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INTRODUCTION 

An important function of the Transportation Research 
Board is the stimulation of research toward the solu
tion of problems facing the transportation industry. 
One of the techniques employed by technical committees 
in support of this function is the identification of 
problems and the development and dissemination of 
research problem statements. The aim of this activ
ity is to provide guidance to financial sponsors such 
as governmental agencies, research institutions, 
industry, the academic community, and others in allo
cating scarce funds and manpower to the solution of 
transportation problems. The Group 2 Council endor
ses this activity and has established a Standing Com
mittee on Research Needs to provide guidance and direc
tion to its committees and to coordinate their efforts. 

The problem statements in this circular repre
sent a composite of efforts by thirty-eight of the 
Group's committees. They should not be considered 
an all inclusive recognition of research needs with 
the scope of Group's 2 activities. Since many of 
the statements may touch upon the scopes of several 
other elements of the Board, the circular is being 
distributed to a wide range of interest areas. 

PRIORITY RATINGS 

In assembling these problem statements the Standing 
Committee on Research Needs has attempted to develop 
a best consensus of the top priority research needs. 
Each contributing committee was asked to identify, 
by its own method, not more than two problem state
ments falling in this category. All statements were 
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then screened at the Group Section level for overlap 
and duplication. Two top priority statements were 
then chosen from the collective efforts of the sec
tion. All problem statements were thenSJbmitted to 
the Standing Committee for final review and process
ing. As a result of this review and based on the 
committee and section recommendations the problem 
statements have been rated in two priority categories : 

A. The top priority statements from each 
section 

B. The top priority statements from each 
committee including Category A 

c. Miscellaneous other statements 

Although a diligent effort was made by the 
committees to examine all pertinent activity related 
to each problem, it is likely that some current 
research in progress and recently completed research 
was overlooked which may have altered the recommended 
priorities. It should also be noted that subjective 
evaluation of research needs in which "Urgency," 
"Relevancy" and "Implementability" were considered, 
probably created a bias in favor of applied research 
as opposed to theoretical studies. 

While the problem statements have been 
assigned a number and arranged within categories by 
alpha-numeric designation of contributing committees, 
this arrangement does not establish recommended 
priorities within categories . The ordering of state
ments under individual committee listings does 
reflect that committee's evaluation of priorities. 

STATEMENTS 

SECTION 

A 

PRIORITY STATEMENTS BY SECT IONS 

STATEMENT 
PROBLEM STATEMENT 

NUMBER 

B 

C 

D 

E 

F 

G 

H 

J 

K 

Optimum Design and Use of Highway Shoulders 
Dropping Freeway Lanes 

Relationship Between Pavement Distress and Pavement Performance 
The Effects of Abrupt Changes in Skid Resistance Levels on 

Accident Occurrence 

Distribution of Wheel Loads on Highway Bridges 
Deflection Limitations for Bridge Structures 

Reducing Dependence on Moisture Control in Hot Mix Plant Operations 
Tender Mixes 

Abrasive Resistance, Surface Durability, and Skid Resistance of 
Concrete Pavements 

Criteria for Exact Determination of Alkali-Reactive Siliceous 
and Silicate Rocks 

Utilization of an Open-Graded Stabilized and Free-Draining Subbase 
Financial Factors as a Contingency Cost in Construction 

Asphalt Concrete Bridge Deck Overlays and Bridge Expansion Joints 
Sealing Cracks in Flexible Pavement 

Nuclear Density Determination of Layered Bituminous Pavement System 

Lime and Lime-Fly Ash Stabilization; Mixture Design-Quality Control 
Soil Lime Layers: Structural Behavior and Thickness Design 

Full Scale Field Load Tests in Pile Groups 
Performance of Pavement Subdrains in a Freeze-Thaw Environment 

8 
1 

16 

13 

17 
18 

29 
30 

31 

33 

40 
47 

50 
51 

53 

54 
55 

60 
66 
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SECTION 

L 

A2T57 

COMMITTEE 

A2A02 

A2A03 

A2A04 

A2A07 

A2B01 

A2B04 

A2B05 

A2B06 

A2C01 

A2C02 

A2C03 

A2C05 

A2D01 

A2D05 

A2E01 & 
A2E04 

A2E01 

A2E02 & 
A2E06 

A2E03 

STATEMENT 

Frost Related Pavement Distress Manifestations 
Surface and Pavement Drainage in Frost Areas 

Design Standards for Low Volume Roads 
Safety Criteria for Low Volume, Low Speed Roads 

RESEARCH PROBLEM STATEMENTS 
PRIORITY STATEMENTS BY COMMITTEE 

STATEMENT 

Dropping Freeway Lanes 
Design and Operation of Passing Zones - Two-Lane Highways 

A Rational Approach to Hydraulic Designs for Highway 
Encroachments on Flood Plains 

Flood Flow Hydrographs for Use in Culvert and Storm Sewer Design 

Evaluate Field Performance of Guardrail Installations 
Traffic Barrier Evaluation Criteria 

Optimum Design and Use of Highway Shoulders 
Design of Paved Shoulders for Non-Emergency Use 

Optimizing the Structural Section of Portland Cement Concrete 
Pavement systemH 

Lateral Lane Placement of Trucks and Its Relationship to Rigid 
Pavement Distress 

The Development of Skid Resistance Requirements from Traffic 
Observations 

The Effcctc of Abrupt Changes in Skin Resistance Levels of 
Pavements on Accident Occurrence 

Development of Calibration Methods for Road Roughness Meters 
Guidelines for Establishing a Pavement Perfor1nance Infunuallun 

and Intelligence System 

Relationship Between Pavement Distress and Pavement Performance 

Distribution of Wheel Loads on Highway Bridges 
Deflection Limitations for Bridge Structures 

Probabilistic Design of Steel Structures 
Tolerances in Steel Bridges 

Long-Time Fatigue of Steel Reinforcement in Concrete Beams 
Fatigue Strength of Reinforcing Bars at Bar Cut Off Locations 

Measurement of the Life Expectancy of Older Bridges 
Vibration Suppression in Rapid Transit Structures 

Reducing Dependence on Moisture Control in Hot Mix Plant Operations 

Tender Mixes 

Abrasion Resistance, Surface Durabillly, awl Skid Reeietancc of 
Concrete Pavements 

Performance of Bridge Decks with Deep Reinforcement (>2") 

Criteria for Exact Determination of Alkali-Reactive Siliceous and 
Silicate Rocks 

In-Place Determination of Mechanical Properties of Concrete 
Improvement of Portland Cement Concrete by Modification with 

Chemicals 

PROBLEM STATEMENT 
NUMBER 

71 
72 

74 
75 

PROBLEM STATEMENT 
NUMBER 

1 
2 

4 
5 

6 
7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 
18 

19 
20 

21 
22 

27 
28 

29 

30 

11 

32 

33 

34 

35 



COMMITTEE 

A2E04 
A2E01 

A2EOS 

A2E06 
A2E02 

A2E06 

A2F01 

A2F03 

.A2F04 

A2FOS 

A2G01 

A2G03 

A2G04 

A2H01 

A2J03 

A2JOS 

A2K02 

A2K03 

A2KOS 

A2K06 

A2L01 

A2L04 

A2L06 

A2T57 

& 

& 

STATEMENT 

Abrasion Resistance, Surface Durability, and Skid Resistance of 
Concrete Pavements 

Development of Non-Corrosive Accelerators and Corrosion-Inhibiting 
Admixtures 

Criteria for Exact Determination of Alkali-Reactive Siliceous and 
Silicate Rocks 

Performance and Characterization of Blended Cements and Optimiza
tion of Portland Cement-Pozzolan Mi~tures 

Utilization of an Open-Graded Stabilized and Free-Draining Subbase 
Optimization of Macrotexture (Roadway Surface Texture) and 

Rideability for Concrete Pavements 

Construction Practices for Incorporation of Sanitary Waste in 
Highway Embankments 

Develop Rapid Non-destructive Control Test for Determining 
Engineering Sufficiency of Constructed Embankments 

Paint Systems for Re-Painting Old Structural Steel and Coating 
New Steel 

Composite Behavior of Glulam Bridge Systems 

Financial Factors as a Contingency Cost in Construction 

Characterization of Acceptable Aggregates 
Review of Aggregate Beneficiation Processes 

Asphaltic Concrete Bridge Deck Overlays and Bridge Expansion Joints 
Sealing Cracks in Flexible Pavements 

Development of a System for Classifying Adhesive Compounds by Use 

Nuclear Density Determination of Layered Bituminous Pavement Systems 

Lime and Lime-Fly Ash Stabilization: Mixture Design-Quality Control 
Soil Lime Layers: Structural Behavior and Thickness Design 

Compilation of Field Performance Data for Soil-Bituminous Stabilized 
Pavement Layers 

The Effect of Construction Techniques on the Performance of Vertical 
Sand Drains 

Secondary Compression Characteristics of Organic Deposits 

Full Scale Field Load Tests on Pile Groups 
Effects of Differential Settlement on Structures 

Fracture Analysis of Pavement Systems 
Stochastic Analyses of Pavement Systems 

Effectiveness of Daylighted Subbases 
Performance of Pavement Subdrains in a Freeze-Thaw Environment 

Evaluation of Equipment and Procedures for Sampling Sand and Gravel 
Deposits 

Evaluation of Geophysical Methods and Instruments as Applied to 
Subsurface Exploration for Transportation Corridors 

Frost Related Pavement Distress Manifestations 
Surface and Pavement Drainage in Frost Areas 

Moisture Induced Strength Variations in Pavement Systems After 
Construction 

Design Standards for Low Volume Roads 
Safety Criteria for Low Volume, Low Speed Roads 
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PROBLEM STATEMENT 
NUMBER 

31 

35 

33 

37 

40 

41 

43 

44 

45 
46 

47 

48 
49 

so 
51 

52 

53 

54 
55 

56 

57 
58 

60 
61 

63 
64 

65 
66 

69 

70 

71 
72 

73 

74 
75 
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RESEARCH P R·o B LEM STATE ME MTS 
MISCELLANEOUS OTHER STATEMENTS 

COMMITTEE 

A2AO2 

A2CO3 

STATEMENT 

Additional Through Lanes at Intersections 

Bond Fatigue of Prestressed Concrete Bridge Members 
Fatigue Strength of Bent Bars in Concrete Beams 
Fatigue Strength of Low-Allow Steel Reinforcing Bars 
Fatigue Strength of Prestressing Strand 

PROBLEM STATEMENT 
NUMBER 

3 

23 
24 
25 
26 

A2EO6 Monitoring Environmental Responses of Concrete Constructions 
Accelerated Reactions/Curing of Portland Cement Paste 

38 
39 

A2FO1 Investigation of the Wear Performance of P.C. Concrete Pavement 
Surfaces Constructed Using Type lP Cement 

Long Term Stability of Cut Slopes 

Soil: Pile Load Transfer in Pile Groups 

42 

59 

62 

A2KO2 

A2KO3 

A2KO6 Predicting Permeability of Highway Materials from Physical and 
Chemical Characteristics 67 

68 Filter Cloths and Fabrics 

PROBLEM NO. 1 - COMMITTEE A2AO2 

T. NAME OF PROBLEM - DROPPING FREEWAY LANES 

II . THE PROBLEM - Generally speaking, any lane 
reduction produces hazardous operation on the 
facility. There is indecision and confusion 
from the driver's standpoint relative to "What 
should I do now." The problem is generated as 
a result of a decrease in through traffic 
volume at an exit ramp. Studies are needed to 
establish criteria for standardized design. 
The studie,s Rhn11l<l include all factors such as 
types of interchanges, vehicle paths, accident 
rates, safety, and traffic operations. 

III. OBJECTIVES - To determine, from the standpoint 
of traffic operation and safety the best type 
or types of geometric design for reducing the 
number of through lanes on freeways to include: 
(1) the most desirable location with respect 
t•:1 intt?rc_hang_2 ramp terminals for reducine; the 
number of lanes, (2) the geometric design of 
transition areas, (3) signing and delineation 
in conjunction with the transition. Such stud
ies should cover all usual design and operating 
conditions so as to permit development of 
recommended practices or standards for reducing 
the number of through lanes. 

IV . CURRENT ACTIVITIES -

A. Highway Research in Progress areas 22, 51, 
53, and 55 have been scanned in preparing 
this statement. 

B. Suggested key words are: geomeLLlc Jeesign, 
freeway lane drops, and freeway interchange. 

C. NCHRP Project 3-16/1 is currently underway. 

V. URGENCY - This proiect warrants an immediate 
and high priority, particularly since the Inter
state system is nearing completion and secondly 
due to the increased emphasis on multilane 
high-speed urban facilities. 

PROBLEM No. 2 - COMMITTEE A2AO2 

I. NAME OF PROBLEM - DESIGN AND OPtMTION OF 
f'ASSlNG ZONES - TWO-LANE !IIGI!WAYC 

II. THE PROBLEM - The level of service and safety 
of two-lane highways is highly dependent on 
the availability of passing opportunities. 
In turn, for a given traffic volume level, 
pllBaiog opportunities are rP1 ::itP.cl to the fre
quency and length of passing zones . The fre
quency and length of passing zones in t urn 
depend on the highway alighnment design stand
ards (AASHO) and the no-passing zone strlpln!l 
standards (MtrrCD) . Unfortunately the design 
sLantlards for passing sight distance and th,, 
striping standard for no-passing zones are 
based on different criteria. 

Operational data are needed so that design and 
striping standards can be made compatible an d 
at the same time optimize the safety and effi
ciency of traff c operations. Tnen tlesign 
procedures can be developed to optimize the 
frequency and length of passing zones for any 
two-lane highway. 

III. OBJECTIVES -

A. To determine how the length of a passing 
zone relates to the passing utilization of 
that zone for different traffic volume 
levels. 

IL Tu Jee termine how Lill! lu11i,;Ll1 and !!igh t dio
tance profile of a passing zone relate to 
safe passing operations. 

C. To determine how the frequency and length 
of passing zones affect the level of ser
vices. 

IV . cu~~ENT ACTIVITIES -

A. Highway Research in Progress areas 22, 51, 
53, and 55 have been scanned in preparing 



this statement. 

B. Suggested key words are: passing sight 
distance, vertical curvature, no-passing 
zones, and geometric design. 

C. A small amount of data gathered (James 
Robert Jones, "An Evaluation of the Safety 
and Utilization of Short Passing Sections," 
Thesis, Texas A&M University, December 
1970) indicates that short passing zones 
ha"Je a low utilization with a relatively 
high hazard. 

V. URGENCY - The relatively high number of annual 
fatalities from collisions by passing vehicles 
warrants a much closer look at the operation 
of passing zones. 

PROBLEM NO. 3 - COMMITTEE A2A02 

I. NAME OF PROBLEM - ADDITIONAL THROUGH LANES AT 
INTERSECTIONS 

II . THE PROBLEM - A highway usually has much higher 
traffic capacity between intersections than it 
does at signalized at-grade intersections. To 
utilize the highway capacity between intersec
tions, additional ,lanes can be provided at 
intersections. These additional lanes are 
usually designed for turning movements. However, 
there are certain situations that may require 
additional through lanes. There is need for 
a determination of length of the additional 
lane, both in advance of and beyond the inter
sections, to permit safe and efficient flow of 
through traffic. This determination must be 
recognized as a separate problem, and not asso
ciated with an auxiliary lane as derived in 
the highway capacity manual. The most uncertain 
part of the design is what length of lane is 
required beyond the intersection to provide a 
satisfactory traffic merge when the added lane 
is ended. 

III . OBJECTIVES - to make field studies and collect 
and analyze operational data over a sufficient 
range of lane lengths and traffic volumes to 
determine: 

A. The required length of extra through lane 
(including taper requirements) beyond the 
intersection. 

B. The required length of extra through lane 
(including taper) needed in advance of the 
intersection. 

C. The refinements of the above lane length 
as they are affected by design speed, pro
file grade and percent of trucks. 

D. The differences, if any, between high volume 
(peak hour) and low volume (off peak) 
design requirements. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas 22, 51, 
52, and 53 have been scanned in preparing 
this statemnt. 

B. Suggested key words are: geometric design, 
intersection design, capacity, safety, 
traffic merge, truck factor. 

C. Many studies have been made of traffic 
capacity at intersections but none to 
directly apply to this problem. 
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D. A reprint of "Public Roads" for the August, 
1967 and October, 1967 issues provides a 
theoretical method of determining length 
requirements of widened intersection 
approaches in Part 3 - Special Conditions, 
but research is needed to verify the sug
gested design is satisfactory. 

V. URGENCY - This project warrants an immediate 
and high priority because existing highways can 
be provided with increased capacity at rela
tively minor cost if the designer is sure this 
design is safe and efficient. 

PROBLEM NO. 4 - COMMITTEE A2A03 

I . NAME OF PROBLEM - A RATIONAL APPROACH TO 
HYDRAULIC DESIGNS FOR HIGHWAY ENCROACHMENTS 
ON FLOOD PLAINS 

II . THE PROBLEM - Conventional practice in the 
hydraulic design of highway encroachments on 
flood plains is to provide for conveyance, 
with little r1amage, of the peak discharge of 
a flood of a selected recurrence interval. 
Consideration is not usually given to uncer
tainties in the estimate of the flood peak or 
to the probability or chance that the design 
flood will be exceeded. A rational approach 
is needed for selection of the design flood 
frequency based on risk and economics. 

III. OBJECTIVES - To develop criteria and procedures 
for incremental cost analysis and decision
making in the selection of design flood fre
quency for highway flood plain encroachments. 
The procedure would recognize the probability 
that the base design flood will be exceeded 
during the life of the highway, include tech
niques for arriving at an optimum design insofar 
as capital costs and deferred costs are con
cerned, and provide guidance for decision
making in view of budgetary constraints, both 
for capital investments and deferred costs. 

The critflria for the selection of a base flood 
frequency for the design of a route or route 
segment would be based on traffic service con
siderations. The base flood frequency would 
be dependent upon the availability of alternate 
routes, the importance of the route or route 
segment to commerce or national defense, traffi½ 
volumes, the need for the route for emergency 
supply or evacuation in case of a natural 
disaster and other factors. 

The procedure for the design of each encroach
ment would include an analysis of the risk to 
life and property, including both the risk of 
damage to the highway and damage to other pro
perty as it would be affected by the presence 
of the highway, total cost of the highway 
encroachment including capital costs for con
struction and deferred costs for maintenance, 
repair and reconstruction, and for liabi.lity 
to others for damages caused by the highway, 
costs of traffic interruption, and other factors. 
It should also provide guidance for decision
making in recognition of budgetary constraints 
both for capital investment and deferred costs. 
Inherent in this are methods for evaluating the 
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present worth of probable future costs from 
floods larger than the design flood and tech
niques to minimize or mitigate damages caused 
by the highway from such floods, as by flow 
over the highway. 

The procedure would include consideration of 
flow duration as well as flood peak in assess
ing the risk of flood losses. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress area 15 has 
been scanned in preparing this statement. 

B. Suggested key words for this problem: 
design flood, flood plain encroachments, 
risk, capital cost, deferred costs, 
hydraulic designs. 

C. Related research activities: FHWA Contract 
research with Water Resources Engineers, 
Flood Risk Factor in the Design of Box 
Culverts and Bridges. 

V. URGENCY - The Federal Hlgliway Adrninis tration 
annual budget for emergency repair and 
reconstruction damages to highways on the 
Federal-Aid system from natural disasters is 
$100 million. The states and local jurisdic
tions undoubtedly spe.nrl a like amount for the 
repair and reconstruction of roads damaged by 
eveul~ whi ch are nut widespread enough tc be 
declared an emergency. An additional $40 mil
lion from OEP is for flood damage repair. 

In view of annual expenditures nationally on 
the order of $200 million+ for flood damage 
repairs, it is appropriate to take a hard 
look at design criteria and procedures and to 
develop procedures for optimizing designs 
baser! nn thA tot.a] cost of construction and 
maintenance. 

PROBLEM NO. 5 - COMMITTEE A2A03 

I . NAME OF PROBLEM - FLOOD FLOW HYDRO GRAPHS FOR 
USE IN CULVERT AND STORM SEWER DESIGN 

II. THE PROBLEM - Highway c~lverts and storm drain 
systems are usually cleslgnecl on the basis of 
a steady-state peak flow. If the design hydro
graph, including shape, peak, and volume could 
be approximated for a certain frequency of 
occurrence, many drainage structures could be 
designed to utilize storage effects. The use 
of storage to reduce peak outflows is being 
discussed widely and is required by some local 
governments, especially in the design of storm 
drain systems for urban areas. 

III. OBJECTIVES - To review techniques of synthesiz
ing runoff hydrographs and determine the best 
method or methods for use in rural and urban 
highway drainage design. This may require 
development of a new method if existing tech
niques are found inadequate. Investigate the 
relationship between peak flow frequency and 
volume frequency. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress area 15 has 
been scanned in preparing this statement. 

B. Suggested key words for this problem: runoff 

hydrograph, synthetic hydrograph, runoff 
volume, hydrograph shape. 

C. Related research activities: FHWA Contract 
Research Studies at Utah State University 
on urban runoff hydrograph and peak flow 
determination. Various synthetic hydro
graph methods, such as Agricultural Research 
Service. Wyoming State Highway Department 
work on flood hydrographs. 

V. URGENCY - To adequately design and perform 
risk analysis on highway drainage systems, some 
approximation of the inflow hydrograph must be 
made. Existing, simple methods for hydrograph 
simulation may or may not be adequate. Also, 
it may not be correct to assume that the peak 
frequency and the derived runoff volume fre
quency are the same. If an adequate syn·thetic 
hydrograph method could be derived for highway 
work, the benefits would be enormous. 

PROBLEM NO. 6 - COMMITTEE A2A04 

I . NAME OF PROBLEM - EVALUATE FIELD PERFORMANCE 
OF GUARDRAIL INSTALLATIONS 

II . THE PROBLEM - The relative in-service perform
ance of most guardrail systems is unknown. 
Although overall performance of guardrail 
installations, in general, can be determined 
from state and national accident statistics 
2nd expendib.TrP", t-he, limi ced degree of tlaLa 
collection precludes the analysis of specific 
guardrail systems in terms of safety and cost. 
Accordingly, the relative merits of two or 
more systems must be evaluated on the basis of 
idealized laboratory experiments (including 
full-scale crash testo) and gross accounting 
procedures. 

III. OBJECTIVES -

A. Establish guardrail performance data 
collection center. 

B. Establish accident reporting and installa
tion and maintenance cost format. 

C. Assemble data from national, state and 
local highway and enforcement agencies, 

D. Provide continuing analysis of data, 
appraisals of guardrail systems and reports. 

IV. CURRENT ACTIVITIES -

A. Highway Research in progress areas concern
ing traffic barriers (FHWA computer listing 
dated April 18, 1973) has been scanned in 
preparing this statement, 

B. Suggested key words: guardrail, perform
ance, experience, data center. 

C. Various state highway departments and FHWA 
have conducted short-term, spot checks on 
specific barrier systems such as crash 
cushions. However, these efforts have 
lacked a uniform format and purpose. 

V. URGENCY - The proposed research is a long-term 
effort to improve the overall performance of 
guardrail systems, thereby decreasing the num
ber of fatal accidents. 



Yearly cost of the program would be: 

First year 
Subsequent years 

$100,000 - $200,000 
50,000 - 75,000 

PROBLEM NO. 7 - COMMITTEE A2A04 

I. NAME OF PROBLEM - TRAFFIC BARRIER EVALUATION 
CRITERIA 

II. THE PROBLEM - Traffic barrier evaluation methods 
need to be revised, Standard impact conditions 
need to be extended to include broader coverage 
of the range of conditions to which a barrier 
may be expected to be exposed. Barrier perform
ance evaluation measures need to be clearly 
defined so that the interpretation of results 
is uniform. Barrier performance criteria need 
to be revised to reflect the increased informa
tion available on human impact tolerance. 

Unlike other engineering structures, traffic 
barriers are not designed to function under 
worst case conditions. For example, current 
standard test conditions for bridge railings 
call for a 4,000 lb, test vehicle and those for 
guardrails and median barriers call for a vehi
cle which is "representative of the majority 
of the highway passenger vehicle population." 
The reason for this state of affairs is not 
clear. Surely no bridge designer would design 
a bridge for a vehicle of median weight. 

As a second example, standard test impact speeds 
for bridge rails, guardrails, median barriers, 
etc., are specified at no greater than 60 mph. 
Freeway speed survey data shows that more than 
70% of the traffic travels at speeds in excess 
of 60 mph and that 60% of the recorded ran-off
the-road accident speeds are greater than 60 
mph. Clearly, traffic barriers must be made 
to withstand more realistic test conditions if 
the traveling public is to be fully protected 
on the highway. 

Criteria for performance evaluation of traffic 
barriers are in large measure based on recorded 
impact accelerations. No standards have been 
put forth for specifying how the accelerations 
are to be measured; however, nor are the terms 
"peak" and "average" acceleration clearly 
defined. Further, the bandwidth or frequency 
content of the acceleration signal is not spe
cified. An impact acceleration signal that has 
been passed through a 25 Hz filter will very 
obviously yield different values for peak and 
average accelerations than will a signal with 
500 Hz bandwidth. Unless the terms peak and 
average acceleration are clearly defined, then, 
and unless standard signal form requirements 
are specified, acceleration as a performance 
measure has no meaning from one investigator 
to another. 

