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Study 

The Use of Waste & 
Recycled Materials in 
Highway Construction 

Currently, while there is 
significant use of waste and 
recycled materials, each 
application must be thoroughly 
investigated to determine the 
optimal beneficial use and any 
negative impacts. 

WAYNE M. SHELBURNE & DON J. DEGROOT 

The amount of municipal solid waste 
generated in the Commonwealth of 
Massachusetts continues to grow and is 

a major concern for the state. In the 1994 Massa
chusetts Solid Waste Master Plan, the Massa
chusetts Executive Office of Environmental Af
fairs and Massachusetts Department of 
Environmental Protection (DEP) reaffirmed 
the goal of recycling and composting 46 per
cent of municipal solid waste generated within 
the commonwealth by the year 2000. Emphasis 
is being given to recycling because: 

• It conserves natural resources and energy; 
• It helps protect water and air quality by 

reducing the amount of waste that is land
filled or burned; and, 

• It helps drive economic development by 
stimulating manufacturing industries ca
pable of using the recyclable materials as 
raw material. 

A necessary component of achieving that recy
cling goal is to develop sustainable markets for 
waste and recycled materials that are diverted 
from traditional disposal methods such as 
landfilling. The transportation industry has 
been identified as such a market. While trans
portation agencies - such as the Massachu
setts Highway Department (MHD) - have 
been using waste and recycled materials 
(WRMs) in highway construction, many be
lieve that there is significant potential for much 
greater use. However, since WRMs are not 
common construction materials, there are con
cerns about their suitability and practicability 
for use in transportation applications. Specific 
issues of concern include physical and chemi
cal properties, constructability, quality control, 
field performance, long-term physical and 
chemical stability, and environmental impact. 

Classification of Waste & 
Recycled Materials 
The United States generates approximately 
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FIGURE 1. Estimated 1992 distribution of municipal solid waste in Massachusetts by weight. 

4,500 million tons of waste per year. This waste 
can be classified into four major groups based 
on their generation source:1 

• Domestic (200 million tons); 
• Industrial (400 million tons); 
• Mineral (1,800 million tons); and, 
• Agricultural (2,100 million tons). 

Domestic Waste. Domestic waste is com
posed mostly of household and commercial 
trash, of which approximately 62 percent is 
landfilled, 22 percent is recycled and 16 percent 
is burned.2 Many components of domestic 
waste can be recovered and used in manufac
turing new products - with paper, glass and 
plastics being the most common. Leaf and yard 
waste make up a significant portion of the 
waste stream, yet its disposal in landfills has 
been banned in many states in an effort to en
courage the processing of this waste material 
into compost. In many locations, wastewater 
sludge (or biosolid waste) is also diverted from 
landfills for processing into compost. 

Other sources of domestic waste - such as 
scrap tires - are more problematic. Approxi
mately 235 million tires are discarded annually, 
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of which approximately 80 percent are land
filled and 10 percent are burned for fuel. How
ever, in 22 states tires are not allowed in land
fills, which has led to the stockpiling of 
approximately 2 to 3 billion tons of scrap tires 
across the country. Stockpiled scrap tires pose 
health and environmental hazards, since they 
are breeding grounds for mosquitoes and vari
ous rodents and can often bum uncontrolla
bly.1 

In 1992, Massachusetts generated a total of 
6.4 million tons of municipal solid waste (see 
Figure 1), of which 47 percent was combusted, 
28 percent was composted or recycled, 19 per
cent was landfilled and 6 percent was ex
ported. As of 1992, Massachusetts had 122 ac
tive landfills and nine operating combustion 
facilities that processed 3 million tons of mu
nicipal solid waste.3 Massachusetts also gener
ates approximately 6 million scrap tires per 
year, with 5 to 10 million scrap tires already 
stockpiled as of 1993.4 

Industrial Waste . Various industrial pro
cesses - such as the production of metals and 
coal and the burning of coal for energy - pro
duce large amounts of waste. Some of the more 
common waste types are coal combustion by-



products, blast furnace slag from iron produc
tion, steel slag, recycled asphalt and concrete, 
foundry wastes and roofing shingle waste. Ap
proximately 100 million tons of recycled pav
ing materials and 70 million tons of coal ash are 
generated each year, with approximately SO 
percent and 25 percent, respectively, of these 
materials being reused.1 Blast furnace slag and 
steel slag are typically recovered and sold in ar
eas where iron and steel are produced. Waste 
foundry sand consists of natural sand that is 
used as molds for metallic castings, while roof
ing shingle waste consists of scrap material left 
over from the production of shingles and from 
construction and demolition. 

Mineral Wastes . Mineral wastes are pro
duced from mining processes, including waste 
rock from surface mining operations, mill tail
ings from ore concentration processes, quarry 
waste from stone washing and screening at 
quarries, and coal refuse from the cleaning of 
coal. The largest fraction of these wastes is 
waste rock, with approximately 1,000 million 
tons generated per year.1 Mineral wastes are 
usually used as stone fill for embankments, rip
rap and subbase. However, their use is gener
ally limited to the area of their production be
cause of prohibitive transportation costs to 
ship them elsewhere. 

Agricultural Waste. Crop wastes, animal ma
nure, lumber and wood wastes, and other or
ganic wastes make up the largest fraction of 
this waste stream. Of these wastes, the largest 
component generated is animal manure (at ap
proximately 1,600 million tons per year) .1 Al
though agricultural wastes have limited appli
cation in highway construction, animal 
manure and crop wastes can be used as a soil 
amendment (i.e., compost) for roadsides. Wood 
waste can be used for mulch and has been used 
experimentally as lightweight embankment 
fill. As is the case for mineral wastes, transpor
tation costs are the major barrier to increased 
use of these waste materials. 

Recycling Waste Materials 
Recycling is one of the primary ways of reduc
ing the volume of waste that needs to be dis
posed. It has been stro!)-gly encouraged by fed
eral, state and local governments because it is 
believed to conserve natural resources and 

help protect the environment through reduced 
landfilling and incineration of waste. While 
there is some controversy regarding the cost ef
fectiveness of these benefits,5,6 it is clear that 
landfill area is becoming scarce. During the 
coming decade, many landfills will be closed 
due to a lack of the proper liner systems that are 
required by recently promulgated federal and 
state regulations; and it has become increas
ingly difficult to site new landfills. These prob
lems have created the need for a plan to reduce 
the amount of material landfilled per year. 

For example, the 1994 Massachusetts Solid 
Waste Master Plan called for the recycling and 
composting of solid waste to reach 46 percent, 
combustion to increase to no more than SO per
cent, and landfilling to diminish from 42 per
cent to 4 percent by the year 2000.3 These types 
of waste disposal goals are being met with help 
from legislative acts requiring recycling and 
the use of recycled materials, technical and fi
nancial assistance for recycling, and voluntary 
incentives for businesses to use recycled prod
ucts. Out of the 351 municipalities in Massa
chusetts, 341 have a recycling program,3 in
cludin~ 251 communities that compost their 
leaves. While significant achievements have 
been made to reach federal and state recycling 
goals, attaining the future goals will require a 
greater effort, including the development and 
expansion of markets such as highway con
struction using waste materials. 

Federal & Massachusetts 
Regulations 
As indicated above, state and federal regula
tions have played a key role in the recycling of 
waste materials and their potential use in high
way construction. Although there has been a 
general increase in recent years in public 
awareness and concern over the impact of 
waste disposal on the environment, most waste 
reduction and recycling programs in the pri
vate and public sectors historically have been 
reactive rather than proactive - that is, indi
viduals and businesses are often recycling 
waste materials because federal and state regu
lations require or strongly encourage them to 
do so. At the federal level, the 1976 Resource 
Conservation and Recovery Act and the 1984 
Hazardous and Solid Waste Amendments pro-
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TABLE 1. 
Current & Potential Uses for Waste & Recycled Materials in Highway Construction 

Waste & Recycled Material Current & Potential Appl ications 
Recycled Asphalt Cement Asphalt cement concrete aggregate; Portland cement concrete 
Concrete aggregate; aggregate for base and subbase; embankment fill 
Recyc led Portland Cement Asphalt cement concrete aggregate; Portland cement concrete 
Concrete aggregate; aggregate for base and subbase; embankment fill; rip-rap 
Coal Combustion Fly Ash Asphalt cement concrete; Portland cement concrete; rol ler compacted 

concrete; flowable fill ; road base stabilization, embankment fill · 

Coal Combustion Bottom Aggregate for base and subbase; lightweight Portland cement concrete 
Ash aggregate; sandblasting; embankment fill ; deicer 
Scrap Tires (Crumb Rubber) Asphalt cement binder; crack sealant; stress absorbing membrane 

interlayer; railroad crossing mats; Portland cement concrete aggregate 
Scrap Tires (Shredded) Base course insulator; embankment fill ; retaining wall backfil l; blasting 

mats; noise walls; retaining wall blocks 
Plastics Asphalt cement concrete aggregate; Portland cement concrete 

aggregate; drain pipes; del ineator posts; cones; fences; barrels; noise 
walls; miscellaneous construction items; guardrail offset blocks; speed 
bumps; sign blanks; car stops; plastic lumber; geotextiles 

Glass Asphalt cement concrete aggregate; Portland cement concrete 
aggregate; base course aggregate; drainage aggregate; embankment 
fill ; traffic paint 

Compost Topsoi l upgrading; turf establishment; landscaping; weed control ; 
erosion control ; siltation control 

Blast Furnace Slag Asphalt cement concrete aggregate; Portland cement concrete 
aggregate; base course aggregate; deicer; embankment fill 

Steel Slag Asphalt cement concrete aggregate; Portland cement concrete 
aggregate; base course aggregate; friction aggregate; blasting grit; 
embankment fill 

Foundry Sand Asphalt cement concrete aggregate; Portland cement concrete 
aggregate; flowable fill ; deicer; embankment fill 

Shingles Asphalt cement concrete; cold patch 

moted waste reduction through reuse and re
cycling. The 1991 Intermodal Surface Transpor
t a ti on Efficiency Act (ISTEA) originally 
required specific quantities of crumb rubber in 
asphalt but has since been rescinded in the face 
of significant opposition from state depart
ments of transportation (DOTs). The federal 
Environmental Protection Agency's (EPA) 
Comprehensive Guideline for Procurement of Prod
ucts Containing Recovered Materials presents 
specific guidelines for the purchase and/ or re
use of many materials that can be used in high
way construction - such as fly ash, blast fur
nace slag, plastic products and compost. These 
guidelines must be used by federal procuring 
agencies and those governing bodies that re-

ceive federal funds when spending more than 
ten thousand dollars per year on a single item. 
In Massachusetts, the most significant legisla
tive item is Section 71 of the 1994 Transporta
tion Bond Bill that specifically requires the 
MHD to report to the governor and the legisla
ture on its past, current and future use of waste 
and recycled materials. 

Applications for Waste & Recycled 
Materials in Highway Construction 
Table 1 summarizes some of the many current 
and potential applications for WRMs in high
way construction. While some of these applica
tions have long been common practice, others 
are still considered experimental. In fact, in 
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some cases, it may eventually be shown that 
some of these applications are inappropriate. 

Recycled Asphalt Cement Concrete. Recycled 
asphalt cement concrete or pavement (RAP) 
consists of old asphalt road surfaces that are 
milled away prior to repaving operations. Sig
nificant quantities of RAP are produced each 
year, and its reuse in highway construction has 
been common for many years. It is typically re
cycled into new asphalt pavement (hot in-place 
recycling) or grinded into a homogeneous mix 
and used in place as a base course (cold in-place 
recycling). When reused as an aggregate for 
new asphalt cement concrete, typical percent
ages used range from 15 to 50 percent (by 
weight) . In addition to these quantity limits, 
the quality of the RAP source is very important 
(i .e., whether from better quality mix design in
terstate highway versus lower quality mix de
sign secondary roads) . Typically, RAP is tested 
for such properties as gradation, asphalt con
tent and viscosity, and, in some cases, additives 
may be used to bring the RAP to within specifi
cations. 

Recycled Portland Cement Concrete. Recycled 
Portland cement concrete (RPCC) from pave
ment and demolition debris is often used in 
highway construction for several applications. 
RPCC that has been removed from sites and 
processed (to remove reinforcing steel and to 
break it down into a suitable gradation) can be 
used as an aggregate source for Portland ce
ment concrete, asphalt cement concrete, base 
and subbase (up to 100 percent) in new road 
construction, embankment fill and rip-rap. It is 
not recommended for use in Portland cement 
concrete that will be used in structural applica
tions (for example, bridge decks, abutments, 
etc.) because of concerns about the presence of 
deleterious materials and reduced compres
sive strength.8 

For other applications, the processed aggre
gate typically must meet the same specifica
tions (for example, gradation, Los Angeles 
abrasion, etc.) as natural aggregates for the in
tended use. In some of the more densely popu
lated regions of the country, RPCC is the major 
source of base course material because of de
pleted sources of natural aggregates and high 
hauling costs. For example, in the New York 
metropolitan area, nearly all material placed as 

subbase for state highways consists of RPCC.9 

Existing Portland cement concrete roads can 
also be fractured or crushed in place and com
pacted to serve as a base material for new as
phalt cement concrete. This practice provides a 
particular benefit because it reduces construc
tion costs for the removal and transportation of 
the waste concrete. 

Coal Combustion Fly Ash. Fly ash is the finer
grained waste material that is recovered from 
flue gases during coal combustion. It is a poz
zolon; therefore, when mixed with calcium and 
water, it will develop cementitious com
pounds. As a result, fly ash has long been used 
as a beneficial additive to Portland cement con
crete as a substitute for Portland cement (typi
cally 15 to 30 percent by weight) . In fact, the 
American Society for Testing and Materials 
(ASTM) has developed standards for the use of 
fly ash in concrete. Fly ash is also a common in
gredient in controlled density fill (i.e., flowable 
fill) in quantities ranging from approximately 
10 to 100 percent (by weight) and is also used in 
roller-compacted concrete and for soil stabili
zation. 

Scrap Tires . The use of scrap tires in highway 
construction is one of the most controversial 
uses of waste and recycled materials. Ground
up scrap tires with the steel belt removed 
(known as crumb rubber) can be used as an ag
gregate in new asphalt (dry method) or, when 
heated, as a binder in new asphalt (wet 
method). It has been used successfully for over 
fifteen years in certain parts of the country (for 
example, in Arizona) and is reported to result 
in longer pavement life due to decreased ther
mal cracking, potholing, deformation and re
flective cracking. It can also result in reduced 
driving noise due to the resilient nature of the 
rubberized asphalt. 

However, critics of the use of crumb rub
ber in asphalt claim that its use involves a 
substantial increase in cost over conventional 
pavement mixes and can cause unacceptable 
air emissions during mixing and placement. 
ISTEA stipulated minimum percentages of as
phalt containing recycled rubber that can be 
used on all federally funded highway construc
tion. States that failed to satisfy these minimum 
requirements would have had a percentage of 
their federal highway apportionments with-
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held. Many state DOTs strongly opposed these 
requirements due to technical and economic 
concerns, and, as a result, Congress repealed 
this provision in the 1995 National Highway 
System Act. Some states have been success
fully experimenting with lower rubber con
tent and smaller rubber particles in crumb 
rubber modified asphalt than that originally 
mandated in ISTEA. For example, the Florida 
DOT has been using only 12 percent rubber 
(maximum nominal 40-mesh) by weight of as
phalt cement in its open-graded surface mix
tures and 5 percent (maximum nominal 80-
mesh) in its dense-graded mixtures. While the 
initial cost for using the rubber asphalt is 
higher, Florida DOT feels that this increase is 
offset by improved performance of the high
way and the salvaging of tons of waste tires 
from landfills. 10 

Shredded tires (without the belt removed) 
have been used as backfill material for roads, 
embankments and retaining walls. The scrap 
tires act as a lightweight, easy-draining backfill 
material and provide an insulating layer 
against frost penetration when used as a base 
or subbase aggregate.11,12 These applications 
offer the potential to use significant quantities 
ofscrap tires since, in some cases, up to 100 per
cent of the fill is made of scrap tires. 

Concerns have been raised over the poten
tial for the leaching of contaminants from the 
tires to ground water. Therefore, some practi
tioners recommend using scrap tires only in the 
unsaturated zone. A more recent problem has 
risen in Washington state where two embank
ment fills made of scrap tires caught fire . The 
problem required the excavation and removal 
of the tire fill under difficult conditions and at 
considerable expense. It is still uncertain what 
the causes of the fires were, but one theory was 
that exothermic reactions may have been pro
ducing heat, which led to the oxidation of the 
steel belts and to microbial action on tire rub
ber.13 

Scrap tires are one of the country's major 
waste disposal problems, and many have 
looked to the highway construction industry as 
a strong market for their reuse. While, in some 
cases, their use has proved to be successful, it is 
also apparent that there are still problems. 
·Many organizations and universities are ac-
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tively conducting research on the use of scrap 
tires, and it is likely that within the next decade 
the most appropriate uses of scrap tires in high
way construction will be identified. 

Plastic. Recycled plastic has many applica
tions for highway construction, especially for 
non-structural items such as cones, barrels, de
lineator posts, rebar chairs, guardrail offset 
blocks, car stops, etc. The use of temporary 
fencing made from recycled plastic for con
struction site safety and snow fencing recently 
has become common practice. Plastic lumber 
has been in use for several years in non
structural applications (for example, picnic 
benches, landscape timber, etc.), in part be
cause it has a much higher life expectancy than 
ordinary lumber. Plastic lumber is less suscep
tible to rotting and insect infestation, is more 
durable, does not splinter and is not considered 
to be 1\azardous material. It also can be recy
cled, unlike pressure-treated wood. In recent 
years, significant advances have been made in 
the structural properties of plastic lumber, 
making its use beyond non-structural applica
tions more promising. ASTM is currently de
veloping standard specifications for plastic 
lumber products. Designers have also been ex
perimenting with the use of recycled plastic 
content piles in marine environments where 
treated wood piles have not performed satis
factorily due to problems with rot and marine 
life (such as marine-borer worms). 

Glass. Mixed-colored recycled glass that is 
ground into cullet can be used as aggregate for · 
many applications including asphalt cement 
pavement, pipe backfill, embankment fill and 
in reflective traffic paint. Glasphalt - asphalt 
cement concrete containing processed glass ag
gregate (PGA) - has been successfully used in 
the United States and Canada on low-volume 
or low-speed roads. Experience shows . that 
PGA in asphalt cement pavement is acceptable 
up to a maximum of 15 percent by total aggre
gate weight, but should not be used in wearing 
or surface courses.14 

Compost. The major application of compost 
. is along highways as mulch, blended topsoil re

placement, commercial fertilizer supplement 
and as a soil amendment. The compost is 
mostly derived from leaf and yard waste, but 
may also be produced from other fractions of 



iD States That Responded 

FIGURE 2. States that responded to the DOT questionnaire on WRM use. 

the municipal solid waste stream. In addition, 
it may be derived from agricultural waste (ma
nure and crop residues) and domestic 
wastewater sludge (biosolids). Recently prom
ulgated federal and state regulations ban the 
disposal of leaf and yard waste in landfills, and 
as a result many towns and cities have separate 
stockpiles for leaf and yard waste that can serve 
as a source of compost. Furthermore, the 
number of municipal biosolids composting fa
cilities has grown significantly in recent years to 
over 200 facilities as of 1994.15 The use of com
post in highway construction is becoming in
creasingly common because of concerns over 
the depletion of natural topsoil and the fact that 
leaf and yard waste, as well as wastewater 
sludge, represent a significant portion of the 
waste stream. However, concerns over the qual
ity of compost have been a deterrent to its use. 
As a result, several organizations (for example, 
the Council of Northeastern Governors) have 
been active in the past years in developing stan
dards for the use of compost in highway con
struction applications. 

Blast Furnace & Steel Slag. Blast furnace and 
steel slag are waste products of iron and steel 
production, respectively. Blast furnace slag 
consists primarily of silicates and alumino
silicates of lime, while steel slag contains fused 
mixtures of oxides and silicates such as cal
cium, iron, unslaked lime and magnesium. 
Their most common use is as an aggregate for 
base courses, asphalt cement concrete and 
Portland cement concrete. Air-cooled blast
furnace slag in particular has been a well ac
cepted source of aggregate for many years.1 

Others . Many other WRMs have been used, 
or are currently in experimental use, for high
way construction. Flowable fill, which has be
come a very popular replacement for com
pacted soil in trench excavations, has typically 
contained fly ash and there are now experi
ments being conducted using waste foundry 
sand as the aggregate. Pre- and post-industrial 
shingle waste have been ground and added to 
the drum-mix during the production of asphalt 
cement concrete. Most waste metals, particu
larly steel and aluminum, are recovered and re-
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TABLE 2. 
Number of State DOTs Actively Using Waste & Recycled Materials 

Number of State DOTs Number of State DOTs With 
Waste & Recycled Material Actively Using Specifications 
Recycled Asphalt Cement Concrete 40 34 
Recycled Portland Cement Concrete 32 31 
Coal Combustion Fly Ash 32 30 
Scrap Tires 31 23 
Blast Furnace Slag 19 21 
Glass 14 13 
Steel Slag 13 15 
Plastic 13 4 
Paper 8 5 
Compost 6 4 
Roofing Shingles 5 2 
Others 7 . 3 

Notes: These data were taken from a survey that was conducted in 1995. The total number of responses to the survey was 42 states . . 
used for the production of new metal products. 
Other WRMs that have potential for highway 
construction include carpet fiber waste, 
petroleum-contaminated soils, municipal solid 
waste incineration ash, paper products and 
wood waste. 

Current State Departments of 
Transportation Use 
In 1995, a questionnaire requesting informa
tion on the use of, and specifications for, vari
ous WRMs in highway construction was sent 
to all fifty state DOTs. Responses were received 
from 42 states as shown in Figure 2 ( on page 11). 
The questionnaire data reveal that most states 
are actively using and experimenting with 
WRMs (see Table 2 and Figure 3), with some of 
the most commonly used WRMs being: 

• Recycled asphalt cement concrete; 
• Recycled Portland cement concrete; 
• Coal combustion fly ash; and, 
• Scrap tires. 

