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INTRODUCTION

The purpose of this report is to illustrate the scope of the activities
of the Research Laboratory during the 1983 calendar year. By better
informing Department personnel of these activities, we hope to implement
the research which is being conducted, and to integrate our research find-
ings inte Department practice.

The report is divided into seven sections. The first section outlines
some of the highlights of the past year's research. Section two consists
of a general index of reports and projects. Section three contains abstracts
of all Research Reports published during 1983. The fourth section con-
tains a list of New Materials projects completed during the year, the fifth
section is a listing of Technical Investigations completed during the year,
and the sixth section lists the Action Plans completed during the year.
The seventh section lists the title, purpose, scope, progress past vear,
projected activities for the coming year, and salaries and wages for 1983,
for all active Departmental and Highway Planning and Research projects
(H.P. &R. projects are denoted by an asterisk). :

Further information on any project described herein may be obtained
by contacting L. T. Oehler, Engineer of Research, MDOT Secondary Gov-
ernmental Complex, P.O. Box 30049, Lansing, MI 48909.



RESEARCH HIGHLIGHTS - 1983

Our Photometry Group assisted with the development of a portable
free-standing sign to be used by the Michigan State Police in advance of
an accident. This involved selection of a reflective material which was
also flourescent, and determining proper legend size, shape, spacing, and
color- for earliest recognition by the motorist. Final form of the sign is
being evaluated at the State Police Academy in nighttime cutdoor driving
tests,

The Instrumentation and Data Systems Group has just completed the
design, fabrication, and installation of a toll collection system for the
Bluewater Bridge. This system counts all axles passing through the toll
booths, calculates fares, and keeps track by company and vehicle number
of all funds collected. All the reports needed by the bridge administrators
are also generated by the system. All this is accomplished by using a micro-~
computer in each toll collection booth and one master mlcrocomputer‘
located in the bridge office,

The Research Laboratory was an important participant in saving the
State about $400,000 by recycling—rather than removing and replacing—-
a 5.7 mile segment of portland cement concrete pavement on [ 94 in Cal-
houn and Kalamazoo Counties. Also, about $250,000 more was received
from the Federal government for financing the project than if construc-
tion had been done by conventional means. The concrete recycling was
the first done by the Department and received national attention.

An experimental oil skimming and sediment retaining chamber, which
our Spectrochemistry Group was asked to evaluate, constructed near the
Lake 3t. Clair end of the 1 696 storm sewer, was put to use when a tanker
truck tipped over during the summer of 1983. The petroleum product that
spilled into the sewer was successfully recovered at the pumphouse and
the skimmer chamber, preventing contamination of Lake St. Clair.

In its search to discover alternative substifutes for the highly corrosive
sodium and calcium chlorides used for ice removal, the Federal Highway
Administration identified caleium magnesium acetate (CMA) as a likely
candidate. Support for producing 200 tons of CMA was derived from con-
tributions by 23 states, and Michigan was selected as one of two states
to receive 100 tons for field and laboratory testing. - Our Soils and Bitu-
minous Systems Unit supervised the field applications of both CMA and
rock salt during winter storm conditions. Test applications were made
during 1983, and are being continued through the 1983/84 winter storm
season. At the same time, the Structural Research Unit evaluated the
corrosive effects of CMA on structural metals. An environmental test
chamber was designed and fabricated to house separate CMA and NaCl
baths., Test specimens undergo cyclic immersion in solution then exposure
to drying and ultraviolet light. Scaling studies were performed by our
Materials Research Unit, to ascertain the effects of CMA on concrete
surfaces. After this winter's season, the results of all phases of the ex-
periment will be assessed.



The Structural Research Unit completed a major evaluation phase of
weathering steel bridge corrosion. Primary results of the statistical anal-
ysis of corrosion data indicate that traffic spray from below is, in general,
corroding the first few exposed beams at approximately twice the corrosion
rate of the remainder of the structure. In addition, results show that struc-
tures built after 1975 appear to be corrcding at a rate 1-1/2 to 2 times
faster than all structures for a given environment. Several structures were
extensively examined and repeat corrosicn loss measurements were made,.
For the worst structure, corrosion losses on the lower portions of some
of the beams were found to be in excess of 5 mils/year/surface and evi-
dence of fatigue cracking was discovered in the fillet weld of one cover
plate ending. Laboratory fatigue evaluations of specimens removed from
bridges are about three-fourths completed. The Department no longer
uses weathering steel on bridges.

The Structural Research Unit is also extensively involved with the re-
pair of the Zilwaukee Bridge, providing technical assistance o the Design
-and Construction Divisions. Exact measurements for weight verification
were made of the component members in the launching girder using spe-
cial devices designed and fabricated by our machine shop. Baseline data
were established on the deck, columns, and footing following the accident.
The Unit monitored movement of the damaged expansion joint, changes
in the footing and interior segment cracks, the relative movement between
the columns and the footing, and changes in the deck profile. Our personnet
affixed precision targets to the column, and readings were taken on these
targets to record expansion and contraction effects and to determine a-
point of column rotation. Reference points were set on the columns and
footing to detect elevation changes. Vibration monitoring was required
for the drilling of the new footing caissons and for post-tensioning through
the columns. It was also required during the jacking sequence of the canti-
lever to load the temporary falsework and the new footing, thus relieving
the locads on the column. The Unit established an electrenic tilt-sensing
system in the cantilever .and on the column to detect small angular move-
ments, especially during the jacking sequence.