Human impact tolerance criteria for acceptable 
barrier performance are based on levels which 
were established over twelve years ago. Since 
that time, the amount of available impact 
tolerance data has increased substantially. 
The existing tolerance criteria should therefore 
be critically reviewed so that more realistic 
levels can be established. 

III. OBJECTIVES -

1. Define the range of operational impact 
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conditions to which a traffic barrier can 
be expected to be exposed, and from these 
define standard impact test conditions. 

2. Review the measures which are used to 
define barrier impact performance and 
standardize the measurement techniques 
so as to eliminate ambiguity. 

3. Review the criteria for acceptable traffic 
barrier performance -- particularly with 
regard to human impact tolerance -- and 
revise the criteria to reflect the most 
recent information. 

IV. CURRENT ACTIVITIES -

A. HRIP Areas reviewed 27, 51. 

B. Suggested key words: barriers, bridge 
rails, guardrails, impact tests, median 
barriers, simulations, standardization, 
standards. 

C. There is no known research activity in 
this area. 

V. URGENCY - This research should be implemented 
immediately in view of the long lead time 
between the development and the operational 
deployment of traffic barrier systems. The 
research findings would be used to upgrade the 
safety level of highways. 

PROBLEM NO, 8 - COMMITTEE A2A07 

I. NAME OF PROBLEM - OPTIMUM DESIGN AND USE OF 
HIGHWAY SHOULDERS 

II. THE PROBLEM 

The shoulder of a highway is defined by AASHTO 
as that portion of the roadway contiguous with 
the traveled way for accommodation of stopped 
vehicles, for emergency use, and for lateral 
support of base and surface courses. This 
implies that the shoulder is used relatively 
infrequently by moving vehicles for very short 
travel distances. It supports the pavement 
structure implying that a lesser pavement 
structure is used for the shoulder. Also, 
this implies existence of an ideal main lane 
situation capable of accommodating demand 
volumes and that shoulders are clearly delinea
ted as an area where occasional vehicles may 
safety stop. This idealized condition does 
not often exist in the real world, however. 
When the traveled way becomes overloaded, 
motorists, and in some cases highway operating 
agencies and officials, in the interest of 
expediency, used and permitted the use of the 
highway shoulder for other than emergency pur
poses. Some of tnese uses have been: (1) as 
a travel lane for slow moving vehicles to per
mit faster vehicles to pass, (a) as a temporary 
traffic lane during maintenance operations and 
(3) as a temporary or full-time traveled lane 
during peak traffic periods to provide capacity 
for an excess of traffic demand. Under these 
conditions the shoulder is called upon to 
carry heavier and more frequent loads when 
intended and requires varied delineation and 
demarcation. 
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III. OBJECTIVES - Additionally, on some sections of highway other 
forms or extent of shoulder non-emergency usage 
appear to be desirable and probably necessary 
for the optimum use of the overall highway 
cross section. These include use of the paved 
shoulder as a temporary traffic lane (1) during 
accident tie-ups on the traffic lanes, (2) to 
provide space for maintenance operations, 

The objectives of this project would be to: 
(1) determine what are the valid and appro
priate uses of highway shoulders and to deter
mine the conditions under which each of these 
uses should prevail, (2) to determine what the 
geometric requirements should be for each of 
the uses, (3) to determine what the structural 
requirements should be for each of the uses, 
(4) to determine what delineation and demarca
tion should be used for each of the valid uses, 
and (5) to determine what geometric and struc
tural practices result in minimized pavement 
and shoulder maintenance. 

IV. CURRENT ACTIVITIES -

Considerable work has been done on various 
parts of this problem . A state-of-the-art 
study on shoulder usage has been completed by 
the Michigan Department of Transportation and 
the report will be available shortly. The 
California Department of Transportation 
has published several brief reportR on non
emergency use of shoulders and the North 
Carolina State Highway Commission has conducted 
the study concerning the relationship of accid
ents to paved shoulders. Also, the Georgia 
Department of Transportation has completed 
studies concerning shoulder encroachment by 
tr,J_c.!<'-s -

V. URGENCY - The need for answers in this area is 
current. The problem is probably not of an 
emergency nature, but the wide variation in 
practices indicates that research is urgently 
needed. Immediate implementation of results 
here would be possible. 

(3) to accommodate overflow peak-hour volumes 
on short highway sections as between adjacent 
interchanges, (4) to permit passing of slow
moving campers or trucks on long upgrades, 
and (5) for general passing of slow-moving 
vehicles on two-lane highways. Shoulder design 
for such uses calls for a width of 8 feet or 
more and a pavement structure adequate to carry 
the anticipated volumes of heavy axle loads. 
Ideally, shoulders with such characteristics 
should be available on all sections of main 
highways. Within the highway program limita
tions this is not attainable on all highways 
but in the efforts for solution of the shoulder 
maintenance problems, recent shoulder designs 
tend to be of this type. Increasing use of the 
shoulder as a lane is being noted. There is 
need for determination of those types of high
ways, traffic volumes or operating conditions 
for which lane operations on shoulders should 
be considered and adequate provision made for 
such usage. 

III. OBJECTIVES - The objilctives; nf nPPrlPrl rP.RPsan:h 
studies are: 

1 . To identify the highway types and conditions 
for which some lane usage, either temporary 
or part-time, of a paved shoulder will be 
valid and appropriate 

2·. To establish criteria that can be used to 
PROBLEM NO . 9 - COMMITTEE A2A07 determine specific highway sections for 

which shoulder laae usage is expected 
I. NAME OF PROBLEM - DESIGN OF PAVED SHOULDERS 

FOR NON-EMERGENCY USE 

II . THE PROBLEM - The shoulder of a highway is 
defined by AASHTO as "the portion of a roadway 
contiguous with the traveled way for accommoda
tion of stopped vehicles, for emergency use, and 
for lateral suppor of hase and surface courses." 
This connotes relatively infrequent use by 
vehicles that are: decelerating to a stop, 
accelerating after a stop, in a stopped posi
tion, or in emergency maneuvers on the shoulder 
area. Also the shoulder mass serves to struc
turally support the traffic lane pavement. 
These general conditions prevail on many thou
sands of miles of highways where the highway 
cross section and the traffic types, volumes 
and speeds result in only infrequent shoulder 
usage. 

In keeping with these concepts, shoulders 011 

highways constructed or rebuilt during the 
19SO's and earlier generally were designed with 
a lesser paved or surfaced structure and lesser 
width than that of the adjacent traffic lane 
pavement. Maintenance has been found to be 
difficult and expensive to retain the essential 
smooth surface at the same level as the traffic 
lane and also to prevent surface water infiltra
tion damages. This has called for higher type 
structural designs to provide shoulders that 
would satisfy the infrequent usage needs without 
excessive maintenance. Design techniques to 
this end remain in the development stage. 

3. To determine any unique geometric or deli
neation features applicable on shoulders 
deslgne<l for temporary lane usage 

4. To develop a basis for estimate of the 
heavy axle load frequencies in a temporary 
or part-time lane usage of a paved shoulder 
which can be used f,....-- th~ 0 hn11 1Aor ~J-,.-u,.,, t- ur.q1 
design 

5 . To develop pavement design procedures which 
reflect the shoulder-lane usage conditions 
of (a) slow moving loads, (b) loads close 
to the outer edge of shoulder, and (c) lack 
of lateral support outside of the shoulder. 

IV . CURRENT ACTIVITIES - There are only limited 
reports and data that pertain to shoulder-lane 
usage. The recent Michigan Department of State 
Hlgltways and Transportation report on thil 
State-of-the-Art Review of Paved Shoulders 
includes discussion of such use. Also, it has 
an extensive bibliography on studies on paved 
shoulders. The pending NCHRP 14-3 study report 
on Improved Pavement Shoulder Joint Design may 
contribute. The California Department of Trans
portation has prepared several reports on non
emergency use of shoulders. Also other state 
reports dealing with accidents in relation to 
paved shoulders contain pertinent data. 

V. URGENCY - This problem is not of a general 
emergency nature, but solution is urgently 



needed for certain sections of highways. There 
would be immediate application of research 
findings on the objectives. 

PROBLEM NO. 10 - COMMITTEE A2B01 

I . NAME OF PROBLEM - OPTIMIZING THE STRUCTURAL 
SECTION OF PORTLAND CEMENT CONCRETE PAVEMENT 
SYSTEMS 

II . THE PROBLEM - In the past ten years, much effort 
has been devoted to improving rational tech
niques and software for analyzing/designing 
pavement structures. Physical testing has not 
kept pace and verification through accelerated 
testing under controlled conditions is almost 
nonexistent. 

Many changes have occurred in rigid pavement 
systems. The use of chemically stabilized sub
bases is now widely practiced. Similar to this 
is "Econocrete" which is a combination of low 
strength concrete on the bottom and high grade 
concrete at the surface, Some states now are 
trying thicker slabs in an attempt to eliminate 
the treated subbase, hence, they are construct
ing the pavement in a single pass of the paver. 
Other agencies are trying to place stronger 
and more erosion resistant subbases in hopes 
that they can use ultra-thin high strength 
composites (fiber reinforced) or prestressed 
slabs as the wearing surface. 

One of the basic reasons for this existing 
multi-directional research is that there is a 
lack of experimental information which could be 
used to optimize the pavement structure. A 
controlled experiment is needed to evaluate 
the interactions of the variables which deter
mine pavement performance. Of primary concern 
are the strength and thickness of the slab 
versus the strength and thickness of the sub
base over variable strength supporting media. 
Of equal importance is the optimum distribution 
of reinforcement in the cross section. Friction 
at the interface of the slab and the subbase is 
also important. 

III. OBJECTIVE - The objective of this research is 
to conduct a controlled experimental study of 
the various components of the rigid pavement 
system in order to develop c:r;i teria for optimiz
ing the structural capacity of the system, to 
develop and verify the structural concepts used 
in the rational design of portland cement con
crete pavements. 

IV. CURRENT ACTIVITIES -

A. There is a scattering of supportive informa
tion in the literature on this subject that 
should be studied before setting up the 
detailed work plan for this study. 

B. Suggested key words: rigid pavement design, 
stabilized subgrades, reinforced pavements, 
erosive resistant subgrade, prestressed 
concrete slabs, post-stressed concrete 
slabs, continuously reinforced concrete 
pavements, load transfer at pavement joints, 
thermal stresses, transverse slope, surface 
texture. 

V. URGENCY - This subject is deserving of a high 
priority as the expenditure annually for con
struction and maintenance of pavements is an 

enormous sum of public monies that are not 
always spent cost-effectively. 

PROBLEM NO. 11 - COMMITTEE A2B01 

I . NAME OF PROBLEM - LATERAL LANE PACEMENT OF 
TRUCKS AND ITS RELATIONSHIP TO RIGID PAVE
MENT DISTRESS 

II. THE PROBLEM - Present lateral lane placement 
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of the design trucks is based on research data 
gathered before the prevalent use of paved 
shoulders. The construction of paved shoulders 
has resulted in changes in driver characteris
tics with many drivers running close to the 
pavement edge and/or encroaching on paved 
shoulders. Resultant edge and corner stresses 
are exceeding the design stress of the pave
ment structure with distress occurring in both 
the travel lane and the shoulder. The process 
compounds itself with travel lane distress 
causing additional shoulder distress and vice
versa. 

III. OBJECTIVES - The objective of the problem is 
to measure the present lateral lane placement 
and relate it to performance. The lateral dis
tribution has changed with changes in the use 
of paved shoulders, geometric alignment, travel 
speeds, and driver characteristics. The cor
rected distribution would then be used to modify 
design procedures such as that used by the 
Portland Cement Association. This basic 
approach has been used for years by airfield 
designers. 

IV, CURRENT ACTIVITIES -

A. No highway research in progress scans were 
made in preparing this report. 

B. Suggested key words: lateral truck place
ment, shoulder encroachment, edge stress, 
corner stress. 

C. Related research: A preliminary paved 
shoulder encroachment study conducted in 
Georgia revealed numerous paved shoulder 
encroachments and a different lateral 
placement distribution from that now used 
for design. 

V. URGENCY - The present travel lane and shoulder 
distress is costing vast amounts of maintenance 
and reconstruction funds to alleviate pavement 
distress which could have been prevented with 
the proper design techniques. These techniques 
should be developed now before the same prob
lems are repeated in both new construction 
and reconstruction. 

PROBLEM NO. 12 - COMMITTEE A2B04 

I . NAME OF PROBLEM - THE DEVELOPMENT OF SKID 
RESISTANCE REQUIREMENTS FROM TRAFFIC 
OBSERVATIONS 

II. THE PROBLEM - Three methods have been suggested 
for determining pavement skid resistance require
ments. First, these requirements may be derived 
from accident data; second, from engineering 
data based on tire-pavement interaction and 
vehicle capabilities; and third, from direct 
observation of traffic and the accelerations 
that drivers impose on their vehicles. The 
third method is of primary interest in this 
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problem statement. In NCHRP Project 1-12, 
Pavement Friction Coefficients for Driving 
Tasks, this approach was taken. Detailed 
observations of traffic in a variety of road
way geometric situations were made to determine 
the friction levels demanded by a significant 
sample of vehicles • 

In performing this research the assumption was 
made that pavement friction requirements for 
wet weather driving tasks could be derived 
from those accelerations imposed on a vehicle 
during dry weather. This assumption was con
sidered necessary on the basis of practicality, 
because of the difficulty of timing field 
observations with rainfall. The assumption 
was rationalized by the argument that it was 
conservative, that pavement friction coeffi
cients so derived would be somewhat larger 
than those coefficients demanded during wet 
weather driving. Although this hypothesis has 
not been rejected, there is concern that coef
ficients so derived may be overly conservative. 
This concern is based primarily on the rela
tively high vehicle accelerations that were 
observed during dry weather. Accident data 
has been used to show that when skid numbers 
are over 35, little hazard exists. However, 
in the report by Franklin Institute on Project 
1-12, skid number requlrements as high as 60 
have been raoomnumdo d in !iOm,, r-r1 t1 r-111 geometric 
cases. 

This report has not met with wide acceptance, 
because of the general feeling among highway 
engineers that the skid resistance requirements 
developed are too high for use on the highway 
system. There is little question among engi
neers that skid resistance levels this high 
would be desirable, but there is considerable 
upluluu Lliat they are not economically achisv
ab le. Since it appears that the Federal High
way Administration will put high priority in 
the future on improving skid resistance levels , 
there is natural concern that these levels 
be derived by the most appropriate means, and 
that overconservatism may lead to an economic 
problem that will result in the neglect of 
other areas just as critical to safety. 

III. OBJECTIVES -

A. General 

Determine the most appropriate methods of 
deriving the demand for skid resistance 
during wet weather based on traffic obser
vations. 

B. Specific 

1, nctnrmina the demand of traff1 ,- for 
friction under a variety of highway condi
tions during we_t weather. 

2. Determine the demand of traffic for 
friction under a variety of highway condi
tions during~ weather. 

These observations should be made on iden
tical section of roadway during traffic 
conditions which are as similar as possi
ble. The basic difference between items 1 
and 2 should be the wetness of the road 
surface, 

3. Compare friction demand levels in wet 
and dry conditions and arrive at a method 
of interpreting dry weather friction 
demands so that more extensive field 
observations will not be limited to wet 
weather. 

4. Compare the measurements made under 
items 1 and 2 to available accident data 
and to those engineering concepts and 
equations proposed for use in determining 
required friction. If good relationship 
can be established, the necessity of future 
traffic observations may be negated. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress in areas 22, 
25, 26, 31, 32, 33, 34, 35, 51, 52, and 53 
has been scanned in preparing this state
ment. 

B. Suggested key words: skid resistance, 
friction demand, vehicle roadway inter
action, traffic accelerations. 

C. The objective of a project sponsored by 
FHWA is to recommend required skid resist
ance levels throughout the nation's high
way systP.m. This study will make- use of 
previous research including NC:HRP 1-12. 
Other tasks within the FCP Project 1-H 
relate to, but do not duplicate the object
ive of this proposed study. 

V. URGENCY - Because the Federal Highway Adminis
tration will be making recommendations as to 
appropriate levels of skid rnslsLance based 
on existing data including NCHRP Report 1-12, 
the correct interpretation in terms of neces
RAry Rkid numbers is critical . This critical 
nature is illustrated by considering the cost 
of raising the skid resistance of our highway 
system by as little as 10 skid numbers. 

VI . PROBLEM ESTIMATE 

Amount Recommended - $150,000 

Contract Term - 18 months 

VII. REMARKS - Since this statement was prepared, 
FHWA Contract DOT-FH-11-8275 (Science Applica
tions, Inc.) and NCHRP Contract 1-12 (2) 
(Ohio DOT) have been let. Both of these con
tracts call for determining the skid resistance 
demand, while this st~tement calls for the 
development of methods for determine; the demand . 
This may sound like the statement attempts to 
discredit the ongoing projects. This is not 
the case, but A2B04 believes that the present 
proiects can produce only a first, coarse 
measure of demand, while the need for refining 
the "demand equations" and for tools for appli
cation to special situations will continue , 
not only for the near future, but very probably 
permanently because not all sites and traff ic 
situations lend themselves to precise classifi
cation. The urgency rating that A2B04 gave 
the statement therefore remains the same as 
when first prepared. 



PROBLEM NO. 13 - COMMITTEE A2B04 

I. NAME OF PROBLEM - THE EFFECTS OF ABRUPT CHANGES 
IN SKID RESISTANCE LEVELS OF PAVEMENTS ON 
ACCIDENT OCCURRENCE 

II. THE PROBLEM - A recurring problem when the 
optimum skid resistance of pavement is consid
ered is skid resistance variation between sec
tions, between lanes, and across wheel paths. 
This problem was postulated by W. E. Mayer 
and R. A. Olsen at the 1969 Salt Lake City 
Summer Meeting as possibly being more important 
than the actual skid resistance level. 

Probably the most predominant cause of non
uniformity is the polishing action of traffic 
which results in lower skid resistance in the 
wheel paths. Another cause is the lack of sur
face texture in patched areas and in newly 
placed surfaces due to the underlying pavement. 
Patched areas may contain excessive asphalt, 
while there may be a deficiency of asphalt 
under new surfaces. A third and possibly quite 
critical situation is the variation in skid 
resistance from area to area as different con
struction jobs and materials are encountered. 

In an effort to reduce skid initiated accidents, 
engineers have in general advocated the place
ment of high friction surfaces in certain cri
tical areas. However, drivers may assume incor
rectly that the same high level of friction is 
available at other points on the roadway. 
This seems to indicate that placing higher 
friction surfaces at certain critical points 
on the roadway will only move accidents to other 
areas. This last concept, accident causation 
due to unexpectedly low levels of skid resist
ance, is our primary area of ignorance. We 
have here a conflict between "Balanced Friction 
Design," the engineering concept that friction 
should be proportional to the demand (high 
friction levels at critical demand sites), and 
the human factors concept that friction levels 
should be constant throughout the length of a 
given roadway. From this viewpoint, it is 
assumed that the driver will know what to 
expect and will not exceed the level of supply. 
There is little doubt that both concepts have 
merit and the most accident-free highway, as 
influenced by level of friction, will probably 
be a compromise between these two. 

III. OBJECTIVES -

A. General 

To determine the influence of skid resist
ance variations on accident causation, 
whether these variations be small scale, 
as in wheel paths or patches, or large 
scale, as in variations from one segment of 
highway to another. 

B. Specific 

1. To study the demand for friction, both 
in normal driving and in emergencies, of 
a representative group of drivers as a 
function of skid resistance levels and 
variations of these levels. 

2. To analyze wet pavement accident records 
of adjacent sections of pavement having a 
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wide range of skid resistance levels includ
ing changes in these accident records as 
skid resistance is increased at certain 
points on the highway. 

The study of items 1 and 2 should be com
prehensive enough to include the effects 
on different types of roadways, geometric 
conditions, traffic volumes and climatic 
regions. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas 22, 25, 
26, 31, 32, 33, 34, 35, 51, 52, and 53 
have been scanned in preparing this state
ment. 

B. Suggested key words: skid resistance
driver expectation, friction demand, 
vehicle roadway interaction, traffic acce
lerations. 

C. There is a potential overlap in this 
research with Task IV and V of the Federally 
Coordinated Program, Project 1-H. These 
tasks are (1) Friction Requirements for 
Highway Sites with High Skid Accident 
Potential and (2) Skid Accident Analysis 
and Identification of Highway Sites with 
High Skid Accident Potential. However, 
with proper management and statement of 
objective, this study and Task IV and V 
could be made highly complementary. There 
is also a likely interaction between this 
study and one of the priority goals of the 
Federal Highway Administration Field Test 
and Evaluation Centers, the development of 
recommendations for skid resistance survey 
procedures on highways. 

V. URGENCY - Future required skid resistance sur
veys in all states will determine low friction 
sites and result in demands for changes. 
Therefore it is urgent that the states have 
the best procedures for reducing accidents as 
contrasted with the best procedures for increas
ing skid resistance. 

VI. PROBLEM ESTIMATE -

Amount recommended - $300,000 

Contract term - 3 years 

PROBLEM NO. 14 - COMMITIEE A2B05 

I. NAME OF PROBLEM - DEVELOPMENT OF CALIBRATION 
METHODS FOR ROAD ROUGHNESS METERS 

II. THE PROBLEM - Road roughness measuring meters 
are used by many st.ate highway departments to 
perform road roughness surveys. Although several 
different meters are used, all of the meters 
use the same method to obtain the road rough
ness measurement. This measuring method accu
mulates the absolute relative displacement bet
ween the rear axle housing and the body above 
the rear axle housing on a standard automobile. 

The main advantage of the road meter for road 
roughness measurement is its relative low cost, 
simplicity of operation and its high measuring 
speed. The disadvantages are the road meter's 
susceptibility to changes that affect the 
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repeatability of its measurements. Without 
discussing the nature of these changes it is 
sufficient to say that most users recognize the 
effect of these changes and periodically per
form a systems calibration to account for these 
changes. This calibration consists of driving 
the measuring vehicle over a road surface desig
nated as a calibration road. The measurements 
obtained are then compared to the measured 
value for the calibration road. Based on this 
comparison a calibration factor is obtained to 
be applied to measurements made with that vehi
cle on other roads. 

The problem with the calibration method is that 
the roughness value for the calibration road or 
roads is itself difficult to establish origin
ally and then changes with season, age, and 
usage. 

III. OBJECTIVES -

A. To provide a method for the calibration of 
road roughness meters using a calibrated 
road as the input to the road mecer-vehicl~ 
measuring system. 

B. To establish regional road roughness cali
bration test sites using measured profiles 
and computer programs to determine the 
rn11n nm1:lmess values for these oites. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress Area One 
(Pavements), HRB Special Report 133 and 
other HRB publications have been scanned 
in preparing this statement. 

B. Suggested key words: • road meters, present 
Serviceability Index (l'ST) , Se,rvic:eabili ty 
Index (SI), calibration, GMR Profilometer, 
road roughness measurement, road profile 
measurement, computer program, data reduc
tion. 

C. A possible method for the calibration of 
road meters is based on the work of Walker 
and Hudson. In their approach the Service
ability Ind.ex (SI) w.a.s determined for roat! 
sections with a range of road roughness 
using the GMR Profilometer as a 'measuring 
tool and a computer program for data reduc
tion of the measurerrents. The computed 
Serviceability Index is then used to cali
brate a vehicle-road meter system driven on 
tlte same road sections. This method for 
calibraLlng the road meter overcomes most 
of the problems encountered in its use. 

V. URGENCY - The extensive use of road meters by 
many Rt11t.P. highway enli:ineers makes the continual 
calibration of these devi~es a time-consuming 
task. This task is compounded by continuous 
changes in both the road meter-vehicle measuring 
system and the roughness of the calibration road 
itself. 

The work load of the highway engineer involved 
in the use of the road meter will be greatly 
reduced by the development of this road meter 
calibration method. 

These regional calibration sites will also pro
vide a much needed absolute correlation between 
the many states now using road meter roughness 

measurement equipment. 

PROBLEM NO. 15 - COMMITTEE AZBOS 

I . NAME OF PROBLEM - GUIDELINES FOR ESTABLISHING 
A PAVEMENT PERFORMANCE INFORMATION AND 
INTELLIGENCE SYSTEM 

II. THE PROBLEM - Pavement performance data, infor
mation, and intelligence are of paramount 
importance in decision-making related to the 
progra.mming of rehabilitation and major main
tenance in the establishment of structural 
design methods, criteria, and policy, and in 
evaluating the levels-of-service provided by 
the highway network links. "Rational" manage
ment requires that all levels of management 
have available to them at the time it is needed 
not only the facts, but data which has been 
translated into usable information. Intelli
gence gained from the data through summary 
reports and various analyses can provide guid
ance for future actions. 