Many states have developed specifications for 
the use of these WRMs and for other less com
monly used WRMs. Typically, the number of 
states using a WRM is greater than those that 
have specifications due to the fact that most 
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state DOTs prefer to develop a significant level 
of experience with a material before approving 
a specification. 

In addition, some items (such as plastic 
products) generally do not have standard 
specifications but rather are part of an ap
proved products list that state DOTs develop to 
indicate specific manufactured items that are 
allowed to be used on their construction proj
ects. In terms of applications (see Table 3), the 
most common use of WRMs is as an aggregate 
in base and subbase layers, and in asphalt and 
Portland cement concrete. 

When analyzed by geographic region, the 
northeast appears to be the most active in the 
use of WRMs in highway construction, with 
the level of activity decreasing towards the 
west and south. This distribution may be due 
to the higher population densities and older 
infrastructure generally found in the north 
and east, which lead to higher disposal costs 
and a consequent increase in motivation to re
cycle. In addition, some WRMs have strong re
gional usage. For example, blast furnace slag 
is almost exclusively used in the northern and 
eastern regions (where most of the nation's 
iron is produced). Additional details on the 
survey and its results are presented in De
Groot et al.16 
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FIGURE 3. Most common WRMs used in highway construction by state DOTs. 

Current Massachusetts Highway 
Department Specifications 

All MHD construction practices and materials 
typically must conform to standard specifica
tions issued by the department. The most re
cent version of these specifications include the 
1988 Standard Specifications for Highways and 
Bridges (the so-called "blue" book) and its 1994 
Supplemental Specifications for Highways and 
Bridges. MHD has been actively involved in the 
use of WRMs in their construction and mainte
nance operations, and currently has specifica
tions for: 

• Recycled asphalt cement concrete for use 
as an aggregate in new asphalt cement 
concrete ( up to 40 percent by weight of ag
gregate depending on the process used) 
and as a base course material (up to 100 
percent if it meets the physical properties 
required of virgin aggregates); 

• Fly ash in Portland cement concrete (sub
stitute up to 15 percent cement by weight), 

and controlled density fill (varying per
centages depending on intended use); 

• Processed planting material (i .e., com
post); and, 

• Processed glass aggregate (up to 10 per
cent by weight of aggregate in new as
phalt cement concrete and subbase). 

MHD has also used other WRMs that have not 
yet had specifications approved or that are still 
considered experimental - including scrap 
tires for crumb rubber modified asphalt ce
ment concrete and stress absorbing membrane 
interlayer, compost, recycled Portland cement 
concrete, plastic lumber, blast furnace slag and 
guardrail offset blocks. 

In addition to the standard specifications, 
the MHD's Research and Materials Division 
compiles a list of approved materials, products 
and manufacturers or suppliers that can be 
used by contractors and project managers on 
state highway construction projects. The ap
proved products list covers many miscellane
ous construction items that can contain a recy-
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TABLE 3. 
Most Common Applications of WRMs Base on State DOT Use 

Waste & Recycled Material Application Number of State DOTs Using 
Recycled ACC ACC aggregate 36 
Coal Combustion Fly Ash PCC 23 
Recycled PCC Aggregate for base, subbase, etc. 22 
Recycled ACC Aggregate for base, subbase, etc. 13 
Scrap Tires (Cru mb Rubber) ACC binder (wet process) 13 
Recycled PCC PCC aggregate 8 

Glass ACC aggregate 8 

Glass Base course aggregate 8 
Sc rap Tires (Crumb Rubber) ACC aggregate (dry process) 8 

Blast Furnace Slag PCC aggregate 7 

Blast Furnace Slag ACC aggregate 7 

Coal Combustion Fly Ash ACC 7 

Recycl ed PCC ACC aggregate 6 
Steel Slag Asphalt cement concrete 6 

aggregate . 
Compost Topsoil upgrading, turf 5 

establishment, & landscaping 

Notes: These data were taken from a survey that was conducted in 1995. The total number responses to the survey was 42 states. 
ACC = asphalt cement concrete; PCC = Portland cement concrete. 

cled content - including joint sealers and 
fillers, traffic attenuators, traffic cones, high
way workzone barrels, sign posts and flexible 
delineator posts. 

Other organizations in Massachusetts are 
also actively involved in the use of WRMs in 
highway construction and maintenance. The 
Massachusetts Turnpike Authority has been 
using animal manure for a number of years as 
a soil amendment. The manure is first tested 
for basic organic/nutrient content to deter
mine if any additives need to be used to im
prove the source material (for example, lime to 
increase pH), then it is mixed with a sandy soil 
and stockpiled for use as a direct soil amend
ment or as a soil bed amendment. Many town 
departments of public works in the comon
wealth have also been active in the use of 
WRMs, with the most common ones involving 
the use of recycled asphalt pavement, recycled 
plastic items such as cones and barrels, com
post, and scrap tires for asphalt pavement and 
stress absorbing membrane interlayer. In 
many cases, the towns refer to MHD's stan-
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dard specifications when specifying these 
items in contract bids. 

Summary & Conclusions 
In the 1994 Massachusetts Solid Waste Master 
Plan, the Massachusetts Executive Office of 
Environmental Affairs and DEP reaffirmed 
the goal of recycling and composting 46 per
cent of municipal solid waste generated 
within the state by the year 2000. A necessary 
component of achieving this goal is to develop 
sustainable markets . for waste and recycled 
materials that are diverted from traditional 
disposal methods such as landfilling. The 
transportation industry has been identified as 
such a market. Some waste materials such as 
recycled asphalt cement concrete have been 
successfully used for years by transportation 
agencies, and many others have the potential 
to be used in significant quantities. However, 
it is important to recognize that most WRMs 
are not common construction materials. Each 
must be carefully investigated through labo
ratory testing and field trials to evaluate their 



physical and chemical properties, environ
mental impact, constructability, and initial and 
life-cycle costs. 

Results from a survey of state DOT practices 
show that many states are actively using and 
experimenting with waste and recycled mate
rials in their highway construction and mainte
nance programs. The most common applica
tion for waste materials is as an aggregate in 
base and subbase layers, and in asphalt and 
Portland cement concrete. Some of the most 
commonly used waste and recycled materials 
are recycled asphalt cement concrete, recycled 
Portland cement concrete; coal combustion fly 
ash and scrap tires. Of these materials, scrap 
tires use is still controversial because of both 
technical and cost concerns. As a result, many 
organizations are actively investigating the use 
of scrap tires in highway construction, and it 
may be sometime before the issues of concern 
regarding its use are resolved. 

Some materials - such as blast furnace slag 
and steel slag - have strong regional usage in 
and around where these waste materials are 
generated. Other materials - such as glass, 
plastics and compost - are becoming increas
ingly common, with many state DOTs recently 
adopting standard specifications for their use. 
Of these materials, compost has the greatest 
potential for growth since the waste material it 
is produced from (i .e., yard waste, biosolids, 
animal manure, etc.) is a significant portion of 
the waste stream and because it has many po
tential applications in the establishment and 
maintenance of vegetative growth along high
way rights-of-way. 

ACKNOWLEDGMENTS - This article is based on 
a study that was coordinated by the Massachusetts 
Highway Department (MHD) and was funded by 
the Massachusetts Executive Office of Environmen
tal Affairs and the Department of Environmental 
Protection (DEP). The authors are grateful for this 
support and especially for assistance from individu
als at DEP, MHD and the University of Massachu
setts Transportation Research Center who contrib
uted valuable information and assistance to the 
project. The authors also acknowledge their col
league Professor Michael S. Switzenbaum for his as
sistance. The views, opinions and findings con
tained herein are those of the authors and do not 

necessarily reflect the official views or policies of the 
MHD or the Massachusetts DEP. 

WAYNE M. · SHELBURNE received 
his B.S. in Civil Engineering from 
Worcester Polytechnic Institute in 
1993 and his M.S . in Geotechnical 
Engineering from the University of 

Massachusetts-Amherst in 1996. He is currently 
working on his doctoral degree at UMass-Amherst 
on contaminant transport in glacial till. The work is 
part of a large, interdisciplinary research project fea
turing field soil and groundwater sampling, in-situ 
testing, laboratory testing and analysis, and mathe
matical modeling. 

DON J. DEGROOT is an Associate 
Professor in the Department of Civil 
and Environmental Engineering at 
the University of Massachusetts
Amherst. He received his M.S. and 

Ph.D. in Geotechnical Engineering at the Massa
chusetts Institute of Technology in 1985 and 1989, 
respectively. His teaching and research experience is 
primarily in the area of soil behavior and environ
mental geotechnics with special emphasis on labora
tory and field measurements for site characteriza
tion programs. He has received several awards for 
his teaching and research work, including the James 
L. Tighe Civil Engineering Distinguished Teaching 
Award, United Technologies Corporation Out
standing Laboratory Teaching Award and the Re
search Council of Norway Guest Researcher Fellow
ship. 

REFERENCES 

1. Collins, R.J., & Ciesielski, S.K., Synthesis of High
way Practice 199: Recycling and Use of Waste Materials 
and By-Products in Highway Construction, National 
Cooperative Highway Research Program Transp<;>r
tation Research Board, Washington, D.C., 1994. 

2. United States Environmental Protection Agency, 
Characterization of Municipal Solid Waste in the United 
States: 1994 Update, EPA 503-S-94-042, November 
1994. 

3. Massachusetts Department of Environmental Pro
tection, Massachusetts Solid Waste Master Plan, 
August 1994. 

4. Ansheles, CJ., & Sikora, M.B., "A Model Ap
proach for Scrap Tire Management in the NEWMOA 

CIVIL ENGINEERING PRACTICE SPRING/SUMMER 1998 15 



States," Northeast Waste Management Officials' As
sociation, August 1993. 

5. Tierney, J., "Recycling Is Garbage," New York Times 
Magazine, June 30, 1996. 

6. Denison, R.A., & Ruston, J.F., "Anti-Recycling 
Myths," Environmental Defense Fund, New York, 
NY, 1996. 

7. Massachusetts Department of Environmental Pro
tection, DEP Composting Program, 1994. 

8. Kim, KW., Lee, B.H., Park, J.S., & Doh, Y.S., "Per
formance of Crushed Waste Concrete as Aggregate 
in Structural Concrete," Utilization of Waste Materials 
in Civil Engineering Construction, American Society 
of Civil Engineers, 1992. 

9. Wheeler, J.J., "Waste Materials in Highway Con
struction: Lessons from New York State," TR News, 
Transportation Research Council, Number 184, 
May-June 1996. 

10. Smith, L.L., "Wasting No Time: Florida's History 
of Successful Recycling for Transportation," TR 
News, Transportation Research Council, Number 
184, May-June 1996. 

16 CIVIL ENGINEERING PRACTICE SPRING/SUMMER 1998 

11. Whetten, N., Weaver, J., Humphrey, D., & Sand
ford, T.,. "Rubber Meets the Road in Maine," Civil 
Engineering, ASCE, September 1977. 

12. Humphrey, D.N., "Tire Chips: A New Road
Building Geomaterial," TR News, Transportation Re
search Council, Number 184, May-June 1996. 

13. Boyd, N., "Untiring Effort: Washington State's 
Response to Recent Recycling Snag," TR News, 
Transportation Research Council, Number 184, 
May-June 1996. 

14. Bloomquist, D., Diamond, G., Oden, M., Ruth, B., 
& Tia, M., Engineering and Environmental Aspects of 
Recycled Materials for Highway Construction, United 
States Environmental Protection Agency, Cincin
nati, 1993. 

15. Goldstein, N., Riggle, D., & Steuteville, R., "Bio
solids Composting Strengthens Its Base," Biocycle, 
Vol. 35, No. 12, 1994. 

16. DeGroot, D.J., Shelburne, W.M., & Switzenbaum, 
M.S., Use of Recycled Materials and Recycled Products in 
Highway Construction, Final Report, University of 
Massachusetts Transportation Research Center, Am
herst, Mass., 1995. 



Design Considerations 

Dredging Design & 
Hydrographic Surveying 

Automated hydrographic 
surveying presents a more 
accurate means of acquiring 
data needed for the design of 
navigational channels and other 
dredging projects. 

JOHN A. DERUGERIS 

Navigation projects essentially build 
roads, or channels, within a waterway 
to allow the passage of vessels during 

all or most tidal cycles. The design of naviga
tion channels incorporates several critical fac
tors . Channel widths and depths vary im
mensely depending on the size and number of 
vessels for which they are intended. For in
stance, a channel leading into a small marina 

· may only need to be 50 feet wide and 6 feet 
deep, whereas a channel into an oil terminal 
may need to be 600 feet wide and 40 feet deep. It 
is important to remember that the shallowest 
point in any part of a waterway becomes the 
controlling depth for the entire channel. 

When a channel is designed or improved, its 
configuration is also of significant importance. 
The alignment should always be as straight as 
the topography will allow. Turns, especially 
sharp turns, should be kept to a minimum. A 

mariner cannot see the channel outline since it 
is beneath the water, and generally has only a 
few navigation markers and possibly a chart 
for guidance. Since boats swing and rotate as 
they tum, it is also important to consider that 
turning points need to be wider than the chan
nel itself. Generally, "short-cutting" the inside 
comer provides sufficient turning area. 
· When considering channel width, it must be 
determined how easily boats will be able to 
pass in opposite directions. The designer must 
keep in mind that conditions - such as fast 
currents, rain, fog and heavy seas - will re
duce a mariner's ability to control a vessel in a 
confined area. The design requirements of rec
reational and commercial waterways normally 
fall within known parameters. However, when 
designing or modifying channels that handle 
heavy shipping traffic, the task is far more criti
cal. In these cases, traffic and other navigation 
conditions are often modeled using computer 
simulations that will graphically display the 
conditions a vessel might expect to encounter 
in a variety of situations. 

Design channel depth is always based on the 
low water elevation as established by the Na
tional Oceanic and Atmospheric Administra
tion (NOAA), and is determined by taking the 
sum of several factors. Some of the factors that 
are considered are: 

• The draft of the vessels for which the 
channel is intended; 

CIVIL ENGINEERING PRACTICE SPRING/SUMMER 1998 17 



TABLE 1. 
Typical Dredging Costs (1997) 

Dredging Method Dredged Material 

Maintenance Dredging Loose Sand or Mud 
(Bucket or Hopper) 

Bucket or Hydraulic Sand or Gravel 

Hydraulic Excavator Shale, Rock (Ripped) 

Bucket Lightly Contaminated Silt 

Bucket Lightly Contaminated Silt 

Hydraulic Excavator Rock 
(Drill & Blast) 

Bucket/Hydrau I ic Contaminated Silt 

• An allowance for clearance from the keel 
of the intended vessels to the dredged bot
tom; 

• An allowance for astronomical low tides; 
• An allowance for sea state (waves); 
• An allowance for shoaling; and, 
• An allowance for inaccuracies in the 

dredging process (overdepth) . 

Another major design and planning issue of 
any navigation project is the cost, which must 
be weighed against the economic benefits that 
will be derived from the project. Costs are re
lated to the size, type and availability of dredg
ing equipment, the character of materials to be 
dredged and the disposal requirements. For ex
ample, a deep-water channel that is accessible 
to large dredging equipment will be less expen
sive to dredge per unit cost than a site that has 
only a few feet of flotation available, thereby 
limiting it to smaller equipment. General 
equipment access issues that significantly im
pact costs are: 

• Bucket dredged channels less than 100 
feet wide; 

• Bucket or hopper dredged channels less 
than 12 feet deep; 

• Hydraulic dredging projects requiring 
pipelines over 6,000 feet in length; 

• Hydraulic dredging projects with less 
than 4 feet of draft available; 

Cost 
Channel Depth Disposal Method ($/cubic yard) 

Deep Draft Offshore 3.S0 

Moderate Draft Inshore 7.S0 

Moderate Draft Inshore 25.00 

Moderate Draft Landfill 30.00 

Moderate Draft Stabilize with Cement 50.00 

Moderate Draft Inshore 75-100 

Moderate Draft Confined or Resource 100-1,000 
Conservation Recover 
Act (RCRA) 

• Waterways with bridge restrictions under 
60 feet in height or width; and, 

• Hydraulic or bucket dredging projects ex
posed to fast currents, swells or heavy 
seas. 

The nature of the materials to be dredged 
also affects both the excavation and the dis
posal costs. For example, silt is very inexpen
sive for a dredge to excavate, and can be 
pumped much longer distances, but is far more 
costly to contain, dewater and dispose. Con
versely, hard packed sand and/ or gravel can be 
more expensive to excavate and will cause se
vere wear on parts, but has many potential re
uses (including possible resale) . 

Glacial till and ledge rock can escalate costs 
of a navigation project dramatically. Ledge 
rock normally requires drilling and blasting, 
which may be frowned on by environmental 
groups, especially if the blasting is near the 
habitats of any endangered species. If the rock 
is fractured or if boulders in glacial till are not 
too large, hydraulic excavators can sometimes 
be employed to rip and otherwise excavate 
these materials without blasting. Sand, gravel 
and rock rarely contain significant levels of 
contaminants, therefore their reuse and dis
posal options are far less restricted. Some of 
these costs can be offset by processing the ma
terials and selling them. However, the success 
of such activities requires experience in mining 
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and quarrying operations, 
and the availability of space 
for processing . Table 1 
shows typical dredging 
costs in 1997. 

The overdepth and side 
slopes of a dredged channel 
are also important design 
considerations (see Figure 
1) . Overdepth is an in
creased depth allowance 
that compensates for natural 
inaccuracies inherent in the 
dredging process. The over
depth is usually predicated 
on the size of the dredge to 
be employed and the "sea
sta te" conditions under 
which it must operate. With 
very little exception, any 
dredging process leaves 
"ridges" in the finished bot
tom. Depending on the 
equipment, the height of 
these ridges can range from 
6 inches to 2 feet. 

The finished channel 
depth - and, thus, the con
trolling depth - is based on 
the tallest peak of the ridges 
(see Figures 1 and 2). The 
valleys between these ridges 
then become excess dredg
ing. This additional dredg
ing is not wasted, however, 
because these pockets act as 
a limited storage area for fu
ture shoaling. In fact, in ar
eas of highly concentrated 
shoaling accumulation 
larger pockets ( or basins) are 
sometimes excavated to pro
vide additional storage. 

The steepness of a side 
slope is a function of: 

• The stability of the na
tive soils; and, 

• The rate of sediment ac
cumulation at the toe of 
the slope. 

....... -----(6) 
- --'~---(5) 

--- - - -(4) 

------(3) 

------(2) 

:::=I'~~:---- (1) 

(6) Sea State 1 .0 ft 
(5) Boat Draft 4.0 ft 
(4) Extreme Low Tides 0.5 ft 
(3) Overdepth 1 .0 ft 
(2) Shoaling 0.5 ft 
(1) Controlling Depth 7.0 ft 

FIGURE 1. Determining channel depth. 
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FIGURE 2. Typical fathometer chart readout showing ridges. 
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Initial Box Cut 

3 :1 Side Slope 

cantly between sections. 
taken as close as 10 feet 
apart. The density of the 
soundings are a governing 
factor in determining the ac-

Made by Dredge\ 

(Design Depth) /- __ - curacy of the finished work 
product (i.e., a tight grid of 5 
feet by 5 feet will yield a 
more accurate picture of the 
slope than a grid of 25 feet by 
10 feet). Furthermore, in or
der to accurately define 
steep slopes, the surveyor 

3 :1 Side Slope 
(Design Overdepth) 

I 
I, 

I 

must be sure to employ a 
narrow transducer beam. 
The cost effectiveness of us-

Ultimate Side Slope 
Determined by Angle 
of Repose 

ing the beam is closely tied 
to the height of the side 
slope above the channel bot
tom and the unit cost of the 

FIGURE 3. Side slope determination. 

Most federal regulations for channels spec
ify a minimum of a three (horizontal) to one 
(vertical) side slope (3:1) to transition from the 
channel limit (or toe) up to the pre-existing 
grade. It is a common misconception, however, 
as to how these slopes are actually formed. In 
reality, dredges are not designed to cut 
trimmed side slopes such as those on an em
bankment. 

Instead, slopes are compensated for by over
digging into half of the side slope area at the 
full dredge depth - a process also known as 
"box-cutting" (see Figure 3). The remaining 
bank then collapses at its normal angle of re
pose and forms the slope. Slopes flatter than 3:1 
are used where there are fast currents, very soft 
sediments or where additional storage space is 
needed due to high shoaling or littoral trans
port occurring at the toe of slope. Because the 
formation of dredged side slopes is a function 
of the random stability of the soils at any given 
location, the final sloped face is generally ex
tremely irregular. 

This irregularity presents a problem when 
surveying and/ or calculating quantities of 
dredging, because a surveyed cross-sectional 
view of the slope can normally differ signifi-
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associated dredging. For ex
ample, a hopper dredging 
project with a short haul dis
tance might have a unit cost 

of $3.00 per cubic yard. If the dredge cut for this 
project is in the range of 4 feet, then the total 
discrepancy might be 1,500 cubic yards per 
mile of channel. The cost to survey and analyze 
this area would outweigh any potential sav
ings. Conversely, on a project such as the Ar-

. thur Kill River in New York (where the side 
slopes are 25 feet high and dredging costs 
$40.00 per yard) considerable effort in accu
rately defining these quantities is certainly 
warranted. 

The importance of following proper design 
methods increases exponentially with the size 
and number of vessels using the waterway. The 
designer must have enough data and experi
ence to visualize the channel both while in use 
as well as the consequences if the design is in
adequate and a mishap occurs. As with high
ways, a poorly designed channel could cause 
accidents such as a grounding (possibly injur
ing a mariner) or a spill that may damage the 
environment. Obviously, the size and number 
of vessels using a channel is a major factor in 
putting these potential accidents into perspec
tive. If a small recreational boat were to go 
aground because a channel is poorly designed 
or maintained, it may require no more than the 



assistance of another passing boat and possibly 
repairs to its propeller. Conversely, the ground
ing of a larger vessel, such as a fishing boat or 
barge, may have other serious consequences 
such as loss of life, injury, oil spillage or serious 
structural damage. 

