chief Roads Controller to Regional Engineer (South) 28 January 1978
 

2. Letter Regional Engineer (South) to Secretary MOW&S 2 February 1978
 

3. Report on Cracks Sealing 13 March 1978
 

4. Monthly Report on Repairs 11 April 1979 

5. Monthly Report on Repairs 21 July 1980
 

6- Monthly Report on',Repairs 13 August 1980
 

V 
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RP78xlT
 
28 January 1978 

FROM MINISTRY F "-ORpS A11D SUPPLIES PRIVATE BAG 516LILONGWE 3
 

TO THE REGIONAL ENGINEE (8) p 0 BOX 98 
BLANTYRE 

eHIKWAWA-BANGULA SECTION CF ROAD n8 

In regard to the known cracking
Pavement of the sand-asphaltIf the above section of road please 
ensure that 
submit a repry asoto up is promptly carried out and 
Of ofeach moeport as to the state of the defect at the end ech mnth until further notice.
 

Please acknowledge receipt of this instruction.
 

(H G Brind)
 
Chief Roads Controller
 

for SECETARY FOR WGRWS & SUPPLIES 



'I 

I -. ' - -

N 
., \ 

'C 7 
a,
 

/ C-	 * 1~ 
ii rtc~I~"

-J --. 

'K . S 

- -- '-'I .-. 

,,~ ~'tr" V - - . -' V. 
-. .

-	 - . .2 - -~ 

-r 

'S 2 

2*-/,---,
- - - -.1- - ~ . - I~ri 

<A) .* -.	 42-7. 

C'
 
- ,-, 

20.-f 

4t~rMLK~&~ 
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Ref. No. 	BT. M 8 (54) 2nd February, 1978 

FROM: 	 THE REGIONAL ENGINEER (SOUTH), P.O. BCX 98, BLANTYRE
 

TO 	 THE SECRETARY FCR WORKS AND SUPPLIES, P/BAG 316 
CAPITAL CITY, LILONGlE 3. 

CHIKWA'.!A 	 - BALGULA SECTION OF 
ROAD V8 

Refexence your letter RP 78AI(77) dated 28th January
 

1978.
 

I acknowledge receipt of your letter and confirm that the
 

cracking of the sand-asphalt pavement of the above road section
 

is receiving continuous sealing action subject to vehicle
 

availability; monthly progress reports will be submitted to you
 

as instructed.
 

(G.M. McKenzie)
 
for REGIONAL ENGINEER (SOUTH)
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TEE RZGIOSAL ENGI.EE; cs), P.O. Bdt 98, BLAi YPS. 

: M SECRZTARY FOR 10R=5 AND SUPPLIES, P/BAG 318, LILOTWqE 3. 

REPORT ON RE PAl ORXS OX 
ROAD !8 FROM AI2NAWANG?-SUC TO 
FOR TEE .tC= 0? Mz.RCH 1979. 

Please find a brief report on repair works on Road MS from 
t'dawa to Dangula, for the ionth of March, 1979. 

Chainage 1015 - 00 3 Patches done. 33'xiO', 105 , 12'=251 
" 	 1020 -00 3 Patches done. 22'x8t, 18''6', 31'xd' 

1030 + 0a 1 Patch done. 34x10' 
1040 + 00 4 Patches dona. 

53'xlO'
 
1050 -00 I Patch done. 341x7l 
1470 + 00 1 Patch done. 31'x5'13'.6c7 
1485 + 00 1 Patch done. 15':5' 
2025 + 00 6 Patches done. 30'x45 40'x4', 26'x4', 

291 x5l, 27'::4', 62'x5'. 

i 

R.J. lTalibwe 
for :.EGIO.1 ENGINZTEa (S) 

(
 



4k

i.! No. 3T. M3 APE' - 'tAS7W:> A-I 

A!CIh : ASdiGICNAL ING (SOU"),:NiZZ 
-

P.C. 
,~ 

S0L &S, 
t U y4
3Z.ACZ2E. -

IV : ES :TAE FG 7 CS .13 SZPPL:z P/3AG 316, LIl-ONA' 3, 
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Please find on brief report of repajr works on Road M8 fromC hikwara 
to Rangula for the month of june, 1980. 