Typically, in addition to performance nata, a 
highway agency collects tremendous quantities 
of other data concerning contract execution, 
quality control material and subgrade proper
ties, traffic, and various other physical para
meters, part of which can enhance the value of 
the. performance data . Invariably, i terns of 
data are collecterl wh, ch are nor: releva11L Lu 
the topic of performance, and often after a 
number of years data t:ends to be lost or is 
destroyed. An organized method is needed for 
the collection, storage, retrieval, analysis, 
and reporting of performance information. To 
be t:Ost-effective, the information system muBt 
be restricted to only those items of data and 
only in such quantity as is needed to provide 
adequate coverage of performance and relevant 
other data. It seems clear, however, that if 
other collected data not now considered to be 
relevant, are referenced by means of a common 
location referencing system, such data can be 
captured at any future time with a minimum of 
effort. A common location reference system 
provides essential flexibility in data retrieval 
and information processing. It is realized 
that because of difference in organizational 
structure, it is difficult to formulate one 
single pavement performance information system 
which w.1.11 satisfy the requirements of individ
unl agencies. Thus guinelines are needed which 
identify those items of data which are believed 
to concern performance, which define the timing 
and extent of data collection, which provide 
rP.commendations for system of data storage 
up-dating and retrieval and which outlines those 
analysis procedures which yield useful and mean
ingful management information and intelligence. 

This effort can µed1aµo, Le .:.01111id!!r!!tl uu u 
scaling-up·of the ability of a single small 
township engineer to make decisions on th" 
basis of his intimate knowledge of each piece 
of road, its performance over the years, toge
ther with all other factors, costs, manpower, 
etc. 

III. OBJECTIVES - So that guidelines for establish
ing a pavement performance information and 
intelligence system can be formulated with 
confidence, the following tasks must be com
pleted: 



1. Review the literature and compile a list 
of material attributes or properties, con
struction, maintenance, traffic, environ
ment, roadway geometrics, pavement struc
ture, response to load, distress manifesta
tions, riding comfort or serviceability, 
and other parameters which may influence 
pavement performance and/or management 
decisions on pavements, Describe for com
parison, material on current agency prac
tices in collecting, storing and retrieving 
data. 

2. Identify and classify those items believed 
to be essential and relevant to a design/ 
performance feedback system, and those 
which have bearing on management decision
making with respect to pavements. 

3. Recommend where applicable, how, when, 
and at what frequency, to obtain the minimum 
amount of data which could fulfill the 
requirements of the objectives. 

4. Recommend efficient and practical informa
tion system procedures based upon a coor
dinated location referencing system for 
collecting, recording, editing, up-dating, 
retrieving and reporting on data items. 
Where practical, make recommendations for 
automated data handling techniques. Sug
gest hardware and software packages. 

5. Suggest methods of analysis and reporting 
which could provide feedback to "fine-tune" 
pavement design practices, and which could 
provide useful and meaningful information 
and intelligence for management decision
making. Develop a detailed concept of a 
Data/Inquiry Handling System to incorporate 
these suggestions (see Figure 1). 

6. Illustrate quantitatively through practical 
examples the benefits which stem from pos
session of such a system. Information 
exchange between agencies would become 
practical by wide use of standardized term
inology, data collection and retrieval 
techniques. 

7, Suggest methods for system evaluation 
through feedback. 

IV. CURRENT ACTIVITIES - Many states, notably 
Texas, Utah, Washington, California, and 
Ontario, either have a computerized information 
system, or have a system under development. 
There is a formidable amount of published infor
mation on how pavement performance and pavement 
distress is measured, on pavement materials 
parameters which are related to performance, 
on traffic load and on climatic effects as they 
relate to performance. There are numerous texts 
on information sys terns. 

V. URGENCY - The potential of a pavement perform
ance information system cannot be fully exploited 
un.til that sys tern has been fed with a great 
deal of his tori cal pavement data. As well, 
since such a system will in effect be replacing 
an existing method of recording data, there is 
a period when both systems must exist side by 
side. This situation will exist until data 
retrieval from the new system is as easy, quicker 
and more complete than formerly. 
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In spite of these drawbacks, the potential 
benefits in such an investment should be 
attractive enough so that immediate implemen
tation becomes essential. 

PROBLEM NO. 16 - COMMITTEE A2B06 

I. NAME OF PROBLEM - RELATIONSHIP BETWEEN PAVE
MENT DISTRESS AND PAVEMENT PERFORMANCE 

II. THE PROBLEM - One of the major recommendations 
of the Highway Research Board Workshop on 
Structural Design of Asphalt Concrete Pavement 
Systems, held in Austin, December 7-10, 1970, 
and reported in Highway Research Board Special 
Report 126, was that the relationship between 
pavement distress and pavement performance 
(failure ftmction) was a major research need. 
The report of the Advisory Committee for this 
workshop stated the problem as follows: 

"The mechanistic approach to pavement 
analysis and design can at best yield 
predictions of the nature and extent 
of pavement distress (e.g., the extent 
of rutting and the nature and extent 
of cracking). There is an urgent need 
for a technique whereby such structural 
distress and its objective measurements 
(including, for example, measurements 
of roughness) can be related to the 
functional perf·ormance and perhaps to 
ultimate failure of the pavement. It 
seems apparent at this time that the 
only feasible way to relate distress 
to performance is through a statistical 
analysis of serviceability-performance 
information (most probably subjective 
in nature) and objective distress pre
dictions or evaluations. Such an ana
lysis must (a) define important dis
tress factors involved in pavement 
nonserviceability and failure, (b) estab
lish suitable weighting functions to 
judge the relative importance of 
various levels of combined distress 
modes, (c) identify suitable limiting 
levels of distress occurring separately 
or in combination, and (d) develop or 
adopt suitable measures of performance 
or serviceability." 

III. OBJECTIVES - It will be the purpose of this 
research to utilize available data from the 
AASHO Road Test, from other road test projects 
such as the San Diego Experimental Base Project, 
and the Brampton (Ontario) pavement research 
project, and results of AASHO satellite studies 
such as have been made by the states of Texas 
and Missouri to shed light on the relationship 
between observed distress, as indicated by 
measured roughness cracking , rut depth or other 
physical manifestations of distress, to pa~e
ment performance as indicated by the present 
serviceability index (PSl) or a similar sub
jective rating system. 

Specific objectives are: 

1. To summarize and analyze results, both pub
lished and unpublished, from road test 
projects and satellite £tudies indicated 
above 

2. To collect additional data and perform 
other investigations of an objective or 
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subjective nature that might lead to a more 
clear tmderstanding of the relationship 
between observed distress and either mea
sured or subjective performance indicators 

3. To indicate in a specific manner how these 
relationships may be used in a pavement 
design and management system, utilizing 
either empirical or theoretically based 
structural subsystem. 

IV. CURRENT ACTIVITIES - No work is being done 
specifically in this area. However, there is 
considerable need for research as outlined 
below. 

V. URGENCY - Considerable work is being done by 
the Federal Highway Administration and through 
NCHRP Area 1 projects ro develop pavement 
design and management systems using both 
empirical and theoretical structural subsystems. 
In addition, work is being done on maintenance 
management systems. However, almost no work 
has been done since the AASHO Road Test to 
specifically relate performance to distress or 
to give guidance on what data should be collect
ed to best relate these two important items, 
It is urgent that this work be accomplished 
as soon as possible, in orrler that the appro
priate distress function may be incorporated 
in the pavement design and manaeement systems 
now be.i.i-1g developed. 

PROBLEM NO. 17 - COMMITTEE A2C01 

I. NAME OF PROBLEM - DISTRIBUTION OF WHEEL LOADS 
ON HIGHWAY BRIDGES 

II . THE PROBLEM - The empirical load distribution 
fac t ors for stringers and longitudinal beams 
have heen 1n the AASHTO Specifications since 
1931 and were updated in 1957. Except for 
more recent additions to accommodate new types 
of bridges, the distribution factors consist 
of the stringer spacing divided by a nwnerical 
value dependent on the type of structure sup-
port. ' 

Analytical research is needed to provide a 
more realistlc approach to load distribution 
which accounts for roadway width and multiple 
lane loading effects, span length, skew and 
continuity of structural s upports. The load 
distrib ution research should be res tri c ted to 
straight bridges without horizontal curvature. 

III. OBJECTIVES - The objec:tive of this work is to 
provide n unified formula or formulas for load 
distribution factors which are applicable to 
all types of straight bridges with varying 
types of roadway decks, and should include 
consideration of all variables which affect 
the distribution factors provided by these 
formulas. The results should provide design 
tactors for all eonditluus of loading such aa 
working stress, load factors, and for both 
inventory and operating rating of existing 
bridges. 

New design criteria, new bridge types, and the 
possibility of increased loadings, as well as 
rating techniques on existing bridges can use 
these research results to immediate advantage. 

REFERENCES: BRIDGE ANALYSIS PROCEDURES 

1. Report No. 56-6. Discontinuous Orthotropic 
Plates and Pavement Slabs by W. Ronald 
Hudson and Hudson Matlock describes an 
alternating-direction iteration method 
for solving complex two-dimensional plate 
and slab problems with emphasis on pave
ment slabs. May 1966. 

2. Report No. 56-13. A Discrete-Element 
Method of Multiple-Loading Analysis for 
Two-Way Bridge Floor Slabs by John J. 
Panak and Hudson Matlock includes a pro
cedure for analysis of two-way bridge 
floor slabs continuous over many supports. 
January 1970. 

3. Report No. 56-18. A Discrete-Element 
Analysis for Anisotropic Skew Plates and 
Grids by Mahendrakumer R. Vora and Hudson 
Matlock describes a tridirectional model 
and a computer program for the analysis 
of anisotropic skew plates or slabs with 
grid-beams, August 1970. 

4. Report No. 56-25, A Discrete-Element 
Method of Analysis for Orthogonal Slab 
and Grid Bridge Floor Systems by John J. 
Panak and Hudson Matlock presents a com
puter program particularly suited to 
hll.ihwav \JdJge "tructurco compoood of iilRh" 
wi t h s~pporting beam-diaphragm systems. 
May 1972. 

The above reports present part of the research 
developments resulting from Project 3-5-63-56 
entitled "new,1 opment of Methods for Computer 
Simulation of Beam-Columns and Grid-Beam and 
Slab Systems" conducted f or the Texas Depart
ment of Highways and Public Tnrnsportation in 
cooperation with the U. S. D~l)M~Lu11:ml of Trana 
portation, Federal Highway Administration by 
the Center for Highway Research, The University 
of Texas at Austin. 

IV. CURRENT ACTIVITIES -

A. Research completed under NCHRP-83 should 
be included and extended under this project. 

B. Research completed by Lehigh U. (Research 
Report 387.2B) on 1-beam/slab prestressed 
concrete bridges should be included. 

C. Lehigh U. Research Report 387.1 contains 
a summary of completed research and biblio
graphy 

V. URGENCY - This project warrants an immediate 
and high priority to provide the designer with 
a more realistic determination of probable load 
distrl!JuLluu. 

Recent Arlrlitions to the AASHTO design specifi
cations for highway bridges have included 
more rational load distribution factors based 
on model tests and verified exact mathematical 
analysis. Techniques exist for extending 
previous work to cover the more general type 
structures and to comhine miscellaneous design 
criteria into a single comprehensive load dis
tribution section. 

Estimate - $100,000 



PROBLEM NO. 18 - COMMITTEE A2C01 

I. NAME OF PROBLEM - DEFLECTION LIMITATIONS FOR 
BRIDGE STRUCTURES 

II. THE PROBLEM - Current AASHTO deflection criteria 
for steel bridges state that the deflection due 
to live load shall be computed in accordance 
with the assumption made for loading when com
puting stress in the member. This is subrogated 
by a provision which permits all beams and 
stringers to be acting together with equal 
deflection, providing diaphragms are sufficient 
in depth or strength to insure lateral distri
bution of loads. This sufficiency is not defined 
nor is the effect of the roadway slab given 
consideration. 

Moreover, the limitation in steel spans of 
1/800 of the span or 1/1000 of the span if used 
by pedestrians, is questioned, together with 
cantilever requirements, as being a realistic 
or necessary design requirement. There are no 
such limitations for concrete structures, the 
control being only with regard to thickness or 
depth of structure. 

III. OBJECTIVES - The objective of the proposed 
research is to investigate and provide a work
able deflection limitation for all types of 
bridges consistent with stress limitations and 
limitations on the basic frequency and ampli
tude of the structure. 

IV. CURRENT ACTIVITIES 

A. Research by Goodpasture and Goodwin, Univer
sity of Tennessee, September 30, 1971, 
evaluated the bridge vibration as related 
to Bridge Deck Performance. 

B. Research by Goodpasture and Rurdette, Uni
versity of Tennessee, December 31, 1971, 
investigated dynamic behavior under varying 
live loadings. 

C. AISI Bulletin No. 19, November 1971, pre
pared by Wright and Walker developed cri
teria for the deflection of steel bridges. 

V. URGENCY - This project warrants an immediate 
and high priority to provide more rational and 
realistic criteria for design of bridges insofar 
as deflection requirements are concerned. 

Estimated cost - $50,000 

PROBLEM NO. 19 - COMMITTEE A2C02 

I. NAME OF PROBLEM - PROBABILISTIC DESIGN OF STEEL 
STRUCTURES 

II. THE PROBLEM - There is a need for more informa
tion on the relationship between actual truck 
traffic using bridge structures and the design 
loads for which the structures are designed. 
Much progress has been made in recent years 
defining the strength and performance of 
bridge components and the integrated structure. 
The definition of normal and abnormal traffic 
using the structure is not as well known partic
ularly for spans greater than 150 ft. 

To develop a reliability based design specifi
cation requires a better definition of the traf
fic that uses the structure under normal traffic 
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flow and under abnormal overload conditions. 
Currently available studies of stress history 
indicate the probable stress distribution for 
spans up to 150 ft. for usual traffic condi
tions. However, the interrelationship of such 
factors as impact, vibration, deflection, 
actual induced stress vs. design stress (depend
ing on analysis procedures, distribution factors, 
etc.) is not uniformly accounted for with 
bridges of varying span length. 

Under normal traffic, the correlation of weight 
spectra with normal traffic counts and in turn 
with the stress spectra in actual bridges is 
not satisfactorily developed for many span 
lengths. 

Further work is needed on the correlation of 
weight spectra with traffic counts and on the 
correlation of weight spectra with stress spec
tra on a wider cross-section of bridge struc
tures. 

III. OBJECTIVES - To determine the state-of-the-art 
of loadings and the resulting stresses in the 
various components of bridge structures. Par
ticular attention should be given to normal 
and abnormal traffic and its effect on both 
strength and performance. To develop recommend
ations for field studies necessary to provide 
a satisfactory definition of the normal and 
abnormal stress conditions in various bridge 
structures. 

IV. CURRENT ACTIVITIES -

A. Suggested key words for this problem are 
loading history, design loads, overloads, 
span length. 

B. Several stress history studies are under
way or have been undertaken on short and 
moderate length structures (40' - 150' 
spans). No significant studies available 
on spans of 150 - 1000 ft. 

V. URGENCY - Our knowledge of the actual stresses 
in structures is limited. A better knowledge 
of the loads using bridge structures and the 
stresses they cause will provide improvements 
in design, better knowledge of performance 
under future traffic and overloads and more 
economic construction. As legal loads are 
changed or considered for change more rational 
basis will be available to assess their signi
ficance. It is urgent to pursue this research 
as safety, reliability and economic considera
tions are involved. 

PROBLEM NO. 20 - COMMITTEE A2C02 

I. NAME OF PROBLEM - TOLERANCES IN STEEL BRIDGES 

II. THE PROBLEM - During the design and construction 
of steel bridges certain tolerances are assumed 
or exist. The effect of tolerances on the 
strength and performance of a bridge is not 
well defined. Since the level of tolerance 
has a substantial impact on the cost of the 
finished structure, it is desirable to evaluate 
the relationship between tolerance, performance, 
and strength. 

Tolerances may decrease the strength of com
pressed elements (i.e., out-of-straightness), 
influence the geometry of the finished structure 
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or affect the performance of joints. Partic
ular attention should be given to the influence 
of tolerance on fatigue strength. This can be 
critical if it results in large secondary 
stresses. 

III . OBJECTIVES - To determine the state-of-the
art of the relationship(s) between tolerances 
and the strength and performance of various 
structural components. Currently information 
is available on isolated elements and joint 
conditions. However, no attempt has been made 
to organize and incorporate tolerances into 
design provisions in a comprehensive manner. 

IV. CURRENT ACTIVITIES -

A. No work is being done specifically in this 
area. Indirectly some information has 
been used for the design criteria for com
pression members and for bolted joints. 

B. Key words: tolerance, out-of-straightness, 
secondary stresses, connections, instabil
ity, fatigue, strength, performance. 

V. URGENCY - Tolerances play a major role in the 
economics of construction. Furthermore, they 
may have a significant effect on design and 
the lung term maintenance of the structure. 
It is urgent to pursue this research as con
wlrl!~rahle economies may result. 

PROBLEM NO, 21 - COMMITTEE A2C03 

I. NAME OF PROBLEM - LONG-TIME FATIGUE OF STEEL 
REINFORCEMENT IN CONCRETE BEAMS 

II. THE PROBLEM - During NCHRP Projects 4-l and 
4-7/1 entitled "Fatigue Strength of High 
Yield Reinforcing Bars," it was found that 
considerable acntter in tast reiults exiRtPn 
about the mean fatigue limit at 5 million 
cycles. Following completion of the NCHRP 
test program, two preliminary fatigue tests 
were carried out at stress ranges 2 and 4 ksi 
below the mean fatigue limit at 5 million 
cycles. Fatigue fracture of the test bars 
occurred after 31 and 352 million cycles, res
pectively. During the life' expectancy of a 
bridge, this number of repeated loadings could 
occur and bar fracture would result. 

III. OBJECTIVES - To determine the long-time fatigue 
properties of Grade 60 reinforcing bars at 
stress ranges near the fatigue limit. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress area 27 has 
been scanned in preparing this statement. 

R. ~11eeP.st.P.<l key words: fatigue (materials), 
loads (forces), reinforced concrete rein
forcing steels, specifications, stresses, 
structural design. 

C. NCHRP Projects HR4-7 and HR4-7/l - "Fatigue 
Strength of High Yield Reinforcing Bars" 

V. URGENCY - A procedure to establish a practical 
fatigue design limit would be established. 
This work is required since highway bridge 
designers have expressed concern about recent 
AASHTO specifications regarding fatigue stresses 

in reinforcing bars. 

PROBLEM NO. 22 - COMMITTEE A2C03 

I. NAHE OF PROBLEM - FATIGUE STRENGTH OF REINFORC
ING BARS AT BAR cur OFF LOCATIONS 

II. THE PROBLEM - Current highway bridge specifi
cations limit the service load stress range 
to which a reinforcing bar may be subjected. 
Often compliance with these requirements neces
sitates the extension of bar cut off locations 
beyond those selected to satisfy Load Factor 
moment capacity. This is due to the high 
stress range calculated in the remaining bars 
at the theoretical moment capacity bar cut-off 
location. However, each bar to be cut off 
would be continued a sufficient distance 
beyond the theoretical cut off point to allow 
for full development of the bar. Thus, at 
the theoretical bar cut off location, the 
actual stresses in the remaining bars are 
considerably lower than calculated. 

III. OBJECTIVES - To determine the fatigue suscep
Llbllity of the remaining bars at n theoretical 
bar cut off location. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress area 27 has 
been scanned in preparing this statement, 

B. Suggested key words: dynamic loads, 
fatigue (materials), loads (forces), rein
forced concrete, reinforcing steels, 
specifications, structural design 

C. NCHRP Projec.:U; HR4-7 and HR4-7/1, "Fatigue 
Strength of High Yield Reinforcing Bars" 

V. URGENCY - The research findings would be 
implemented through recommended specifications 
to AASHTO. The results from this research 
could result in saving-s in steel reinforcement 
nt bar cut off locations. 

PROBLEM NO. 23 - COMMITTEE A2C03 

I. NAME OF PROBLEM - BOND FATIGUE OR PRESTRESSED 
CONCRETE BRIDGE MEMBERS 

II . THE PROBLEM - The bond between concrete and 
prestrEssing strand is adequate for uncracked 
prestressed concrete members, even for repeated 
loadings. However, recent tests of short pre
stressed members with high bending moments 
near the P.nds, have shown that the bond between 
the steel and the concrete can be destroyed 
by application of repeated loads. Precast 
pretensioned bridge deck slabs and short 
cantilevers are bridge members that fall into 
this class. Repeated loading of a member with 
a crack in or near the transfer length can 
cause early bond failure. 

III . OBJECTIVES - To investigate the effect of 
repeated loading on the performance of pre
stressed members where bond fatigue is likely 
to occur. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas 27 and 
32 have been scanned in preparing this 



statement. 

B. Suggested key words: bond, cracking, 
cyclic loads, fatigue, pretensioned pre
stressed slabs, strand, and stress trans
fer. 

C. Previous research at the Portland Cement 
Laboratories concerning Bond Fatigue Tests 
of Concrete Crossties and published in PCI 
Journal, September-October 1975. 

V. URGENCY - The problem of bond fatigue has 
already shown itself in prestressed concrete 
railroad ties. It could also cause difficulty 
at the ends of prestressed beams if cracking 
occurs from some abnormal loading. It might 
also occur in precast concrete deck panels 
used as stay-in-place forms. The research 
would be implemented through design recom
mendations to prevent bond fatigue. 

PROBLEM NO. 24 - COMMITTEE A2C03 

I . NAME OF PROBLEM - FATIGUE STRENGTH OF BENT 
BARS IN CONCRETE BEAMS 

II. THE PROBLEM - Bent bars, embedded within con
crete beams having a spread V-shape in eleva
tion, have been shown to have a considerably 
decreased fatigue strength from that of 
straight reinforcing bars. It is not clear 
whether this reduction in fatigue is primarily 
due to the bending of the test bars or due to 
the test method. However, the test method used 
did not realistically represent the stress 
conditions to which a bent up bar in a rein
forced concrete beam might be subjected. 

III. OBJECTIVES - To determine the effect of cyclic 
stressing on bent up reinforcing bars. Fur
thermore, such an investigation would deter
mine the relative susceptibility to fatigue 
fracture of the bent up and continuing rein
forcement, as tbe latter will ordinarily be 
subjected to higher stresses. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progess area 27 has 
been scanned in preparing this statement. 

B. Suggested key words: beams, dynamic loads, 
fatigue (materials), loads ( forces), rein
forced concrete, reinforcing steels, 
stresses. 

C. NCHRP Projects HR4-7 and HR4-7/l entitled 
"Fatigue Strength of High Yield Reinforcing 
Bars" 

V. URGENCY - The project would show if bent bars 
in beams are more susceptible to fatigue frac
ture than straight bars. The findings might 
be implemented through code specifications. 

PROBLEM NO. 25 - COMMITTEE A2C04 

I. NAME OF PROBLEM - FATIGUE STRENGTH OF LOW-ALLOW 
STEEL REINFORCING BARS 

II. THE PROBLEM - '!'he majority of data from fatigue 
tests of concrete reinforcement pertain to 
reinforcing steels conforming to ASTM Specifi
cations A615, A616 and A617 . Therefore, 
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recommended fatigue design equations are only 
applicable to these steels. 

The recently produced reinforcing steel A706, 
Grade 60, deserves special consideration. 
These low-allow steel deformed bars are intended 
for special applications where welding or bend
ing or both are important. The question arises 
as to whether present design equations are 
also applicable to A706 reinforcing bars. 

III. OBJECTIVES - To evaluate the fatigue properties 
of reinforcing bars meeting the requirements 
of ASTM Designation A706-74 and to determine 
if present design specifications can be used 
for these steels. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress area 27 has 
been scanned in preparing this statement. 

B. Suggested key words: 
fatigue (materials), 
reinforced concrete, 
structural design. 

dynamic loads, 
loads (forces), 
reinforcing steels, 

C. NCHRP Projects HR4-7 and HR4-7/l - "Fatigue 
of High Yield Reinforcing Bars" 

V. URGENCY - Research findings would be imple
mented by recommendations for including in 
AASHTO Bridge Specifications. 

PROBLEM NO. 26 - COMMITTEE A2C04 

I . NAME OF PROBLEM - FATIGUE STRENGTH OF PRE
STRESSING STRAND 

II. THE PROBLEM - The acceptance of prestressed 
concrete where cracking is permitted under 
service load conditions will lead to the need 
to consider fatigue in the design of the pre
stressing steel. Although some fatigue data 
is available for North American prestressing 
strand, further test data is required to 
support realistic design criteria for the 
economical use of prestressing strand. 

III. OBJECTIVES - To gather fatigue test data for 
prestressing strand in an experiment designed 
and executive to permit a valid statistical 
appraisal of the factors influencing fatigue. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress Areas 27 and 
32 have been scanned in preparing this 
statement. 

B. Suggested key words: beams (supports), 
cracking, dynamic loads, fatigue (materials), 
loads (forces), prestressed concrete, pre
stressing steels, stresses, structural 
design. 