Disposal Options 
Disposal of dredged materials from navigation 
projects is an increasingly important issue. Dis
posal options are typically related to the char
acter of the soils being dredged. Up until re
cently, most dredge materials, regardless of 
their composition, were disposed of in off shore 
dumping grounds, or in upland diked contain
ment areas, and non-navigation projects such 
as beach nourishment were "mined" from 
nearby designated underwater borrow pits. In 
recent years, environmental regulations have 
changed these processes and their associated 
costs drastically. All offshore disposal sites are 
now closely baseline monitored against poten
tial environmental impacts for everything from 
contaminants to sediment excursion. Before 
any dredged materials are authorized for dis
posal by this method they are closely screened 
for potential contaminant content (by chemical 
analysis) and potential hazard to marine or
ganisms (using bio-assays). 

Upland confined disposal sites suitable for 
dredged soils have come into extreme short 
supply for a number of reasons, including envi
ronmental mitigation and coastal develop
ment. Environmental regulations often require 
that materials be stored temporarily, dried, 
possibly treated then retransported to other 
permanent locations. Upland/inland confined 
sites have their own set of problems. Recent 
concerns regarding possible contamination of 
aquifers with everything from salt to trace 
chemicals may require a disposal site to be 
sealed with an impervious liner. 

These issues have caused the development 
of alternative disposal concepts that are more 
environmentally acceptable. If soils to be 
dredged are sandy and/ or "clean," they can be 
reused for beach nourishment, fill or for the re
construction of wetlands. Silty soils are far 
more plentiful, costly and difficult to dispose. 
These soils can be considered for landfill cover, 
stabilization with cement for structural fill, 

supplementing and manufactured into top
soils, and the like. Currently, the cost of these 
"reuses" raises disposal costs by $10 to $50 per 
cubic yard. 

Shoreline Restoration 
Not all dredging projects evolve from naviga
tion needs or other requirements for creating 
deeper water. Shoreline restoration projects in
volve the replenishment of soils that have been 
eroded from coastal shorelines. While it is cost
effective to link the two types of projects, the 
needs for the restoration or protection of up
land coastal resources may be coupled with a 
location too remote for economical access to a 
complementary borrow area. The distance of 
the required transport affects costs directly. The 
maximum distance will vary considerably in 
conjunction with the perceived value of the 
benefit. Common examples of restoration in
clude the nourishment of beaches, bluffs and, 
to a lesser extent, exposed marshes or other 
wetlands. 

Beaches. Beaches and upland shorelines ex
posed to severe waves generally require peri
odic replenishment with clean granular soils 
(see Figures 4 and 5). Contrary to some envi
ronmental policies, unless the eroded area is to 
be protected by a physical structure (such as a 
seawall or revetment), it is important that the 
nourishment material be of sufficient grain size 
to withstand normal erosive forces. The resid
ual soils on a beach often bear little resem
blance to the original soils. 

To properly assess the material require
ments (i.e., the grain size) of a nourishment 
project, the following criteria must be evalu
ated: 

• What soils previously existed at the site; 
• What the intended use of the finished 

project is; 
• What soils are available for nourishment, 

and where they are located; 
• Where the new soils will migrate, and 

what secondary effect they will have; and, 
• What minimum grain size will withstand 

routine erosive forces . 

Typical tests that are run on soils to deter
mine their suitability for this use are size 
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FIGURE 4. Beach nourishment at Cole River, Swansea, Mass. 

FIGURE 5. Completed beach nourishment at Cole River, Swansea, Mass. 
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fraction gradation and chemical contamina
tion. Because of the direct disposal of effluent 
water from the hydraulic filling process into 
the adjoining waterway, allowable contami
nant levels closely follow those for offshore dis
posal. 

It is generally not cost-effective or environ
mentally desirable to have a shoreline nourish
ment project erode away after a few storms or 
one season. If nourishment fill is to remain un
protected (i.e ., without a protecting physical 
structure such as rip-rap), the slope of the new 
fill approaching the water becomes very im
portant. Flat slopes (20:1 or flatter) are far more 
effective at dissipating erosive wave energy 
than steep slopes.1 

The designer must also consider the effects 
of short-term erosion on the particular site 
during the nourishment process (see Figure 
4). Most beach nourishment projects are per
formed using hydraulic dredges. This type of 
equipment requires the use of large volumes 
of water to transport the sand from the area 
where it is "mined" to the area where it is to 
be placed. The water used in the transport 
process normally erodes the area immediate
ly ahead of the fill. Caution and experience 
are required to determine the nourishment 
methodology when hydraulic fill is placed in 
the vicinity of unprotected structures (such 
as roads or houses) since undermining may 
occur. 

The cost effectiveness of a beach nourish
ment project is directly proportional to the 
proximity and exposure of the source of com
patible, granular soils. If hydraulic placement 
is used, the designer must consider the avail
ability of dredging equipment that can effec
tively operate in the borrow area, as well as the 
distance the material must be pumped. 

Costs dramatically increase if the pump 
transport distance exceeds 5,000 feet, or if the 
potential for wave action in the borrow area ex
ceeds 2 to 3 feet. For example, if the dredge area 
is exposed to heavy seas, the dredge must be 
sized to work under those conditions, thereby 
limiting the number of dredge companies able 
to compete for the work to one or two. Other
wise, the dredge would have to be moved to 
safe harbor whenever weather conditions dete
riorated, resulting in a significant amount of 

non-productive time. Both scenarios translate 
to higher costs. 

Wetlands Restoration. Man-made wetlands 
are rapidly becoming an attractive alternative 
for the disposal of dredged materials. These 
projects are commonly limited to the replace
ment of marshes that have been recently lost to 
erosion. Projects that create new wetlands to re
place historic habitats, however, are not un
common. Soil gradation requirements for these 
projects are usually far more forgiving than 
beach nourishment projects. Wetlands have 
been restored using everything from the finest 
of silts to coarse gravel, but it is advisable to 
consult with an expert in the field of wetland 
grass planting when planning a specific proj
ect. 

If fine sediments (such as organic silts and 
clays) are to be used for the fill, diking of some 
form is required to retain the soils. These con
finement structures must be sufficient to pro
tect the fill from erosive forces for the antici
pated life of the project. Fine sediments retain 
excess water far longer than sandy soils 
(months versus hours), thus there must be ade
quate area for the decanting of the effluent wa
ter. Sediments will naturally dewater them
selves over time and consolidate if they can be 
"surcharged" above the low tide zone by their 
own weight. Final elevations should be as high 
as the planned wetland vegetation will tolerate 
to facilitate the surcharging effect. Building the 
initial grade above the final grade is generally 
desirable since the fill will settle considerably 
over time, allowing more complete inundation. 
Building a wetland fill that must be completely 
inundated at all times is considerably more dif
ficult, since the submerged weight of the sur
charge is dramatically reduced. In this case, 
grain size must be considerably coarser and the 
percentage of silts must be lower. Unless some 
form of temporary surcharge can be placed, the 
fill will take several years to attain a consis
tency no better than pudding. 

Pond/Lake Restoration 
Dredging projects in ponds, lakes and reser
voirs are generally designed to increase storage 
capacity that was lost due to the accumulation 
of sediments. Environmental enhancement can 
also be achieved, since oxygen depletion from 
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FIGURE 6. A confined upland disposal site. 

organic deposits can also be reduced. These 
sediments are often contaminated and must be 
dealt with accordingly. A follow-up to any 
planned dredging of an inland resource should 
include a study of methods to mitigate future 
sediment intrusion processes. 

Small ponds with perimeter access can be 
dredged by dragline or clamshell cranes from 
the shore. On larger ponds where perimeter ac
cess is limited, hydraulic dredging is the next 
most cost-effective method, since larger bodies 
of inland water will rarely accommodate float
ing clamshell dredges and the support vessels. 
Hydraulic dredging can be cost-effective if 
there is sufficient space available to build a 
diked disposal area. If the soils to be dredged 
are fine sediments, a large storage area is re
quired to permit the natural decanting of water 
and, ultimately, drying. Costs rise dramatically 
if storage capacity is limited and flocculates or 
mechanical dewatering devices must be em
ployed. 

If dredging must take place in a reservoir or 
public water supply, turbidity becomes a seri
ous concern, especially if the sediments to be 

.. 
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dredged are contaminated. Turbidity during a 
dredging project can come from sources other 
than the dredge itself. For example, if the exist
ing depths of the body of water are extremely 
shallow, other sources of turbidity must be 
evaluated. For instance, if the smallest tender 
boat for a dredging plant requires at least 2 feet 
of flotation to operate, under such conditions 
these boats can create more turbidity than the 
dredge itself if they do not have sufficient wa
ter depth in which to navigate. 

Contaminated Sediment Clean-Up 
Most contaminants tend to attach themselves 
to the fine sediments, consequently complicat
ing underwater remediation projects. When 
dealing with serious contaminants, all of the 
considerations previously discussed apply at 
least ten-fold, since costs generally multiply 
themselves by at least that much. An enforcing 
agency will often dictate the method of dredg
ing, which is predicated on the protection of 
the environment, even though the method 
may not be efficient. The volume of water that 
the dredge generates during the process be-



comes extremely important since decanting ar
eas normally need to be sealed or lined to pre
vent the leaching of contaminants into clean 
soil. 

Furthermore, effluent water may require 
flocculation or extensive treatment to prevent 
recontamination of the waterway. If the materi
als must be transported to a remote site (such as 
a licensed disposal facility), mechanical dewa
tering is commonly required (see Figure 6). 
Turbidity is such a critical concern on some 
projects that it has prompted the development 
of new low-turbidity dredging systems. 

Site Analysis 
As in forecasting weather, the design of a 
dredging project is still more of an art than an 
exact science. On complex dredging projects 
the designer must have a" feel" for the idiosyn
crasies of each soil condition and stratification 
present, and how each will act when its unique 
balance is upset. Management of critical issues 
(such as disposal and turbidity management) 
are still in the development stages and, there
fore, are far more difficult to assess. Unfortu
nately, there are few reference libraries that can 
accurately predict every possibility of combi
nations. Therefore, the individual experience 
factor is of primary importance on dredging 
projects. 

Determining Existing Conditions: 
Hydrographic Surveys 
In order to properly plan and prepare the de
sign of a dredging project, it is first necessary to 
obtain basic preliminary data. These data in
clude: 

• Background information (such as prop
erty plans, navigational charts, current 
studies); and, 

• Information on user requirements (i .e., 
type and draft of anticipated traffic) . 

In addition, site-specific data must also be 
gathered, including: 

• Sediment grain size distribution; 
• The existence of contamination; 
• Critical topography; 
• Geology; 

• Environmental information; and, 
• Hydrographic data. 

The most important data for a successful 
project are the bottom geology and topogra
phy. The planning and design of any dredging 
project must begin with recent, high-quality 
hydrographic and bottom coring data. On diffi
cult projects, these data may need to be supple
mented with geophysical information such as 
sub-bottom profiling, and multi-beam or side 
scan, or magnetometer surveys. In general, the 
more information the designer obtains during 
the planning process, the fewer unpleasant sur
prises turn up when the actual work com
mences. 

The hydrographic survey (sometimes called 
bathymetry) is a detailed mapping of the "bot
tom" ofa body of water (see Figure 7). There are 
two formal standards that have been set for ba
thymetry by the NOAA and the U.S. Army 
Corps of Engineers (COE). Of these two, the 
COE Manual EM 1110-2-1003, Hydrographic 
Surveying, is the standard for conducting and 
processing surveys for navigation and dredg
ing projects.2 The COE is, by far, the largest con-

• tractor of navigation surveys and dredging 
projects in the United States and, possibly, in 
the world. As a result, their standards have 
been built from the ground up, and have with
stood considerable scrutiny over the years. 

On any federally funded project, the COE 
also requires adherence to fairly stringent 
qualification and experience requirements for 
the field crews, reduction methods and the su
pervision of surveys. Field crews must be able 
to demonstrate several years of experience 
with automated hydrographic systems, and 
work must be conducted, or supervised, by a li
censed engineer or surveyor, as well as a hy
drographer certified by the American Con
gress of Surveying and Mapping (ACSM). If 
the largest contractor of dredging related work 
has established and adheres to such standards, 
it must be cost-effective. 

The COE's EM 1110-2-1003 manual further 
establishes standards of quality for automated 
and non-automated surveys.2 Automated sur
veys, however, have been proven to be far more 
reliable. Therefore, almost all COE districts no 
longer use non-automated survey methods. 
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FIGURE 7. Hydrographic survey of Davisville Pier, North Kingston, Rhode Island. 

There are several types of automated surveys 
that can be conducted: 

• Reconnaissance surveys (Class 3); 
• Condition surveys (Class 2); and, 
• Quantity surveys (Class 1). 

Of these methods, quantity surveys are the 
most accurate and are used for planning, as 
well as for final dredging. 

Equipment for Class 1 automated surveys 
consists of: 

• A positioning system capable of produc
ing accurate X-Y coordinates within 1 me
ter of true position at 1 second intervals. 

• A sounder or fathometer capable of re
cording and digitizing depths with an ac
curacy of 0.1 feet or less. 

• A computer with software capable of pro-

26 CIVIL ENGINEERING PRACTICE SPRING/SUMMER 1998 

ducing navigation guidance, as well as fil
tering and logging data. 

• Some systems also utilize electronic com
pass headings, and in off-shore areas 
where swells or large waves prevail, 
heave-pitch-roll sensors are required. 

X-Y Positioning. Positioning systems have 
made significant advances over the past 
twenty years. Today, the primary systems in 
use are global positioning systems (GPS), and 
range azimuth systems. GPS is the most popu
lar where it is practical for use. A high-accuracy 
GPS, properly set up, can reliably produce po
sitions well under the COE 1-meter standard, 
and newer systems can reduce potential error 
to a few inches. In addition, since GPS data can 
be easily converted to state plane grid systems, 
it reduces reliance on local control, which is 
commonly lost. This ability also aids greatly in 



FIGURE 8. Graphical display during a survey. 

making any conversions to increasingly popu
lar geographic information system (GIS) net
works. 

GPS does, however, have serious limita
tions. For instance, it will not work in enclosed 
areas such as tunnels or under piers. Some 
GPS equipment is very susceptible to multi
path error from bridges, cranes, passing ships 
and the like. The biggest problem with any 
system is the inability to perform final posi
tion closure. Therefore, the experience of the 
field crew becomes critical since they have to 
be alert for situations that will produce errone
ous data. 

Depth Measurement. Reliable depth measure
ment can only be attained through the use of a 
survey-quality echo sounder. These sounders 
are rugged, precise instruments, capable of 
calibration to compensate for variations in wa
ter temperature and salinity, and able to meas
ure depths accurately. Costs start at about 
$15,000 for single frequency and $28,000 for 
dual frequency echo sounders. 

Computers & Software. The onboard com
puter and software system must pt"ecisely 
unite the positioning and depth data (see Fig
ure 8). Due to the harshness of the working en
vironment, computers need to be ruggedly 
packaged to protect them from extreme tem
peratures and moisture. Quality software is 
very important since it must precisely match 
position and depth data to within a small frac
tion of a second. This precision is critical be
cause positioning and depth recording equip
ment normally run at different speeds. When 
sounding at the rate of 10 feet per second, a 
time tagging error of 0.3 seconds will produce 
a position error of 3 feet. Clear, understand
able navigation graphics are also very impor
tant. These graphics allow the boat operator to 
properly cover the survey area without leav
ing unwanted gaps, and also provide for the 
proper monitoring of system performance 
during the survey. 

Tidal Correction. The standard procedure for 
logging tidal data during a survey can be man-
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FIGURE 10. A sweep survey. 
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ual or electronic. For precise 
surveys, an electronic tide 
gauge is far more accurate. 
These gauges function 
through the use of a pres
sure transducer placed 
within a " stilling" tube . 
When properly installed, 
this process eliminates all 
errors induced by wave ac
tion and even swells. Fur
ther, it creates a date/time 
versus tide paper chart rec
ord of the day's activities 
that can be referred to at any 
time. Whether the tide is cor
rected in real time, or in post 
processing, is a matter of 
preference, but it should be 
done by only one method 
uniformly within each office 
to reduce the chances of er
ror. 

The newest real-time 
kinematic on-the-fly (RTK
OTF) GPS equipment also 
produce elevation outputs 
accurate to within a few cen-• timeters at rates of five read-
ings per second. This accu
racy has proven suitable for 
providing not only tidal cor
rections, but also corrections 
for ground swell heave and 
vessel squat, which require 
correlating conversions 
from ellipsoid height to lo
cal datum and networking 
these data into the hydrog
raphic software. When us
ing this method, however, 
the tides should still be 
checked regularly by con
ventional means since 
anomalies of up to 2 feet can 
occur as individual satellites 
move in and out of range. 

Common Problems & 
Misconceptions 
Most inaccuracies that occur 



sur,.-eys emanate from two 
sources: 

• The use of inadequate, antiquated or im
proper equipment; and, 

• Inexperience of the personnel utilizing 
the equipment. 

Some surveyors still attempt to prepare hy
drographic surveys using antiquated means 
(such as the use of lead lines, sounding poles or 
even fish finders to obtain depth data), while 
using two transit or transit/ electronic distance 
measurement (EDM) methods for positioning. 
Lead lines and sounding poles leave no paper 
trail, and give no visual picture of what condi
tions exist between soundings. Fish finders and 
depth recorders designed for recreational use 
are routinely too inaccurate to meet survey 
standards. 

Transit cut-in, range positioning and EDM 
positioning may give reasonable positions on a 
stationary boat, but a boat can rarely be held 
stationary while soundings are taken. Two 
pieces of data - the position as shot and then 
the sounding - must be recorded. Collecting 
these data takes at least a few seconds. In that 
time, a boat can drift several feet. Furthermore, 
the depth might be recorded with the wrong 
position, or the depth could be misread or mis
recorded. Also, during this measurement pro
cess, the boat operator has nothing by which to 
navigate, thus the resulting surveys always 
have redundant data in some areas and no data 
in others. Surveys conducted in this manner 
have been the source of some of the largest con
tract disputes. 

A common source of error in any hydrog
raphic survey (automated included) is tidal re
duction, which accounts for at least 50 percent 
of all non-method related survey errors. Crews 
should always check tidal benchmarks and 
completed tide curves against predicted and 
observed tidal elevations. Although wind and 
weather can affect tidal cycles, if the weather is 
fit for surveying, the tidal cycle will rarely dif
fer more than a few tenths of a foot from the 
predicted curves. 

Another common problem in hydrographic 
surveys relates to attaining the proper density 
of soundings. The footprint of a survey trans-

ducer beam equates to shining a flashlight on 
the floor (see Figure 9). At shallow depths, a 
transducer footprint is less than 1 foot in di
ameter. In 40 feet of water it will be 5 to 8 feet 
wide. Although most fathometers record data 
continuously on a sounding line, unless a 
sweep system is employed, no data are col
lected between the lines. For instance, if sound
ing lines are run at 50-foot offsets, there is a 
space between these lines of about 45 feet 
where no data are gathered. For some mainte
nance dredging projects, this void may not 
cause much of a problem since shoaling materi
als are commonly soft. Conversely, on projects 
involving improvement dredging, obstruc
tions (such as rocks or pilings) can be missed 
and, if left undetected, become hazards to navi
gation. Under these conditions, sweep surveys 
employing sounders with multiple transduc
ers and overlapping coverage are required (see 
Figure lCJ) . 

Low-density material, commonly called 
fluff (found especially in freshwater ponds af
ter dredging) can give false readings, and is of
ten the subject of disputes. Employing lower 
frequency transducers (which are available 
down to 28 kHz) can be used to offset this prob
lem. The low-frequency equipment can see 
through fluff. However, there is loss of defini
tion since they employ a wider beam angle. 
Normally, the depths obtained by a low
frequency system need to be compared with 
high-frequency soundings and lead lines or 
corings. 

Summary 
Electronic hydrographic surveying has 
greatly improved the accuracy and reliability 
of data over archaic manual surveying meth
ods. It has also created an abundance of new 
types of data for use in the design of dredging 
projects. Hydrographic surveying technolo
gies are advancing and improving almost 
monthly. Capitalizing on these advances re
quires constant training and a continuing edu
cation process. These advances have ushered 
in a field of highly specialized firms that stay 
at the forefront of the industry, and have 
brought a whole new level of service to a field 
where there is an ever increasing need for 
high-quality data. 
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Issues 

Anticipating Global 
Transportation Concerns 
in an Ever-Changing 
Environment 

The success of meeting the 
world's transportation needs in 
the next century resides in how 
well engineers meet the 
challenge of continual change. 

RICHARD R. JOHN 

Beware of technological solutions look
ing for problems. Experience has 
shown that technology is rarely a con

trolling factor in bringing about transportation 
innovation. Other issues-institutional, politi
cal, economic, financial and social - weigh 
heavily in today's intricate transportation 
decision-making processes. When a new trans
portation concept is introduced - be it mono
rail, levitated vehicles or anything else - al
ways ask the simple questions: 

• Who are the passengers? 
• Where is the right-of-way? 

• From where will the funding to pay for the 
project come? 

A Growing World 
The traditional theories and concepts about the 
position of the United States in the world are 
changing drastically, and at an ever-accelerating 
rate. The world population is currently 5.7 bil
lion people (and growing) and becoming more 
urbanized. Tokyo, with 30 million people, is 
larger than 162 countries. Since 1960, Bangkok's 
population has tripled in size to 7.1 million. 
Asia's urban population will increase by 600 
million during the next twenty-five years. 

In his book, Megatrends Asia, John Naisbitt 
states that" at six minutes past midnight on De
cember 6, 2006, the human being will become 
primarily an urban animal."1 In other words, 
more than half of the projected 8 billion people 
in the world will be living in cities, many in 
megacities with populations approaching 30 
million, and with names and places not nor
mally in the evening news - Karachi, Paki
stan; Dhaka, Bangladesh; Hyderabad, India; 
Sao Paolo, Brazil; and Lagos, Nigeria - to 
name a few. 
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Although the new market prospects are 
enormous, the resulting urban congestion will 
place profound strains on the world's environ
mental, social, political and economic systems. 
The need for basic transportation infrastruc
ture and transportation financing will be acute. 