'29'-JO 1 paten 13.20ax3,3On 
10C0 1 pacch 25.conz.a,.60m 

1C35+00 1 patch 11. T0a3,50a 
tO40.00 1 patch O0.S0mz5.o0p 

047±30 3 patches 12. 4 5zx3.78u i2.Ox3.com 
8.75mz2.35m 

051-00 2 patche . 0=2 .75=930mx3.10 
tO55~0o 2 * 19.90rx5. 60s27.30mz4.OC 

aflgo+0O I patch 18.15zx3.co 
05&-00 2 Patches 21.552x3.1m21.2Cmx3.70s 

055+00 1 ,atch I 6 .25mr5..35m 
I010+"o 2 pazcses 1-3.15Z 3.0a8.73mx300m 

.S?3-00 I patch 13.45x5.20m 
o080-00 2 patches 13.10mX2.8Om2L.7Cx2.!?0 

1086OO 1 pazche 1Q.cmx2.35m 
1067±co 1 patch 8.75m..12s 

Po6 O0 2 patches 27. 3 0ax2.90a22.08oX3.50 
*Sa4 co I patch 7.35z2:cSm 2.80m 

930 CO 1 Patch 6 o.-5mx2,15s 
'987+00 &Lpatches 10.0sz3.00M.10.6G3.00m 

9.3OMX2. 84a.20mz2.15m 
98d3+00 1 patch '.17ax2.1m 

'989+09 2 patches 7.05sz2.90a8.70m3.17m 
' 91+00 1 patch 6.1om2.Ca 
993.00 patch 12.35z3. 45m 

'99±'00 2 patches 8.00az2.50al2. 63mn2.95s 
'995+00 2 patches 16.80-x.30a 13.05mZ2.47n 
'999+0 1 oatch 2 6 .35mx2.com. 
2007+0o 1 patch 15.95mx3.25u. 
-023+00 2 patches 4.18mr3.23. 6 .5m'xZ.75m 
202-+00 1 catch 7.12=2.7;. 
202+00 lpatch 10.S5mx2.7B 
2027+00 2 patches 4.70m3.5m.18m=3.25m. 
2023+00, 2 patches 2.95mx1.& 4 .58dx2.,5a 
203OO700 1 patch 16.75t3).20m. 
2931,00 1 patch 12.50m=2.65a 

fTZS DONE I GPAVEL 

'OiL+O 1 patch 9.95ux2. 40a
 
1-3T+Go 3 patches 9.40=x2.35a 9.50x2.&u.
 

9.5enz).25mz 
'317 cO 3 Patches 13.90maZ. 6 5a 'I.15z2.90s 

11.35mX1.05m 
1319+00 2 patches 9, 6 0x2.55a 11.10=s7.'40m. 
',32Dr00 1 patch 15. 3z2.40a 
133-00 2 patches 11.30n3.5Gx 35.75nz.353. 
149;,oo 1 patch 7.20mx3.35m 
15010O 1 patch, a 7. 7 0mx.20a 
150200 3 patcnes 9.500x5.3Cm 21.10Gn".,00% 

q,15mx3*35m 
0+-4t0 ? patch lt.mx3.5Ca 

for: a 'L:v:u 

- - --- *-- muram 

http:10.S5mx2.7B
http:4.18mr3.23
http:35mx2.com
http:6.1om2.Ca
http:17ax2.1m
http:0ax2.90a22.08oX3.50
http:18.15zx3.co
http:60s27.30mz4.OC
http:i2.Ox3.com


-7 .A y- 7 

Bfi5 

c. 

- CO 
CC 

00 

rCC 
1 	 00 

12? 00 
1 2+ CO 

1':: + 00 

-r 	 CC 
c c 

15vcc 

-- -. - --- ,-' - I - .- S 

-- ~.ttL.. ~ .~-..J .0 
~Ai;Gu~ sca ::~: :D:C3' "71 . I -, 

o: -- ,i wm .c<: -rn- Crz'era -: :-ul 

1 -ftch 9.955 x 

3 -atehes 13.0- 2. 5= 11.* ., . .: 4.fl5
2 ece .62 .5 11.10-: 7-.. 

1 .0'atchI ' x.3_=2 
1 -atch ?.7Ct r .2 

.- th16. 0s x .0: 
1yanch I(.- , . ?.:C= 
I raten i r 2.'2= 
2 stches 18-40m m 3.15- z.C: 1 
I -atch 5,j00 x 2.75:. 
2 psties 37.50 2. ?Cx 3.ir . 
1 ratch 9.05 x 2.90n. 
2 taehee 17.15,m 3.c0 16.4Cm '.,O= 
1 narch 6. 7.m. 
1:-ch 2C.,mx 2. 

1 to 10. 3$m 2.052.
 
1 ;stch 10.902 x
 

1 	rczch 9.C5p = 2.70M
 
1 ;ten 17.0M x 3.10:
 
1 ps;- 7.65M z 2.5=z
 

) pati 2.50: 2
 
I ratch 17.-. - 36C.0%
 
1 ae 0 xQ?,"C
 
1 ;:tc* 5.95..
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