C. Previous work at Lehigh and Iowa State 
Universities 

V. URGENCY - As the trend towards strength 
design procedures continues, the importance 
of fatigue consideration in design is becoming 
increasingly important •• This program would 
lead to the establishment of a fatigue limit 
for all types of prestressing strand available 
in North America. 
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PROBLEM NO. 27 - COMMITTEE A2C05 

I. NAME OF PROBLEM - MEASUREMENT OF THE LIFE 
EXPECTANCY OF QI.DER BRIDGES 

II. THE PROBLEM - In establishing the priority for 
replacement of older structures on a rational 
continuing basis, an important consideration 
which is difficult to evaluate is the remain
ing life expectancy of each individual struc
ture on the basis of safety and structural 
adequacy. Reliable information of this kind 
could assist engineers in determining the 
priority and rate of replacement of bridges 
where other factors such as obsolescence do 
not govern. 

III. OBJECTIVE - To establish, through a selective 
program of field and laboratory testing on 
typical structures being removed from service, 
a technique for evaluating with accuracy the 
remaining life expectancy of other similar 
structures by utilizing the results of non
destructive material and/or dynamic response 
testing. The techniques established may be 
validatetl by fatigue and overload tests and 
purposely induce failures in selected typical 
older structures being dismantled. Various 
material and geometric types of structures 
would be categorized into a relatively small 
number of test specimens for minimizing the 
required scope of this research for extrapolat
ing the &~-A~~gr ~" Q no~~n"o, c~o1o . 

IV. CURRENT ACTIVITIES -

A. Scanned HRIP selections pertaining to 
measuring stresses and strains in bridges 

B. Key words: structures, life expectancy, 
fatigue, overloads 

C. Related Research: 

1. Studies by Burdette and Goodpasture 
on bridges in Tennessee documented in 
Highway Research Record No. 507 

2. A study under way by Sanders of Iowa 
State University on Ultimate Load Behavior 
of Full-Scale Highway Truss Bridges 

3. A study under way by Baldwin of the 
University of Missouri on an Investigation 
of the Behavior of a Three-Span Composite 
Highway Bridge 

V. URGENCY - There is need to establish priorit
ies, on a continuine basis, for bridge replace
ment. A technique for relating remaining life 
expectancy to field tests of a structure would 
be an exceedingly useful tool for this purpose. 

PROBLEM NO. 28 - COMMITTEE A2C05 

I. NAME OF PROBLEM - VIBRATION SUI'PRESSION IN 
RAPID TRANSIT STRUCTURES 

II. THE PROBLEM - An important consideration in the 
life expectancy of rapid transit structures is 
the effect of rapid accumulations of large 
numbers of cyclic load applications to struc
tural members. Efforts to minimize the fatigu~ 
ing effects of c\Jlllulative loadings are generally 
limited to increased design stiffness of the 
primary structural members, a procedure which 

may not have a similar effect on connections 
and other structural details. ln some cases 
isolation has been utilized to reduce vibra
tion transmission but not to reduce vibration 
per se. A thorough investigation of the many 
available alternative procedures to minimize 
structural vibrations both in future and exist
ing structures is warranted. The controlled 
loading path, magnitude and frequency of 
application common to rapid transit facilities 
make the adaptation of vibration suppression 
measures of other than stiffening a highly 
promising possibility. 

III. OBJECTIVE - To provide a selection of alter
native design and retrofit procedures for use 
in controlling structural vibrations which may 
be of an order of magnitude to result in 
reduced fatigue life expectancy of structural 
members. 

IV. CURRENT ACTIVITIES -

A. Scanned HRIP selections pertaining to 
measuring stresses and strains in bridges 

B. Key words: structures, vibration, fatigue 

C. Related research on highway bridge vibra
tion suppression: 

1. Control of single-span highway bridge 
vibrm:ionH. Hlgltway Reseau:l, Re<:urJ J54, 
1971 

2. Full-scale experimental verification 
of an analytical model for evaluating 
methods of suppressing excessive bridge 
-'1--f.hrnt-i nnR ,- Repor.t-No . FHWA-RD-72-45 

V. URGENCY - In view of the potentially rapid 
increase in the n\Jlllbers of rapid transit 
structures in this country in response to the 
anticipated growth of this mode of transpor
tation, any early contributions to more 
efficient design can provide very significant 
overall economics of construction. 

PROBLEM NO. 29 - COMMITTEE A2D01 

I, NAME OF PROBT.F.M - REDUCING DEPENDENCE ON 
MOISTURE CONTROL IN HOT MIX PLANT 

II. THE PROBLEM - The control of moisture for good 
hot mix pavement construction and performance 
is universally accepted. While it is agreed 
moisture approaching zero is ordinarily desir
able, it is also agreed some moisture is accept
able or required. But precisely what the mois
ture level should be differs widely, usually 
depending on local empirical practice. This 
conceivably is the best way for the present to 
inteirate the several factors involved in addi
tion to the percent mulHLure (uµeLaLlu11s, aggre
gate properties, aggregate gradations, percent 
asphalt, etc.). While this has serve<l onr over
all interests to date it threatens to slow the 
proper consideration of needed development in 
hot mix equipment, operations, construction 
and materials. It could be said the problem 
is that the percent moisture is not a good 
measure of its effect. 

Drum mixing is one such development as it offers 
emission reductions not readily obtained via 
conventional hot mix plants. But moisture 



contents of mixes prepared in a drum mixer tend 
to run higher by 1/2 to 3/4 percent, The ques
tion is whether this additional moisture is a 
good trade-off for the lower emissions or merely 
creates a new problem. 

A continuing development is the greater use of 
local aggregates that are different from those 
tried and proven. Thus volcanic cinders to be 
used require moistures at the 6 percent level 
where many state and engineering organizations 
specify maximums in the 3/4 or 1 percent range. 

The effects of moisture movement from partially 
wet aggregates into the binder after mixing on 
the workability required for construction and 
on the retention of compacted mix strength and 
stiffness do not seem to be understood. This 
limits establishing universal specifications of 
drying. 

A breakthrough of a sort to such developments 
would be obtained were it possible to develop 
an understanding of what in addition to the 
moisture contributes to the so-called moisture 
effects. Part of the problem could be that 
control of foaming, segregation, tearing, ten
derness, stripping, etc., has centered on per
cent moisture when it might advantageously also 
systematically include other factors. Among 
these could be aggregate properties and grada
tions, percent asphalt, operations, additives, 
etc. 

Another moisture problem could be a bias favor
ing lower moisture levels. One feature of this 
could be the loss of moisture during sampling 
and testing operations. Then, too, dryness may 
have been stressed when emissions due to over
drying were less of a concern. 

It has been noted that good pavemznts reach 
higher equilibrium moistures than those permit
ted by customary controls. 

From the above a systematic study is needed of 
past moisture requirements and of factors that 
could minimize moisture effects. 

III. OBJECTIVES -

1 . Establish the cost of adverse moisture 
effects experienced in specific represent
ative pavements 

2. Develop information about moisture problems 
and the factors i~ addition to moisture 
which contribute to or minimize moisture 
effects, This could include drying opera
tions and conditions, type of aggregate, 
aggregate gradations, percent asphalt, mix 
characteristics, laydown and rolling and 
method of sampling and testing for moisture. 
A better understanding is needed of the 
level of moisture control required for work
ability (hauling, laydown, compaction) ver
sus that required for qualities such as 
coating, adhesi_on, stripping, etc. 

3. Develop functional tests capable of predict
ing moisture effects and develop information 
about factors other than moisture that con
tribute to the moisture problem, This 
should include a differentiation between 
free or active moisture and bound, static 
or inert moisture, 

I'l. 

4. 
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Tests should be such that a judgment can 
be reached as to what factors in addition 
to moisture can be adjusted and controlled 
to give maximum freedom in the choice of 
materials and in mixing and construction 
consistent with good pavement performance. 
The goal is to obtain the effect of mois
ture not moisture level. It should be 
established if workability tests can be 
developed that would give more direct work
ability control than moisture control. 

It is believed the studies should cover 
"moisture problems" as they influence: 

a, Hot mix plant operations and construc
tion, i.e., problems with foaming and segre
gation in storage, under load and during 
laydown, with tearing and tenderness 

b. Pavement behavior, i.e., problems of 
flushing, pushing, and raveling due to 
stripping; problems with volume changes 
(swell-shrink) that could lead to trans
verse cracks and otherwise reduce the pave
ment's integrity. 

5 . The study of moisture problems should 
include a comparison of mixes prepared 
from aggregates with residual moisture 
levels comparable to those from drum mixers 
and to equilibrium moistures found in normal 
pavements in the field with mixes prepared 
from customary dry aggregates. It is 
believed that such studies should include 
moisture cycling or moisture-temperature 
cycling. Properties that might be examined 
are coating, strength, stiffness, resilient 
modulus, etc. 

CURRENT ACTIVITIES -

R. P. Lottman, R. J. Schmidt - Immersion
Compression 

Minn. Cold-Water Abrasion - generally of a 
peripheral nature 

Conference, "Second Look at Moisture Restric
tions on Hot-Mix Plant Operations and Construc
tion," January 23, 1974, Washington, D.C. 

V, URGENCY - New procedures presently introduced 
plus need for new aggregate sources require 
reconsideration of past moisture control prac
tices. New processes such as drum mixing 
appear to result in higher moistures but also 
offer lower emission. Conversely, conventional 
dryers could reduce emissions, were less dry
ing permitted. Such developments could suffer 
if in the process we create new problems or 
reintroduce old problems. There is also a 
long term need for securing moisture control 
information. 

VII. REMARKS - Being far reaching, the solution to 
the problem might be expedited were it broken 
down between well coordinated parts: 

1. Construction 

2. Properties of bituminous-aggregate systems 

3. Pavement performance 

The research could focus on overall effects 
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with interim research leading to a type of 
"end-result" mix performance specification 
dependent upon the particular mix type and 
its particular constituents. 

NOTE: This research need in an earlier draft is 
found as problem statement no. 6 - Transpo~ta
tion Circular No. 160, November 1974. 

PROBLEM NO. 30 - COMMITTEE A2D05 

I. NAME OF PROBLEM - TENDER MIXES 

II. THE PROBLEM - Some hot plant-mixed asphalt 
mixes are tender and remain softer than non
tender mixes several days after construction. 
Pavement surfaces constructed with tender mixes 
show tire prints under parked vehicles, mark 
easily when turning with power steering and 
the asphalt may strip from the aggregate more 
easily. Contractors contend the asphalt is 
the cause of tender mixes; the asphalt suppliers 
contend that the contractors have not used pro
per mixing temperatures, the aggregates con
tain excessive fines, or have not used the 
proper construction practices. 

Tender mixes were a problem in the early 1960's 
but have not been much of a problem until 1974 
when few occurrences were noted. During 1975, 
occurrences were more frequent. A surwiy mR.de 
by the National Asphalt Pavement Association 
i11 1975. Twelve states .1.c1-1u.1..1...ed l or more 
cases of tender mixes. A few blamed the 
asphalt but no detailed analysis was made to 
determine the contributing factors. 

Studies conducted in the 1960's indicated that 
low viscosity asphalts in the construction 
mixing and compaction range were a contribut
ing factor. Changing from penetration at 77° F 
(25° C) to viscosity er~nine At 140° F (n0° r.) 
apparently minimized the problem because it 
tended to make asphalts more uniform at high 
temperatures. 

III. OBJECTIVES -

A. Identify the various factors that may con
tribute to tender mixes. Among those that 
should be included are: 

1. Asphalt source and grade 
2. Aggregate properties 
3. Asphalt-aggregate interactions 
4. Environmental conditions -- pavement 

and air temperatures 
5. Construction practices -- mixing tem

perature, moisture conditions, compac
tion, etc. 

B. Determine method for correcting tender 
mixes on on-going projects 

C. Develop new specifications and requirements 
to prevent tender mixes 

IV. CURRENT ACTIVITIES -

A. Survey of occurrences, 1975 

B. Literature survey, 1976 

V. URGENCY - The solution of the tender mix prob
lem is urgent because it has a direct bearing 
on the performance of asphalt pavements in many 

states. The solution may provide information 
to guide the development of better specifica
tions for materials, mix design methods and 
construction practices. 

PROBLEM NO. 31 - COMMITTEES A2E01 and A2E04 

I . NAME OF PROBLEM - ABRASION RESISTANCE, SURFACE 
DURABILITY, AND SKID RESISTANCE OF CONCRETE 
PAVEMENTS 

II . THE PROBLEM - Safe traffic operations require 
pavements to have adequate skid resistance. 
Our ability to attain and retain skid resist
ance will play an increasingly important role 
in specifications for p.c. concrete pavements 
and bridge decks. 

Concrete pavement surfaces can be thought of 
as passing through three staees: 

Stage 1 - Initial Texture. This stage begins 
when the pavement is opened to traffic and 
continues until initial texture is worn smooth. 
Skid resistance, particularly at higher speeds, 
depends largely on the macrotcxturc of the 
initial finish. 

Stage 2 - Mortar. This stage begins when the 
initial texrurP. is worn smooth and continues 
until coarse aggregate is exposed. Skid 
resistance is rlP.pP.nrlent primarily on the 
ni-l',-,v-At-ov-t-11.,...a nf t-'ha mrn"'t-!:lY T.Th;rl, -fQ :::::1 f11nrt-it"ln 

of the properties of the fine aggregate and 
cement paste. 

Stage 3 - Exposed Aggregate. This stage begins 
when the coarse aggregate becomes exposed . 
Tire contact with the mortar phase is reduced 
and macrotexture may increase depending upon 
the degree to which coarse aggregate and mortar 
wear differentially. 

The problem is to influence the abrasion resist
ance of pavement concrete and its components 
so as to prolong the time required to reach 
Stage 2 and to maximize skid resistance in 
Stages 2 and 3. 

III. OBJECTIVES -

A. Identify the role of the cement paste 
phase as regards the initial skid resist
ance of conventionally textured and grooved 
pee pavements and the retention of skid 
resistance through all three stages of the 
pavement's surface. 

B. Identify the effects of curing compounds 
on the skid resistance and serviceability 
of roadway and bridge deck pavements (con
ventionally textured and grooved pavements). 

C. Establish meaningful evaluative criteria 
for skid resistance characteristics of 
both fine and coarse aggregates in con
ventionally textured pee pavements. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas 22, 
25, 26, 32 and 51 have been scanned in 
preparing this statement. 

B. Suggested key words: concrete pavement 
durability, concrete properties, abrasion, 



skid resistance, wear resistance 

C. A partial list of related research activi
ties which have been completed or are tmder 
way in this area follows. 

1. Colley, B. E, et al., "Factors Affect
ing Skid Resistance and Safety of Concrete 
Pavements," HRB Spec. Rep. 101 (1969) 

2. Chamberlin, W. P. and Amsler, D.E., 
"Pilot Field Study of Concrete Pavement 
Texturing Methods," Highway Research Board 
Record No. 389 (1972). 

3. Weller, D. E. and Maynard, D. P., 
"The Influence of Materials and Mix Design 
on the Skid Resistance Value and Texture 
Depth of Concrete," RRL Report LR 334 
(1970). 

4. Iowa State Highway Commission, "Skid 
Resistance of Concrete Pavements," Project 
No, HR-168, (HRIS Accession No. 26 232140). 

5. Virginia Highway and Transportation 
Research Council, "Durability of Certain 
Configurations for Providing Skid Resist
ance on Concrete Pavements," VHTRC Project 
No. 70 (HRIS Accession No. 104171). 

6, California Department of Transporta
tion, "Improve Portland Cement Concrete 
Wearing Surfaces," Project No. 19-635293, 
(HRIS Accession No. 26 232162). 

7. North Carolina State University, "Sur
face Wear and Skid Resistance Properties 
of Portland Cement Concrete Pavements," 
Project No. HPR 74-3, (HRIS Accession 
No. 26 233036). 

V. URGENCY - A high priority is warranted because 
of the accelerated wear and loss of skid 
resistance being experienced on many concrete 
pavements now being built. The problem has 
become acute with the recent emphasis on 
deeper textures, many of which wear at cor
respondingly higher rates. 

PROBLEM NO. 32 - COMMITTEE A2E01 

I . NAME OF PROBLEM - PERFORMANCE OF BRIDGE DECKS 
WITH DEEP REINFORCEMENT (>2") 

II. THE PROBLEM - The accelerated deterioration of 
concrete bridge decks resulting from the cor
rosion of steel reinforcement has become the 
nation's most troublesome bridge maintenance 
problem. Damage results from tensile stress 
in the concrete produced by confined expansion 
of the products of corrosion. Corrosion results 
when chlorides from deicing chemicals permeate 
the deck surface to the level of steel rein
forcement, and is most frequent when steel is 
relatively close to the surface and covered by 
porous, poorly consolidated concrete. 

Upon conclusion of the extensive PCA-EPR stud
ies of the mid-1950's, most agencies required 
a minimum of 2 inches of cover and took steps 
to decrease the permeability of bridge deck 
concrete, More recently, however, increasing 
emphasis has been placed on the use of water
proof deck membranes and low-void bonded con
crete wearing courses which prevent or ret.ard 
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ingress of chlorides, and on coated reinforc
ing bars to isolate steel from chloride ions 
in the concrete. 

While most agree that, given sufficient time, 
a critical chloride ion concentration can 
accumulate at any level within a reasonable 
distance of deck surface, studies in California 
suggest a logarithmic relationship between 
accumulation time and distance from the sur
face. This suggests, for instance, that 3 
inches of cover may be 10 times more effective 
than 1 1/2 inches. Most reported bridge deck 
spalling has been associated with steel rein
forcement with less than 1 1/2 inches of clear 
cover. The relative cost effectiveness of 
deeply covered reinforcement (i.e., greater 
than 2 inches) as an alternative middle or 
long-term solution to bridge deck deteriora
tion has yet to be determined. 

III. OBJECTIVES - The objectives of this research 
are to develop information on the time rela
tionship among chloride concentration at the 
level of reinforcing steel, the onset and 
progression of corrosion and the development 
of spalling at the deck surface of delamination 
at the level of the reinforcement. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas 27, 32, 
and 33 have been scanned in preparing 
this statement. 

B, Suggested key words: bridge decks, cor
rosion, reinforcing steel, concrete 
durability 

C. No HRIP entries directly considered the 
performance of decks with deeply buried 
reinforcement, 

V. URGENCY - In view of the large sums now being 
spent and anticipated for bridge deck mainten
ance and the high cosf of other alternatives 
being actively promoted, this research should 
receive a high priority. 

PROBLEM NO. 33 - COMMITTEES A2E02 AND A2E06 

I. NAME OF PROBLEM - CRITERIA FOR EXACT -DETER
MINATION OF ALKALI-REACTIVE SILICEOUS AND 
SILICATE ROCKS 

II. THE PROBLEM - Several instances of alkali
silica reaction leading to distress in con
crete structures have been recorded!, 2, 3, 4, 5 
in which the reactive aggregates have been 
rocks of types that would not be expected to 
be reactive with alkalies in cement using 
current criteria. New evidence has also been 
developed of alkali-silica reaction in concrete 
containing shales and hornfelses where the 
alkali is released from the aggregate by cation 
exchange with the clay-mica in the aggregate 
with the Ca++ in the mortar. The rock types 
involved have included phyllites, argillites, 
graywackes and metamorphosed subgraywackes, 
granite gneisses, shales and hornfelses, and 
vein quartz and quartzite. Differing opinions 
on the reactive vectors and on the mechanism 
of reaction have been expressed.4, part IV; 1, 
5, 6 Although detailed petrographic examina
tions have been published for some reactive 
varieties,4, part II the identification of 
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reactive species is not sufficiently exact, 
For example, we frequently hear the expression 
that "some" graywackes are reactive. It is 
apparently established that some, and perhaps 
most, varieties of graywackes are definitely 
not reactive, 

III. OBJECTIVES - Define more precisely which rocks 
are alkali silica reactive and which are not, 
Determine if, in addition to defective struc
ture, perhaps the presence of trace elements 
also triggers alkali reactions. Examine large 
number of particles which are known to be reac
tive in concrete and search for a common causal 
feature or features, Specific objectives 
include: 

A. To develop criteria that will permit demon
stration of reactivity in slowly reactive 
rocks within reasonable laboratory testing 
times. 

B. To advance means other than the specifica
tion of low alkali cement that will effect
ively control slowly developing alkali
silica reaction. 

C. To establish more perfectly the mechanisms 
of the reaction, including those mechanisms 
that cause low quartz to become reactive, 

Jl.11Flil'.ENCES i 

1. Brown, L. S, "Some Observations on the 
Mechanics of Alkali-Aggregate Reaction," 
ASTM Bulletin No. 205, p. 40, April 1955, 
Figure 5 and discussion of it. 

2 . Idorn, G. , "Durability of Concrete Struc
tures in Denmark," 1967, p. 111, Figures 
47-53; Technical University of Denmark, 
Copenhagen, Denmark, 

]. Dolar-Mantuani, L., "Alkali-Silica Reactive 
Rocks in the Canadian Shield," Highway 
Research Record No. 268, pp. 99-117, 1969, 

4 . Duncan, M.A. G., Swenson, E. G,, Gillott, 
J. E. , Foran, M. R., "Alkali-Aggregate 
Reaction in Nova Scotia. I. Summary of 
a Five-Year Study," CeruenL and. C rtc ret" 
Research, Vol. 3, No, 1, 1973, pp. 55-69. 
Duncan, M, A. G., Gillott, J. E., Swenson, 
E. G,, "II. Field and Petrographic Studies," 
ibid,, Vol. 3, No. 2, 1973, pp. 119-128. 
Duncan, M, A. G., Gillott, J, E., Swenson, 
E. G., "III, Laboratory Studies of Volume 
Change," ibid,, Vol. 3, No, 3, 1973, pp. 233-
245. Gillott, J.E., Duncan, M, A. G., 
Swenson, E. G. , "IV. Character of the 
Reaction," ibid., Vol. 3, No. 5, 1973, 
pp. 521-535-. -

5 . Buck, A. D., Mather, K., "Concrete Cores 
from Dry Dock No. 2, Charleston Naval 
Shipyard, S. C, ," U. S. Army Engineer Water
ways Experiment Station, Vicksburg, Miss., 
Miscellaneous Paper C-69-6. 

6 . Mather, K., "Examination of Cores from Four 
Highway Bridges in Georgia," sponsored by 
the Georgia Department of Transportation, 
conducted by U. S. Army Engineer Waterways 
Experiment Station, Concrete Laboratory, 
November 1973, Miscellaneous Paper C-73-11. 

IV. CURRENT ACTIVITIES -

A. No HRIS scans made . 

B. Several programs of low to moderate size 
are underway in the U.S., Canada, Denmark, 
and other countries. Coordination and 
exchange of information proceeds informally 
and at a low rate. 

C. A proposed "standard" alkali-silica react
ive aggregate has been prepared by Purdue 
University. 

D. Suggested key words: alkali-silica reac
tion, alkali-silicate reactions, graywacke, 
low quartz, argillite, baked shale, shale, 
hornfels, granite gneiss, arenite, quartz
ite. 

V. URGENCY - Since recent studies have increased 
the number of rocks known to be alkali react
ive and have even more increased the rocks 
suspected of being alkali reactive, it is 
essential to obtain more precise information 
to aid in distinguishlug l>eLween reactive and 
nonreactive types of rocks, 

Energy conservation in cement plants has already 
affected the ability of some plants to produce 
low-alkali cement; futnr.e cement plants will 
return even more of the alkali to the cement. 
IL .i.a urge11t to learn nvw, whil~ some lc~d 
time is available at least in parts of North 
America, how much alkali can be tolerated with 
highly reactive to slowly reactive rocks. 

The problem is urgent with the increasing alkali 
content of cement already affecting choice uf 
aggregates; it is highly relevant because it 
affects all of North America where concrete 
pavementR Rnn hiehwRy constructions are used; 
it can be implemented as a laboratory program 
of some but not insurmountable difficulty, and 
the laboratory findings can be confirmed in 
the field. 

PROBLEM No. 34 - COMMITTEE A2E03 

I . NAME OF PROBLEM - IN-PLACE DETERMINATION OF 
MECHI\NICAL PROPERTIES OF CONCRETE 

II, THE PROBLEM - The current practice of acceptance 
of the crushing strength of the concrete cylin
ders, which are cast and cured independent of 
the parent concrete as "representative" of the 
concrete used oversimplifies the problem, Tak
ing core samples from the actual structure is 
not always possible and in situations where 
core samples can be obtained, the integrity 
of the structure is damaged by varying degrees 
depending on the size, number and location of 
core samples, It is well known that concrete 
in a structure may have a considerably differ
ent strength from that in the comparison test 
cylinders. Acceptance of the tests on com
parison specimens are representative of the 
concrete used inhibits the realistic design 
for in-place concrete. The lack. uf k.uuwletlg., 
of the actual strength of concrete in a struc
ture requires the use of a large factor of 
safety than would otherwise be necessary. 

There are several methods to evaluate the qual
ity and strength of in-place concrete, Some 



of these are non-destructive like ultrasonic, 
resonance, radioactive, electrical, and hard
ness and some are partially or semi-destructive 
like the pullout and probe or penetration tests. 
These tests measure different parameters, many 
still not properly defined. Controversy still 
exists as to what in-place strength is and whe
ther it is determinable. Considerable amount 
of future research is needed to adequately 
improve the accuracy of in-place testing of 
concrete. 