Today, nearly 1 billion of the world's popu
lation lack access to safe drinking water; 1. 7 bil
lion lack modern sanitary services and nearly 2 
billion lack electricity. One of the major respon
sibilities of national governments around the 
world is to assure that vital infrastructure ele
ments necessary to sustain a modern society 
and economy - such as transportation, com
munications, utilities, water and sanitary sys
tems, housing and education - are effectively 
constructed, maintained and operated. 

The Impact of Tourism 
Not only will the world's population be in
creasing, but there will be more affluent peo
ple. This increased affluence, combined with 
the influence of the mass media and telecom
munications, has contributed to a booming 
travel and tourism market that places its own 
unique demands on the transportation systems 
of individual countries, regions and the world. 
Travel and tourism is currently the world's 
largest and fastest growing industry. 

Tourism employs more than 200 million 
people - or one in every nine workers globally 
- and currently has a gross output approach
ing $3.4 trillion. People will be traveling who 
have never traveled before. In the United 
States, tourism is the number one source of for
eign currency and produces more than $50 bil
lion annually. However, at the same time, there 
is going to be increased global competition for 
the tourist dollar - from the Caribbean na
tions, Europe and Asia. 

Transportation is the foundation of travel 
and tourism. Within the next 25 years it is pre
dicted that the U.S. air traffic control system, 
airlines and airports will have to accommodate 
more than 1 billion passengers a year - twice 
as many as today. 

More Reliance on Transportation 
World trade is currently on the upswing and 
imports and exports are 20 percent of the U.S. 
gross national product. An increasing fraction 
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of these goods is handled in containers. Cur
rently, 10 million containers a year are handled 
in ports in this country, but by the year 2020 this 
number will have tripled or even quadrupled. 

Notwithstanding the growing recognition 
that the ever increasing use of the personal pas
senger car and just-in-time delivery system is 
leading to gridlock and, in the minds of some, 
environmental misery, there is no end in sight. 
There will be increased competition for urban 
corridors between city dwellers and goods car
riers. 

Since congestion is here to stay, ways to 
avoid severe gridlock must be figured out. The 
era of demand-and-build and addressing ur
ban congestion through new construction is 
over. Even though the speed of intercity travel 
can be doubled, intracity travel will only get 
slower. For example, the introduction of the 
long-awaited high-speed train service between 
central Boston and New York will still result in 
the problem of getting to and from the terminal 
at each end. While moving faster between cities 
is more exciting, the real problem is how to 
move people around once they get there. 

The world motor vehicle fleet now exceeds 
500 million. Over the next 25 years, it is pro
jected to even double or triple in size. Notwith
standing congestion problems, this increase will 
lead to more global demand for petroleum and 
more concern about global warming as well as 
concern about air pollution. It has been jokingly 
suggested that Armageddon will occur when 
one billion new car owners in the developing 
world all get up one morning and tum on their 
engines at the same time. There is an urgent need 
for more efficient and less polluting motor vehi
cles that are petroleum independent. 

Safety Crisis 
Worldwide, half a million people die from road 
accidents each year and over 15 million people 
suffer injuries. Developing and emerging 
countries account for about 70 percent of these 
accidents. As the number of motor vehicles in 
the developing world increases, by the year 
2020 fatalities may reach two million per year, 
with 40 to 50 million injuries. This safety crisis 
will provide an outstanding opportunity for 
the United States to share what it has learned 
about transportation safety. 



At the. same time, the United States still has 
much to do about carnage on its own highways. 
Particularly difficult and sensitive problems are 
those associated with the aging driver. The de
veloped world has an aging population -1 out 
of 5 licensed drivers in the United States will be 
65 and over by the year 2020. As people age their 
reflexes and ability to negotiate traffic tend to 
decline, posing difficult questions that society 
must answer: 

• When is one too old to drive? 
• How does one get to the store and the doctor 

when he or she does not have a license and 
lives in a rural area or an affluent suburb? 

• And, when does a truck driver who does 
not have a pension turn in his or her license? 

Adjusting to New Defense Concerns 
With the end of the Cold War, the defense strat
egy in the United States has shifted from global 
to regional conflict. Current Secretary of De
fense William Cohen is working to redefine the 
rnilitary's mission and reassess service roles as 
the focus is being shifted from the former So
viet threat to regional ones such as those posed 
by Iraq and North Korea. 

The world will remain filled with regional 
aggressors with non-traditional challenges to 
U.S. power such as terrorist attacks, use of bio
logical or chemical. agents, and sabotage of 
American computer networks. Emphasis has 
shifted from delivering weapons of mass de
struction to transporting men and materials 
from U.S. bases to anywhere in the world at a 
moment's notice - as was the case in Somalia, 
Haiti and South Korea. 

Information Technology 
Integrating computer and information technol
ogy with transportation - knowing where 
things are at any moment of time, and bringing 
about a seamless flow of goods - is critical in 
an age of intense international competition. In 
the face of this competition, producers will im
plement just-in-time distribution methods to 
avoid the expense of tying up large inventories 
in warehouses in order to offset disruptions in 
their parts supply chains. 

Much of the technology needed to attack in
formation systems is low-cost and widely 

available to fanatics, local and foreign terror
ists, as well as disgruntled employees. Al
though transportation and logistic systems are 
being made more effective and efficient 
through the use of computer and communica
tion technology, they are becoming at the same 
time more vulnerable to disruption. Safe
guards must be built in at the start. 

The findings of a recent U.S. Senate investi
gation on security in cyberspace were chilling. 
There were more than 250,000 attacks on De
partment of Defense computers in 1996, and 65 
percent were successful. Little is known about 
who launched them, why or what they found. 
In one of the few known attacks, a 16-year-old 
from Britain used a cheap computer in 1994 to 
hack into the computer at Griffis Air Force Base 
in Rome, New York. He also gained access to 
other Air Force systems, and it took them 
months to recover. In a recent test, Defense De
partment "red teams" intentionally hacked 
into 18,200 systems. Only 5 percent of the at
tacks were detected, and only 27 percent of 
those were reported. 

Early in 1997 a mock cyberwar exercise was 
conducted at which attendees were asked to 
pretend they were responsible for briefing the 
President in response to the following sce
nario: 

• The traffic lights in Manhattan have all 
turned green; 

• The Holland and Lincoln tunnels are shut 
down; 

• Two commercial airplanes have been put 
on a collision course; and, 

• The pressure in the gas lines in the Bronx 
had been surged, causing all the pilot 
lights to go out, with numerous fires and 
explosions occurring as people try to fig
ure out what is going on. 

Attendees were asked to determine what the 
President should tell the nation. One response 
was simple: "Remain calm and God bless the 
United States of America." To be honest, no one 
knew what the President should do. Although 
much is known how to respond to physical 
threats to the transportation infrastructure 
through experience with earthquakes, floods 
and other natural disasters, the cyberwar threat 
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is very real, very scary and no preparations 
have been made to respond to the threat. 

No Silver Bullets 
Looking ahead to the year 2020, the major ad
vances in transportation are not going to be 
made in mechanical and electrical engineering 
technologies, but rather as a result of the ongo
ing revolution in computer and communica
tions technology. Electronic technology - in 
the form of sensors, computers and communi
cation links - is and will be used to make the 
most of existing capacity. 

There have been periods in the past when 
the introduction of a "silver bullet" - for ex
ample, new electro-mechanical systems such 
as steam, internal combustion and jet engines 
- was followed by revolutionary advances in 
transportation technology. These times - and 
the conceivable future - do not fall into one of 
those periods. While there will always be a re
curring interest in monorails and levitated ve
hicles, the major advances in the future will be 
made through the utilization of information 
technology to more effectively manage the 
flow of passengers and goods. 

In the developed world, the problems in 
2020 will not be solved by building more sys
tems. Instead, they will be solved only by de
termining how best to use existing transporta
tion capacity more effectively. That is not to say 
that there will be no new transportation infra
structure construction:. The major megapro
jects, however, will be in the developing world. 
FQr example, the Chinese and other Asian gov
ernments are contemplating at least a trillion 
dollar investment in new infrastructure, in
cluding 22 new state-of-the-art airports. 

Increased public involvement in transporta
tion issues has lengthened long-term planning 
horizons. Gone are the days when the New Jer
sey Turnpike could be built in just two years 
through the most industrialized stretch of land 
in the country. Today, the necessary land is no 
longer available, and people are increasingly 
reluctant to give up their neighborhoods and 
homes. 
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Always look out for unintended conse
quences. The rapid introduction of the car 
phone has led to higher accident rates. Deregu
lation has led to transportation carrier consoli
dation rather than proliferation. Thirty years 
ago there were nearly 70 first-class railroads; 
soon there may be only four. 

Some lessons have been learned regarding 
the waves of change and their possible impact 
on the global transportation network. Today's 
engineers and tomorrow's transportation pro
fessionals must be prepared to solve the prob
lems of a much more complex world than what 
existed 25 years ago. Younger engineers, and 
even those who have been around since usher
ing in the "modern" age, must be able to inte
grate social, economic and institutional as well 
as technical factors into their responses to fu
ture transportation challenges since the only 
thing that is certain is that change will be con- · 
tinuing and unexpected. It is up to the trans
portation engineer to make that journey of 
change a pleasant one. 
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Study 

Digital Shorelines for 
Boston Harbor 

Automatic methods, with 
some manual intervention, 
convert images into digital 
maps more rapidly and portray 
complex features more 
accurately than previous 
methods. 

FRANK T. MANHEIM & ANDREW MCINTIRE 

Computerized digital mapping of 
coastal waterways and their environ
mental conditions requires data files 

that define the coast and provide a frame of ref
erence for other data being mapped. One way 
to improve the resolution of available digital 
shoreline data is by unifying data from the 
most recent National Oceanic and Atmos
pheric National Ocean Survey (NOAA/NOS) 
charts. 

Shoreline files are in vector format - i.e., 
they are in the form of sets of data points that 
define connected line segments. Compiling 
them might seem a relatively simple and 
straightforward matter, but the increasing 
need for digital shoreline data has pointed up 
variables and problems in their acquisition and 
use. For example, the definition of the shoreline 

as the boundary between land and sea poses 
special problems: 

• Which tidal stage is chosen, and with 
what corrections? 

• Should high-water, mean sea level or low
water based datums be used? 

The latter will encompass features like sand 
bars and mudflats that are only intermittently 
exposed. 

In addition, geographical information sys
tems (GIS) and some gridding and mapping 
systems require completed shoreline "poly
gons" - i.e., the shoreline must form a closed 
loop, which lead to another set of problems: 

• In the case of streams and canals, how far 
upstream should artificial closures be 
drawn? 

• How many man-made constructions (like 
bridges, docks and jetties) should be 
shown? 

• What resolution is needed for given pur-
poses (neither too small nor too great)? 

Improved Resolution 
Current coastal engineering demands greater 
resolution (accuracy) for shoreline projects. For 
example, projects in Boston - including the 
Central Artery /Tunnel Project - require both 
the highest resolution possible as well as the 
ability to easily use the information in digital 
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FIGURE 1. Location map for Boston Harbor, modified from the NOAA Massachusetts Bay 
Nautical Chart. 

form. New and existing shoreline data for the 
greater Boston Harbor area (see Figure 1) have 
been compiled into a new shoreline file by dig
itizing and combining the most recent charts. 
Up-to-date digital shoreline files are required 
to support coastal GIS displays that combine 
data from multiple sources. The new Boston 
Harbor data set can then be compared with ear
lier shoreline data sets - such as the Massa
chusetts Coastline (MCOAST) compiled by 
MassGIS from U.S. Geologic Survey (USGS) 
digital line graphs (DLGs) with supplementary 
digitization from USGS topographic maps; 
NOAA's Medium Resolution Digital Vector 
Shoreline (NMRDVS); and recent, high
resolution orthophotographic coverage - to 
reveal changes due to coastal construction as 
well as discrepancies that need resolution. 
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NOAA/NOS hydrographic charts of Boston 
Harbor were used (NOAA/NOS charts #13270 
and #12272) to create the new shoreline file.1,2 

The new shoreline data set-hereafter referred 
to as BHS (Boston Harbor Shoreline) - com
bines those two charts, the most recent and de
tailed nautical charts available. These charts 
are both dated 1996 and have scales of 1:25,000 
and 1:10,000 (Inner Harbor), respectively. As is 
often the case, the chart dates refer to the date of 
the navigational information. However, the 
shoreline data are probably older but their ac
tual dates are not stated on the charts. 

One other application of computerized digi
tal mapping is to aid in the study of chemical 
contaminants in bottom sediments and con
taminant transport in Boston Harbor and ad
joining parts of Massachusetts Bay. Active re-



TABLE 1. 
Representative Autodigitization/ Autovectorization Software Products 

Software Product Notes/Features Manufacturer 

ABICAS Free-standing system ITA 

ArcScan Works within Arclnfo system ESRI 

AutoCAD Map Works within AutoCAD system AutoDesk 

Autotrace Part of Maplnfo GIS system Maplnfo 

lnfotec, LT4X Free-standing system Pace 

MapFlex 2000 Free-standing system Audre 

Vectorizer Part of M icrostation GIS system lntegraph 

Vtrak UNIX-based black & white or color system Laserscan 

search in this field is facilitated by digital 
mapping.3-5 

Shoreline Definitions & Issues 
Shorelines in the United States are a federal re
sponsibility, which for domestic purposes is 
handled by NOAA/NOS and its contractors.6 

The terms coastline and shoreline are considered 
synonymous according to a leading treatise on 
coastal mapping. 7 Both terms are defined as the 
line of contact between land and selected water 
elevations. The term coastline occurs in several 
recent Congressional acts, such as the Coastal 
Zone Management Act. Most commonly it is 
often used to signify the permanent high water 
boundary. For more generalized quantitative 
measures, coast or coastal zone tend to be em
ployed, whereas shoreline refers to more de
tailed delineation. Baseline is a term used in in
ternational law to indicate the reference line 
from which the marginal sea and other offshore 
zones are measured. The official U.S. baseline is 
the mean low water (MLW) line along the 
coast, which includes tidal flats . 

For tidal waters the shoreline is normally 
mean high water (MHW). For non-tidal waters 
it is normally the mean water level. MHW and 
MLW refer to the average high and low tidal 
levels for a 19-year period, not necessarily the 
most recent one. Mean lower low water 
(MLLW) level refers to the lower of the two 
daily tidal levels in those areas where diurnal 
tides dominate. A corresponding definition ap
plies to mean higher high water (MHHW). A 

1980 international convention has stipulated 
that lower low water level be used as the standard 
for all soundings on nautical charts, since it 
provide~ the lowest water levels likely to be en
countered in navigation. (Data on the lower 
low water level are included in the 
NOAA/NOS Boston Harbor charts.) 

Shoreline data are used for legal, adminis
trative, regulatory/ cadastral, as well as state 
and federal sovereignty purposes (such as de
termining federal-state boundaries). In addi
tion, they are used to aid maritime navigation 
(as in nautical charts and bathymetric maps), 
and to facilitate the assessment of coastal flood 
zones, erosion and subsidence. They are also 
needed for military concerns, as well as for the 
engineering and construction of coastal struc
tures. 

Technical aspects that require consideration 
while preparing shoreline data for digitization 
include: 

• Topological "closing lines"; 
• Geodetic control reference standards; 
• Georectification of orthophoto and satel

lite imagery; 
• Metadata (documentation of the quality, 

source and other information on the data 
used); 

• Certification and validation; and, 
• Attributes. 

Attributes refer to the nature or characteristics 
of shoreline features (such as rocky, sandy and 
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FIGURE 2. Low to medium-resolution shoreline data plotted for Boston Harbor. 

muddy). Horizontal accuracy is referenced to 
the National Map Accuracy Standard.8 The 
vertical standard is referenced to tidal data 
measured by NOAA/NOS. Numerous sources 
present discussions of the accuracy of elevation 
contours and datum references.7,9-l3 

Digitization Methods 
A traditional, and still common, method of pre
paring digital files is by using a digitizing tablet 
with a "hockey puck" digitizer to encode data 
points. The source map, or orthophoto, is regis
tered geographically, and the data points can 
then be defined relative to this system. Manual 
digitization is slow and is being widely sup
planted by autodigitization and vectorization 
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techniques. A number of software programs 
running on a range of computer platforms is 
available today for automatic vectorization. Ta
ble 1 (on page 37) presents some of the more 
common software automatic digitization 
and/ or vectorization programs. These pro
gams are commonly referred to as raster-to
vector conversion systems, or intelligent docu
ment conversion systems. 

The software system chosen to perform the 
work on the Boston Harbor charts utilized an 
autovectorization system that operated on 
scanned and projected raster images. If the 
source material was in multiple parts (for ex
ample; adjacent aerial photographs or maps 
that were too large to be scanned in one piece), 
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FIGURE 3. Medium to high-resolution shoreline data plotted for Boston Harbor 

images were scanned in sections, georefer
enced by use of locations at corners and then 
tiled together. All processing was performed 
on desktop computers. 

The scanned images were saved as 24-bit 
Targa files and then converted to the vectoriz
ing software's proprietary file format. Theim
ages were processed to reduce the amount of 
dithering and the pixilation of colors. The user 
then selected a color to follow and clicked two 
points on a line of that color. If the option to use 
a completely automatic trace method was cho
sen, the software followed the line until it came 
to a dead end or the edge of the screen, at which 
point the user could accept or reject the line. If 
the option to use a semi-automatic trace 

method was chosen, the software would 
prompt the user to accept or reject each point as 
it was added. The semi-automatic method 
could be quite us·eful if the line being digitized 
crosses other lines of the same color or had 
many tight bends. When using semi-automatic 
mode, the user could interrupt the tracing to 
· add points manually (for example, to take a 
coastline past a bridge or to close off a river 
mouth in a coastline). 

The orthophotos used as the background for 
comparing shoreline files had a ground resolu
tion of 0.5 by 0.5 meter, obtained from aerial 
photography at a negative-equivalent scale of 
1:30,000. The image files were downloaded 
from their source at the Massachusetts Institute 
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FIGURE 4. The northern part of Logan Airport and adjacent waterways. Shoreline delineation 
is strongly affected by tidal levels in the very shallow waters and marshes in the northwest sec
tor but, with few exceptions, the agreement is good. 

of Technology (the MassGIS web site). The or
thophoto images were resampled to reduce the 
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number of pixels by a factor of 4, which re
sulted in a file with a ground resolution of 2.0 
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FIGURE SA. The confluence of the Inner Harbor with the Chelsea and Mystic Rivers. This fig
ure has the same scale as Figures 4, 6, 7, 8 and 9. Greater resolution for the complex, man-made 
shorelines in the inner harbor area is provided by Figure Sb. 

by 2.0 meters. The images had been rectified to 
Massachusetts State Plane, North American 
Datum (NAD83). To tile the images together, 
the state plane coordinates were first converted 
to decimal latitudes and longitudes. This con
version was accomplished using software re
leased by the U.S. Army Corps of Engineers.14 

All sources of information (except MCOAST) 
were based on NAD83. The original topo
graphic map data upon which the USGS DLG 
data are based were derived from 1978 over
flights. 

Shoreline Comparison 
A selection of existing low- and medium
resolution shoreline files is displayed in Figure 
2 (on page 38). Scales for the files are 1:2,000,000 
for World Data Bank II, 1:250,000 for World 
Vector Shoreline (Defense Mapping Agency) 
and 1:80,000 for NMRDVS. Medium- and high
resolution shoreline files are shown in Figure 3 
(on page 39). Scales for the files are 1:80,000 for 
NMRDVS, 1:24,000 for MCOAST, and 1:25,000 
and 1:10,000 for BHS. Data from NMRDVS are 
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FIGURE 5B. The confluence of the Inner Harbor with the Chelsea and Mystic Rivers (an en
largement of the subarea shown in Figure Sa). The 1:80,000 resolution of the NMRDVS is not 
sufficient or probably intended to resolve the complex features. A higher resolution is needed 
to depict the shore for engineering development, or for the location of sediment samplings for 
dredging or environmental purposes. 

common to both. WhereastheNOAAshoreline the entire NMRDVS of approximately 
has a variable scale (with an average scale for 1:70,000), the chart used for Boston Harbor 
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FIGURE 6. Up to 100-meter departures between the NMRDVS and BHS shorelines can be ob
served on the eastern and southwestern shores of Deer Island. The NMRDVS shows a promi
nent inland offset in the northeastern part of the peninsula. 
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FIGURE 7. The MCOAST shoreline clearly shows older harbor areas in the eastern segment of 
the Inner Harbor north of the Reserved Channel. Their filling in is reflected in the newer 
shorelines. Except for a difference in the southwestern margin of the Reserved Channel, the 
other two shorelines agree quite closely. 

(#13267) is 1:80,000. On a page-sized diagram 
of Boston Harbor as a whole, the differences be
tween the three latter files are not great. Agree
ment is good in many of the outer and middle
harbor areas. However, comparisons between 
the shoreline files and recent orthophotos show 
significant local differences particularly in the 
Inner Harbor and the Mystic River confluence. 
In these areas the NMRDVS lacks sufficient de
tail to effectively delineate the shoreline at high 
resolution. 

Figures 2 and 3 display shoreline files super
imposed on a mosaic created from a set of or
thophotos based on recent aerial photographic 
coverage of the greater Boston area.15 The dif
ferences between NMRDVS (1 :80,000 scale), 
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the MCOAST (1 :24,000 scale), and the new BHS 
file (1 :25,000 and 1:10,000 scale) emerge at 
larger scale, as depicted in Figures 4 through 9. 
MCOAST is an earlier high-resolution shore
line file and there is often a systematic devia
tion between MCOAST and the other lines. 
Some differences are clearly due to changes in 
the harbor since the data in the original topo
graphic maps were compiled. Others may 
originate in differing tidal levels, or in process
ing. Figure 3 also shows the locations of Figures 
4 through 9 within the Boston Harbor area. 