Implementation of a preventive maintenance system for concrete pave-
ments, developed by the Materials Research Unit, was accomplished by
awarding a contract utilizing these new maintenance techniques. The pro~
cedures are for use on relatively new pavements with minimal deterioration
that can be corrected by partial-depth repairs. The repairs concern pri-
marily joint grooves and transverse cracks where spalling has occurred,
and are made with fast-set patching mortars to allow for same-dav open-
ing. Longitudinal and transverse joints are resealed and transverse cracks
are routed and sealed to prevent further damage by moisture and infiltra-
ting solids entering the slab.

After evaluating the results of experimental repairs utilizing drilled-
in dowels, the Materials Research Unit wrote specifications for contract
repair work. By the year's end, a total of 15 contracts for dowelled full-
depth repairs had been awarded. The total area té be replaced by these
contracts.is equal to nearly 140,000 sg yd, which is equivalent to replac-
ing 17,500 lane joints with a §~ft long repair at each location. These re-
pairs, on the basis of earlier experimental installations, should refain their



smoothness for a 10-year period, depending on the commercial traffic volume
to which they are subjected.

One of the most detrimental factors in the deterioration of reinforced
concrete surfaces is the entrance of chlorides from deicing salt. In an
effort to slow the seepage of chlorides into concrete, several concrete
sealers were evaluated in the laboratory. Each individual sealer was sub-
jected to ponding with a sodium chioride solution for 90 days, after which
the penetration of chloride ions was determined. After final evaluation
of the data, the most promising sealers will be tested in the field.

The Materials Research Unit once again conducted the very successful
schools for painting inspectors., These schools have been enthusiastically
received, and will undoubtedly result in better, and more uniform inspec-
tion. Of the 82 students that participated, 23 were contractor represen-
tatives, two were from Wayne County, and two from the Pennsylvania
DOT, the balance being Department personnel. In further development
in our painting program, the state adopted a policy of totally painting new
steel for bridge structures in the fabricating shop, rather than in the field.
Although initial acceptance was somewhat reluctant, by the end of the
year many of the advantages of this method became obvious. Costs sav-
ings are difficult to pin~-down because of large fluctuations in the price
of steel, but they appear to be at least 25, or possibly as high as 50 percent
over the total cost of the old method of field painting.
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ABSTRACTS OF RESEARCH REPORTS
(January 1983 Through December 1983)

R-1208 - "Degradation of Acid-Treated and Untreated Steel Furnace Slag
as an Open Graded Base Course for Concrete Pavement,” (80
TI-643). E. C. Novak, Jr.

Upon reviewing a prior report (R-1188) concerning the durability of
acid-treated steel furnace slag for use as an open graded base course, a
major slag producer indicated that steel furnace slag should be more dur-
able when untreated and requested that another study be done using un-
treated material., This report summarizes the durability properties mea-
sured for acid-treated and untreated steel furnace slag, blast furnace slag,
and natural aggregates. The study indicated that there was little difference
in the degradation of the two slags, except under the T-180 compaction
effort where the untreated slag degraded more than did the acid-treated
slag,

R-1209 - "Use of Recycled Asphalt Material in the Construction of a Bit-
uminous Stabilized Base, I 75, Cheboygan County,” (75 D-30).
d. H. DeFoe

This is the final report describing features of Michigan's first large-
scale cold reeyeling project; a previous report (R-1088) described the con~
struction procedures, specifications, and road history. This report summa-
rizes material characteristics determined by laboratory tests and measure-
ments of the road's performance over the five-year evaluation period. The
report concludes that cold in-place recycling of an existing bituminous
pavement was successfully accomplished, and the recycled base roadway
is structurally equivalent to a comparison reoadway constructed with a
separation course between the new and old bituminous material. Reflection
cracking was essentially eliminated, and the physical properties of the
recvcled material as measured in the laboratory were equivalent to those
of hot plant mixed black base materials typically used in Michigan.

R~1210 - "Evaluation of the Straight Line Gradation Chart and the Particle
Index Test," (75 E-57).

At the suggestion of the Committee on Aggregate Acceptance Criteria,
this report was not published as submitted. It is anticipated to appear
after further review and possible expansion.

R-1211 - "Infiltration of Subbase Sand into Open Graded Drainage Course
(OGDC) Bases," (80 T1-678). E. C. Novak, Jr.