III. OBJECTIVES -

A. To prepare a comprehensive state of the 
art on the various methods used for the 
evaluation of strength and quality of in
place concrete. 

B. To critically compare the currently used 
methods and recommend appropriate methods 
and develop standard procedures for these 
methods recommended. 

C. To encourage the use of in-place testing 
and realization of the economic signific
ance of in-place testing by suitable pub
lications. 

IV. CURRENT ACTIVITIES - In-place test methods are 
under development by ASTM C09.02.05 (impact
rebound, indentation, and pullout) and C09.03.0l 
(pushout cylinders). The seven papers published 
in Highway Research Record No. 378 represent 
advancements in non-destructive testing and 
they contribute directly or indirectly to solu
tions of the problem of in-place testing of 
concrete. Research is in progress which is 
directly or indirectly connected with in-place 
testing of concrete in several states (North 
Carolina, Pennsylvania, Vermont and West 
Virginia). 

V. URGENCY - There is a great potential and urgent 
need for in-place determination of the mechanical 
properties of concrete. Two fields where in
place testing could prove to be superior to 
traditional methods are quality control in 
construction of structural members, both precast 
and cast-in-place,and monitoring strength devel
opment to determine acceptance times for the 
removal of form work or transfer of prestressing 
forces to concrete. 

Inspection authorities urgently require iri-place 
safety and load-bearing capacity test methods. 
In-place testing also promises savings in time, 
money and resources, and improvement in quality 
control and realistic design. 

VI. COST - The approximate cost of the above pro
posed research will be $100,000. 

PROBLEM NO. 35 - COMMITTEE A2E03 

I. NAME OF PROBLEM - IMPROVEMENT OF PORTLAND 
CEMENT CONCRETE BY MODIFICATION WITH CHEMICALS 

II . THE PROBLEM - Along with the many good proper
ties, portland cement concrete has a few weak
nesses, such as the low tensile strength and 
the resulting tendency for cracking, and the 
limited resistance against chemical aggression. 
One possibility to improve these concrete pro
perties is to modify the concrete by combining 
it with polymers, or prepolymers, or polymeriz-
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able monomer systems, or sulfur, or other suit
able chemicals . 

III. OBJECTIVES - The objective of this research is 
to find or to optimize technically and/or econ
omically the various types of combinations of 
portland cement concrete with some of the 
chemicals mentioned above. There are two main 
types of such combinations: (a) the chemical 
is combined with a hardened portland cement 
concrete (such as in polymer-impregnated con
crete) and (b) the chemical is combined with 
the fresh concrete during mixing. 

Type (a) has been investigated thoroughly and 
developed successfully. However, the research 
on type (b) modification has been limited and 
the published results have been mostly negative. 
Since the technology of the type (a) modifica
tion at present is very complex and expensive, 
it is felt that research efforts concerning the 
simplification of this technology as well as 
research on the type (b) modification is jus
tified. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progess areas 32, 33 
and 34 have been scanned in preparing this 
statement 

B. Suggested key words: chemical resistance, 
compressive strength, flexural strength, 
modified concrete, pavement, polymers, 
polymer-cement concrete, polymer-impregnated 
concrete, portland cement concrete, tensile 
strength. 

C. Related research activities: Modification 
of portland cement concrete is a new devel
opment. Nevertheless a large amount of 
research has been done and published during 
the past 5 years, mostly on the type (a) 
modification. (See, for instance, "Cement 
Polymer Materials" by G. M. Idorn and Z. 
Fordos, Technical Note, Cembureau, Paris, 
1974; or, "Polymer Cement Concretes for 
Field Construction" by S. Popovics, Journal 
of the Construction Division, ASCE, Vol. 
100, No. C03, Sept., 1974, pp. 469-487; 
or, the preprints of the First International 
Congress on Polymer Concretes, London, 
May 5-7, 1975). The presently on-going 
research work is primarily also on this 
type of modification but limited work is 
taking place also on the type (b) modifi
cation both in this country (for instance, 
an HPR Project through the Arizona Depart
ment of Transportation) and abroad (for 
instance, at the Polytechnic University in 
Aachen, Germany). 

V. URGENCY - The potential benefits for highway 
and airport pavements, bridges and harbor 
structures from a successful type (a) modifi
cation are so great that an immediate large
scale laboratory investigation of this research 
area seems justified. 

PROBLEM NO. 36 - COMMITTEE A2E05 

I . NAME OF PROBLEM - DEVELOPMENT OF NON-CORROSIVE 
ACCELERATORS AND CORROSION-INHIBITING ADMIX
TURES 

II. THE PROBLEM - The acceleration of strength 
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development in concrete is currently best 
effected by use of calcium chloride. In many 
applications, the presence of this admixture 
can result in serious reinforcing steel corro
sion problems. Corrosion problems can also 
result from use of chlorides as deicing salts, 
as is evidenced by the current concern with 
regard to bridge decks. The corrosion is the 
result of electro-chemical action at the steel 
surface. This local action is enhanced by the 
presence of chloride ion in the contact solu
tion. The chloride ion can enter by diffusion 
from the concrete surface. 

III . OBJECTIVES - To develop an economical admixture 
which would replace calcium chloride as an 
accelerator and act with comparable effective
ness and to develop an admixture which would 
provide protection against steel corrosion. 
Such an admixture might either directly protect 
the steel, for example by formation of a surface 
film, or the admixture might prevent the dif
fusion of chloride ion through the concrete. 
Such accelerators would have the additional 
advantage of being energy-saving. 

IV. URGENCY - This project warrants an immediate 
and high priority since concrete pavements and 
bridge decks must be repaired or replaced in 
as short a time as po~;slble to maintain traffic 
flow. To accelerate set and strength gain 
accQlQrating :1r'lm1 ift11rPR Fl rp clP.Hl rah le, However, 
in order for the repairs or replacements co be 
desirable, these accelerators should be non
corrosive or corrosion inhibiting. 

PROBLEM NO. 37 - COMMITTEE A2E06 

I. NAME OF PROBLEM - PERFORMANCE AND CHARACTERIZA
TION OF BLENDED CEMENTS AND OPTIMIZATION 
OF PORTLAND CEMENT-POZZOLAN MIXTURES 

II. THE PROBLEM - In view of the national need to 
conserve energy, blended cements will, at 
least partially, be substituted for portland 
cements in many forms of construction. While 
blended cements arQ UilQd extP.nsi,rP1y in m,my 
countries, their use in the United States has 
been low. Knowledge of the factors affecting 
the performance of blended cements, and methods 
of characterization of blinded cements are 
needed to facilitate their acceptance for use 
in highway and other transportation construc
tion without compromise on quality. The inter
action between hydraulic cement or lime and 
pozzolanic solid waste materials such as fly 
ash has not been thoroughly characterized even 
though fly ash-port:land cement mixtures are 
widely used for construction purposes. The 
interaction of the pozzolanic-hydraulic cement 
mixture depends on the chemistry of the total 
system. The mixtures currently in use are not 
the stoichioIDQtric optimii fnr thP rhPmi r.Fll 
reactions which take place. If the composition 
of the fly ash-hydraulic cement blend is balanced 
with additions of other reaction components such 
as lime and gypsum so that the potential stoi
chiometry of the reaction is satisfied, the 
engineering performance of the hardened mass may 
be improved. 

With prospects for higher coal use in the future, 
the use of waste material such as fly ash from 
coal burning will be extremely important. Before 
the energy crisis, it was predicted that 30 
million tons of fly ash will be produced by 

1980 in the U.S.A. Use of this waste resource 
so as to reduce energy consumption in other 
segments of the economy would be beneficial. 
When fly ash is mixed with hydraulic cement, 
a high quality hydraulic binder with definite 
benefits is produced, which also extends the 
production of the portland cement industry 
which uses much energy, The current levels 
of fly ash addition result in a reduction of 
the energy required for producing 100 lbs. of 
a hydraulic cement (Type IP) by about 10-15 
percent. Considering the energy-critical 
future we face, the development of systems 
of optimum fly ash cement which in effect will 
use less energy for production of a high qual
ity hydraulic binder is of national importance. 

III. OBJECTIVES -

A. To determine the factors affecting the per
formance of concretes made from blended 
cements of the portland-pozzolan and port
land-blast furnace slag types, in relation 
to the needs of highway construction. Per
formance characteristics to be considered 
would include r:al:e of strength development, 
workability, behavior with chemical admix
Lur:es, resistance to freezing and thawing, 
sulfate attack, soundness, creep, alkali
aggregate reactions, corrosion of rein
forcing steel, and salt scaling. 

B. To Jevelup necessary methods for ~hn nh~~~~

terization of blended cements in terms of 
phase composition, phase distribution 
(including particle size and shape), and 
reactivity. 

-c~· -To optimlzi!f the po·zzolanic (-f-1:y-ash-)= 
hydraulic cement interaction. 

TV. C:TTRR!'.NT AC:TTVTTTES -

A. No HRIS scans have been made. 

B. Suggest key words: concrete, blended 
cements, fly ash, blast furnace slag, 
performance, characterization, test methods 

C. Several projects on the use of fly ash and 
blast furnace slags in cement are under 
way, but there is no coordinated program. 

V. URGENCY - Because relevant research activities 
are at a low level and are fragmented, the 
rate of progress is tmlikely to be consistent 
with the national need. Since the use of 
blended cements in highway construct1.on may be 
as readily accepted as use of portland cement
fly ash blends in construction, steps should 
be taken innnediately to facilitate their use 
in respon.se to the national need to conserve 
energy and resources and to prepare for possible 
future problems in the supply of portland 
cements. 

PROBLEM NO. 38 - COMMITTEE A2E06 

I . NAME OF PROBLEM - MONITORING IlNVIRONM!lNTAL 
RESPONSES OF CONCRETE CONSTRUCTIONS 

II. THE PROBLEM - Both fundamental investigations 
and applied studies of portland cement construc
tion are ultimately affected by the response 
of each portland cement concrete and its 
cement paste and aggregate constituents to the 



microclimates to which the construction is 
exposed. The microclimates are changed by the 
introduction of the construction and the con
struction is affected by and responds to the 
environments in which it finds itself. Dimen
sional or quasi-dimensional behavior and 
characteristics of concrete, paste, and aggre
gate are mutually affected by the interactions 
of concrete and microclimate. Fundamental 
investigations of properties of cement paste 
may represent misapplied effort unless the 
investigations relate in basic respects to the 
microclimates to which real constructions are 
exposed; applied investigations aimed at design 
considerations or at explanation of the behav
ior of a particular construction through time 
may fail because of lack of understanding of 
the particular interactions of construction 
and microclimate that have decisively influenced 
the coupling between reaction of cement paste, 
concrete aggregate, and microclimate, and the 
behavior produced by their interactions. There 
is a missing link in concepts in both fundamen
tal and applied research on the behavior of 
cement paste, concrete aggregate, and the whole 
construction, because only rarely is a struc
ture instrumented so that it may be interrogated 
during its life by those who plan and conduct 
basic and applied research. The connection 
between structure and investigator should be 
sought in improved instrumentation and tele
metered from constructions so that continuous 
interrogation of the construction, and possibly 
responsive modification of its microclimate, 
may be brought about for investigations both 
fundamental and applied. Although gages and 
meters that can be placed in concrete exist, 
their installation is sometimes awkward and it 
is frequently necessary to read the instrumenta
tion by leads brought out of the construction 
to which a potentiometer is attached. Thus 
readings are usually intermittent instead of 
continuous, and many important characteristics 
are not interrogated at all or even intermit
tently. 

III. OBJECTIVES - It would be highly desirable to 
develop a series of instruments having the 
following characteristics, for use in many 
concrete constructions: 

Size: About the size of a small hen's egg, an 
ellipsoid about 1 1/2 in. long and 1 in. in 
diameter. 

Contents: Some would contain strain meters, 
others would contain moisture meters, some 
would measure compressive and others tensile 
forces and others chloride content; all would 
contain miniaturized transmitters, battery 
operated and capable of sending coded signals 
through not more than 100 ft. to an 

Automatic multichannel recorder which would be 
able to pick up an identifying signal from each 
little gage and then record in code the informa
tion that gage is suited to transmit. With 
gages like those described above, the intimate 
history of temperature, moisture movement, and 
strain and stress within a bridge or a length 
of highway with its subbase and subgrade could 
be monitored and this ability would vastly 
increase understanding of interactions between 
construction and microenvironment. The output 
should be computer compatible and should be 
recorded continuously, or when trends are 
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apparently developed, often enough to estab
lish the reality and direction of the trends. 

IV. CURRENT ACTIVITES - None known. 

A. No HRIP scans were made. 

B. Suggested key words: telemetry, strain, 
moisture movement, chloride content, 
history of forces in a construction, 
construction-environment interaction, 
microclimate of construction. 

V. URGENCY - Much of the interior developments in 
concrete structures remains obscure because 
so few structures are instrumented and retriev
ing data is often onerous. The development 
outlined here could ultimately lead to cheap 
mass produced gages broadcasting information 
to recorders whose output could be retrieved 
once a week or continuously. This could pro
duce a greatly increased understanding of the 
mechanisms that affect successful and unsuc
cessful structures, and would thus advance 
fundamental and applied investigations. 

PROBLEM NO. 39 - COMMITTEE A2E06 

I. NAME OF PROBLEM - ACCELERATED REACTIONS/CURING 
OF PORTLAND CEMENT PASTE 

II . THE PROBLEM - A number of both favorable and 
unfavorable effects are associated with elevated 
temperature curing of portland cement paste, 
The unfavorable factors result in the observa
tion that ultimate strength in cements initially 
cured at high temperatures, after prolonged 
curing is lower than in a similar paste cured 
at room temperature for the whole time, On 
the other hand, the advantages to generating 
early strength by curing at elevated tempera
tures (ca. 50-90° C) for a few hours, followed 
by normal curing, are considerable. While 
much research has been and is continuing to 
be conducted on elevated temperature curing, 
additional effort is justified for more clearly 
identifying the favorable and unfavorable fac
tors, and optimizing with respect to the for
mer. Useful research may involve comparison 
with phenomena involved in one or more other 
methods of accelerated reaction, to identify 
possible common factors and differences. The 
obvious "other methods" include modifying 
cement composition (e.g. regulated set, high 
C3A cements); surface area; or use of admix
tures such as CaCl2 or triethanolamine, 

III, OBJECTIVE - The eventual results would be the 
development of better programs for optimum cur
ing, extended by additional research, to imple
mentation in concrete. 

IV, CURRENT ACTIVITIES -

A. Two papers in AC! Special Publication 
SP-39 on elevated temperature concrete 
curing. AC! CoI!Dllittee 516 on steam curing 
activities. No comprehensive literature 
survey has been made. 

B. Suggested key words: concrete, cement 
paste, high temperature, acceleration, 
strength, 

C. Paper by Venuat in Moscow Congress summar
izes current status on elevated temperature 
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studies of cement paste, while Vavrin has sum
marized the effect of admixtures. 

V. URGENCY - Concrete is increasingly called upon 
to perform its best. While elevated temperature 
curing will reach probably its greatest useful
ness with prestressed and precast units, acce
lerated curing is desirable in many situations 
(including repair, re-paving) for economic 
reasons. 

PROBLEM NO. 40 - COMMITTEE A2F01 

I. NAME OF PROBLEM - lITILIZATION OF AN OPEN-GRADED 
STABILIZED AND FREE-DRAINING SUBBASE 

II. THE PROBLEM - Drainage layers are gaining 
nationwide interest. Even though there is a 
considerable amount of information on their 
performance as far as draining the water is 
concerned, there is very little published 
information on (a) stability of drainage layers 
using various types of aggregates under con
struction equipment, (b) drainage layers as 
part of a composite black base construction 
and ( c) effects of stripping of the a!>plialt 
under heavy rainfall. 

III. OBJECTIVES - There is a lack of uniformity in 
the procedures used by the various states and 
there exists the need to develop national guide
lines for usin~ open-~raded stabilized subbases. 
A synthesis of nallo1iwide uses of draining 
subbases including selected on-site surveys is 
warranted at this time. The synthesis should 
identify reasons for the varied utilization 
and definite problems, if any, which need fur
ther attention. This effort would be appro
priate for NCHRP Proje ct -20=-s-: 

IV. URGENCY - Pavement maintenance now exceeds 50 
porcent of the maintenRnrP nnllsr and the 
effects of water cause the major repair jobs. 
This trend will continue unless the water can 
be controlled. This is an immediate problem 
and work should begin as soon as possible on 
the syn thesis. 

V. ESTIMATE -

2 years -- $50,000 - $100,000 

PROBLEM NO. 41 - COMMITTEE A2F01 

I. NAME OF PROBLEM - OPTIMIZATION OF MACROTEXTURE 
(ROADWAY SURFACE TEXTURE) AND RIDEABILITY 
FOR CONCRETE PAVEMENTS 

II. TIIE PROBLEM - The optimum road surface desired 
is one which will offer the best of skid resist
ance with the best riding quality possible. 
In order to accomplish this we need to estab
lish relationships between specifications, macro
texture and rideability and develop ways of 
measurement for each. 

III. OBJECTIVES -

A. Determine the relationship between speci
fications and (1) optimum macrotexture 
and (2) optimum ride ability. 

B. Refine ways of measurement for macrotexture 
and rideability. 

IV. CURRENT ACTIVITIES -

A. As a result of the AASHO Road Test most 
highway engineers have adopted the psi-psr 
concept for measuring pavement rideability 
or serviceability. Some states use the 
BPR Roughometer as their measurement of 
pavement rideability. The only recent 
research into the relationship between 
Record 535 "Development of a Specification 
to Control Rigid Pavement Roughness," by 
James E. Bryden of New York DOT. 

B. Suggested key words: rideability, rough
ness, surface tolerance, specifications, 
roadmeter 

C. No related research activities reported. 

D. Texturing methods and requirements have 
varied considerably from state to state 
and many times within states. Methods 
such as brooms, drags, tines, vibrating 
grooves, etc., have been used and experi
mented. Due to the development of new 
equipment in recent yeRrs Rn<l the present 
emphasis on attaining durable skid resist
ant surfaces, it is believed that efforts 
toward more uniform methods are feasible 
and desirable. Experimental construction 
of transverse and longitudinal texturing 
in fresh concrete has resulted in a trend 
tr;,,.,;,rrl,s hPRvier macrocextu1·l11g. A ~ yullie:

sis of nationwide uses and recommended 
optimum procedures is needed. 

E. This effort would be appropriate for NCHRP 
20-5. 

V. URGENCY -

A. There is a wide variance in state highway 
department specifications regarding surtace 
tolerances and methods of measurement. 
There is also a falrly wide range in the 
roughness or rideability of completed pave
ments. More uniform specifications and 
compliance with specifications would permit 
contractors and equipment manufacturers 
to respond in a more positive and more 
economical manner to the problem of build
ing smooth riding pavements. Modern road
meters are available to measure psi. 
Attempts should be made to determine whether 
current specifications on construction are 
really related to final riding qualities 
as measured by roadmeters. 

B. There is an immediate need to reduce wet 
weather skidding accidents on concrete 
pavements, therefore, work should begin 
on this synthesis as soon as possible. 

VI. ESTIMATE -

2 years - $30,000 - $50,000 

PROBLEM NO. 43 -COMMITTEE A2F03 

I . NAME OF PROBLEM - CONSTRUCTION PRACTICES FOR 
INCORPORATION OF SANITARY WASTE IN HIGHWAY 

EMBANKMENTS 

II . THE PROBLEM - Millions of tons of trash pro
liferate in America's cities each day, Environ
mental considerations preclude normal disposal 



procedures such as burning or dumping. Land
use constraints prohibit any large scale land 
fill construction sites. Thus, answers must 
be found to the trash surplus problem. 

One interesting and highly potential use is to 
incorporate the trash in an orderly, designed 
process as part of a normally placed highway 
embankment. Unanswered questions as to lift 
thickness, degree of breakdown, bio-degrading 
protection, artificial vent systems to pre~ 
elude internal gas buildup, rodent protection, 
method of placement, and long-term strength 
characteristics must be examined. 

III. OBJECTIVE - The objective of this research is 
to develop the procedures necessary to properly 
incorporate sanitary waste products within 
roadway embankments. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas, includ
ing the FHWA, Federally Coordinated Pro
jects, HRIS service bureau, and ASCE indices 
have been scanned in preparing this state
ment. 

B. Suggested key words: sanitary waste, high
way embankments, landfills, waste products 

C. There is no known related research activi
ties in this area. 

V. URGENCY - Waste products created by man and 
their safe and sanitary disposal are everyone's 
problem. The transportation industry holds 
the potential to a key solution to some part 
of this problem. Additionally, it is becoming 
more difficult to buy expensive and scarce 
fill materials for large embankment construc
tion. Conservation of natural materials is 
becoming a greater national is3ue. We must do 
our part. 

Since a few states have experimented with 
utilizing some waste products in embankment 
fills, the research can augment the technology 
currently being developed piecemeal, and greatly 
advance the improved use of a surplus nuisance 
into a workable construction material. 

PROBLEM NO. 44 - COMMITTEE A2FO3 

I. NAME OF PROBLEM - DEVELOP RAPID NON-DESTRUCTIVE 
CONTROL TEST FOR DETERMINING ENGINEEIUNG 
SUFFICIENCY OF CONSTRUCTED EMBANKMENTS 

II. THE PROBLEM - The one universal approach to 
evaluating engineering sufficiency of highway 
embankment fills is to mechanically compare 
a unit weight ratio of a known in-place volume 
with an artificially prepared maximum. Percent 
compaction of this prescribed maximum value may 
not be the degree of strength, stability or 
whatever, to assure satisfactory performance 
of the fill for its intended purpose. 

Millions of dollars are expended each year by 
transportation agencies in the training of 
field personnel, implementation testing, and 
compilation of results to "control" embankment 
construction. It is assumed that such control 
will assure serviceability. 

The test is not rapid, can be non-destructive 
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if nuclear means are used, but the test may 
not be defining the proper parameter. In many 
instances, the engineer may be specifying far 
greater requirements than are needed. 

III. OBJECTIVES - It is intended to study those 
parametric relationships necessary to judge 
the engineering sufficiency of embankment fill 
construction procedures. A rapid, non-destruct
ive field test would be developed to evaluate 
the parametric relations in keeping with the 
prescribed use of the finished embankment. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas includ
ing TRB, HRIS, FHWA, FCP, and ASCE indices 
have been scanned in preparing this state
ment. 

B. Suggested key words: rapid test, embank
ment construction, non-destructive test, 
engineering sufficiency 

C. There is considerable research, both under 
way and completed on the subject of compac
tion of soil and rock materials. This is 
not the major thrust of this project. A 
parametric study of the variables effect
ing the supporting ability of the fill for 
its intended purpose is needed and is 
presently not yet available. 

V. URGENCY - The present approach to embankment 
construction is the stronger, the better. 
This means heavier compactive effort, greater 
use of heavy equipment, thinner left thicknesses, 
etc., all of which may not be required in all 
instances. Hence, considerable money, time, 
and energy are being expended for a questiona
ble end result. This problem must be solved 
and as soon as possible. 

PROBLEM NO. 49 - COMMITTEE A2FO4 

I. NAME OF PROBLEM - PAINT SYSTEMS FOR RE-PAINTING 
OLD STRUCTURAL STEEL AND COATING NEW STEEL 

II. THE PROBLEM - Inorganic and organic zinc paint 
systems are being promoted extensively as the 
ideal systems to replace red lead and lead 
based alkyd coating systems. Confusing and 
conflicting reports from using agencies indi
cate that zinc paint systems either have failed 
or have furnished proportionately less protec
tion to structural steel in high or mild cor
rosive environments than have the proven alkyd 
systems. Some agencies are abandoning the use 
of inorganic zinc systems while still others 
are being convinced by manufacturers to adopt 
them. 

Shop coating of new fabricated structural 
steel, as well as re-painting of old structures, 
with the self-curing zincs has produced both 
success and failures. Preparation and appli
cation requirements with zinc systems are so 
sophisticated that only the most experienced 
applicators seem to achieve acceptable results. 
Both shop and field application of zinc paints 
are plagued by: short pot life, complicated 
self-agitating spray equipment resulting in 
expensive losses of paint material due to fre
quent cleaning of equipment, and unsuccessful 
ability to touch up thin paint or damaged 
areas, and areas contamined with grease and 



28 

other foreign matter. The inability of formu
lators to successfully tint the zinc primers 
so as to provide a contrast with the prepared 
steel surface often results in undetected thin 
films and screening by dry overspray. Spray 
application of inorganic zinc primers, if too 
heavy, results in sags and "mud cracking." 
Thin films may result in "salting," producing 
porous coating and subsequent progressive rust
ing. Shipping abrasions and erection damage, 
along with rapid rusting through undetected 
paint overspray is a common field problem. 
The re-blasting in the field and field touch-
up of unacceptable primed areas produce unavoid
able overlaps of the original cured primer. 
Differences of opinion exist as to whether the 
overlap of zinc onto a previously cured film 
of paint will adhere. 