In general, all three files - BHS, MCOAST 
and NMRDVS - tend to show a systematic 
westward offset with a mean of about 30 me
ters from the orthophotos for both the Outer 
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FIGURE 8. Thompson Island. The southwestern margin demonstrates a closed contour in the 
NMRDVS, whereas the BHS shows an embayment. 

Harbor and Inner Harbor areas. The source or 
sources of this systematic offset could not be 

identified at this time. It is suggested that this 
offset be considered and resolved in future 
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FIGURE 9. Moon Head and Squantum Head. The causeway between the two islands, to the 
west, is shown as land on all the shorelines, whereas the bridge between Moon Island and the 
larger Long Island (eastern sector) is shown as water in the MCOAST shoreline. 

map additions or GIS treatments cif Boston 
Harbor. 

In Figures 2 and 3 and the enlarged insets 
there can be seen shadowy reflections from the 
water itself. In some areas, such as near the 
shore of Hingham Bay, these "reflections" may 
outline shallow mudflat areas, but elsewhere 
they may be due to surface reflections of vari
ous origins. 

Data Sources 
The following items include the data sources 
used in this study as well as some others that 
are included for completeness: 

• Massachusetts Institute Technology & Mass
GIS Digital Orthophoto Project . Jointly 
sponsored by the Planning Support Sys
tems Group, Department of Urban Stud
ies and Planning, Massachusetts Institute 
of Technology, and MassGIS. Its web site, 
entitled "Tools to Facilitate Access to Digi
tal Orthophotos," is a node on the Na
tional GeoSpatial Data Clearinghouse. 
Web site: ortho.mit.edu/nsdi/. 
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• Massachusetts Geographic Information Sys
tem (MassGIS) . Part of the Common
wealth of Massachusetts Executive Office 
of Environmental Affairs. Its web site has 
no data online, but has product descrip
tions and order data. MassGIS developed 
MCOAST, a complete Massachusetts 
shoreline file originally created combin
ing data froip, USGS 1:24,000 scale DLGs , 
and digitized shorelines of topographic 
maps where DLGs were not available. The 
original topography is · mainly based on 
aerial photography . taken in 1978. Web 
site: www.magnet.state.ma.us/ingis/ 
massgis. htm. 

• NOAA Medium Resolution Digital Vector 
Shoreline (NMRDVS) . The NOAA/Na
tional Geophysical Data Center web site is: 
www.ngdc.noaa.gov/ mgg/ shorelines/ . · 

• NOAA Office of Ocean Resources Conserva
tion & Assessment (ORCA). 

• Digital coastline segments ( digital t-sheets 
and documentation) are available from 
this web site: seaserver.nos.noaa.gov / 
projects/ shoreline/ shoreline.html. 



• U.S. Army Corps of Engineers, Topographic 
Engineering Division. Software for con
verting coordinates to and from geo
graphic, state plane and universal trans
verse mercator projections is available for 
downloading from: ftp :/ /surveyl.tec. 
army.mil/ pub/ software/ corpscon.410 / 
v41xzip. 

• USGS Coastline Extractor. The 1:2,000,000 
scale World Data Bank II/CIA global and 
1:250,000 scale World Vector Shoreline 
global data sets also include the NMRDVS 
(1 :70,000 scale) data set, as well as a link to 
the primary NOAA web site. Web site: 
crusty.er.usgs.gov / coast/ getcoast.html. 

• USGS Boston Harbor Ecosystems. This 
source includes figures from this article 
and BHS digital files in downloadable for
mat. Web site: coast-enviro.er.usgs.gov / 
boseco/ . 

• USGS/National Mapping Division (NMD) . 
This source provides DLGs and other map 
information. Other scales available range 
from 1:10,000 to 1:1,000,000 from USGS 
quadrangle maps. Web site: edcwww. 
cr.usgs. gov/ glis/ glis.html. 

Conclusions 
There are a number of benefits to using newer 
automated digitization methods: 

• A new digital shoreline file for Boston 
Harbor has unified the two existing har
bor charts (NOAA/NOS charts #13270 
and #12272). 

• Digitization by the newer autovectoriza
tion techniques can be completed more 
rapidly and also more accurately than by 
manual digitization techniques. The scan
ning and processing can be applied to a 
map of any size and performed on desk
top computers. Manual intervention is 
needed to take into account shoreline in
dentations like rivers and canals and may 
be needed for complex inner-harbor fea
tures. 

• Comparison of the new digital file with 
existing digital files shows that the new 
file is distinctly superior to the standard 
1:80,000-scale file in the more complex In
ner Harbor areas. Systematic shifts in the 

harbor maps of up to 30 meters, and local 
shifts (for example, at Deer Island) as 
great as 100 meters in comparison with re
cent orthophoto coverage should be re
solved in preparing future harbor charts. 

NOTES - The new data set presented here repre
sents the most detailed delineation currently avail
able. It may be downloaded from the web site: coast
enviro.er.usgs.gov/boseco/. The ABICAS software 
system was used for vectorization in this study. 
CorpsCon software, available from the U.S . Army 
Corps of Engineers, was used to convert coordinates 
to and from geographic, state plane and universal 
transverse mercator projections. Reference to any 
specific commercial product, or trade name does not 
imply its endorsement by the U.S . Geological Sur
vey or the Boston Society of Civil Engineers Sec
tion/ASCE. 
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Project Considerations 

Partnering & Its 
Implementation on the 
Central Artery/Tunnel 
Project 

Partnering can foster better 
communication among project 
participants as well as have 
many beneficial effects on 
contract cost change and 
schedule change. 

MICHELLE GILLELAND DAIGLE 
&ALITOURAN 

Partnering is an alternative form of con
ducting business in which two or more 
organizations make long-term commit

ments to achieve mutual goals by entering into 
an agreement that requires a team-approach to 
the job. It creates an environment that is condu
cive to reducing costs and litigation, and in
creasing quality and productivity.1 Partnering 
is a relationship in which: 

• Trust arid communication are encouraged 
and expected from all participants. 

• All parties seek solutions to problems that 
are agreeable and meet the needs of every
one involved (a win-win approach). 

• All parties have identified common goals 
for the partnership and, at the same time, 
are aware of, and respect, each other's 
goals and values. 

• Partners seek input from each other in an 
effort to find better solutions to the prob
lems and issues at hand, creating a synergy 
in the relationship that fosters coopera
tion and improves the productivity of the 
partnership. 

The Construction Industry Institute (CII) 
defines partnering as:2 

Along-term commitment between two or 
more organizations for the purpose of 
achieving specific business objectives by 
maximizing the effectiveness of each partici
pant's resources. This requires changing tra
ditional relationships to a shared culture 
without regard to organizational bounda
ries. This relationship is based upon trust, 
dedication to common goals, and an under-
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TABLE 1. 
Summary of the Results of Partnered Versus 

Non-Partnered Projects in Three Studies 

Studies & Performance Criteria Partnered Non-Partnered Improvement(%) 

U.S. Army Corps of Engineers, all districts (Ref. 6) 

Number of projects considered 16 28 

Cost change (%) 2.72 8.75 69 

Schedule change(%) 9.07 15.53 42 

Change orders (%) 3.87 7.74 50 

Claims cost (%) 0.67 5.01 87 

VECP* (%) 0.73 0.05 1,360 

U.S. Naval Facilities Command (Ref. 7) 

Number of projects considered 39 100 

Cost change (%) 11 .20 9.79 -14.4 

Schedule change (%) 13.54 25.93 47.8 
Change orders (%) 11 .34 9 .38 -20.9 

Claims cost(%) 0 .04 0 .57 93 
VECP* (%) 0.17 . 0.01 1,600 

U.S. Army Corps of Engineers, Kansas City District (Ref. BJ 

Number of projects considered 

Cost change (%) 

Schedule change (%) 

* Note: VECP = Value engineering change proposal 

standing of each other's individual expecta
tions and values. Expected benefits include 
improved efficiency and cost effectiveness, 
increased opportunity for innovation, and 
the continuous improvement of quality 
products and services. 

History of Partnering 
The use of partnering in the construction in
dustry has grown significantly in recent years 
in both private and public sectors. Its growth is 
similar to the increasing use of alternative dis
pute resolution (ADR). Owners and contrac
tors are using partnering in an attempt to elimi
nate adversarial positions, reduce disputes and 
litigation, improve schedules, reduce costs, 
and generally improve project performance. 
Even though partnering originated in the 
United States, its use has crossed national bor
ders and several examples of partnering on in
ternational projects are available. As an exam
ple, New Civil Engineer, published by the 
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10 13 

3.98 6.45 39 

14.71 33 .00 56 

United Kingdom's Institution of Civil Engi
neers, ran a special section on partnering in its 
April 10, 1997 issue.3 It featured several success 
stories on the use of partnering on large-scale 
projects in the United Kingdom. 

In the United States, the use of partnering, in 
its present form in private sector construction, 
started in the mid-1980s. A large chemical 
manufacturer was the first organization to use 
partnering in large-scale construction with a 
contractor to build numerous facilities.4 The 
U.S. Army Corps of Engineers (COE), Mobile, 
Alabama District, was the first public agency to 
use partnering in its construction projects. In 
1988, the COE decided to use partnering in an 
$80 million project with a duration of approxi
mately four years. The COE proposed the idea 
to the contractor, which agreed to try this new 
approach to conducting business. The process 
used to develop that partnership formed the 
framework by which many public sector part
nerships are formed today.5 



Partnering on Past Projects 
An extensive literature search was conducted 
to collect information on projects where part
nering was used. Table 1 provides a summary 
of the findings from three studies. Each study 
contained qualitative and quantitative analy
ses. The qualitative analysis was achieved 
mainly by interviewing the owner's represen
tatives. The relatively large number of projects 
analyzed permitted statistical analysis of data 
including tests of hypotheses. In all these com
parisons, a number of projects using partner
ing were compared with a number of projects 
that did not use partnering. The assumption 
was that the comparison could provide at least 
a broad assessment of the impact of using part
nering in construction projects. While this as
sumption is valid for general evaluation, it dis
regards many parameters that may impact 
project performance criteria - such as project 
type, size and specific contractual require
ments. 

The first study presented in Table 1 analyzed 
a number of COE projects covering all dis
tricts. 6 The second study looked at a large 
number of projects executed by the Naval Fa
cilities Engineering Command (NAVFAC).7 

The third study examined numerous projects 
executed by COE's Kansas City District.8 . 

The criteria used to measure project per
formance were similar in all of these studies 
and other studies that were reviewed. In each 
case, the objective was to evaluate the impact of 
partnering on cost and schedule growth and its 
ability to foster an environment that was con
ducive to productive cooperation between the 
parties involved. In all the studies that were re
viewed, the partnered projects substantially 
outperformed the non-partnered projects in 
the categories of cost growth, schedule growth, 
change order volume, claims cost and value en
gineering savings. The only exception was in 
the NAVFAC study. 7 That study reported a bet
ter average performance in areas of cost and 
change growth for non-partnered projects. De
spite better performance in those areas, sched
ule performance was much better in the part
nered projects. Furthermore, the authors of that 
study interviewed more than 200 NAVFAC en
gineers and personnel with regard to their per-

ceptions of the partnering process. The inter
view results were generally very positive and 
indicated that partnering helped to avoid 
claims, increased value engineering proposals 
and savings, and opened communication for 
resolving tough construction problems. The 
negative comments were that owners tended to 
pay the contractor off rather than standing firm 
on claims, and owners' accessibility at partner
ing sessions helped create more changes. 

Several other sources have reported on the 
performance of partnered projects in recent 
years. Most of these studies have presented a 
positive overview of partnering and have at
tested to the fact that using this approach 
helped improve communication between par
ties and significantly reduced claims and litiga
tion.9,10 

All the studies reviewed involved public 
projects. It is possible that private owners are 
less inclined to publish cost and schedule data 
for their projects, or perhaps private projects 
are using partnering less than the public sector 
( which may be the case since public and private 
sector projects are quite different in many 
ways). For example, public projects tend to be 
awarded to the lowest responsible bidder and 
involve numerous political considerations. Pri
vate projects may use restricted bidder lists, ne
gotiated contracts and alternate delivery meth
ods (such as design-build or cost-plus), which 
may make private sector contracts less adver
sarial and less in need of partnering. 

The Partnering Process at the 
Central Artery/Tunnel Project 
The Central Artery /Tunnel (CA/T) Project is 
the largest public works project currently un
derway in the United States. The project, with 
an estimated budget of $7.78 billion (1994 dol
lars) plus inflation, consists of constructing and 
replacing 7.5 miles of highway in the down
town area of Boston. The project is managed by 
a joint venture of a construction management 
firm and an engineering firm for the Massachu
setts Highway Department (MHD). Major 
funding comes from the Federal Highway Ad
ministration (FHWA), which is actively in
volved in overseeing project design and con
struction. Supplemental funding comes from 
the Commonwealth of Massachusetts. Much 
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information is available about various aspects 
of the project. One source, for example, is the 
special focus issue of Civil Engineering Practice 
on the CA/T Project published by the Boston 
Society of Civil Engineers Section/ ASCE.11 

The CA/T Project started implementing 
partnering in 1992. The motive for adopting 
partnering was to use it to find ways to meet 
tight schedules, keep costs down and minimize 
litigation. The project requests partnering on all 
construction contracts with a duration of at least 
one year and a bid value of more than $1 million. 
In 1995, the project also decided to implement 
partnering on large design contracts that had 
not yet been awarded. Although design con
tracts are usually less adversarial, the CA/T 
Project recognized that these contracts could 
benefit from the improved communications, 
team approach and issue resolution techniques 
offered by partnering. In both construction and 
design, participation in partnering is voluntary 
and encouraged. The direct expense costs of 
partnering are shared 50-50 between the project 
and the contractor or design consultant. 

The MHD is an active participant in the pro
cess and has created within its Construction 
Department a Partnering Department that co
ordinates and implements the partnering pro
cess for the entire CA/T Project. The Partnering 
Department is responsible for, among other 
things, identifying projects that should be part
nered, advising contractors and designers, co
ordinating partnering workshops, facilitating 
partnering follow-up meetings and steering 
committees, and monitoring and evaluating 
the progress of partnering relationships. A 
dedicated partnering department has been key 
to keeping the partnering program on track at 
the CA/T Project. The large number of con
tracts, and their complexity, requires strong co
ordination and extensive planning and follow
up. Many state departments of transportation 
or highway departments have staff dedicated 
to managing their partnering programs. 

Leadership Training Course. The first step in 
the partnering process is to send key personnel 
to a leadership training course prior to their 
participation in the partnering workshop. Suc
cess in partnering depends to a great extent on 
the attitudes and behavior of the people in
volved and their ability to work in teams. Lead-
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ership training can prepare key personnel for 
the · requirements of an effective partnering 
venture by emphasizing the principles that the 
project leadership believes are essential for an 
effective partnership. 

There are several leadership training 
courses available providing a wide range of 
services. The CA/T Project selected a course 
based on Stephen Covey's book, The Seven Hab
its of Highly Effective People.12 The seven habits 
as taught by Covey are: 

1. Be Proactive. The behavior of human be
ings should be a function of their decisions 
and not their conditions. People have the ini
tiative and responsibility to make things 
happen. 

2. Begin With the End in Mind. Identify 
your own goals and core values clearly so 
that your actions will always take you to
ward 'your goals in accordance with your 
values. 

3. Put First Things First. Focus on impor
tant activities to preserve and improve rela
tionships and accomplish results. These ac
tivities are important but not urgent and 
include long-range planning, preparation 
and preventive maintenance. Putting first 
things first minimizes the number of activi
ties that become urgent because it focuses on 
preparation and preventive activities rather 
than crisis resolution. 

4. Think Win-Win . Develop solutions or 
make agreements that are mutually benefi
cial and satisfying to all parties. This phi
losophy embodies the spirit of teamwork. If 
all parties are happy with the solutions, they 
will be committed to the action plan. 

5. Seek First to Understand, Then to Be Un
derstood. Listen with empathy and under
stand the other person's concerns from his 
or her point of view first, before speaking 
and expressing one's own views. 

6. Synergize. Strive hard to tap the differ
ent strengths and knowledge of each of the 
team members to create new solutions that 
are better than those any one person could 
have come up with on his or her own. 

7. Sharpen the Saw. Work continually to 
preserve and improve yourself physically, 
mentally, socially and spiritually. 



The CA/T Project believes that habits #4, #5 
and #6 are the most important for effective 
partnering. These habits focus on working to
gether in teams, communicating effectively 
and valuing everybody's input and contribu
tion to develop better solutions to any prob
lems that may arise. In general, these character
istics are not usually natural to many managers 
and engineers. Instead, most of these profes
sionals have been conditioned through school 
and on the job to work alone to solve problems. 
Therefore, formal training in this area can help 
participants to better prepare for a partnering 
relationship based on teamwork, trust and 
communication. 

The personnel that are sent to this course in
clude the MHD Project Director, all MHD con
struction managers and assistant managers, 
and several other MHD staff. The joint venture 
team sends all construction Resident Engineers 
who will be involved with partnered projects 
and many Assistant Resident Engineers. The 
joint venture team also sends all Area Con
struction Managers. Because the use of part
nering has expanded to design contracts, most 
Area Design Managers and all Project Engi- . 
neers managing a final design contract who 
will participate in a partnered design contract 
are sent to the leadership training course. Con
tractors and design consultants are encouraged 
to send their Project Managers as well, which 
they most often do. 

Initial Workshop. Once a contract is awarded, 
the MHD Project Director invites the contractor 
or the design consultant to form a partnership 
for the project. After the contractor or the de
sign consultant agrees to participate in partner
ing, an initial partnering workshop is sched
uled, which usually consists of a two-day 
workshop held at a neutral location such as a 
hotel. A neutral facilitator hired from outside 
the partnering firms runs the workshop. 

The format for these workshops is rather 
flexible. However, in a standard workshop the 
work starts by introducing all participants and 
allowing them to get to know each other. Often, 
the facilitator has each participant fill out a sur
vey (such as the Myers-Briggs type indicator -
a standard psychological assessment tool) to 
identify his or her personality type. This assess
ment is valuable because it shows how teams 

are comprised of different personalities and 
strengths, which should be recognized and 
utilized. by the team members when resolving 
problems. 

Participants are then usually separated into 
their individual organizations and asked to 
write out goals for their company or organiza
tion on the contract. Each group comes back 
and presents its goals to the other groups. 
Then, everyone identifies one set of mutual 
goals for the team, which meet the needs of all 
members. Stating goals is a valuable exercise 
because it points out that the different organi
zations have many of the same goals and objec
tives. Typically, all parties agree that meeting 
quality, safety, schedule and budget are impor
tant project goals. Some contracts develop spe
cific measurable goals in a "report card" format 
and periodically evaluate how well the team is 
meeting these goals. Developing a procedure 
to regularly assess whether goals are being met 
is encouraged on all contracts. 

Participants at all initial workshops are re
quired to develop a partnering agreement for 
the team that everybody signs. This agreement 
states the goals for the team and expectations 
for the partnership, and commits the individu
als to the goals listed. Figure 1 shows a sample 
agreement. 

The next phase in the workshop is to di
vide the participants into random groups to 
work on a team-building exercise. This exer
cise can take va.rious forms but it emphasizes 
concepts such as win-win and synergy that 
are vital to partnering success. The exercise 
teaches members how different organiza
tions on the contract must work together for 
the mutual benefit of the entire team and the 
project. Otherwise, one group can benefit at 
the expense of another. 

Most of the workshop's time is spent by 
having groups formed from personnel from 
the partnering companies develop action 
plans for specific contract issues and prob
lems. This process aliows people from vari
ous organizations to work together in teams 
to solve problems with solutions that are ac
ceptable to all parties. Often, teams choose to 
develop action plans to improve communica
tions, to foster decision-making at the lowest 
levels or to reduce paperwork. During the 
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SOUTH BOSTON INTERCHANGE (WEST) 
Partnering Charter 

September 24, 1997 

As a team, \vorking in harmonious partnership, we pledge to each ()ther 
and the community to construct, with quality and pride, the C0IA6 
project safely, on schedule and within budget while fostering personal 
growth of all team members. We are committed to open, honest 
communication; to professionalism, expedient resolution of disputes; to 
be good neighbors in the community; and to the creation and 
maintenance of a positive and supportive environment. 

?ltam:~ 

• Maintain a safe working environment with a zero-accident philosophy 
• Produce a quality project creating a sense of pride (or all team members 
• Meet budget and schedule requirements as outlined by the contract 
• Create a win-win situation for all parties through open 

communication and timely response to issues 
• Issue resolution at the field level 
• Timely payment to all parties 
• Interactive community relations as well as open dialogue with 

neighboring contracts 
• Ensure a reasonable profit and value through cooperation, teamwork 

and ongoing partnering 

• Open communication and honest negotiations with mutual 
respect, trust and pride in the project 

• Celebrate the successes and have fun building the job 

FIGURE 1. A sample CA/T Project partnering agreement. 
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workshop, each group presents its action plan 
to the entire group of participants for discus
sion and input. 

The participants are also required to de
velop an issue resolution model for the proj
ect. This model identifies the people from each 
organization who will be responsible for re
solving issues from the field level all the way 
up to the top managers. It usually identifies 
time frames by which issues should be re
solved or delivered to the next level for resolu
tion. The purpose of this model is to acknowl
edge to employees that problems and 
disagreements will come up during the con
tract and that team members are expected to 
work with their counterparts to resolve any 
problem in a timely manner. Issues and prob
lems cannot be left unresolved for long. Unre
solved issues are one reason many projects 
fail. Partnering will not eliminate all prob
lems, but it provides tools to help guide team 
members in their behavior and enables them 
to resolve issues as quickly as possible. Figure 
2 (on page 56) shows a sample issue resolution 
model used on the CA/T Project. 

The workshop generally concludes with a 
group photograph and the signing of the part
nering agreement. 

Partnering Steering Committee. A steering 
committee composed of one person from each 
organization is formed for each partnership. 
This committee is responsible for following up 
and ensuring the completion of all action plans, 
introducing new players to partnering, evalu
ating the effectiveness of the team at meeting 
its goals and addressing new issues or prob
lems that have arisen. This group meets quar
terly. 