This report presents the results of an abbreviated study to determine
it OGDC bases could be expected to perform satisfactorily when placed
directly on sand subbase and to evaluate the effectiveness of filter fabric
for improving performance when placed between OGDC base and subbase
layers. The study showed that unless a filter fabric separates base and
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subbase layers, sand will infiltrate into the voids of OGDC bases. The
degree to which sand infiltration takes place will govern the performance
of these bases and ultimately influence pavement surface performance.
Some tentative conclusions are offered, although the information from
the study was not specific enough to offer definitive answers at this time.

*R-1212 - "Alternate Repainting Systems for Bridge Siructural Steel,”
(76 G-219). F. J. Bashore

The primary objective of this Highway Planning and Research project
was to determine by field evaluations whether a structural steel coating
system based on a one or two-coat application could provide a rust-pre-
ventive system whose service life protection would be comparable to
the Department's then-specified (1976) four-coat system when applied
at equivalent dry-film thickness. This report describes the application
of the coatings on the structure and discusses observations from periodic
inspections made over six years. In an effort to lower maintenance re-
painting costs, a one-coat and two~coat system was tried, utilizing pet-
roleum wax based vehicles. A two~coat incorganic zinc-rich primed, vinyl
fopcoated system was included, as well as Michigan's four-coai system.
Unfortunately, the primary objectives of the project were not achieved
to our satisfaction due to inadequate or incomplete surface preparation,
and the lack of good application technique on the part of the painters.
Certain observations concerning maintenance repainting were reinforced,
and this project and others have helped in the development of our current
coating systems (non-leaded, two-coat).

R-1213 - "Annual Report of Activities of the Michigan Department of
: Transportation Research Laboratory."

R-1214 =~ "Air Quality Measurements for WMovable Asphalt Plants for
Recyeling Paving Asphalt,” (78 G-235). J. T. Ellis

Stack samples were taken from two movable asphalt plants that were
processing a 50:50 ratio of recycled-to-virgin material. Both plants used
a wet scrubber exhaust system. As previous investigations have shown,
drum mix plants with wet scrubber exhaust systems have not yet shown
they can achieve Federal air quality standards for particulate emissions
when processing recycled paving asphalt. The need for modificaiton of
wet scrubber systems is indicated.

R-1215 - "Brake Lining Temperature Measurements for a Retarder
Equipped Bus," (81 TI-728). L. E. DeFrain

Repeated braking of buses on busy urban runs results in high brake-
shoe temperatures, with insufficient time to cool between applications,
resulting in a relatively short useful shoe life. In this study, the effec-
tiveness of a proprietary electric 'brake retarder' was evaluated as a means
for reducing brake-shoe temperatures. This device supplies the majority
of braking force until the bus speed is reduced to about 5 mph. The study
showed that the device did result in a significant reduction in shoe tem-
perature,
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R-1216 - "Investigation of Steel Furnace Slag Open Graded Drainage
Course Base on I 69/Airport Rd Ramps," (80 TI-643).

This study revealed problems with the attempt to construct open
graded bases on the T 69/Airport Rd ramps. Part of the open graded drain-
age course (OGDC) on these ramps was to be constructed using a steel
furnace slag conforming to a modified 17A grading. On-grade slag aggre-
gate did not meet grading requirements, apparently breaking-down as
a result of conventional materials handling techniques. These problems
reduced the drainage properties of the bases to such a degree that the
aggregate should not be considered as open graded base material. These
bases, however, should drain better than would conventional 22A bases.
As a result of the observations contained in this report, certain conclusions
and recommendations are presented with respect to OGDC materials.

R-1217 - "Benkelman Beam Testing of Shoulder and Pavement Recycling
Projects,” (81 TI-727). J. H. DeFoe

The purpose of this study was to evaluate the strength and load car-
rying capacity of stabilized in-place recycled bases as compared with
conventional hot plant-mixed bases used for constructing bituminous
shoulders and pavements. The method of comparing the two base con-
structions involved elastic layer theory used in conjunction with pavement
deflection analysis. Results of the study were expressed as estimated
stiffness modulus values for the two base materials. In general, the re-
port recommended that black bases be used under shoulders along highways
having heavy commercial traffic; and where medium to heavy volumes
of commercial traffic occur along with saturated layers of subbase or
subgrade, e.g., usually over clay subgrades.

R~1218 - "In-Place 22A Aggregate Acceptance Sampling Procedures,"”
(76 G-222). Wen-Hou Kuo

Based on the results of an earlier study (R-1024) which favored in-
spection of aggregates at the job-site (in-place} rather than in the stock-
pile, this report describes the use of an 'acceptance sampling by attri-
bution' plan on four construction projects. Based on the test results and
the analysis of them, as well as the comments of the inspection and super-
visory personnel, it is concluded that it is feasible and beneficial to imple-
ment in-place aggregate inspection procedures. Modification of the initial
inspection procedures used here demonstrated that inspection cost reduction
is large enough to justify the slight loss in statistical power to reject poorer
quality aggregate, and thus is recommended for future in-place aggregate
inspection.

R-1219 - "Traffic Regulator Vests," (77 G-229). G. M. Smith

It was decided that the publication of this report be delayed pending
further revision.
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