Dry film paint thicknesses for these types of 
"low build" systems are difficult to measure 
with devices which are not available on the 
market. Sharp edges and areas most likely to 
have thin films are difficult, if not impos
sible, to detect with these devices. 

III. OBJECTIVES - To develop a paint system that 
will eliminate the problems which are being 
experienced with self-curing zinc paint 
systems. A new paint system is needed which 
should have the following characteristics: 

1 . The system should be economical and as 
durable as the long proven red lead system. 

2 . The system should require less expensive 
and less critical surface preparation than 
white metal and near white blasting now 
required for either shop or field mainten
ance painting. 

3. The palnL tiys Le111 o,liuultl have reaeona.ble 
latitudes, be a non-proprietary system, 
be free of performance variables, and be 
simple to apply by spray or brush. 

4. The average field painter should be able 
to apply the formulation under less than 
laboratory conditions. 

5. The system should be practical to use per
mitting touch-up in the field so as to 
bond to previous cured coats. Paint should 
be formulated to enable second coats of 
primer to be applied in order to obtain 
specified film thicknesses. 

6. The system should be compatible with small 
residues of alkyd system paints, so as Lo 
seal and cover open joints when field 
re-painting old trusses. 

IV . URGENCY - This research should be started 
immediately. The states are being confronted 
with the crippling demands of ecology and infla
tion. Environmentally, the use of red lead 
paint has been of some concern to persons 
involved in ecology. Highway maintenance is 
just as concerned with the rapidly rising costs 
especially with re-paint maintenance. Struc
tures painted with the zinc systems will also 
have to be re-painted along with those pre
viously painted with red lead. Fresh paint 
overspray, as well as old paint removed by 
blasting and cleaning will fall onto underlying 
land and water areas. The effect of zinc and 

vinyl contamination on marine life and human 
biology may be just as undesirable as red 
lead. 

PROBLEM NO. 46 - COMMITTEE A2F04 

I. NAME OF PROBLEM - COMPOSITE BEHAVIOR OF GLULAM 
BRIDGE SYSTEMS 

II. THE PROBLEM - Most timber bridges current in 
place are based on out-of-date standards (pre 
1940) and are generally considered obsolete. 
A new timber bridge configuration, comprised 
of preservatively treated glued laminated 
(glulam) stringers and novel glulam deck panels 
has been recently developed and achieves a 
modern, practical, and easily constructed tim
ber bridge system. Design methods must be 
developed to include the effect of composite 
action between the stringers and the deck as 
is commonly done for steel and concrete sys
tems. Current design recommendations do not 
allow for this composite action and as such, 
the distribution of loads to the stringers 
is underestimated. A full evaluation of this 
component interaction and its recognition ln 
new design procedures is critical to efficient 
utilization of materials. Experimental and 
analytical investigations of full-scale systems 
are needed to develop rational analysis and 
design methods. 

III. UOJ~GLLVC~ -

A, Invcotigata thil litructural b,,h,mior of fnll
sized glulam bridges through on-site 
testing. 

B. Establish the degree of composite action 
present and assess its reliability, 

C. Dev<ilop and verify A mAthe..m,it.icA.l model 
for the system. 

D. Use the verified model to prepare practical 
design recommendations. 

E. Study methods of connection of stringer 
and deck members to improve the composite 
behavior of the system and to insure the 
integrity of the system under repeated and 
long-term loading. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas related 
to bridge design and construction have 
been scanned in preparing this statement. 
No current activity related to timber 
bridges is currently referenced. Bridge 
evaluation studies in various states have 
also beeri referenced. 

B. Suggested key words: bridges, glulam, 
timber, composite behavior, design, full
scale tests. 

C. A preliminary study of glulam T-beams com
prised of reduced-scale bridge components 
including stringers and deck panels is 
currently underway at Colorado State 
University. 

V. URGENCY - Rural transportation avenues provide 
the major means for movement of consumer com
modities, foodstuffs, and resources. A 



significant percentage of bridges on these rural 
routes have outdated design and/or configuration 
or have seriously deteriorated so as to render 
them unsafe. In fact, newspaper accounts in 
some states have labeled them rrdeath traps." 
These facts combined with continued abandonment 
of rail service to rural areas, make bridge 
replacement programs a vital and urgent need 
of this country. The glulam bridge system is 
an economical, durable, and easily-constructed 
system which is specifically suited to short to 
medium span highway bridges. 

The use of maintenance workers or local county 
road employees for the construction of these 
bridges also affords a savings to the highway 
department in reduced construction costs and 
more effective use of available manpower. 

In addition, deterioration of reinforced con
crete bridge decks has become a major main
tenance consideration in those states affected 
by freezing and thawing and the associated use 
of salts during winter weather. The laminated 
timber bridge deck system with an asphalt wear
ing surface offers a viable alternate for 
future bridge deck construction since this 
system is not affected by the deteriorating 
effect of deicing salts and chemicals. 

PROBLEM NO. 47 - COMMITTEE A2F05 

I . NAME OF PROBLEM - FINANCIAL FACTORS AS A CON
TINGENCY COST IN CONSTRUCTION 

II. THE PROBLEM - Once all direct costs are cal
culated, the contractor must decide what extra 
margi n to add to his bid. Because of the high 
risks, intense competition, hi~, working capital 
requirements and relatively low ·profit margins 
involved in the construction market today, an 
important set of questions that must be answered 
is related to the costs of financing the pro
ject. Examples of these questions are: what 
percentage of work completed will be paid, how 
promptly will it be paid, what are the chances 
of owner imposed delays to project completion, 
how stable will labor and material prices 
remain over the life of the contract and if 
the size of the contract is changed , will equi
table compensation be made for the change. 
While it may be possible for a given owner to 
specify all the answers to these questions, 
doing so would negate many of the considerable 
advantages of the competitive bid construction 
system. By not putting any specific limitations 
on the answers to these questions, the owner 
virtually assures that, either construction 
costs will be exorbitant because all bidders 
considered the risks high, or the low bidder 
or bidders will lose mon~y resulting in poor 
quality, unfinished work or bankruptcy. In 
any of these cases litigat :j.,on is almost surely 
the final result . Establishing the proper bal
ance for limitations on these contingency c-0s ts 
will use , to maximum advantage, the competitive 
construction industry and will assure the owner 
of greater cost efficiency for his project. 

III. OBJECTIVES - The objective of this research is 
to identify the financial contingencies, to 
determine the effect of limitations as related 
to r i sk-taking by either the owner or contractor, 
and to recommend methods that may be used to 
determine the most efficient balance to the 
limitations on financial costs factors. 
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IV. CURRENT ACTIVITIES -

A. Studies have been made, primarily in the 
building construction field, that have 
identified specific problems and made 
worthwhile recommendations. A number of 
experiments have been carried out in various 
parts of the construction industry with 
varying degrees of success. Because of 
limited funding, and limitirg conditions, 
many of these studies and experiments have 
been very limited in scope, and few have 
been evaluated as to their effectiveness 
after the fact. 

B. Suggested key words: construction costs, 
construction financing, contract procedures, 
contingency costs 

C. No such research activities are known to 
exist on a comprehensive national or 
industry-wide basis. 

V. URGENCY - Available construction money has not 
kept pace with rising construction costs, 
resulting in less volume of physical construc
tion each year. To provide the needs of society, 
owners are searching for high cost effective
ness. Contractors are striving to be more 
competitive in a shrinking market. The know
ledge and recommendations resulting from this 
research could provide significant benefit to 
both parties and therefore, increase the cost 
effectiveness of construction dollars to 
society. 

PROBLEM NO. 48 - COMMITTEE A2G01 

I . NAME OF PROBLEM - CHARACTERIZATION OF ACCEPT
ABLE AGGREGATES 

II . THE PROBLEM - Information on the correlation 
between aggregate properties and the perform
ance of aggregates in highways and on appro
priate test methods predictive of performance 
need to be developed. The lack of this infor
mation presents a major obstacle to better 
utilization of currently available aggregates 
and to the development of new supplies of 
aggregates for highway construction. 

III. OBJECTIVES -

A. Determine the correlation between quanti
tatively different levels in aggregate 
properties and aggregate performance in 
highway construction. 

B. Develop suitable test methods for predict
ing field performance through review and 
evaluation of existing tests, where appro
priate, and develop new test procedures 
where existing methods are inadequate or 
nonexistent. 

C. Develop aggregate specifications based on 
fundamental properties. These specifica
tions would include relation to performance 
criteria in order that aggregate selection 
can be suited to the requirements of a 
particular job and location. 

IV. CURRENT ACTIVITIES -

A. This project statement was one of several 
developed on NCHRP Project 4-10 FY 70 
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(Report No. 135). HRIS areas 25, 26, 31, 
32 and 35 were scanned in the preparation 
of this statement. 

B. Key words: mineral aggregates, aggregates, 
aggregate properties, aggregate character
istics, physical and chemical properties, 
engineering characteristics, construction 
materials 

C. Current research includes studies of the 
wear resistance, abrasion resistance, 
polishing characteristics, load deformation 
characteristics as a function of geometric 
properties, toughness, and petrological 
characteristics of select aggregates. In 
a limited number of studies performance 
is being related to aggregate properties. 

V. URGENCY - Information on the characteristics 
of aggregates that affect performance is needed 
to permit the design of pavements that will 
serve traffic throughout their design life . 
A high priority should be assigned to this 
effort to enable the developmPnt or revision 
of design criteria and, thereby, reduce the 
number of pavements that will be constructed 
to "improper" standards. 

Estimated time: 5 years 

Es t i ms~erl rnRt: $500 000 

VI. SUGGESTED PROGRAM -

A. Review of existing test methods by a steer
ing committee composed of (a) engineers 

--know-ledgeable-in--hicghwa.y- conS-truction,_ 
performance, and testing; (b) scientists 
knowledgeable in characterization of raw 
materials and products; and (c) geologists 
and plastics experts. This committee first 
should determine the aggregate properties 
and the t!Xisting test ~thods that corre
late with performance, then recommend the 
aggregate properties that require further 
investigation and the test procedures that 
should be developed. The committee should 
meet bi-monthly, after formulation of the 
initial plan, to review the project per
formance and to determine the direction of 
the research. 

B. Investigate in the laboratory the charac
terization of aggregates in accordance 
with the plan previously developed. It 
is anticipated that the characterization 
would evaluate the variety of aggregates 
that have known differences in field per
formance. The properties evaluated may 
include: strength, pore quantity, tough
ness, particle size distribution, pore 
size distribution, particle shape, abrasion 
resistance and hardness, wettability by 
different classes of cementitin1.1R 11gents, 
adhesion strength to different types of 
cementitious agents, drainage characteris
tics and water retentivity, thermal expan
sion, moisture expansion, surface charac
teristics, soundness of a composite under 
repeated temperature and moisture cycling 
(weatherability), composition, soluble 
salts. 

C. Prepare proposed specifications for aggre
gate properties based on the knowledge 

gained from the research outlined previ
ously. The specifications should recog
nize different levels of performance to 
assist in the characterization of aggre
gates for particular job localities and 
requirements. 

PROBLEM NO. 49 - COMMITTEE A2G01 

I. NAME OF PROBLEM - REVIEW OF AGGREGATE BENEFI
CIATION PROCESSES 

II. THE PROBLEM - The availability of quality 
aggregate for highway construction is limited. 
The rapid depletion of proven aggregate sources 
and the cost of increasingly longer haul dis
tances make it difficult to obtain or uneconom
ical to purchase the quality aggregate desired, 
thus creating ever greater pressures for use 
of marginal aggregate sources that were pre
viously rejected. It is becoming increasingly 
more attractive, economically, to apply some 
means of beneficiation to marginal aggregates, 
thereby rendering them attractive for highway 
use. 

Many beneficiation processes are presently in 
use or in the experimental stage; some are 
expensive, such as heavy media separation, 
and others have limitetl application, such as 
elastic fractionation, which is successful 
only for rn11nnPn 11egrP-)lates, A review of benc
ficiation processes is needed to defint! Ll11e 
effectiveness and economy of removing various 
deleterious malt!rials from some marginal aggre
gates, 

Study i s also needed on so-called beneficiation 
processes such as hea t treatment and ~blendfiig 
of "good" and "bad" aggregate. Atlditional 
rese arch may be included on methods of bene-
f lciating aggregate• to reduce d8gradation, 
An investigation.should be undertaken to deter
mine the feasibility of developing new benefi
ciation techniques. Economical and effi cient 
beneficiation processes may ultimately al low 
use of aggregates presently classified as mar
ginal or poor quality and give greater flexib
ility in the choice of highway aggregate mate
rials. 

III. OBJECTIVES -

A. Review of aggregate beneficiation techniques 
with economic considerations 

B. Identify areas that can benefit most by 
immediate research and development 

C. Investigate the development of new aggre
gate beneficiation techniques. 

IV. CURRENT ACTIVITIES -

A, t hi s project statement was one of several 
developed on NCHRP Project 4-8 FY 68 
(Report No. 100). HRIS areas 25 and 35 
were scanned in developing this statement. 

B. Key words: aggregate beneficiation, 
mineral aggregates, beneficiation, upgrad
ing, construction materials 

C. Current research is being directed to 
specific techniques for improving a marginal 
aggregate for use in construction. A 



comprehensive review of existing methods 
and the establishment of the relative 
effectiveness of each method for specific 
aggregate types is needed, 

V. URGENCY - Aggregates are used extensively in 
construction and affect the performance of 
these constructions. Quality aggregates are 
specified for use to provide good performance. 
A diminishing supply of quality aggregates in 
some sections of the country and an increasing 
demand for aggregates for construction, develop
ing in part as a result of shortages of asphalt 
and cement and the current energy crisis, place 
a high priority on the proposed research activ
ity. A compilation of existing knowledge on 
the subject will be the first step towards 
the development of specifications that will 
permit use of beneficiated aggregates in con
struction. 

Estimated cost: $150,000 

VI. SUGGESTED PROGRAM -

Time: 

A, Literature search and review 

i. Field study to evaluate the significance 
and economics of present beneficiation 
techniques 

C, Develop criteria for using certain tech
niques for a given use of aggregate 

D. Laboratory and field study investigating 
the development of new aggregate benefi
ciation techniques and establishing guide
lines for future research. 

E. Data analysis, synthesis, and report 

Prosram Item Time Man-Months 

1 3 3 
2 12 18 
3 3 3 
4 12 12 
5 6 3 

Calendar months for completion : 24 months 

PROBLEM NO, 50 - COMMITTEE A2G03 

I. NAME OF PROBLEM - ASPHALTIC CONCRETE BRIDGE 
DECK OVERLAYS AND BRIDGE EXPANSION JOINTS 

II . THE PROBLEM - Numerous bridge decks have been 
and are being overlaid with asphaltic concrete 
as a result of bridge deck deterioration, The 
overlay is generally provided to protect a 
waterproof membrane system. A solution is 
needed to the apparently unavoidable migration, 
wearing or time dependent lowering of these 
asphaltic concrete overlays in areas adjacent 
to the expansion joint system. 

The effect of this phenomena is to expose to 
the rigors of traffic the expansion joint 
system in a "sitting duck" manner with the 
result that it is literally beaten out of 
service prematurely. The high cost of this 
phenomena is staggering to bridge maintenance 
personnel around the world today. In snow 
plow areas, expansion systems are often ripped 
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completely out of the deck and the cost plus 
the urgency of immediate repair is very high. 

III. OBJECTIVES -

A. Identify and evaluate methods currently 
in use for sealing bridge joints where 
asphaltic concrete overlays are used. 

B, Identify and evaluate the properties of 
various types of asphaltic concrete used 
to overlay bridge decks and the methods 
used for placing and compacting it next 
to the expansion joint system. 

C, Determine the most suitable materials and 
methods for minimizing distress and fail
ure of the overlay at the overlay-joint 
interface and the subsequent failure of 
the expansion joint system. 

D. Develop and experimentally evaluate improved 
systems and guidelines for use by mainten
ance in repairing distressed joints. 

IV, CURRENT ACTIVITIES -

A. Highway Research in Progress areas 27, 31, 
33, 34, and 40 were scanned in preparing 
this statement. An HRIS selection per
taining to sealants and fillers for 
joints and cracks made June 11, 1973 was 
also reviewed. 

B, Suggested key words: bridges, asphaltic 
concrete, flexible pavements, bituminous 
materials, expansion joints, joint sealers, 
and membranes. 

V. URGENCY - The problem of bridge deck deteriora
tion is universal and efforts are under way 
to find a solution, One method widely used 
is placing a waterproof membrane overlaid 
with asphaltic concrete. This also requires 
raising of the expansion joint system or th·e 
placement of a new system. This is the only 
practical method of restoring and protecting 
older bridge decks, It is therefore urgent 
that a solution be found to the problem of 
the expansion joint system-overlay interface, 
The results could be immediately implementable 
in design and construction, 

It is estimated that $100,000 would be required 
to accomplish this research, 

This problem is certainly an aggravating one. 
With the current interest and activity in 
bridge deck resurfacing, the solution takes 
on some urgency, A design to eliminate the 
problem would be worthwhile, welcome, and 
immediately implementable. 

PROBLEM NO, 51 - COMMITTEE A2G03 

I, NAME OF PROBLEM - SEALING CRACKS IN FLEXIBLE 
PAVEMENTS 

II, THE PROBLEM - The problem of cracking of 
flexible pavements is widespread throughout 
the country. This cracking may result from 
a number of factors including temperature 
(thermal), expansive soils, and load. If 
surface cracks are left untended, they may 
result in more serious structural damage to 
the pavement system, They permit the entrance 
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of water which may saturate the subgrade and 
reduce the load carrying ability of the pave
ment or result in frost heaves. Pavement sys
tems with free draining subgrade material may 
not have serious problems if water is allowed 
to enter. Many of the existing materials and 
methods used for crack sealing are not very 
effective or permanent. The problem is then 
determining which cracks are to be sealed (sub
grade type, crack width), how they are to be 
sealed (equipment, materials, methods), and 
when. Efforts are underway to improve design 
and construction of pavements so as to minimize 
cracking; however, many pavements are in place 
where cracking is a serious problem. 

III. OBJECTIVES -

A. To determine the extent of the cracking 
problem in flexible pavements and identify 
the existing materials and techniques userl 
to seal the cracks. Evaluate the effective
ness of the various methods used. 

B. Determine the consequences uf uul sealing 
cracks for flexible pavements composed of 
different types of materials in various 
layers such as subgrade materials varia
tion•, 

C. Determine the types and magnitudes of 
111uvt::ffit:::u1..::, u\.."-u..1..1...:..11~ a.t 1.....1...a. .... h.u and deter
mine the critical crack width or the point 
where it must be RP.AlP.c1. 

D. Determine the required properties of a 
crack sealer such as movements, temperature, 
etc. and identify materials that will meet 
those requirements. 

1' . neve.lnp r.riteria for crack sealing of 
flexible pavements to include evaluation 
of need for sealing, types of materials 
and equipment, and when the crack should 
be sealed. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress are{ls 25, 26, 
31, 33. 34 autl 40 have been scanned in 
preparing this statement. HRIS selections 
made June 11, 1973 pertaining to sealants 
and fillers for joints and cracks were 
also r eviewed. 

B. Suggested key words: flexible pavements, 
asphaltic concrete, bituminous mixtures, 
cracking, crack sealing, and sealantR 

C. There has been a very limited amount of 
formal research on crack sealing of flex
ible pavements and most of that was accom
plishP.d several years ago. The only 
recent research identified is an experimen
tal crack sealing field study ln Mluuesula. 

V. URGENCY - The solution of this problem is 
urgent for the many states with the flexible 
pavement cracking problem. The solution of 
the problem would help reduce costs on other 
maintenance activities. For example, why 
place a seal coat over the entire surface to 
temporarily cover the cracks when all that 
was needed was crack sealing. The results 
could be implemented directly by an agency. 

It is estimated that it would cost approximate
ly $125,000 for this research. 

PROBLEM NO. 52 - COMMITTEE A2G04 

I. NAME OF PROBLEM - DEVELOPMENT OF A SYSTEM FOR 
CLASSIFYING ADHESIVE COMPOUNDS BY USE 

II. THE PROBLEM - Considerable effort is being 
devoted to the writing of guides for the 
proper use of adhesive compounds in maintenance 
and construction operations. Among the manu
scripts now in preparation are a major publi
cation on the use of epoxies with concrete 
by ACI Committee 503 and portions of a recom
mended practice for the repair of concrete 
bridge superstructures by ACI Committee 546. 
While such guides provide excellent informa
tion on application techniques, they cannot 
tell the reader which of the myriad of avail
able compounds are suitable for particular 
jobs. A system through which adhesive com
pounds can be grouped according to their uses 
is needed. 

III. OBJECTIVES -

A. To determine the ranges of engineering 
properties, such as modulus of elasticity, 
strength, durability, etc. required of 
an adhesive compound in a variety of 
f"nmmnn maintenance ,3nrf r.nnRtrn~tion opera
tions 

B. To develop a system through which such 
compounds could be classified according to 
their uses. The system would enable an 
engineer faced with a particular operation 
to determine immediately the required pro
perties of the adhesive and, conceivably, 
to order the compound by its use classifi
cation. The suggested research should 
be national in scope to obtain the full 
advantage of the experience uf all high
way agencies and to ensure final acceptance 
of its findings. 

IV. CURRENT ACTIVITIES -

A, Highway Research in Progress areas 25, 26, 
27, 31, 32, 33, 34 and 40 have been scanned 
in preparing this statement. 

R. Suggested key words: adhesives, adhesion, 
bond, bonding agents, concrete construc
tion, concrete repair, epoxy resins, 
material specifications, organic compounds, 
patching materials 

V. URGENCY - No studies meeting the objectives of 
this proposed problem statement were discovered . 
The most r.losely related current work appears 
to be a study, "Formulation and Evaluation of 
New Adhesives for HighwAy r.nnRtr11r.tinn," now 
active in California. HRIP aloo lioto a 
study entitled "Identification Tests on Syn
thetic Resins," one of several concerned with 
synthetic resins underway in the Netherlands. 
Several studies not directly related to adhe
sives could provide useful data. Several 
agencies are studying repair techniques for 
concrete members, and one organization has 
investigated the strengthening of concrete 
beams through the use of bonded steel panels, 
Background information could also be gathered 
from the many completed studies of the use of 



adhesives and bonding agents in highway con
struction and maintenance, 

V. URGENCY - Adhesive compounds are being used to 
a greater extent in transportation facilities. 
This research would produce an output that 
would be useful to the engineer in selecting 
the proper adhesive compound. The results of 
the suggested study would be immediately useful 
to practicing engineers. This research is con
sidered to be urgent, relevant and implement
able, 

PROBLEM NO, 53 - COMMITTEE A2HO1 

I . NAME OF PROBLEM - NUCLEAR DENSITY DETERMINATION 
OF LAYERED BITUMINOUS PAVEMENT SYSTEMS 

II , THE PROBLEM - Various nuclear gauge types or 
models are commercially available to deter
mine the density of bituminous concrete. The 
influence of depth, that is, the effective 
depth to which the nuclear gauge reads the 
density varies from one model to another. This 
makes density determinations in layered systems 
difficulty. It becomes more critical on over
lays where 3/4" - 1 1/2" bituminous concrete 
wearing course is placed on existing bituminous 
pavements. 

During the investigation of some prematurely 
distressed overlays, it was observed that the 
core densities obtained by the nuclear density 
gauges. It was determined that the existing 
bituminous pavement before resurfacing, had 
substantially higher density due to traffic 
compaction, and was affecting the nuclear gauge 
readings taken on the 3/4" - 1 1/2" overlay. 
During construction this resulted in to mislead
ing nuclear density values, which met the speci
fication requirements of more than 95% of the 
design density, 

Whereas this problem is not generally encountered 
on new construction jobs, it will be faced more 
frequently on resurfacing projects undertaken 
by the various highway departments. 

III , OBJECTIVES - Research should be conducted 
to achieve the following objectives: 

A. To evaluate the depth of influence (the 
effective depth to which the nuclear gauge 
reads the density) for the various models 
of commercially available nuclear gauges 

B. To determine the effect of thickness and 
density of the bituminous concrete on the 
depth of influence 

C. To develop practical procedures to account 
for the influence of depth and the densities 
of the underlying layers in arriving at 
the most accurate density of the surface 

D. To determine the effect of aggregate on 
the nuclear densities 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress. To our know
ledge no such research is in progress at 
the present time, 

B. Suggested key words: bituminous concrete, 
asphalt concrete, density, nuclear density, 
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overlays, nuclear gauge, rapid test method, 
construction 

C. Field testing of a nuclear density device 
was reported in the Proceedings of Assoc. 
of Asphalt Paving Techn logists, Vol. 32 
in 1963 by Hughes and Ralston, who dis
cussed the depth of influence, and the 
problems associated with it. Some opera
tion manuals mention the depth of influence 
but do not suggest a practical procedure 
to account for the underlying layers. 
Limited study using two nuclear gauges 
(Troxler and Campbell) was conducted in 
1975, by the Bureau of Materials, Testing 
& Research, Pennsylvania Department of 
Transportation, using various combinations 
of precast bituminous concrete slabs, 
Depending upon the density of the top layer, 
the two gauges had different depths of 
influence. The maximum depth was estimated 
at 2 inches. 