Follow-Up Workshop. The CA/T Project en
courages a follow-up workshop six to nine 
months after the initial workshop. The purpose 
of the follow-up workshop is to reinforce the 
goals and attitudes developed at the initial 
workshop and to address any new issues that 
have come up. The workshop lasts one day and 
is usually held at a neutral site with the original 
facilitator brought back to conduct the work
shop. 

Crane et al. conducted interviews with vari
ous companies implementing partnering and 
reported that while the cost of partnering is dif-

ficult to establish, it ranfes from 0.25 to 2 per
cent of the project cost. This figure is consis
tent with the experience in the CA/T Project. 
The direct expense costs of running a two-day 
initial workshop for about 30 persons is ap
proximately $7,000 (split 50-50 between the 
two main organizations involved). The cost of 
the follow-up worksho~ is about $4,000 or 
$2,000 per organization. These numbers are 
the direct expense costs and do not include the 
salaries of the participants. In a $1 million proj
ect, the cost of partnering is approximately 1 
percent of the contract value. On larger projects 
this cost is relatively smaller. 

Partnering Effectiveness 
on the CA/T Project 

· Contracts Data Collection & Analysis. In order to 
assess the effectiveness of partnering on the 
CA/T Project a study was conducted. The ap
proach methodology consisted of reviewing all 
the contracts involving the construction of per
manent structures that were completed at the 
time when this study was conducted in the 

. summer of 1996. By that time, thirteen con
tracts involving permanent construction had 
been completed. Eight of these contracts par
ticipated in the partnering program and five 
did not. Further review of these contracts 
·showed that four contracts were extremely 
large and complex compared to the rest. In or
der to eliminate any impact that the size of the 
contract might have on the results of compari
son, these contracts were not considered in the 
analysis. The remaining nine contracts con
sisted of four partnered and five non-partnered 
projects. Since most of these contracts were 
utility relocation and construction projects, the 
types of contracts considered in this study were 
· compatible. Table 2 lists the partnered con
tracts along with some relevant project data. 
Table 3 provides similar information on the 
non-partnered contracts. 

For each of the projects reviewed, cost 
growth, schedule growth, change order vol
ume, value engineering savings and safety 
data were collected. These parameters are simi
lar to those reviewed and compared in pre
vious research.6,8 Table 4 presents the results of 
the investigation. In that table the following 
definitions are used: 
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FIGURE 2. A sample contractual issues resolution process on the CAif Project. 
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TABLE 2. 
Summary of Partnered Projects 

Project Duration 
Number Type of Work Original Bid ($) (Months) 

1 Rerouting of all utilities on several streets involving open 23,458,000 29 
cut, slurry wall & jacked pipe construction methods 

2 Relocation of sewer lines in downtown streets using open 14,562,000 16 
cut & jacked pipe construction methods 

3 Rel.ocation of all utilities on several downtown streets 3,798,000 15 
using open cut & jacked pipe construction methods 

4 Relocation of all utilities in several downtown streets using 5,627,000 15 
open cut & slurry wall construction methods 

• Cost Growth (%) . The ratio of the differ
ence between the final cost and the origi
nal bid price to the original bid price. The 
final cost included all costs such as change 
orders, overruns or underruns in unit 
price items, police details, etc. 

costs were different from the final costs 
used in the cost growth calculation. 

• Value Engineering Savings. The ratio of to
tal d; llar value savings to the original bid 
price. 

• Safety. Two rates were used to measure 
safety on the projects. The first rate was 
the OSHA Recordable Injury (OSHA 
REC) rate that includes all recordable inju
ries whether or not employees missed 
work. The second rate was the OSHA Lost 
Work Day (LWD) rate, which is a measure 
of injuries that result in lost work days. 
The LWD rate generally represents more 
severe injuries. 

• Schedule Growth. The ratio of the differ
ence between the final duration and the 
original contract duration to the original 
contract duration. 

• Change Order Volume. The ratio of all the 
change orders to the original bid price. 
Since most of the contracts reviewed in 
this study involved unit-price items that 
could overrun or underrun, change order 

TABLE 3. 
Summary of Non-Partnered Projects 

Project 
Number Type of Work Original Bid ($) 

1 Excavation, grading & paving of approximately 6,000 feet 8,818,000 
of a two-lane roadway 

2 Relocation of an existing railroad track & modifications to 1,748,000 
an overhead bridge 

3 Relocation of utilities & construction of sewer lines using 5,148,000 
jacked pipe method 

4 Relocation & construction of combin~d sewer overflow & 20,494,000 
concrete culverts using open cut excavation & slurry wall 

5 Relocation of water & other utilities & installation of a gas 2,260,000 
line using open cut excavation 

Duration 
(Months) 

18 

10 

12 

16 

14 
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TABLE 4. 

A Comparison of the Performance Parameters Between 
Partnered & Non-Partnered Projects 

Value 
Project Cost Schedule Change Engineering OSHA OSHA 
Number Growth(%) Growth(%) Orders(%) Savings(%) REC Rate LWD Rate 

Partnered 

1 30 -18 13 
2 21 43 16 
3 66 89 44 
4 16 6 7 

Average 33 30 20 

Non-Partnered 

1 23 20 23 
2 6 13 4 
3 22 20 18 
4 73 54 63 
5 113 62 78 

Average 47 34 37 

Almost all these projects were subject to 
high levels of risk and uncertainty - a given 
for utility relocation work, especially in old ur
ban areas where information about the location 
and condition of utility lines is usually incom
plete or, in many cases, non-existent. Due to in
complete or missing information, utility reloca
tion and construction projects usually carry 
some of the largest contingency rates. 13,14 

Given these uncertainties, relatively large cost 
and schedule growth in these projects were not 
unexpected. Another interesting feature of 
these nine projects was that no disputes went to 
Dispute Review Boards or to the courts. 

The data in Table 4 reveals that partnered 
projects outperformed non-partnered projects 
in virtually every category - including cost 
growth, schedule growth, change order vol
ume and value engineering savings. The only 
exception was the LWD category, where part
nered projects seem to fare worse than non
partnered projects. It would be difficult to as
sert that the reason for the superior perform
ance of the partnered projects was due only to 
the partnering process. Every construction 
project is unique, after all, and many other pa-
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0.45 30.1 16.9 
2.67 18.6 10.5 
0.00 8 .1 8 .1 
0.00 11 .1 11 .1 

0.78 17.0 11 .7 

0.00 20 .1 6.0 
0.00 - -
0.00 23.6 0.0 
1.88 15.6 5.6 
O.QO 23.8 11 .9 

0.38 20.8 5.9 

rameters (such as the individuals running the 
projects, location and other external factors) 
can impact project performance. On the other 
hand, this study tried to compare projects that 
were similar in organization (same owner and 
construction manager), type and size. By mak
ing the projects as similar as possible, it was 
hoped to eliminate, or reduce, any potential for 
bias. A formal statistical analysis was con
ducted on the data but it failed to detect a sig
nificant difference between the partnered and 
non-partnered data, mainly because of the 
small number of data.5 The small amount of 
data also contributes to the increased sensitiv
ity of the data. The addition or deletion of a sin
gle contract can affect the results. 

Since the CA/T Project includes numerous 
large and complex contracts, a second analysis 
was conducted that included data from the 
four large partnered contracts that had been re
moved from consideration in the previous 
analysis. The results of this second analysis 
were quite similar to the previous results in the 
categories of cost growth, change order vol
ume, value engineering and safety (see Table 
5). The schedule growth of all partnered con-



TABLE 5. 
A Comparison of the Performance Parameters Between Partnered & Non-Partnered 

Projects, Including Four Large Projects Not Included in Table 4 

Value 
Project Cost Schedule Change Engineering OSHA OSHA 
Number Growth(%) Growth(%) O rders(%) Savings(%) REC Rate LWD Rate 

Partnered 

1 30 -18 13 
2 21 43 16 
3 66 89 44 
4 16 6 7 

Partnered but Excluded From Table 4 

5 11 16 9 
6 34 45 30 
7 33 44 28 
8 49 56 30 

Average 32 35 22 
(of all 8) 

Non-Partnered 

1 23 20 23 
2 6 13 4 
3 22 20 18 
4 73 54 63 
5 113 62 78 

Average 47 34 37 

tracts (including the four larger contracts) in
creased slightly, making it comparable to the 
schedule growth of the non-partnered con
tracts. This outcome is plausible since large 
complex contracts would seem to have more 
potential for schedule growth. 

Survey. In order to obtain more information 
on the impact of partnering on the CA/T Pro
ject, a questionnaire was sent to the various 
parties involved in the project. It consisted of a 
few multiple choice questions followed by two 
questions asking the respondents to identify 
specific negative or positive aspects to partner
ing (see Table 6). The questionnaire was sent to: 

• Nine area managers from the MHD, 
FHWA, and the joint venture; 

• Fifteen joint venture resident engineers; 
and, 

• Eleven contractor project managers. 

0.45 30.1 16.9 
2.67 18.6 10.5 
0.00 8 .1 8.1 
0 .00 11.1 11 .1 

0.27 12.0 6.9 
0.00 16.4 5.9 
0 .21 20.0 15 .0 
0 .62 29.4 25 .8 

0 .53 18.2 12.5 . 
0.00 20.1 6.0 
0 .00 - -

0.00 23 .6 0.0 
1.88 15.6 5.6 
0 .00 23.8 11 .9 

0.38 20.8 5.9 

The response rate was 77 percent (27 persons 
out of 35).5 

Table 6 summarizes responses to questions 
in the survey. The lowest rating was on the is
sue of trust. Some comments indicated that 
there is distrust when money is involved. The 
joint venture and the contractors reported that 
trust between engineer and contractor was not 
very good. One positive comment was that 
partnering led to fewer written materials and 
more verbal agreements that the parties hon
ored. 

Communication - another area that part
nering advocates contend benefits from the 
process - was rated excellent to good by most 
respondents. Although almost everybody 
agreed that communication was good or excel
lent at the Resident Engineer /Project Manager 
level and above, some reported that communi
cation was not very good below these levels -
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TABLE 6. 
A Summary of the Survey Results 

Questions Area Managers 

Is partnering beneficial? Yes 
(100%) 

Rate communication on Excellent to good 
your contract. (100%) 

Rate trust on your Excellent to good 
contract (86%) 

Fair to poor 
(14%) 

Rate the upper Excellent to good 
management support for (88%) 
partnering. Fair to poor 

(12%) 

Is the issue resolution Yes 
model useful? (100%) 

that the field and office staff do not communi
cate that well. 

The survey also asked the respondents to 
cite negative and positive aspects of partner
ing. 

The important negative issues are summa
rized as follows: 

• Several people from the owner 's side re
ported that they felt partnering led to 
compromising with, or giving in to, the 
cm:;.tractor even when it was unjustified. 

• Few reported that contractors view part
nering as a way to maximize their poten
tial profits on change issues. 

• Some contractors reported that the owner 
was too lenient with abutters and third 
parties in granting extras that drove up 
the cost for the contractors and that could 
impact schedule. 

• Staff turnover during a contract was cited 
as undermining the effectiveness of part
nerships and one manager reported that 
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Contractor Project 
Resident Engineers Managers 

Yes Yes 
(67%) (100%) 
No 
(33%) 

Excellent to good Excellent to good 
(75%) (56%) 
Fair to poor Fair to poor 
(25%) (44%) 

Excellent to good Excellent to good 
(50%) (50%) 
Fair to poor Fair to poor 
(50%) (50%) 

Excel lent to good Excellent to good 
(67%) (88%) 
Fa ir to ROOr Fair to poor 
(33%) (12%) 

Yes Yes 
(90%) (80%) 
No No 
(10%) (20%) 

follow-up on issues did not occur because 
of such turnover. 

• A few respondents felt some people view 
partnering as a means to waive the con
tract requirements. 

• Some reported that partnering opens 
communication at all levels that can lead 
to problems if unresolved issues are not 
moved up the chain of command quickly 
for resolution. 

Most of these issues could have been 
avoided if the tenets of partnering were fol
lowed. For example, inappropriate compro
mising violates the win-win aspect of partner
ing. All parties should strive to come up with 
solutions that are beneficial or better for every
body in a fair and equitable way. Also, partner
ing never encourages waiving contract require
ments; rather, it allows all parties to talk openly 
about alternative ways to meet requirements. 

The respondents also noted positive out
comes of the partnering process: 



• Many managers reported that major 
claims were avoided due to partnering. 

• Many respondents felt that communica
tion had improved, leading to better coor
dination among all of the parties in
volved, including impacted abutters or 
follow-up contractors. 

• Many managers reported specific in
stances where everyone worked together 
to meet schedule requirements or resolve 
field problems quickly. 

Summary & Conclusions 
In order to assess the effectiveness of partner
ing on project performance, performance data 
was collected on nine CA/T Project contracts 
that had been completed by the summer of 
1996. Most of these contracts involved utility 
relocation and construction. The cost of these 
projects ranged from $1.7 to $23.4 million. Even 
though the results could not be statistically 
validated due to small sample sizes, four part
nered projects performed better than five non
partnered projects in virtually every category 
measured. Cost growth averaged 33 percent 
versus 47 percent for partnered and non
partnered projects, respectively. Schedule 
growth averaged 30 percent versus 34 percent 
for partnered and non-partnered projects, re
spectively. And change order growth averaged 
20 percent versus 37 percent for partnered ver
sus non-partnered contracts, respectively. 
Also, partnered projects had more value engi
neering proposals submitted with larger cost 
savings compared to non-partnered projects. 
Safety, however, produced mixed results in 
that partnered projects had fewer OSHA rec
ordable injuries, but non-partnered projects 
had fewer lost workday injuries. 

A survey was also conducted to gather infor
mation from managers from owner, contractor 
and consultant organizations. Results of this 
survey revealed mixed opinions on the various 
aspects of partnering. However, most re
sponses were favorable to partnering. Some of 
the responses from the survey emphasized that 
for the partnering tobe successful all of the in
volved parties: 

• Should not compromise unnecessarily on 
tough issues; 

• Should enforce partnering among field 
and office staff; 

• Should minimize staff turnover on part
nered contracts; and, 

• Should strive to create an environment of 
trust among the parties involved. 

Based on data to date, partnering appears to 
be having a positive effect on construction at the 
CA/T Project. It seems safe to say that the poten
tial benefits of partnering far outweigh the rela
tively small costs associated with implementing 
a partnering program on a contract. 

NOTES - Dupont Engineering was the first U.S. 
business to use partnering with Fluor Daniel. The 
U.S. Army Corps of Engineers became the first publi
c agency to use partnering in 1988 when it began 
work on a project with FruCon Construction Corp. 
The CA/I' Project is managed by the joint venture of 
the Bechtel Corp. and Parsons Brinckerhoff (B/PB) . 
The CA/I' Project selected a leadeship training course 
offered by the Franklin-Covey Leadership Center, 
based in Provo, Utah. Their program, The Seven 
Habits of Highly Effective People, which was de
veloped by Stephen Covey, was selected because 
CA/I' Project management believes it teaches princi
ples crucial for the success of a partnering effort. 
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Study 

Structural Failure 
Investigations 

The skills required of a forensic 
engineer differ from those of 
a design engineer, but the 
analysis of a structural failure 
can provide much benefit in 
the design and construction 
of new projects. 

GLENN R. BELL 

Investigations of structural failures are con
ducted for a variety of purposes. Most 
commonly, when a structure collapses 

there is litigation involved, and the forensic en
gineer may be retained by a party who repre
sents a plaintiff' s or defendant's interest in or
der to determine what went wrong and who is 
responsible. A particular challenge for the fo
rensic engineer in this role is not to succumb to 
pressure to compromise objectivity and impar
tiality when answering to a client with a par
ticular bias. For failures less catastrophic than a 
collapse, the forensic engineer may be retained 
by the owner or manager of a building, or in
surance company, to diagnose structural mal
performance and prescribe a remedy - litiga
tion may not be anticipated at all. Occasionally, 
an investigation may be commissioned simply 
to tell the general public or a government 

agency what went wrong. The National Bureau 
of Standards (NBS), now the National Institute 
of Science and Technology (NIST), has been 
called upon by government groups to perform 
in this role. For example, the U.S. Senate and 
the Mayor of Kansas City asked the NBS to in
vestigate the 1981 walkways collapse at the 
Hyatt Regency in Kansas City so that the public 
would have an explanation for this disaster.1 In 
addition, the Occupational Safety and Health 
Administration (OSHA) retained the NBS to 
determine the cause of the failure of a coolin~ 
tower at Willow Island, West Virginia, in 1977 
and the collapse of the L' Ambiance Plaza in 
Bridgeport, Connecticut in 1987.3 The purpose 
of these investigations was to assist OSHA in 
assessing fines . 

Generally, while the structural engineering 
profession has no direct means of authorizing 
investigations to determine what lessons may 
be learned from failures, many individuals and 
groups have been active in gleaning what has 
been learned from investigations conducted 
for other purposes and disseminating those 
lessons to the profession. With a bread th of pur
poses comes a breadth of client types. Some of 
the types of individuals and organizations that 
make use of structural investigations are: 

• Owners; 
• Developers; 
• Public and government agencies; 
• Plaintiffs in litigation: (injured parties); 
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• Defendants in litigation (parties involved 
with design, construction, maintenance or 
operation); 

• Tenants; 
• Attorneys; 
• Insurance companies; 
• Materials manufacturers; 
• Designers; and, 
• Contractors. 

Forensic engineers may be called upon to 
determine two types of causes of failure: techni
cal causes and procedural causes. 

Technical causes are the actual physical 
proximate causes of failure. For example, the 
hanger-rod-box-beam connection at Line U2 
ruptured. Or, the roof collapsed due to a 150 
percent overload from drifting snow. Or, the 
timber truss failed by buckling of the fourth 
compression diagonal. Often compounding 
problems lead to failure, and determining the 
relative contributions from various struc
tural defects is challenging. Sometimes com
pound defects are sq debilitating that the 
challenge is not to determine why the struc
ture fell down but rather why it stood for as 
long as it did. 

Procedural causes are the human error, com
munication problems or shortcomings in de
sign, construction or maintenance that were re
sponsible for the flaws that led to the technical 
cause. For example, the welding of the hanger
rod-box-beam connections did not meet the de
sign requirements. Or, the structural engineer 
neglected the effects of drifting snow in the de
sign. Or, the carpenters omitted critical bracing 
for the truss diagonals. 

Often, determining the procedural causes is 
the more difficult but important aspect of an in
vestigation, particularly for determining the 
lessons to be learned. Neal FitzSimons has esti
mated that 90 percent of failures are due not to 
a lack of technical information, but to proce
dural errors.4 

Several available guides for conducting in
vestigations describe particular techniques. 5-12 

Similarly, there are available guidelines and 
standards for material-specific or test-specific 
methods. 

The term forensic is often misunderstood 
since it has two meanings in engineering. In the 
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most literal sense, it relates to court or other 
public disputes. More generally, and as used by 
the American Society of Civil Engineers Tech
nical Council on Forensic Engineering (ASCE/ 
TCFE), it means all of the activities involved 
with investigating the causes of failure or 
malperformance. Indeed, it is typically the case 
that only a small fraction of the forensic engi
neer's work is involved in litigation activities. 
The latter, broader definition is the focus 
herein. 

Project Initiation 
Project Objective & Scope. As with any consult
ing assignment, the project usually begins with 
a meeting or phone call during which the po
tential client describes his or her needs and ob
jectives for the investigation. A few special rec
ommendations for the initial contact in a 
forensic investigation follow: 

• Always check to ensure that there are no 
conflicts of interest in undertaking the as
signment. Until such a check has been 
made, caution the potential client not to 
reveal confidential information that could 
jeopardize the client's position (such as a 
theory for attacking the litigation) should 
the engagement have to be declined due 
to a conflict. Otherwise, the potential cli
ent could have grounds to completely dis
qualify the engineer from the case. (See 
Recommended Practice for Design Profession
als Engaged as Experts in the Resolution of 
Construction Disputes).13 

• Beware of "takeout moves," wherein the 
client agrees to engage work, forwards an 
executed contract, possibly with a small 
retainer, but then does not extend any 
work. The purpose is to inexpensively ex
clude an engineer from working on the 
behalf of others. It happens. 

• Inquire as to the client's motives and the 
degree to which the engineer will be free to 
perform an objective investigation in order 
to form opinions with a reasonable degree 
of engineering certainty (see Recommen
dation 12 in Ref. 13). Resolve any scope is
sues now or refuse the engagement. 

• Carefully examine the potential client's 
objectives. If the client intends to use the 



investigation to support a certain point of 
view in trial, and it is unlikely that the in
vestigation and analysis will be able to 
support that point of view, inform the cli
ent at the beginning. It is always better to 
be honest up front, even if it means refus
ing the assignment. 

Conflicts of Interest. The guide Recommended 
Practice states: l3 

Regardless of the expert's objectivity, the 
expert's opinion may be discounted if it is 
found that the expert has or had a relation
ship with another party which consciously 
or even subconsciously could have biased 
the expert's services or opinions. To avoid 
this situation, experts should identify the or
ganizations and individuals involved in the 
matter at issue, and determine if they or any 
of their associates have or ever had a rela
tionship with any of the organizations or in
dividuals involved. Experts should reveal 
any such relationships to their clients 
and/or client's attorneys to permit them to 
determine whether or not the relationships 
could be construed as creating or giving the 
appearance of creating conflicts or interest. 

Conflict avoidance in large organizations is 
difficult. A computer database of current and 
past projects can be used by a firm to try to 
identify potential conflicts. 

Establishing the Investigative Plan. To deter
mine the technical causes of failure, the goal of 
the investigation is to establish: 

• The mode and sequence of the failure; 
• The demands (loads) acting on the struc

ture at the time of the failure; and, 
• The capacity of the structure at the time of 

the failure . 

The process usually involves developing 
hypotheses regarding the causes of failure and 
then analyzing and testing those hypotheses. 
With effort, certain failure theories are elimi
nated and, it is hoped, in the end, the facts will 
support one theory. Sometimes the investiga
tion reveals that the demand on a certain part of 
the structure exceeded its capacity for one and 

only one failure mechanism and that mecha
nism is consistent with the evidence of the 
mode and sequence of the failure. Sometimes 
the results are not so straightforward. 