V. URGENCY - It is expected that most highway 
agencies will be engaged in considerable resur
facing jobs in the immediate future. Overlays 
of 3/ 4" to 1 1/2" thickness will not be uncom
mon to stretch the tax dollars for resurfacing, 
If the nuclear gauges are to be used to deter
mine the actual density of the top layer, it 
is of prime importance to develop procedures 
to account for the depth of influence and 
the densities of the underlying layers. 

PROBLEM NO. 54 - COMMITTEE A2JO3 

I , NAME OF PROBLEM - LIME AND LIME-FLY ASH STABI
LIZATION: MIXTURE DESIGN-QUALITY CONTROL 

II. THE PROBLEM - Lime and lime-fly ash stabiliza
tion procedures are widely utilized, Although 
there are several mixture design procedures 
being utilized to establish the required lime 
or lime plus fly ash contents required for 
stabilization, there are no procedures that 
have gained widescale acceptance. In most 
instances, the mixture design procedures are 
not sufficiently flexible for broad scale appli
cation to achieve various lime treatment object
ives (modification, swell control, strengthen
ing) or accommodate special situations encoun
tered in lime-fly ash stabilization (fine aggre
gate sources, by-product aggregates, late season 
construction conditions, etc.). Quality cri
teria (strength, durability, volume stability, 
etc,) for lime and lime-fly ash treated mate
rials have not been well defined. The criteria 
generally do not account for the wide diversity 
of applications and range of service conditions 
(traffic, environmental factors, etc,) encoun
tered in practice. 

Most lime-fly ash construction is of the "plant 
mix" type while "mixed in place" procedures 
are normally used in soil-lime construction. 
The major quality control items of interest 
are: 1) lime and fly ash quality, 2) soil or 
aggregate properties, 3) lime and fly ash quan
tities and distribution, 4) mixing, 5) pulver
ization, 6) compaction, and 7) curing, All 
aspects of the construction process must be 
carefully controlled. The degree of control 
varies depending on the stabilization objective. 
Satisfactory quality consrol tests, procedures, 
and appropriate quality criteria are essential 
to achieving adequate quality control. Although 
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many aspects of lime and lime-fly ash quality 
control are considered in current specifica
tions, additional effort is needed to refine 
and expand the present practices and develop 
supplemental procedures where appropriate. 

III. OBJECTIVES - The general objectives are to 
develop comprehensive mixture design procedures 
with associated quality criteria and construc
tion quality control procedures for lime and 
lime-fly ash stabilization. Mix design proce
dures and quality criteria must be adaptable 
to the entire spectrum of stablization object
ives and applications. The quality control 
procedures would: a) include appropriate field 
testing procedures, b) consider sampling and 
testing frequency, c) establish quality criteria, 
d) consider tolerances and allowable variabil
ity, e) provide rational methods for determin
ing curing requirements and cut-off dates if 
applicable, f) provide a method of construction 
acceptance, and g) provide for post-construc
tion surveillance. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas 22, 25, 
26, 32, 33, 34, 35, 62, and 90 have been 
scanned in preparing this statement. 

D . Duggeetcd key word•: limo, • oil-limli, 
lime stabilization, soil stabilization, 
fly ash, lime-fly ash, mixture design, 
test procedures, quality control, cum;Ltul.'.

tion, quality criteria 

r.. Identified research efforts relating to 
the research area are: 

1) Studies at Pennsylvania DOT, University 
of Illinois, Vlllanuva Uulven;lty, and 
University of North Dakota on lime-fly ash 
stabilization 

2) Soll-stabilizer mixing studies at the 
California DOT and MIT (sponsored by Air 
Force Weapons Laboratory) 

3) Soil-lime research studies at the Univer
sity of Texas at Austin, Air Force Acadenr;, 
University of Illinois and the South Dakota 
DOT 

4) Soil stabilization Index studies at 
Texas A&M sponsored by the Air Force 
Weapons Laboratory 

5) Freeze-thaw durability evaluation of 
stabilized materials studies at the Univer
sity of Illinois 

V. URGENCY - There is an increased utilization of 
lime and lime-fly ash stabilization in pavement 
ronstruction. Based upon the current state 
of the art relating to mixture design and qual
ity control and the judgment of currently active 
researchers this project area is classified 
as "urgently needed" and was ranked as the 
nUIIU)er one priority by Committee A2J03. 

PROBLEM NO. 55 - COMMITTEE A2J03 

I . NAME OF PROBLEM - SOIL LIME LAYERS: STRUCTURAL 
BEHAVIOR AND THICKNESS DESIGN 

II. THE PROBLEM - Soil-lime layers are utilized in 

pavements as base and subbase layers and also 
as modified subgrades. Current procedures 
for predicting structural behavior and estab
lishing design thicknesses for soil-lime layers 
are generally empirically based and thus their 
applications are somewhat limited. Soil-lime 
stabilization can be used in so many different 
ways in pavement construction that it is essen
tial to have a comprehensive methodology for 
considering structural behavior and thickness 
design problems. 

III. OBJECTIVES - The objectives of the research 
are to develop adequate procedures for predict
ing the structural behavior and establishing 
thickness requirements for soil-lime layers 
in pavements. The procedures should consider 
a) soil-lime mixture properties, b) subgrade 
support conditions, and c) traffic and load 
factors. The procedures should preferably be 
applicable for a broad range of applications 
varying from low traffic volume roads, to 
construction haul roads, to higher type pave
ments. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas 22, 25, 
26, 32, 34, 35, 62 and 90 have been scanned 
in preparing this statement, 

JL Suggested key words: soil-lime, Ll1l<.:k
ness design, structural behavior, lime 
stabilization, pavement de• ign 

C. Recent studies relating to this proposed 
project have been conducted by the Cali
fornia Division of Highways (HRIP 40-082731, 
HRIP 22-234710), U.S. Army Construction 
Engineering Research Laboratory (HRIP 62-
2135101), the U. S. Army Waterways Rxp~r1-
ment Station (HRIP 62-234097, HRIP 26-
234104), South Africa (HRIP 62-062 215, 
HRIP 62-600812) and Brazi l (HRIP 62-066562). 

Extensive field studies on pavements contain
ing soil lime layers have been carried out 
by the South Dakota, Minnesota, and Virginia 
Highway Departments and other highway depart
ments have also conducted field. studies or 
otherwise considered the performance of soil
lime layers on pavements sytems. A recent 
National Lime Association Publication (Bulletin 
327) considers the topic of flexible pavement 
design. Even though there has been substantial 
interest in related research areas, there have 
not been any extensive recent studies directed 
specifically to the problem outlined in this 
research needs statement. 

V. URGENCY - Soil-lime mixtures are being used 
to a greater extPnt th,m P.VP.r 1 n pavement 
construction. Considering the current problem 
of materials shortages and the energy crisis, 
increased emphasis will probably be placed 
on the use of local materials, including sta
bilized soils, in pavement construction. It 
is apparent that improved procedures for con
sidering structural behavior and thickness 
design problems are needed. This research 
area was ranked the number two priority by 
Committee A2J03. 



PROBLEM NO. 56 - COMMITTEE A2J05 

I. NAME OF PROBLEM - COMPILATION OF . FIELD PERFORM
ANCE DATA FOR SOIL-BITUMINOUS STABILIZED 
PAVEMENT LAYERS 

II. THE PROBLEM - Several mixture design and layer 
thickness design procedures exist for soil
bituminous stabilized soil-aggregate mixtures 
(where the soil or soil-aggregate mixture is 
not required to meet gradation specifications). 
Bituminous treatments meeting this definition 
have been used as: 1) stablilized sub grades 
in high quality pavement systems, 2) stabilized 
subbases in high quality pavement systems, and 
3) low cost stabilized bases and wearing sur
faces in low-volume secondary, country, or 
farm-to-market roads. 

However, no generally accepted design procedures 
have been recognized since the field perform
ance of these stabilized pavement components 
has not been evaluated on the basis of a sta
tistically valid sample of case studies collected 
from throughout the United States. A meaning
ful development of standardized mixture and 
thickness design procedures cannot be achieved 
without field performance information. 

III. OBJECTIVES - The major objectives of the pro
posed research are directly related to the 
severe deficiencies in the existing mixture 
design and layer thickness design procedures 
for soil-bituminous stabilized materials. Both 
design technologies can be properly assessed 
and improved only if the field performance of 
the stabilized soil materials can be evaluated. 
The field performance evaluation must ~ave as 
a basis three files of information to define 
a single performance case study: 

1. mixture and layer thickness design proce
dures used for the soil-bituminous stab
bilized layers 

2. as constructed mixture constituency and 
layer thickness, and 

3. traffic and maintenance theory. 

This type of evaluation has not been conducted 
since sufficient data have not been compiled 
and analyzed. The missing "feed-'back" loop 
needs to be developed in order that soil
bituminous stabilization mixture design and 
layer thickness design methods can be assessed, 
improved, and perhaps standardized. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas 25, 26, 
31, 34, and 62 have been scanned in the 
preparation of this statement. 

B. Suggested key words: bituminous stabili
zation, pavement design, pavement perform
ance, mixture design, thickness design 

C. NCHRP Synthesis of Research Practice 30, 
Bituminous Emulsions for Highway Pavements, 
has been pri~ted and distributed in 1975. 

V. URGENCY - This project warrants a high priority 
since bituminous stabilization will become 
increasingly important for low-cost/low-volume 
roads in areas characterized by surficial coarse 
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grained soils, Asphaltic emulsions will have 
major secondary benefits since no heat, and 
therefore no energy, is required for field 
mixing and the emulsion does not have a vola
tile solvent, but only water and an emulsifier. 
The utilization of emulsions and other bitum
inous products will be deterred by the absence 
of standardized design procedures. 

PROBLEM NO. 57 - COMMITTEE A2K02 

I, NAME OF PROBLEM - THE EFFECT OF CONSTRUCTION 
TECHNIQUES ON THE PERFORMANCE OF VERTICAL 
SAND DRAINS 

II. THE PROBLEM - The different methods of install
ation of vertical sand drains have a direct 
effect on the engineering characteristics of 
the soil in which the drains are installed. 
The major characteristic which appears to be 
subject to alteration is the coefficient of 
permeability. The difficulties attendant to 
accurate predictions of the time required for 
settlement have created severe construction 
scheduling problems and costly delays. 

A rational design procedure is needed to per
mit the engineer to accurately predict the 
rate of settlement which accompanies the var
ious methods of sand drain installation. 

III . OBJECTIVES - To develop a rational design pro
cedure for the rate of settlement by investiga
tion which includes laboratory tests, field 
tests and observations of vertical sand drains 
installed by current methods in a variety of 
oil types. 

IV. CURRENT ACTIVITIES -

A. Suggested key words: permeability, 
natural drainage paths, remolding, smear
ing, sand drain diameters 

B. Although several projects have been con
structed where different sand drain install
ation techniques were evaluated via test 
sections, no formal research has been con
ducted and no design procedures are avail
able for accurate predictions of rate of 
settlement. 

V. URGENCY - Millions of linear feet of sand 
drains have been installed in the United States. 
Many projects are being designed which traverse 
soft ground acres where settlement is a major 
design consideration. A rational design pro
cedure for sand drains is imperative to allow 
an economical evaluation of sand drain con
struction techniques and to avoid costly con
struction delays. 

PROBLEM NO. 58 - COMMITTEE A2K02 

I. NAME OF PROBLEM - SECONDARY COMPRESSION CHAR
ACTERISTICS OF ORGANIC DEPOSITS 

II. THE PROBLEM - Embankments constructed over 
organic foundation soils are subject to long 
term post construction settlements that are 
often detrimental to the subsequent performance. 
A large portion of this settlement is attributed 
to the secondary consolidation characteristics 
of the organic soil. Currently, there is no 
design method available which produces accurate 
predictions of the amount of or the rate of 
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secondary consolidation. 

III . OBJECTIVES - Basic information on the conso
lidation properties of organic soils is 
required in order to develop economical and 
satisfactory methods of stabilizing such 
deposits. The objectives of the research are: 

A. By means of laboratory inve~tigations, 
determine the consolidation characteris
tics of various types of organic soils, 
including the limitations of applying 
the present "primary" and "secondary" 
consolidation concepts to these soils. 
New test procedures and equipment may be 
required. 

B. Develop rational design procedures which 
include predict i ons of rate and magnitude 
of secondary consolidation with reasonable 
accuracy. 

C. Compare the results of observations and 
measurements of long term settlement 
of embankments constructed uver organic 
deposits with laboratory test data and 
design assumptions. 

IV. CURRENT ACTIVITIES -

A. Suggested key words: primary consolida
tion, ~et.;011Jary consolidat i on, crganic 
content, amount of settlement, rate of 
settlement, te~t methonR 

B. Many small research projects have been 
undertaken on this subject, but their 
scope has been too narrow to fulfill the 
necessary objectives which will lead to 
rat ional design procedures. 

V. URGENCY - In some parts of the United States, 
especially in urban areas, the only land 
areas remaining for location of new transpor
tation facilities are swamps and marshes. 
This is particularly true of coastal areas. 
Removal of the organic soil requires disposal 
areas and substantial quantities of suitable 
borrow material. Such areas are becom~ng 
less advisable due to associated ecology prob
lems and economic considerations. Thus the 
utilization of the organic deposit as a founda
tion material has become imperative in many 
sections of the country. Successful completion 
of this research will result in substantial 
savings in the transportation field, 

PROBLEM NO, 59 - COMMITTEE A2K02 

I. NAME OF PROBLEM - LONG TERM STABILITY OF CUT 
SLOPES 

II . THE PROBLEM - Many cut slopes that were built 
8-10 years agu are now starting to fail with
out showing any previous signs of instablllly. 
This, in part, is due to the long term effects 
on the stability of the cut slopes that were 
not recognized when making the original 
design, 

A rational procedure is needed to permit the 
engineer to determine which cut slopes will 
fail due to long term effects, and how to 
adequately design for them. 

III. OBJECTIVES -

A, To develop an investigational procedure 
that will determine which cut areas may 
need to be designed for long term stabil
ity, 

B. To develop a design procedure for the long 
term effects. 

C. To develop stabilization methods to use 
in the correction of existing failures, in 
areas of potential failure and for new 
construction, 

IV. CURRENT ACTIVITIES -

A. Suggested key words: creep, long term 
stability, drained and undrained condi
tions, stabilization 

B. A few states have made some progress in 
this area, but most states are still 
designing without any special considera
tions, Corrections are then made. ;iftP.r 
failures occur. 

V. URGENCY - Many cut slopes that are now 8-10 
years old are failing due to the inadequate 
design for long term effects. Unless new 
techniques are developed to spot these poten
H ,,1 t,,; I nrP ,irP.AR he fore they fail, we wlll 
continue to have a problem that will cost 
thousands of dollars a year. 

PROBLEM NO. 60 - COMMITTEE A2K03 

I. NAM!l OF PROBLEM - FULL SCALE FIELD LOAD TESTS 
ON PILE GROUPS 

II, THE PROBLEM - Over the years a considerable 
number full scale field load tests have been 
conducted on single piles, but very few full 
scale field lua<l tests have been conducted 
on pile groups, Of course, there are no 
foundations constructed on single piles and 
pile foundation design must include considera
tion of group action. Both bearing capacity 
and settlement of the group must be considered. 
Design for bearing capacity normally involves 
the use of a "Group Efficiency Factor" and 
the factors currently used were established 
primarily from model studies. For pile groups 
in clay, the possibility of a "block failure" 
must be considered. There is no established 
design criteria for settlement of pile groups. 

III, OBJECTIVES - The broad objective is to develop 
design criteria for pile groups by conducting 
full scale field load tests on groups founded 
in both cohesive and cohesionless soils. Spe
cific objectives are as follows: 

A. To instrument thP. e;rnnp so that the action 
of individual piles can be determined 

B. To develop group efficiency factors for 
different pile spacingo nnd for different 
pile shapes 

C. To investigate the development of block 
failures in cohesive soils, and 

D. To relate the settlement of the pile 
group to that of a single pile in the 
group. 



IV. CURRENT ACTIVITIES -

A. No Highway Research in Progress areas have 
been scanned in preparing this statement. 

B. Suggested key words: pile groups, field 
load tests, bearing capacity, settlement 

C. Related research would include any research 
currently being done on single piles and 
any model studies on pile groups or field 
performance studies of in service pile 
group foundations. 

V. URGENCY - The proposed research would be a 
long tenn effort to develop reliable design 
criteria for foundations on pile groups which 
in tum would reduce foundation costs. Cur
rently used design criteria are based primarily 
on model studies and have not been verified 
by full scale field performance tests. 

The cost of this research would be high, pro
bably $500,000 or more and should prob ably 
be at least a 5-year study. The cost could 
be reduced by testing actual foundations under 
actual loading conditions. 

PROBLEM NO. 61 - COMMITTEE A2K03 

I. NAME OF PROBLEM - EFFECTS OF DIFFERENTIAL 
SETTLEMENT ON STRUCTURES 

II. THE PROBLEM - A great deal of money is often 
expended on the special treatments for the 
support of structural foundations in order to 
eliminate settlement, so as to avoid the pos
sibility of the occurrence of differential 
settlement across as well as between struc
tural elements. Steel frame structures may 
be able to withstand greater foundation deflec
tions than the more rigid reinforced concrete 
structures, and therefore the foundation sup
port for these two types of structures may 
differ even where the loadings are the same. 
Simply supported deck slabs of bridges may 
permit greater movements across and between 
substructure elements that would be acceptable 
for continuous span bridge decks. A thorough 
evaluation of the literature, and a survey 
and compilation of experience should be made 
to ascertain applicable safe limits (or angular 
deflections) for differential settlement for 
various types of structures and framing systems. 

III. OBJECTIVES - The objective of this research 
would be to establish the degree of different
ial settlement that can be introduced into the 
design of specific types of structures and 
support systems without adversely affecting 
the utility and safety of the structure. The 
goal would be to establish a set of criteria, 
which if exceeded, would require special founda
tion treatment to limit differential settlement. 

IV. CURRENT ACTIVITIES - Work has been reported in 
matters related to the effects of differential 
settlements on building frames and exteriors 
by L. Bjerrum, and the results of others have 
been presented in various textbooks; however, 
I have no idea of the Highway Research in Pro
gress, HRIP, work. 

Suggested key words: differential settlement, 
structural distortion, stress redistribution 
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I have no idea of related research activities 
in HRIP. 

V. URGENCY - This would be urgently required with 
regard to the effects of open cut excavation 
and tunnelling operations, on adjacent struc
tures, as is commonly a problem in subway 
construction. Today, considerable money may 
be involved in the support of structures, which 
might be reduced if the data were available 
on how the foundations of such structures, and 
the structures themselves, would react to 
induced differential movements. 

It is estimated that the required research 
could be accomplished and the results compiled 
by one man in one year's time, allowing ade
quate funds for travel and communication, as 
well as special measurements. A budget of 
$50,000 would be ample. 

PROBLEM NO. 64 - COMMITTEE A2K03 

I. NAME OF PROBLEM - SOIL: PILE LOAD TRANSFER 
IN PILE GROUPS 

II. THE PROBLEM - Field tests on single test 
piles have shown that the transfer of load from 
a pile to the soil or vice versa can be pre
dicted using the effective stress approach. 
Very few, if any, field tests have been per
formed on groups of test piles. Since most 
engineering structures that use pile founda
tions are supported on groups of piles, a 
field test program is urgently required in 
order to find correlation between the behavior 
of pile groups and single piles. Such corre
lations would provide improved design methods 
and consequently more economical pile founda
tions. 

III. OBJECTIVES - To carry out a field testing pro
gram on various groups of piles in different 
soils to study the stress transfer in positive 
and in negative skin friction. 

IV. CURRENT ACTIVITIES -

A. Research on single piles or pile groups 
is currently under way in Canada, England 
and Sweden. 

B. Key words: piles, pile groups, effective 
stress, positive friction, negative skin 
friction or downdrag, pile tests 

V. URGENCY - Much information on the behavior 
of single test piles is available and has been 
published. This knowledge cannot be applied 
directly to the design of pile foundations 
because it has never been correlated with the 
behavior of pile groups. Unless this is done 
soon, the present experience will remain aca
demic. The profession needs this correlation 
now to improve the design of pile groups. 

Cost estimate: $150,000 - $200,000 

PROBLEM NO. 63 - COMMITTEE A2K05 

I. NAME OF PROBLEM - FRACTURE ANALYSIS OF PAVEMENT 
SYSTEMS 

II. THE PROBLEM - Pavement failures are related to 
the development of cracks and/or excessive 
deformations due to repetitive loads or 
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environmental conditions. The analysis and 
prediction of failure would be aided by the 
development of procedures for explaining the 
initiation, propagation and accumulation of 
cracks. 

III . OBJECTIVES - The objective is to develop theo
retical information on the development of 
cracking in p~vements on the basis of fracture
mechanics principles. Specific objectives 
include the development of theoretical proce
dures for predicting the initiation and pro
pagation of cracks and the influence of cracks 
on stresses and displacements throughout the 
layered system. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progess areas 25, 26, 
62 and 63 have been scanned in preparing 
this statement. 

B. Suggested key words: fracture mechanics, 
pavements, cracking 

C. Many projects are monitoring t;he develop
ment of cracking patterns in the field, 
and laboratory studies of fatigue crack
ing are being conducted, but little study 
is being made of theoretical failure ana
lysis. 

V. URGENCY - The study of fracture mechanics is 
considered highly important to the development 
of methods tor predicting pavement performance 
and thus to the design of pavement systems. 
It was one of ten research needs identified at 
thP. Workshop on Structural Design of Asphalt 
Concrete Pavement System at Austin, Texas, 
December 19 70. 

~RUMLEM NO. 64 - COMMITTEE A2K05 

I. NAME OF PROBLEM - STOCHASTTr. ANALYSES OF 
PAVEMENT SYSTEMS 

II. THE PROBLEM - The reliability of a pavement 
system may be evaluated better by procedures 
that take into account the statistical varia
tions of load, environment, pavement geometry 
and material properties. Infonn.ation is 
required on the statistical variation of the 
preceding parameters so that stochastic tech
niques can be used for the solution of appro
priate boundary value problems. Also, infor
mation is required on relevant construction, 
maintenance, and failure costs so that pro
babilistic approaches can be used to obtain 
optimum economic designs. 

III. OBJECTIVES - The primary objective is to 
obtain solutions for the probability of occur
rence of various stress strain-dioplncomont 
responses of pavement systems. Secondary 
objectives are to assemble statistical data 
on loads, geometry, environuent, material 
properties and costs. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas 25, 26 
and 63 were scanned in preparing this 
statement. 

B. Suggested key words: pavement systems, 
stochastic processes, construction 

maintenance 

C. Limited work at Illinois, Ohio State, 
Purdue, Texas and MIT has begun to apply 
stochastic concepts to the analysis of 
pavement systems. This work was discussed 
in a symposium at the 1975 TRB Annual 
Meeting. 

V. URGENCY - Because of the natural variability 
of the various factors influencing pavement 
design and performance, it is considered very 
important that statistical data on variability 
be gathered and stochastic methodology be 
applied to the analysis of pavement design. 

PROBLEM NO. 65 - COMMITTEE A2K06 

I . NAME OF PROBLEM - EFFECTIVENESS OF DAYLIGHTED 
SUBBASES 

II. THE PROBLEM - Wide shoulders and low back 
slope gradients on high type roadways have 
greatly increased (a) the length of drainage 
path, (b) the quantities of drainage layer 
aggregates required and (c) the size of the 
exposed face of the daylighted layers over 
those of most pavements built 15 or more years 
ago. Also, current specifications for drain
able aggregales often permit very slow drain
ing materials (1 ft/day or less) to be used 
in n;aylie;htF'n layers. As a result, the new 
geometrics and low permeabilicy macerials are 
c,ansing water to be retained in pavement 
slructural sections for timeo long enough to 
cause premature deterioration under traffic 
loads. In addition to the use of slow drain
ing materials, there have been frequent reports 
of blockage of the outlet faces of daylighted 
subbases by landscaping topsoil, There is a 
need to determine ways to increase the effect
iveneoo of daylighted subba~Q~. 

III. OBJECTIVES - To develop improved criteria for 
the use of daylighted subbases, with special 
attention to geometrics, the hydraulics of 
drainage layers, and relative construction 
and maintenance practices that can affect 
their performance. ' 

IV. CURRENT ACTIVl'l'lES -

A. Highway Research in Progress areas on 
drainage of pavements have been reviewed 
in preparing this statement. 

B. Suggested key words: drainage blankets, 
drainage systems, drainage practices, 
tlayllghting, subdrains, subsurface drains, 
subbase materials, permeability, landscap
ing 

C, Relc1tPr1 rPRPArr.h ac,tivities are <:uncerned 
with open-graded drainage blankets, per
meability of base course materials, rela
tive permeability of adjacent pavement 
layers, shoulder drainage, and the opening 
and closing of longitudinal cracks between 
concrete pavement slabs and the!houlder. 

V. URGENCY - Research studies to date indicate 
that, probably, millions of dollars are being 
ineffectively expended annually on daylighted 
pavement sections. Improved design criteria 
and construction practices are urgently needed 
to use these expenditures more wisely and 



prolong the life of highway pavements. 

Estimated cost - $150,000 

PROBLEM NO. 66 - COMMITTEE A2KO6 

I. NAME OF PROBLEM - PERFORMANCE OF PAVEMENT 
SUBDRAINS IN A FREEZE-THAW ENVIRONMENT 

II. THE PROBLEM - An important factor affecting 
pavement performance and life is the presence 
of water in the pavement system. In the north
ern United States deterioration of asphalt
concrete pavements is the greatest in the late 
winter and spring when repeated freeze-thaw 
cycles occur. The excess water in the pave
ment materials, subbase and sub grade contrib
utes to rapid structural damage to the pave
ment under traffic loads. Subdrains and/or 
drainage layers in the pavement are the only 
available methods for removing this water in 
a timely and efficient manner. However often 
the subdrain system is frozen and may be 
inoperative. The operating effectiveness of 
subdrain systems under freeze-thaw conditions 
has never been thoroughly investigated. 

III. OBJECTIVES - The over-all objective of this 
research is to determine the performance of 
pavement subdrain systems constructed under 
current practice in a freezing environment. 
This will involve field instrumentation and 
monitoring of the freeze-thaw behavior of 
the pavement, subdrains, and the conduit sys
tem to the outlet. 

If deficiencies are determined in present 
installations a research plan should be deve
loped for improved designs. 

IV. CURRENT ACTIVITIES - Highway Research in Prog
ress areas have been scanned and no known stud
ies are currently under way. 

V. URGENCY - The Federal Highway Administration's 
"Guidelines for the Design of Subsurface Drain
age Systems for Highway Structural Sections" 
and the Federal Highway Administration's "Water 
in Pavement" Workshops presented throughout the 
United States demonstrated the need for drain
age in pavements. In northern states the effi
ciency of pavement underdrain systems may be 
seriously impaired in the pavement section 
and at the outlet during the critical freeze
thaw period when a significant amount of pave
ment distress occurs. 

PROBLEM NO. 67 - COMMITTEE A2KO6 

I. NAME OF PROBLEM - PREDICTING PERMEABILITY OF 
HIGHWAY MATERIALS FROM PHYSICAL AND CHEMICAL 
CHARACTERISTICS 

II . THE PROBLEM - A major factor contributing to 
the rapid development of pavement distress is 
excessive moisture in the pavement structural 
section. Water is the principal factor caus
ing loss of strength and resiliency in the 
subgrade and structural section of pavement 
systems. 

In order to decrease the effects of water on 
pavement systems considerable effort is now 
being directed toward the design and construc
tion of subsurface drainage systems. However, 
in the design of these drainage systems, 
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satisfactory effort has not been made to 
define the permeability characteristics of the 
existing pavement materials or the drainage 
materials themselves. Because of the import
ance of the permeability or hydraulic conduct
ivity properties in effective subdrainage 
design, it is necessary to develop a quick, 
efficient, and economical procedure for measur
ing this property both in the field and in the 
laboratory. 

III. OBJECTIVES - The general objective of this 
project is to develop a procedure for deter
mining the hydraulic conductivity (permeability) 
of highway materials from physical and chemical 
characteristics. The specific objectives are: 

1. Determine the physical and chemical pro
perties which directly affect material 
permeability 

2. Establish a predictive permeability model 
based on physical and chemical parameters 

3 . Validate the permeability model by use of 
controlled laboratory or field tests. 

IV. CURRENT ACTIVITIES -

A. HPR studies in Illinois, New Jersey and 
Ohio 

B. FHWA RFP for in-situ field permeability 
test method 

C. FHWA Workshop - Water in Pavements 

D. Organization for Economic Cooperation and 
Development - Water in Roads 

V. URGENCY - The effects of moisture on pavement 
systems have been widely documented. In order 
to design effective pavement subdrainage sys
tems the material hydraulic conductivity pro
perties must be known, Because of the broad 
range of structural materials and drainage 
materials used in pavements, a quick and accur
ate procedure which can be used to predict 
material hydraulic conductivity based on phy
sical and chemical properties is needed. This 
need is especially evident where the hydraulic 
conductivity must be determined on in-situ 
materials in the field. The benefits that may 
be derived from the proposed research are pri
marily economical. The study is foreseen as 
an important step leading to the goal of design
ing subsurface drainage systems based on well 
defined hydraulic parameters. 

PROBLEM NO. 68 - COMMITTEE A2KO6 

I. NAME OF PROBLEM - FILTER CLOTHS AND FABRICS 

II. THE PROBLEM - Filter cloths and fabrics made 
of artificial fibers are being used extensively 
in Europe and to a lesser extent, in the United 
States, for earth reinforcement is chiefly to 
provide support over local soft, wet deposits 
of soil and humus . In drainage systems, they 
are being used instead of some of the aggregate 
in graded filters. However, there are as yet, 
no established criteria for the use of filter 
cloths and fabrics and no standard tests for 
evaluation of their engineering properties. 
Some qualities which probably affect their 
suitability for specific applications but for 
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which there are no standard tests include: 
tensile strength, resistance to chemical and 
physical deterioration, equivalent opening 
size, permeability or percent open area, burst 
strength, long term response to repeated loads, 
and absorption. 

III , OBJECTIVES - The objectives of this study are 
to establish engineering criteria for the use 
of filter cloths and fabrics and to develop 
laboratory test methods for the evaluation 
of their engineering properties. The use cri
teria should be in a handbook form suitable 
for the designer. 

IV. CURRENT ACTIVITIES -

A. There are no current research projects in 
this area. 

B. Suggested key words: filter cloths, sub
surface drainage, earth reinforcement 

C, Current related research activities include 
a FHWA contract effort on "Improved Sub
surface Drainage and Shoulders," NCHRP 
Study 4-11, "Buried Plastics Pipe," and 
"Development of a Subsurface Drainage Manual 
for FHWA." 

V. URGENCY - Silting and clogging r equires replace
ment of millions of dollars worth of subsur
face d!:'3inage s ystems e ac h y e,:1r. 'l'hP. r e is an 
immediate need to i mprove graded filter sys tems 
to reduce current and future maintenance costs 
of both subsurface drainage systems and of 
pavements, s lopes and other highway structures 
they are designed to protect. 

Estimated Cost to Accomplish - $150,000 

PROBLEM NO. 69 - COMMITTEE A2L01 

I . NAME OF PROBLEM - EVALUATION OF EQUIPMENT AND 
PlWCEDURES FOR SAMPLING SAND AND GRAVEL 
DEPOSITS 

II. THE PROBLEM - Th'e difficulties encountered in 
attempting to obtain representative samples 
of cohesionless or nearly cohesionless sands 
and gravels have been recognized for mAny years 
by those responsible for locating natural 
sources of these materials. These difficulties 
may be subdivided as follows: 

A. Gradation changes caused by faulty sampling 
equipment and techniques 

n. Contamination of overburden materials as 
sample is brought to the surface 

C. Mixing and loss of identity of materials 
from different subsurf,qc,e units 

D. Inability of equipm~nt to hring samples 
lo the surface. This occuro most frequently 
when the bed lies below the water table. 

III. OBJECTIVES -

A. Determine the ability of presently avail
able equipment to obtain representative 
samples of sands and gravels above and 
below the water table 

B. Develop, if possible, new equipment and 

techniques capable of obtaining represent
ative samples of sand and gravel under all 
conditions. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas 31, 32, 
33, 34, 35, 61, 62 and 64 have been scanned 
in preparing this statement. 

B. Suggested key words: subsurface explora
tion, borings, sampling, soils, soil gra
dation, sand, gravel, aggregates 

C. No studies meeting the overall objectives 
of the proposed problem statement were 
discovered. However, related research 
titled "Evaluation of International Liter
ature on the Sampling of Aggregates" is 
currently being conducted at Darmstadt 
Technical University, Germany. At present 
the Darmstadt study is confined to review 
of literature, but studies of actual tech
nical and statistical problems encountered 
in sampling natural aggregates are contem
plated. 

V. URGENCY - This problem is considered to be of 
continuing urgency in the area of soil and 
aggregate exploration. 

PROBLEM NO. 70 - COMMITTEE A2L01 

I. NAME OF PROBLEM - EVALUATION OF GEOPHYSICAL 
METHODS AND INSTRUMENTS AS APPLIED TO SUB
SURFACE EXPLORATlUN M)l{ TRANSPORTATION 
CORRIDORS 

II. THE PROBLl'.M - ThP.re have been numerous develop
ments in geophysical instrumentation and inter
pretation techniques in recent years. Some 
techniques and instruments have been tested 
in detail over a variety of geulugh: condi
tions. Others have h_ad a minimum of field test
ing to cotablish their potential USPfnlness 
and/or limitations in subsurface explora tion. 

The problem may be subdivided as follows: 

A. Analysis and comparison of geophysi cal 
methods and instrumentation as applicable 
co subsurfac~ e xp loration 

B. Analysis and comparison of interpretive 
techniques with special emphasis on trans
portation applications 

I II. OBJECTIVES - Specific objectives are: 

A. Determination of those geophysical methods 
most appropriate for transportation appli
cations 

B. EvaluaLluu u[ modern geophysical inotruments 
in regard to their applications and limita
tions 

C. Examination of new interpretive techniques 
and compArison with established procedures . 

IV, CURRENT ACTIVITIES -

A. Highway Research in Progress areas 21, 35, 
61, 62 and 63 have been scanned in prepar
ing this statement. 



B. Suggested key words: geophysics, subsur
face exploration, depth to bedrock, phy
sical properties 

C. Although some research is presently being 
undertaken on minor aspects of this pro
posed problem statement, no studies meeting 
its overall objectives were discovered. 

V. URGENCY - The use of geophysics for subsurface 
exploration is increasing. Knowledge of appro
priate methods, equipment, applications, and 
interpretation will help the practicing engin
eer select the appropriate geophysical technique 
for the problem at hand. The problem is con
sidered to be of continuing interest in trans
portation engineering. 

PROBLEM NO. 71 - COMMITTEE A2L04 

I. NAME OF PROBLEM - FROST RELATED PAVEMENT DIS
TRESS MANIFESTATIONS 

II . THE PROBLEM - Frost action affects the per
formance of rigid and flexible pavements in 
many different ways. The service life of 
pavement surfaces can be significantly short
ened by distresses such as cracks, heaves, 
boils, bump, and other manifestations result
ing from frost action. With the mechanisms of 
frost action now becoming fairly well known, it 
is believed that certain pavement distress 
manifestations can be logically related to 
frost action effects. For example, pavement 
edge cracking especially develops because of 
excessive softening which occurs on thawing 
of very wet granula:-bases near pavement edges. 
The performance of rigid pavements are greatly 
affected by differential frost heave and "frost 
tenting" at the joints. 

III . OBJECTIVES - An objective examination of dis
tress manifestations together with accompany
ing data on materials, moisture, temperature, 
pavement movement, and traffic, may reveal 
the links between frost action and distress 
in rigid and flexible pavement systems. Know
ledge of these links may eventually lead to 
solutions which will inhibit or decrease incid
ence of specific forms of pavement distress. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress, area 64 
Soil Science 

B. Suggested key words: distress manifesta
tions, frost action 

C. Frost action research is in progress with 
respect to frost penetration, frost sus
ceptibility of different materials, frost 
heave, loss of stability on thawing, and 
insulation of subgrades. 

V. URGENCY - Lives of pavement structures in sea
sonal frost areas are relatively short, even 
though structures are normally built much 
stiffer than those in non-frost areas. If 
lives can be extended by even one year by 
elimination or decrease in certain frost 
related distress manifestations, and the 
sooner remedial action on the basis of research 
findings is implemented, the greater are the 
economic advantages. 
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PROBLEM NO. 72 - COMMITTEE A2L04 

I. NAME OF PROBLEM - SURFACE AND PAVEMENT DRAIN
AGE IN FROST AREAS 

II . THE PROBLEM - During the winter months in 
frost areas, excessive amounts of surface 
moisture become available in the form of 
snow, sleet, ice, and saline solutions, which 
often cannot be drained away from the pavement 
structure by conventional drainage systems 
such as ditches and subdrains. As the ditches 
and subdrains become blocked with snow and ice 
large amounts of surface water infiltrate into 
the pavement structure. The freezing of this 
free moisture results in serious differential 
heaving both transversely and longitudinally 
within the pavement and shoulders, as well as 
softening of the bases and subbases. 

III. OBJECTIVES -

A. To examine the present drainage systems 
and assess their suitability as a means 
of quickly directing surface moisture away 
from pavements, shoulders, and structures 
during the critical winter months when 
snow builds up and freezing temperatures 
make the conventional drainage systems 
inoperable 

B. To develop a roadway surface that is 
impermeable to surface moisture and which, 
at the same time, directs this moisture 
away from the driving surfaces 

IV. CURRENT ACTIVITIES -

A. "Roadway Design in Seasonal Frost Areas." 
This report was prepared under NCHRP Pro
ject 20-5 "Synthesis of Information Related 
to Highway Problems." 

B. "Water: Key Cause of Pavement Failure" -
H. R. Cedergren and K. A. Godfrey, Jr. 

C. "Seasonal Strength of Pavements" - George 
W. Ring 

V. URGENCY - This excessive surface moisture 
results in deterioration of pavements and 
softening of bases and subbases under pavements 
and shoulders. A reduction of this excessive 
moisture or waterproofing of the roadway sur
faces during the winter months could result 
in longer pavement lives and possibly a reduc
tion in pavement structural thicknesses in 
seasonal frost areas. Both of these potential 
benefits would result in tremendous economic 
savings to road building agencies in the north
ern states and provinces. 

PROBLEM NO. 73 - COMMITTEE A2L06 

I. NAME OF PROBLEM - MOISTURE INDUCED STRENGTH 
VARIATIONS IN PAVEMENT SYSTEMS AFTER CON
STRUCTION 

II. THE PROBLEM - Moisture is a fundamental varia
ble in all problems of soil stability. It 
has special significance in pavement systems 
since subgrades are generally constructed in 
the surface soil which is usually subjected 
to large moisture content variations and 
strongly influenced by ~urrounding climatic 
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conditions, It is for this reason that the 
problems of moisture movement in soils, mois
ture accumulations under pavement surfaces, and 
subgrade-moisture control are of prime import
ance relative to pavement construction, design, 
behavior, and performance. 

The importance of including moisture effects 
in pavement design is indicated by the fact 
that more than SO per cent of the flexible 
pavement failures at the AASHO Road Test 
occur-red during the spring when moisture 
accumulations in the pavement system were the 
greatest, Numerous research studies in the 
field and laboratory have also shown that mois
ture content c1.1n h;avp ;a prnnnirncecl effect on 
strength and deformation properties of pave
ment soils and materials. 

The engineering problems associated with the 
behavior of pavement soils and materials res
ponsive to moisture changes indicate that fur
ther study is required in reference to strength 
variations in pavement systems after construc
tion. 

III. OBJECTIVES - The general objective of this 
project is to develop a procedure for deter
mining moisture induced strength variations 
in pavemenl HyHLern8 a[Lei l'.uustruction. Spe
cific objectives are: 

1 . Determine the magnitude of moiscure induced 
strength variations which can occur in 
various pavement soils and materialn for 
a known set of conditions 

2, Develop procedures for predicting the mag
nitude of strength variation which can be 
expected to occur in the field based on 
intrinsic pavement conditions, material 
properties, climatic conditiono, etc, 

3. Develop procedures for utilizing the study 
findings in pavement design 

IV. CURRENT ACTIVITIES -

A, Highway Research in Progress at the Uni
versity of Illinois entitled, IHR-604 -
Moisture Movement and Moisture Equilibria 
in Pavement Systems, and IHR-605 - Subgrade 
Stability 

B. Transportation Research Studies conducted 
at Texas A&M University 

C, "Seasonal Strength of Pavements," George 
W, Ring 

D. "Water in Roads" Organization for Economic 
Cooperation and Development 

V. URGENCY - Numerous researchers have concluded 
that meaningful evaluation ot the engineering 
properties of pavement soils and materials 
requires that the moisture properties be spe
cified, 

The benefits that may be derived from the 
proposed research are primarily economical, 
The study is foreseen as an important step 
leading towards the ultimate goal of including 
moisture in the design of pavement systems. 
With improved procedures for evaluating strength 
variations caused by moisture, pavement design 

techniques can be refined and pavement perform
ance predictions can be improved. These 
improvements and refinements may result in 
financial savings in the initial design phase 
as well as minimizing moisture induced fail
ures of in-service pavement systems. 

The research could lead to an optimized design 
of the pavement system in relationship with 
its moisture environment; therefore, reducing 
the detrimental effects of moisture. 

PROBLEM NO. 74 - TASK FORCE A2T57 

I, NAME OF PROBLEM - DESIGN STANDARDS FOR LOW 
VOLUME ROADS 

II , THE PROBLEM - The design standards for low 
volume roadn are frequently inappropriate, 
quite subjective, and cannot be defended 
scientifically. Most of these standards are 
extrapolated, projected and rationalized from 
information developed for and from higher type 
roads, There is an urgent need to develop 
standards and criteria that specifically 
rPl;at.e t.n the design of low volume rua<l8. 

There are over 2 million miles of roads in 
the United States carrying less than 400 ADT. 
Each year many thouoands of miles of low vol
wne roads are added to this extensive system. 
There arc over 30 1000 agencies in tha Unitad 
S la.Les that are in vol ve:d with low volume reads. 
Because of this extreme decentralization, it 
is difficult, if not impo,;.-sihlP, tn reliRhly 
estimate the total investment or annual expendi
tures for low volume roads. Nevertheless the 
United States already has a multibillion dollar 
investment in its low volume road system. Each 
year a significant portion of the country's 
gross national product is committed to the 
desdgn, cnn .<:tr11rti nn ;anr1 Rnmini Rtriltion of 
low volume roads. It is alarming to contemp
late the continuing development of a low vol
ume road transportation system in this country 
may be based on extrapolated and sometimes 
irrelevant design criteria and standards. 
Appropriate design standards should fully 
recognize the extreme cost sensitivity of low 
volume roads. The standards need to be not 
only technically sound but cost effel'.tive as 
well. For example, the following research 
needs have been identified that relate to 
design standards. These needs are by no means 
meant to be all inclusive or comprehensive. 
They are but the "tip of an iceberg" of 
research needs for appropriate, technically 
sound and cost effective design standards for 
low volwnc roads. 

Level of Service: There is a need for a method
ology that relates the selection of the level 
of service and design speed for a low volume 
road with the related costs and benefits asso
l'.lalec.l wlll1 Ll1e selected design speed and ser
vice level. 

Geometry: There is a need for determining 
an optimum turn-out spacing for single lane 
roads which would be consistent with safety 
and economy. 

There is a need for identifying and quantify
ing the parameters, such as traffic volume 
and geometric which require changing from a 
single lane design to a double lane design. 



Kydraulics: There is a need to develop a sys
tematic approach for selecting the design 
flood frequency for low volume roads which 
would consider the interrelationship of the 
costs of various size drainage structures and 
the costs of interfering with traffic. 

Materials: There is a need to evaluate exist
ing highway material specifications to deter
mine whether they are appropriate, relevant 
and economically feasible for low volume roads. 

Pavement: There is a need to develop a pave
ment thickness design method for specifically 
determining the thickness of aggregate surfac
ing and other low type pavements for low vol
ume roads. 

There is a need for procedures to (a) evaluate 
the remaining structural pavement capacity in 
existing low volume roads and (b) design cost 
effective surface overlays for such roads. 

III. OBJECTIVES -

A. To analyze commonly used design standards 
for low volume roads with respect to their 
applicability, technical soundness and 
cost effectiveness for the low volume road 
situation. All standards that govern or 
control low volume road design should be 
examined, including but not limited to, 
the standards that affect design speed, 
road geometry, capacity, surfacing thick
ness, drainage and materials. 

B. To identify those standards that are inap
propriate for the low volume road situa
tion. 

C. To prepare a systematic approach and 
methodology for accumulating the necessary 
inforrr.ation and data base from which new 
and revised standards can be developed 
for those present standards that are deemed 
inappropriate for the low volume road 
situation. 

IV. CURRENT ACTIVITIES -

A. Highway Research in Progress areas 15, 22, 
23, 25 and 26 have been scanned in prepar
ing this statement. 

B. Suggested key words: low volume roads, 
design standards, design criteria, design 
speed, design capacity, traffic, road geo
metry, surfacing thickness, drainage 
design, and construction materials 

C. Related research activities: No known 
research activity that is making a unified 
assessment of the applicability of commonly 
used standards for low volume roads 

V. URGENCY - The overw~elming majority of roads 
in the United States are low volume roads. 
Every day, many more miles of low volume roads 
are being designed, and built and added to 
this system. It is urgent that the standards 
that control or govern the design of these 
roads be appropriate and cost effective. The 
existing standards should be analyzed to deter
mine their appropriateness and cost effective
ness. For those standards found to be lacking, 
steps should be taken to develop the necessary 
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data base and information so that more real
istic standards can be developed. 

PROBLEM NO. 75 - TASK FORCE A2T57 

I . NAME OF PROBLEM - SAFETY CRITERIA FOR LOW 
VOLUME, LOW SPEED ROADS 

II . THE PROBLEM - In the United States, the safety 
criteria for low volume, low speed roads are 
directly or indirectly traceable to four pub
lications -- (1) A Policy on Geometric Design 
of Rural Highways, AASHTO, 1965, (2) Highway 
Design of Operational Practices Related to 
Highway Safety, AASHTO, 1974, (3) Manual of 
Uniform Traffic Control Devices, FHWA, 1971 
and (4) Geometric Design Guide for Local Roads 
and St'reets, AASHTO, 19 71. The safety criteria 
contained in these publications may not be 
applicable or relevant because low volume, 
low speed roads are extremely cost sensitive. 
There is a need to specifically consider the 
safety requirements for roads carrying very 
low volumes of traffic at very low design 
speeds. For example, for a road with a design 
speed in the range of 10-15 mph and a projected 
traffic volume of around 100 ADT, a series of 
simple, direct questions could be asked: 

1 . How much, if any, clear roadside recovery 
area is needed? 

2. Assuming the road is aggregate surfaced, 
what factors should be used in determining 
stopping distances, resistance to skidding 
and superelevation requirements? 

3. What effect, if any, will a rough riding, 
aggregate surface have on vehicle control 
and driver safety? 

4. What are the warrants and design criteria 
for installing guardrail, guide posts, 
and bridge railing? Should they be 
installed at all? Where? 

5 . What should the requirements be for 
installing signs containing warning and 
regulatory messages? How high should 
they be? What size? Should break-away 
signs be required? 

Ignoring safety requirements for low volume 
roads has the potential of wasting the greatest 
resource of all -- human lives. On the other 
hand, to impose safety requirements on low 
volume roads that may be only applicable to 
higher type roads is wasteful of another 
important resource -- dollars. 

III. OBJECTIVES -

A. To analyze the commonly used existing 
safety guidelines, standards and require
ments with respect to their applicability 
and relevancy for roads having extremely 
low design speeds and traffic volumes. 
Existing safety guidance will be analyzed 
to determine whether such guidance is 
delivering the desired safety performance 
in a cost effective manner. 

B. To identify those safety guidelines, stand
ards and requirements that are deemed inap
propriate for low volume, low speed roads. 
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C. To prepare a systematic approach for accu
mulating the necessary information and 
data base from which new or improved safe
ty guidelines, standards and requirements 
can be developed. 

D. To recommend interim safety guidance cri
teria appropriate for low voltmle, low 
speed roads. Final safety guidance cri
teria will be developed from the analysis 
of information collected over a long time 
basis as shown in Number 3 above. 

IV. CURRENT ACT!VITIES -

A. Highway Research in Progress area 51 was 
scanned in preparing this statement. 

B. Suggested key words: low volume roads, 
low speed roads, safety standards, safety 
criteria, design speed, stopping distance, 
sight distance, driver response, guard
rail, guide posts, bridge railing, fixed 
objects, roadside recovery area. 

C. Related research activities: There is no 
known research activity which make an 
overall assessment of the applicability of 
present-day sc1fety e11inP11nP.s, standards 
and requirements for low volume, low speed 
roads. 

V. URGENCY - Imposing high type safety guidelines 
Rtanrlards and requirements on roads carrying 
extremely low volumes of traffic at very low 
speeds results in expenditures of public funds 
that may not be cost effective. At the same 
time, the expeuul Lures may not result in a 
road having any increased safety history or 
performance. Yet frequently legal restrictions 
prevent federal and state participation in low 
volume road construction or maintenance unless 
the existing safety standards and requirements 
are met. It is probable that many millions of 
taxpayer dollars have been and are continuing 
to be spent needlessly to achieve inappropriate 
safety requirements for low volume, low speed 
roads. It is urgent that this situation be 
thoroughly analyzed to prevent continued loss 
of these dollars and to take the necessary 
steps to produce cost effective safety benefits 
for low volume, low speed roads. 