From the outset, the forensic engineer cre
ates an investigative plan, a common general 
flow chart for which is given in Figure 1. How
ever, not all investigations entail using every 
step, and the investigative plan is continuously 
revised to account for evolving theories and in
formation. Some investigators have developed 
elaborate flow charts for the investigative pro
cess (such as those shown in Blockley12 and Ka
minetzky14). 

Establishing the Investigative Team 
Qualifications of the Investigator. By education, 
structural engineers are trained generally for 
the design and construction of new works. To 
the author's knowledge, no universities offer 
degree programs in forensic engineering, al
though a few offer courses in failure causes. 

Structural design and structural investiga
tions require very different approaches. The 
first is a process of synthesis; the second, one of 
analysis. Design requires, among other things, 
an ability to create a cost-efficient load-bearing 
scheme in accordance with a set of "rules" pre
scribed by building codes for minimal design 
cost. Simplicity and optimization are para
mount. However, investigation requires a 
structured approach of data collection, and the 
development and scrutiny of failure hypothe
ses. Advanced analyses, precision, attention to 
detail and patience are key. For these reasons, 
good structural designers do not necessarily 
make good investigators and vice versa. 

The key to proficiency in either discipline is 
experience, and any individual with interest in 
structural failure investigations should make a 
thorough review of available literature. A review 
of this literature not only provides insight into in
vestigative processes and techniques, but it also 
demonstrates the common ways that structures 
fail. A veteran investigator of thousands of fail
ures, Jack Janney, once remarked, "structures 
nearly always fail by buckling or where loads 
must tum a comer" (see Figures 2 and 3 on pages 
67 and 68, respectively). While quite a generaliza
tion, this statement is not far off the mark. It is this 
type of real-world understanding of why build-
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Engagement & Definition of 
Investigation Objectives 

-
Collection of Background 
Information & Documents 

• 

Initial Reconnaissance 
Site Visit 

-
Formation of Investigation 
Plan & Project Team 

• 

Formulation of Initial 
Failure Hypothesis 

• .. Comprehensive Document 
Review 

• 

Site Investigation, Field Testing 
· & Sample Collection 

• 

Structural Analysis & 
Laboratory Testing 

• 

Revision of Failure 
Hypothesis 

• 

- Revision of 
Investigative Plan 

FIGURE 1. The investigative process. 

ings stand and why they actually fail that, in 
part, differentiates a good investigator from a 
good designer. 
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. 

... Final Conclusions -
• 

Report 

In addition to technical skills, the forensic 
engineer requires outstanding characteristics 
in the following areas: 



FIGURE 2. Roof failure by buckling of the beam/column joint. 

• Credentials that grant credibility to the in
dividual's opinions; 

• The ability to convey often complex issues 
simply and convincingly to lay people; 

• Absolute honesty and the ability to work 
impartially under pressure from indi
viduals with partial interests; 

• Stamina and constitution to sustain the 
stress of litigation proceedings; 

• The ability to remain composed under 
sometimes hostile examination; and, 

• When called upon to convey opinions re
garding procedural causes of failures, 
know ledge of the standard of care of prac
titioners in the industry. 

Available Guides . The process of investigat
ing failures will never follow standard proce
dures. Each investigation is different and re
quires a tailored approach. Nevertheless, there 
are some useful guidelines for conducting in
vestigations. The most noteworthy are: 

• Guidelines for Failure Investigation, by the 

ASCE/TCFE Task Committee on Guide
lines for Failure Investigation;5 

• Guide to Investigation of Structural Failures, 
by the ASCE Research Council on Per
formance of Structures;6 

• Building Failures - A Guide to Diagnosis, 
Remedy and Prevention, by Lyall Addle
son;7 and, 

• Building Pathology, A State-of-the-Art Re
port, CIB Report Publication 155.15 

In addition, there are a number of useful arti
cles on the subject.9-12,14 

Sources of Failure Information. For anyone in
terested in the study of failure investigations, 
the ASCE Journal of Performance of Constructed 
Facilities is highly instructive. Published quar
terly, that journal contains case studies of indi
vidual failure investigations as well as articles 
on particular failure issues. In addition, failure 
books and articles are often published in other 
industry literature.16-30 

Some of the most thorough and well docu
mented reports of failure investigations are 
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FIGURE 3. Failure by connection tear-out. 

those of the NBS/NIST. Among others, the 
NBS/NIST has investigated the 1981 Hyatt Re
gency, Kansas City walkways failure,1 the 1981 
collapse of the Harbour Cay Condominium in 
Cocoa Beach, Florida,31 and the 1988 collapse 
of L' Ambiance Plaza in Bridgeport, Connecti
cut.3 

Team Organization. In large, complex investi
gations it is rare for the Principal Investigator 
(PI) to possess all of the requisite technical 
skills. Therefore, the PI may rely on specialty 
subconsultants in such areas as: 

• Materials behavior; 
• Testing and instrumentation; 
• Special loads effects (e.g., wind); and, 
• Special analysis techniques. 

A comprehensive list of the specialists on 
which the PI may rely is given in Table 1. The 
qualities required of these specialists are gener
ally the same as those that are required of the 
forensic investigator. The forensic engineer 
should have pre-established relationships with 
such specialty consultants, so that they may be 
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summoned on short notice when a structure 
fails . 

When working on large, complex cases, 
strong project management involving the es
tablishment of clear lines of communication 
and responsibility is essential. Periodic up
dates of the investigative plan must be con
veyed to the entire team. Continuous quality 
control/ assurance over in-house staff and ex
ternal subconsultants must be exercised. 

Cooperative Efforts With Other · Investigators. 
Investigations can be expensive, and available 
debris for testing and examination limited. For 
these reasons, investigators answering to par
ties of different interests sometimes cooperate 
in the data collection and testing phases of an 
investigation, which was the case, for example, 
in the Hyatt Regency walkways collapse, 
where there were numerous experts represent
ing a number of parties. Critical structural com
ponents from the debris needed to be tested de
structively. The interested parties assembled 
and agreed that the NBS would perform the 
necessary laboratory analysis and testing, us
ing procedures agreed to by all experts. All ex-



TABLE 1. 
Specialist Consultants 

Aerodynamics Field testing Photoelasticity 
Aluminum Fracture Photogrammetry 
Architecture Geology Pile driving 
Blasting vibrations Geotechnical engineering/ Pipelines 
Climatology foundations Pipes 
Cold weather construction Glass Plasticity 
Composite materials Ground water Plastic materials 
Computer design Hydraulics Prestressed concrete 
Concrete materials Hydrodynamics Probabil ity theory 
Construction equipment & Impact Protective coatings 

methods Masonry Railroads 
Corrosion Mathematics Shoring 
Cost estimating Measurement technology Stability 
Data systems Meterology Statistical analysis 
Dynamics & vibration Nondestructive testing Steel 
Elasticity Ocean engineering Surveying 
Electronics Offshore construction Waterproofing 
Engineering mechanics Painting Weld ing 
Environmental engineering Parking engineering Wind 
Fabrication Pavements 
Fatigue Petrography 

perts were allowed to witness the testing, and 
data were shared. 

The Investigative Process 
Analysis Versus Synthesis. When investigating a 
structural failure, a forensic engineer cannot 
think like a designer. Whereas in the design 
process the designer has the freedom to ar
range the structure to behave the way he or she 
wants, after a structural failure there is no such 
control - the structure has already behaved 
the way it wanted. 

Building code methods that designers use 
are assumed to be conservative, but they do not 
always describe structural behavior well. For 
example, just because a structural steel beam 
may be loaded to its theoretical yield point (al
lowable stress times factor of safety), it cannot 
be assumed that the beam will collapse. The 
beam has post-yield capacity; it can strain 
harden; there may be redundancy and alter
nate load paths; and, the yield strength is likely 
to be higher than the minimum specified. The 
more redundant and ductile the structure, the 
more likely it will yield, redistribute load and 
continue to maintain load-bearing ability. The 

Wood 

investigator must take all of these factors into 
account. 

Simple and conservative techniques - the 
hallmark of good design - are not appropriate 
for investigations. In an investigation, greater 
precision is required, advanced analysis is often 
called for, all facts must be verified and any un
confirmed assumptions can lead to costly errors. 

Development & Analysis of Failure Hypotheses. 
A mistake sometimes made by novice and ex
perienced investigators alike is to fail to consid
er all possible failure hypotheses. All probable 
hypotheses must be developed and systemati
cally analyzed until they either can be proven · 
or disproved. Key in developing failure hy
potheses is to study carefully the configuration 
of the debris after the failure, and then try to 
imagine all of the different failure sequences 
the structure could have undergone to arrive at 
its final configuration. The structure tells a 
story that should be listened to carefully. 

Establishing the Actions on the Structure. Dead 
loads are verified by cataloging observations 
from field investigations. Sometimes it is nec
essary to weigh existing components, material 
samples or assemblies. Often dead loads are 
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less than the allowances made during design, 
but they may be greater. Long-term mainte
nance and modification can lead to increased 
dead loads in the form of additional roofing 
membranes, ceilings or mechanical equip
ment. Leaky roofs and walls saturate compo
nents. In cast-in-place concrete construction, 
structural deflections due to the "ponding" of 
wet concrete have led to slabs thicker than re
quired by design. 

Live loads, of course, take many forms and 
often are difficult to verify. Snow, ponded wa
ter, furniture and equipment, and human occu
pancy are the common forms of live load. Cata
lo gin g, s ampling and weighing, and 
eyewitness accounts are all available forms of 
data collection for determining live loads. The 
increasing use of video security surveillance 
cameras often affords an invaluable source of 
information regarding loads and sequences of 
failures . Load effects other than those caused 
by gravity also cannot be overlooked. They 
may include temperature, shrinkage and 
creep, wind and seismic, vehicular impact, vi
brations from equipment and foundation set
tlements - to name a few. Live load behavior 
may vary from simplified assumptions. For ex
ample, some materials will tend to arch over 
relatively flexible structural components. 

Establishing the Capacity of the Structure. Usu
ally the first step in determining the capacity of 
the structure is to review the structural draw
ings for the project. While drawings can be a 
great time-saver in establishing the overall 
structural configuration, they can lead an in
vestigator down an erroneous path if they are 
relied on without critical verification. Dimen
sions and member sizes often must be con
firmed. Material strengths may require certifi
cation. The amount of verification required to 
reach conclusions with a reasonable degree of 
engineering certainty may be enormous; occa
sionally it is practically impossible. 

Structures may deteriorate from the as-built 
condition from a number of effects such as: 

• Water intrusion and other corrosive ef
fects; 

• Fatigue; 
• Damage from nearby blasting, traffic vi

brations or adjacent construction; and, 

C:-.-::-_ D:G :EERIXG PRACTICE SPRING/ SUMMER 1998 

• In concrete, material degradation from 
chloride attack, alkali-silica reaction or 
delayed ettringite reaction. 

Following documentation of the as-built 
condition, the determination of strength may 
come from load testing, from calculations, or 
both. It should be noted that non-structural ele
ments, most notably exterior walls and interior 
partitions, may play an unintentional role in 
the behavior of the structure by interacting 
with the structural frame. 

Advancement of Failure Hypotheses . Over the 
course of an investigation, failure hypotheses 
are continuously tested by the facts and the re
sults of testing and analysis. Some hypotheses 
may be disproved and dropped, while new 
ones may be advanced. It is generally advisable 
to assemble the investigative team shortly after 
the initial site investigation for a brainstorming 
session on failure hypotheses. 

Document Review 
Sources of Project Documents. Project documents 
are key to understanding not only how the 
structure was built but also how it was main
tained and modified over time. Without such 
documents the job is difficult for a project of 
any complexity. Whenever possible, the inves
tigator should obtain arid review at least the 
most fundamental design documents prior to 
initial site investigation. Project documents are 
also key when the forensic engineer is called on 
to opine on the procedural causes of the failure 
in that they provide insight into the actions of 
those responsible for the design, construction 
and operation of the facility. 

Common sources of project documents are 
from: 

• Architects and engineers involved in the 
original design, modification or repair of 
the facility; 

• Past and present owners; 
• Past and present building managers; 
• General contractor and/ or construction 

manager for the original construction, 
modification or repair of the facility; 

• Subcontractors involved in the original 
construction, modification or repair of the 
facility; 



TABLE 2. 
Project-Specific Documents Used in Investigations* 

Contract drawings (including all revision issues 
thereof) 

Structural (including progress prints) 
Architectural (including progress prints) 
Mechanical (HVAC)** 
Electrical** 
Plumbing** 
Lighting** 

Contract specifications 
Technical sections of interest 
General conditions 
Supplementary general conditions 
Special conditions 

Contracts 
Owner/architect 
Architect/structural engineer 
Contract revisions 
Addenda 
Bulletins 
Field directives 
Change orders 
Any correspondence authorizing change 
to the structure from the contract 
requirements 

Shop drawings & other submissions 
Structural steel (detail drawings & erection 
drawings) 
Bar joists & prefabricated trusses 
Metal decking 
Reinforcing bar 
Product data 

As-built drawings· 

Field & shop reports (including construction 
photos) 

Structural steel inspection laboratory (including 
weld & bolt inspection) 

Notes: *The scope will vary depending on the investigator's assignment. 
••Assist principally in establishing dead loads. 

• Developer of the facility; 
• Construction mortgagee of the facility; 
• Materials or systems suppliers for the 

original construction, modification or re
pair of the facility; 

• Previous or other current investigators; 
• City, town or state building departments; 

and, 

Concrete inspection laboratory (reinforcing 
steel, formwork, concrete) 
Concrete mix designs 
Clerk of the works 
Structural engineer 
Architect 
Construction supervisor's daily log 
Local bui lding inspector 
Owner's or developer's fie ld inspectors 

Materials strength reports or certification 
Concrete compressive strength 
Masonry prism strength 
Steel mill certificates 
Welding procedures (e.g., type of electrodes, 
required preheat) 
Fastener certification 
Results of special load tests 

Project correspondence 
Owner/consu ltant 
I ntraconsu ltant 
Owner/contractor 
Consultant/contractor 
Transmittal/records 
In-house memoranda 
Records of meeting notes 
Records of telephone conversations 

Consultant reports 
Feasibility studies 
Progress reports 
Soils consu ltant reports (including boring logs) 

Calculations 
Primary structural engineer 
Reviewing structural engineer 
Specific subcontractor's engineers (where 
required by contract) 

Maintenance &. modification records 

• Testing agency involved in the original 
construction, modification or repair of the 
facility. 

Types of Available Documents. Table 2 contains 
a comprehensive list of documents that may be 
useful for failure investigations. Documents of 
the non-structural trades - architectural, me-
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chanical/ electrical, etc. - are often useful for 
determining dead loads on the structure. In ad
dition, non-structural elements may play an 
unintentional role - positive or negative - in 
the structure's loadbearing capacity. 

The importance of materials produced sub
sequent to the issuance of the design docu
ments - addenda, shop drawings, bulletins, 
and field inspection reports - should not be 
underestimated since they often provide criti
cal information about the departure of the 
structure from the structural drawings. In ad
dition, as-built drawings are rarely accurate. 

Field Investigation 
Access to & Control of the Site. Particularly follow
ing a large, catastrophic failure, the PI must ver
ify his or her rights and limitations regarding ac
cess to the site and activities there. (Often 
disaster sites are controlled by local or state po
lice or national guard.) Who has authority over 
site access and who is authorized to admit in
vestigators to the site? Are there limitations on 
where the investigator may go and may do? 
Does the investigator have authority to alter evi
dence by moving debris or collecting samples? 

Site Safety. Collapse scenes can be dangerous 
places (see Figure 4). Once, during an investi
gation of the collapse of an earth-covered ga
rage, a second section of the garage col
lapsed.32 Thus, the leading concern of every 
team member must be the safety of the team as 
well as others at the site. There are other haz
ards in addition to direct falling hazards that 
are of concern. Sometimes failures lead to the 
release of environmental hazards. Also, inves
tigators may be entrapped in confined spaces. 
Many OSHA regulations define procedures for 
construction site safety, training and certifica
tion that are relevant to field investigations. 

Where rescue operations are ongoing dur
ing field investigations, such operations must 
take precedence over the investigator 's interest 
in data collection. If the investigator arrives on 
site shortly after the failure while rescue opera
tions are underway, it may be necessary to sus
pend investigative efforts to lend special exper
tise to the rescue effort. 

Sample Removal. The PI establishes the over
all project protocol for identifying, cataloging, 
removing, shipping and storing samples. It is 

72 CIVIL ENGINEERING PRACTICE SPRING/ SUMMER 1998 

recommended to mark each sample with a 
permanent marker and then photograph it 
before it is removed (see Figure 5). Note any ex
isting damage or distinguishing characteristics 
before removing the artifact from the structure. 
Samples that may deteriorate quickly after re
moval may have to be environmentally pro
tected. Fracture surfaces may be sprayed with a 
clear acrylic coating, for example. Moisture
sensitive materials may be placed in sealed 
bags or other containers, sometimes with desic
cants. It is important to maintain a traceable 
chain of custody of samples so that the sam
ple's origin and handling can be verified with
out question. 

Required Scope of Observations & Sampling. 
The sampling program should be based, in 
scope and content, on the presumed failure hy
potheses. The number and location of the sam
ples should be carefully planned and will de
pend on a number of factors such as: 

• The variation from sample to sample; 
• The degree of reliability required in the re

sults; 
• Whether or not there are any explainable 

trends in the test results (e.g., differing 
batches of concrete); and, 

• The size of structure. 

In straightforward cases, the number of 
samples may be established from statistical 
principles such as set forth in Ang and Tang33 

or ASTM E10534 and ASTM E141.35 Material
specific recommendations are also available in 
ASTM and other standards. 

Observations & Documentation. The PI estab
lishes the overall grid/identification system 
for the structure. The PI also determines the 
procedures for sample cataloging, photograph 
identification, observations openings, etc. 

The PI should visit the site early in the pro
cess (during the initial site visit if possible) to 
gain general familiarity with the site. It is im
portant to establish to the extent possible the 
degree to which the debris may have been 
modified by others. Subsequent members of 
the team should similarly obtain a general 
overview of the site before detailed examina
tion. Each investigator should have his or her 
own kit of basic tools as well as standard safety 



FIGURE 4. Failure sites can be dangerous places. 

FIGURE 5. Label and photograph each sample before removing it. 

CIVIL ENGINEERING PRACTICE SPRING / SUMMER 1998 73 



TABLE 3. 
Small Tools & Equipment Used in Field Investigation 

Measurement 
10-inch dial caliper 
12-inch steel ruler 
20-foot tape 
1 00-foot tape 
Optical comparator 
Tape-on crack monitors 

Tools 
Hammer 
Screwdrivers 
Prybar 
Pocket knife 
Flashl ight 

Photographic 
Film 
Camera 
Lenses 
Flash 
Batteries 
Lens papers 

Clothing 
Hardhat 
Coveralls 
Steel-toed workboots 
Gloves 

gear (e .g., hardhats and steel-toed shoes). A 
suggested equipment list is given in Table 3. 
Field support specialists usually included on a 
site investigation are: 

• Surveyors; 
• Concrete coring or sawing technicians 

(for sample removal); 
• Welders (for sample removal); 
• Photographers; 
• Crane operators; 
• Shoring specialists; 
• Field and laboratory testing technicians; 
• Measurement technicians; and, 
• Witness interviewers. 

Investigators use a number of techniques for 
recording field observations and activities. 
Some keep separate logs of samples, sketches, 
discussions and general observations. It is 
preferable that each team member keep a run
ning diary of all field activities, for example in a 
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Stationery 
White-lined paper 
Calculation pad 
Architect scale 
Pencil & leads 
Eraser 
Field notebooks 
Triangles 
Felt markers 
Clipboard 
Lumber crayons 

Books 
AISC manual 
ACI code 
Other applicable failure guides 

Other 
Calculator 
Stick-on labels 
Wire-on labels 
Plastic sample bags 
Duct tape 
Job file 
Spray paint 
Dictation recorder & tapes 

spiral bound notebook. That way there can be 
no question as to who was responsible for what 
observation and at what point in time the ob
servation was made. It is often important to 
know at what stage or in what context various 
activities took place. Also, it is much less likely 
that notes will be misplaced. Common field ac
tivities that require recording are 

• Sketches of the overall failed configura
tion; 

• Observation of the behavior of adjacent 
construction during and subsequent to 
the failure; 

• Detailed sketches of critical members and 
connections; 

• Inventory of construction materials to es
tablish dead loads; 

• Observation of deterioration; 
• Information regarding detailed as-built 

conditions, including plan and detail di
mensions; 



• Description of fracture surfaces; 
• Notes of samples removed; 
• Procedures and results of field tests; 
• Indications of environmental conditions 

acting on the facility at the time of failure; 
• Log of photographs; and, 
• Notes of conversations with others. 

The individual logs or summaries of obser
vations of activities of many investigators can 
be compiled at a later time from these individ
ual diaries. Sketches and photographs are bet
ter than lengthy verbal descriptions ( either in 
writing or tape recording) since they can record 
more information in a shorter space and are 
less likely to be misinterpreted. 

The speed of observation and data collection 
may be important in an ever-changing site 
where rescue operations are ongoing and evi
dence is being destroyed. The experienced in
vestigator quickly assesses the probable failure 
hypotheses and targets the field work accord
ingly. 

Field observations are made and recorded 
on three scales: 

• Overall Configuration: How did the struc
ture fail? Note movements from initial po
sition and relative positions of compo
nents . What is the relationship of 
damaged and undamaged components? 
Examine the interfaces of damaged to un
damaged components. 

• Member & Connection Configuration: How 
are members bent and fractured? Exam
ine fracture surfaces. 

• Materials: Is there degradation (corrosion, 
spalling, cracking, rot)? Are there signs of 
distress (e.g., flaking paint)? 

Photography is an essential recording me
dium, and, while some investigators prefer to 
use professional photographers, others prefer 
to take their own shots. The investment in good 
35 mm camera equipment and in the time to de-

• velop photographic skills may be worth it. Vid
eos are useful to convey action, but video cam
eras can be more cumbersome to use. 

Early in the investigation, good overall aer
ial shots are invaluable to establish the overall 
failed configuration and conditions at the site. 

Such shots may be obtained from an adjacent 
building, from an aerial lift or from aircraft. 

Field Tests. Fieid testing generally falls into two 
types: load tests and materials tests. Load tests 
are useful when an undamaged portion of the 
structure remains that is representative of the 
failed section (see Figure 6). They are particularly 
useful when the structure is severely deterio
rated. However, they can be expensive, particu
larly when several tests are required to obtain sta
tistical significance. Some things to bear in mind 
regarding full-scale load testing are: 

• A number ofloading methods are available, 
including hydraulic jacks, mechanical jacks, 
water or other weights, and air bags. 

• Redundancy in instrumentation is helpful 
to ensure reliability in results . 

• If possible, calibrate equipment before 
and after testing. 

• Safety is critical. Have a safeguard (such 
as shoring or immediate load relief) in 
place in the event that the structure begins 
to fail catastrophically. 

• In cases involving many parties in a litiga
tion, it is often appropriate or even re
quired to afford other parties the opportu
nity to witness tests. 

• The portion of the structure being tested 
must be isolated from structural and non
structural elements that are not part of the 
test. 

• Some form of back-up or verification of the 
test results are advisable, either corroborat
ing calculations or another form of test. 

ASTM Publication STP 702, Full-Scale Load 
Testing of Structures,36 provides additional in
formation on this subject. There are also a 
number of ASTM standards on material or 
assembly-specific tests.37-43 

In-field materials tests are numerous and are 
set forth in many documents. Two comprehen
sive guides are ANSI/ ASCE 11-90, Guideline for 
Structural Condition Assessment of Existing 
Buildings,44 and the Institution of Structural 
Engineers, Appraisal of Existing Structures .45 

Eyewitness Accounts. Eyewitness accounts 
may not be fully reliable. This unreliablity is 
not because people are intentionally dishonest, 
but because most lay observers are not trained 
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FIGURE 6. Full-scale load testing of a bar joist. 

in structural engineering, and the experience of 
witnessing a traumatic collapse can leave 
memories distorted. Nevertheless, eyewitness 
accounts can be useful for obtaining clues and 
for corroborating other evidence. Janney pro
vides useful guidelines for gathering and 
evaluating eyewitness accounts.6 

Laboratory Analysis 
Materials Testing. The testing of materials sam
ples that have been removed from the structure 
may take many forms. 

Some of the more common laboratory tech
niques for the testing of metals are: 

• Basic Mechanical Properties: yield and ten
sile strength, elongation, reduction of 
area, modulus of elasticity, fatigue prop
erties. 

• Fractography: failure analysis of fracture 
surface, usually with an optical or scan
ning electron microscope (see Figure 7). 

• Fracture Toughness: Charpy V-Notch, frac
ture toughness, nil-ductility transition 
temperature. 
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• Welding: radiography, visual, dye pene
trant, ultrasonic, magnetic particle, eddy 
current, metalograph. 

• Hardness: Brinell, Rockwell, Vickers, and 
Knoop. 

• Metallurgy & Quantitative Analysis: 
Chemical composition, grain analysis, 
phase type, flaw detection. 

Some of the more common laboratory tech
niques for the testing of concrete and other ce
mentitious materials are: 

• Basic Mechanical Properties: compressive 
strength, tensile strength, shear strength, 
modulus of elasticity, density, bond strength, 
fatigue strength, abrasion resistance. 

• Dimensional Stability: creep and shrinkage, 
coefficient of thermal expansion. 

• Petrographic Analysis: quantitative analy
sis, air content, degree of hydration and 
carbonation, alkali-carbonate reaction, 
alkali-silica reaction, cement aggregate re
action, cement content, soundness, wa
ter I cement ratio, sulfate attack. 



FIGURE 7. A scanning electron micrograph of a fracture surface. 

• Corrosion & Durability: Permeability, half
cell potential. 

Some of the more common laboratory tech
niques for the testing of wood are: 

• Basic Mechanical Properties: tensile, shear, 
compressive, and bearing strength; 
modulus of elasticity, density. 

• Dimensional Stability: creep and shrinkage, 
moisture content. 

• Presence of Decay: microscopic inspection. 

Component Testing. Load testing may be per
formed on components removed from the field 
or on mock-ups made in a laboratory. A few 
recommendations follow: 

• Component testing is subject to many 
sources of error just as are calculations. In 
particular, the modeling of the test bound
ary conditions is critical to obtain realistic 
results. 

• Follow established procedures (such as 
ASTM standards) wherever possible. If 

there must be any deviation from ac
cepted standards, do so understanding 
fully the consequences, and be prepared 
to defend the reasons. 

• An individual who is prepared to testify 
as to the authenticity of the test proce
dures and results must witness the tests. 

• Maintain all test equipment in good work
ing order and make sure it is properly cali
brated. 

• Use redundant checks on the test results 
by corroborating calculations or conduct
ing alternative tests. 

• The number of tests must be consistent 
with the investigative objectives for a high 
level of confidence. 

Structural Analysis 
Methods . Calculations are almost always re
quired to determine the loads acting on the 
structure and its resistance. In many cases, sim
ple hand calculations suffice and may be used 
instead of complex computer analyses . Often, 
however, it is necessary to resort to computer 
methods, such as finite-element or finite-
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difference methods. Structural failures, of 
course, often result in material and geometri
cally non-linear behavior, which can be han
dled directly or indirectly by many finite
element techniques. In many cases, however, 
non-linear behavior can be sufficiently de
scribed by hand methods. A few general rec
ommendations regarding calculations follow: 

• Great care is required in complex com
puter analysis. Programs should be pre
qualified and their limitations under
stood. Models must capture all important 
structural actions and their input must be 
verified. The mathematical "goodness" of 
the solution should be verified and the re
sults scrutinized. Computer analysis 
should be approximately checked by 
hand techniques. 

• Secondary effects of temperature, creep, 
foundation settlement, stresses induced 
by construction sequence and eccentrici
ties are often neglected but may be quite 
significant. 

• In reviewing structural designs, do not get 
hung up in exhaustive documentation of 
simple code violations that have no causal 
relationship to the failure.46 

• Scrutinize all of the parameters in the re
sistance relationships to see whether the 
values being used accurately represent 
the state of the structure at the time of fail
ure. 

Precision & Sensitivity Analysis. Sometimes 
one or more structural parameters affecting 
strength are not known with precision. In such 
cases, it is common to perform sensitivity tests, 
wherein multiple analyses are performed with 
uncertain parameters input with their probable 
high and low extremes. 

Determining the Cause of Failure 
Analysis of Competing Failure Theories. Failure 
theories are often developed based on prior ex
perience with similar failures, although the 
team members should always be open-minded 
as to the causes or combinations of causes that 
have never before been experienced. As the in
vestigation advances, facts are collected and 
failure hypotheses are either substantiated or 
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disproved and dropped. New hypotheses may 
emerge. In a straightforward investigation, all 
hypotheses will be eliminated but one (i.e., in 
only one circumstance do the actions on the 
structure meet or exceed its predicted capac
ity) . Often, however, the results are not so 
straightforward and the investigation con
cludes that different causes are more or less 
probable. If the estimated loads acting on the 
structure at the time of failure greatly exceed 
the predicted capacity, there may be something 
wrong with the analysis. 

Closing the Loop. After the potential failure 
causes are narrowed to one or a few, re
examine all the evidence to determine if it does 
or does not support the presumed cause(s). In 
particular, the evidence regarding the initiation 
and sequence of the failure should agree with 
the load-and-resistance analysis. 

Reports 
The final report is usually the culmination of 
all of the investigative efforts. It may be the fi
nal and only work product the client sees. If it 
is used as part of a litigation process, it is the 
basis for the expert's testimony. Well pre
pared, it may help a client avoid litigation alto
gether by setting forth the client's engineering 
case so convincingly that the opposition is 
compelled to settle. Poorly written, it is a 
source of unending difficulty for the expert 
witness and client. 

A properly structured report will set forth 
the factual bases for the analysis as well as a 
presentation of the facts on which the conclu
sions will be based. In this respect, the process 
of writing the report serves as a type of quality 
check of the investigation, because all facts and 
opinions must be supported and argued in the 
text. 

For these reasons, it is advisable to devote a 
significant fraction of the investigative effort to 
the report. Examples of excellently prepared 
reports are those of the NBs.1-3, 31 

Organization. Reports should be organized 
so that proven facts from a variety of sources 

. are first laid out. Hearsay normally should not 
be relied on in forming opinions. Where it is 
necessary to do so through lack of factual infor
mation or other reason, such qualification 
should be clearly stated. 



Table 4 provides a general outline for report
ing structural investigations. A few sugges
tions in drafting a report follow: 

• The introduction and description of the 
project should contain information useful 
for orienting the reader, describing the 
scope and objective of the investigation, 
and setting forth the sources of informa
tion relied on. 

• Field investigation, laboratory tests and 
calculation results sections set forth fac
tual information obtained from the field 
program, from laboratory testing, and 
from calculations. In the testing and calcu
lations sections, the standards employed 
must be stated clearly. 

• All facts collected are reviewed in the dis
cussion section, including statements of 
what failure hypotheses were explored 
and an analysis of which hypotheses were 
proven and disproved and why. The dis
cussion is the first point at which non
factual information is presented. All dis
cussion must be supported by the facts 
presented in the previous sections. 

• Conclusions and recommendations 
should flow logically from, and be sup
ported entirely by, the discussion. 

The entire report must present a convincing 
and logical argument from the facts to the dis
cussion to the conclusion. The causal relation
ship between identified deficiencies in design, 
construction and maintenance must be shown. 

Conclusions 
Forensic engineering is a specialty distinct 
from design engineering. The following sum
marizes the author's experience: 

• The investigations of structural failures 
serve many purposes, most notably to 
help settle disputes between parties, to di
agnose problems so building owners may 
make repairs, and to help design and con
struction professionals learn from the fail
ures. 

• The activities of the forensic engineer of
fer, on the one hand, enormous profes
sional challenges. There are few things 

TABLE 4. 
General Report Outline 

Letter of Transmittal 

Abstract 

Table of Contents 
Introduction 
Objective 
Scope 
Background 
Responsible Design & Construction Agencies 
Construction Documents 

Description of the Structure (or Project) 

Field Investigation 

Laboratory Tests 

Results of Calculations 
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more difficult than sorting through the 
wreckage of a structural collapse and pin
pointing the cause of the failure . On the 
other hand, the forensic engineer's work 
can be disheartening and stressful. No one 
likes to witness failures of major con
structed works, especially when human 
casualties occur, and the legal process can 
be fatiguing and hostile. 

• Forensic engineers are not prepared for 
their trade by academic training, and 
must learn from their own experience and 
that of others. The synthesis required in 
structural design is very different from 
the analysis of structural investigations. 
Few engineers are both good designers 
and good investigators. 

• A thorough review of case studies of 
structural failures is invaluable to develop 
the forensic engineer's expertise and abil
ity to readily form failure hypotheses. 

• Structural investigations cannot be re
duced to prescribed standards. Each in
vestigation must be tailored to the task at 
hand. However, there are certain logical 
processes common to all investigations 
that help to guide the process. 
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• Failure investigations involve an iterative 
process of data collection, formation of 
failure hypotheses, testing and analyses, 
and the testing of hypotheses. The goal is 
to establish the loads and other environ
mental factors acting on the structure at 
the time of failure, to establish the resis
tances of the various critical structural 
components and, through a process of 
confirmation or elimination, find the fail
ure cause(s) consistent with evidence re
garding the collapse sequence. 

• Communication, both verbal and written, 
of the findings of the investigation are the 
ultimate product of the work and should 
receive a substantial fraction of the effort 
of the investigation. 
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Issues 

The Proactive Engineer: 
A Vision of Leadership 

A well articulated v ision 
and a belief in that v iew . 
of the fu ture w ill help restore 
the profession of engineering 
to leadership roles in society. 

EUGENE}. FASULLO 

The future of engineering is a pretty 
open-ended issue. Everyone has a great 
idea as to what can be done to reinvig

orate the engineering prof~.,sion and move into 
the future. However, the idea of "reinvigora
tion" implies some loss of standing. 

Background 
Engineering and the role of the engineer in so
ciety has changed over the last 35 years. Back in 
the 1950s and 1960s engineers held a fairly high 
position of esteem as a profession in the United 
States. Engineers were master builders, and 
were viewed by the public as essential to a well 
functioning society. Engineers held key team 
positions in the areas of transportation, infra
structure and public works - though perhaps 
not so much on the national political level in 
Washington, with the exception of President 
Carter (who was an engineer). While this lack 
of representation of the profession among 

elected and appointed officials has always 
been a problem; nevertheless, engineers were 
held in high esteem by the general public. 

Since that time, however, there has been a 
significant erosion of the stature of engineering 
and in the role that engineers play in society. 
Some might have a different perception, culmi
nating in different conclusions and a different 
set of opinions. But the consensus seems to be 
that this esteem has deteriorated. 

If, in fact, there has been a significant erosion 
of the role of the engineer, what can engineers 
do about it? There are choices. The most obvi
ous one is that engineers can do nothing. If 
that's the course of "action," the future typi
cally will be merely an extension of recent his
tory. Unfortunately, that is the way life works. 
The stature of the profession was high 30 years 
ago and since then it has dropped. Other pro
fessions have taken over many of the aspects of 
society that engineers once led. There are busi
ness management, public administration and 
construction management roles that did not ex
ist a generation ago. There are a whole host of 
new professions that are taking a piece of the 
pie that engineers once had all to themselves. 

In fact, it appears that over the years that en
gineers have abdicated leadership roles. This 
abdication to others was made for what might 
seem to have been good reasons. Foremost of 
these reasons was liability. Engineers do not 
take any of the responsibility for the construc
tion site because they might be liable. Why is 
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that good advice? Why have engineers been 
willing to essentially withdraw from the liabil
ity controversy, or, for that matter, from any 
controversy? It seems there is a tacit agreement 
that engineers should not speak up. 

So, there is apparently good reason why en
gineers have essentially withdrawn from lead
ership positions. If nothing is done about that 
in the future, there will be even further erosion 
of any type of leadership role. Some might even 
perceive of the profession as almost being ir
relevant. Engineering is not irrelevant; how
ever, some might perceive it as being irrelevant. 

Engineers must be engaged strongly - one 
way or the other - on this issue. Either engi
neers should be steadfastly sure that every
thing is fine, or they should feel that it is time to 
wake up and take a proactive role in redefining 
the profession. Engineers must make a com
mitment one way or the other. 

Which Way Into the Future? 
If someone views the future as an extension of 
the past - an extension of our own history and 
personal experience, then it can be said that 
that person is walking backwards into the fu
ture. This approach to the future is similar to 
driving a car forward while looking in the rear 
view mirror. Many people live that way, using 
experience as the basis for tomorrow's actions. 
In that type of approach, people never really 
impact or influence the future. The future just . 
happens; it evolves from the past. This concept 
is important because if engineers do not do 
anything proactive about their future as a pro
fession, there will be a continuous erosion of 
the engineer's role and position in society. So, 
how do engineers (or, for that matter, anyone) 
go about, in effect, changing the future? 

Engineers should think about redefining 
themselves and not let the present definition of 
who they are be the picture that is created in the 
future (which will only result in the further ero
sion in leadership functions. If engineers want 
the future to be different, they must look for
ward into the future, and do something differ
ent than was done in the past. 

Re-Schooling 
One reason why the profession's role has 
eroded is because of the educational process 
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that engineers undertake. Engineers are not 
taught to be proactive in engineering school, 
nor are they taught to take risks. Engineers are 
taught to consider themselves as occupying a 
specific technical niche within society, instead 
of acting as a thread deeply and broadly woven 
throughout the fabric of society. 

The current educational system is designed 
to produce (almost in assembly-line fashion) 
specialists who define themselves in a very 
narrow role not because of bad intent, because 
of the complexity of what is contained within 
the specialties. First of all, students are selected 
on the basis of excellent math and science skills. 
Other skills are rarely considered for qualifica
tions. 

Today, engineering, especially civil engi
neering, encompasses and requires a much 
broader range of skills (although, perhaps, it is 
less so toward the more scientific ends of the 
profession). Professors are good at teaching 
students the quantifiable skills of engineering. 
However, something more is needed to teach 
the nuances of practicing engineering as a life
style. Engineers have to define themselves in a 
much larger context than math and science. 
The education process has to take into account 
a fair share of responsibility for enlarging that 
perception because that is how engineers pres
ent themselves to the world. 

Showing Relevance 
It is very important that engineers share with 
each other the concept of what engineering is. 
Is the profession relevant or not? If it is rele
vant, are engineers presenting themselves only 
partially to the world? For example, there is no 
regular television show about engineering. 
Other professions (such as law enforcement of
ficers, attorneys, doctors, journalists, etc.) have 
regular dramatic or comedic shows but there 
are no regular programs that revolve around 
engineers on television. Ask children what 
they think about engineering. Even the chil
dren of engineers probably have no concept of 
what engineers do. There is little done to com
municate engineering work to children and, es
pecially, to the world as a whole. 

Yet what engineers do is extremely relevant. 
They deal with the physical world. The profes
sion is emeshed in high technology: comput-



ers, airports, port facilities and highways. Engi
neers constuct, work with and control these 
things. However, society takes these things for 
granted because engineers do not share with 
others what they do. In turn, society takes engi
neers for granted. 

Changing Behavior & 
Tapping Potential 
If engineers share with others what they do, 
they then have to define what they are to each 
other and live their lives according to their self 
definitions. For example, if someone says they 
are really not introverted, that they are really 
extroverted, and they then live as if they are ex
troverted, guess what happens? Engineers, too, 

· can change their image just by changing behav
ior. 

One of the most limiting factors engineers 
have as human beings is self image. For exam
ple, how many people have grown up at home 
with the image or the message from peers or 
parents that they are not good athletes. If they 
have that perception, they will say, "I'm not . .. " 
Instead, every time that the word not is used, 
listen to what is being said, because there is an 
awful lot about the perception of one's self in 
that statement. If someone does not think they 
are a good athlete, what do they do? They do 
not participate. The first time the kids in the 
neighborhood say, "Come on, let's go out and 
play ball," they will say, "No." They really can
not say yes because they are not very good. 
They do not want to make fools of themselves 
in front of friends, so they do not play ball. 
Naturally, they do not practice and then if they 
play someday and are thrown a ball, they drop 
it because they have not practiced and devel
oped skills. What does that do? It only confirms 
that negative self image, locking the person 
into a vicious downward cycle. 

Engineers might try the following exercise. 
Every time you say "I am not" to somebody, 
write down what you say about yourself. Find 
out how much you define yourself by nega
tives. All the things that limit life result from all 
those "I am not" perceptions that are presented 
to others. Develop, not neglect, limited skills 
before they become limiting. 

Everyone has tremendous potential. The en
gineering profession has the potential to really 

contribute great things and it does. But the pro
fessional image is that engineers are not out
spoken and that they are introverts. Many engi
neers would rather work alone in front of a 
computer instead of going to a community 
board meeting. However, if engineers do not 
participate, then that initial image gets rein
forced. 

Redefinition 
In order to break these downward cycles of im
age engineers must redefine themselves. The 
first step is to publicly say that engineering is 
not just math and science; it is not just sitting in 
front of a computer. Engineering is really a very 
human process; it is an open process that re
quires social skills. Next, engineers can rede
fine themselves as being all of those things. 
Then, the more engineers do those things, the 
more they will develop those skills and the pro
fession will change its entire image. 

Who are engineers? From that question en
gineers can ask others that will create a clear 
picture. What do engineers want the profession 
to be? Given a clean slate, what would engi
neers design engineering to be? What would it 
look like? Would engineers be decision mak
ers? One of the key things in this redefinition is 
recognizing that engineers are decision mak
ers. Do engineers want to participate in public 
debate about the direction in which society is 
going? Engineering is defined by the answers 
to these, and more, questions. 

Empowerment 
Management and engineering are not separate 
and mutually exclusive professions: engineer
ing is management. Managers can engineer 
and engineers can manage. Some managers 
will try to convince engineers that they cannot 
manage. In the meantime, whose salaries are 
going up and whose salaries are being held 
down? Salaries for MB As do not seem to be 
capped and yet many engineering firms work 
on contracts where principals can' t charge 
more $80.00 an hour. If an engineer wants to 
charge $300.00 an hour, the client does not have 
to accept it. But why should engineering sala
ries be artificially capped? Again, it goes back 
to the view of who engineers are and what role 
the profession plays. Many clients and other 
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professionals view engineers as just another set 
of hired hands. 

For many engineers, trying to change con
tracts to eliminate clauses that are really non
supportive of getting the work done usually 
elicits the reaction: "What? We cannot do that 
because we have to get approval from the gen
eral counsel." These engineers believe them
selves to be totally without power, even if they 
know what they were asking is completely cor
rect and in the public interest. Engineers must 
start believing somewhere. For example, the 
next time an engineer receives a contract that 
says the principle can bill at only $80.00 an 
hour, the response should be, "No way." Engi
neers must start somewhere or the slide will 
continue. 

The Role of Logic 
The biggest shortcoming of engineers is to 
think that the world works out of logic. Engi
neers feel that there must be a logical premise to 
everything. Engineers always want the "one" 
right answer. Although elements of truth may 
reside in that premise, too many engineers be
come entrenched in the logical construct, lose 
sight of the "big" picture and so become com
pletely disempowered . Engineers should 
spend less time and effort seeking the ultimate 
logical solution and, instead, formulate a new 
premise not so much rooted in absolutes. The 
answer does not have to be perfectly r.ight since 
all too often there really is no truly right or per
fect answer. 

Engineers have to change how they ap
proach things and adopt a point of view where 
they have the power to impact their future . 
Unfortunately, there is very little absolute 
truth in the world; instead, truth resides more 
in how it is perceived. This "program" might 
not appear to be very logical. Instead of look
ing for logic, it is better to look at how people 
truly work and operate (which is often not 
thoroughly based in logic) . 

For example, there has been a lot written 
about what kind of spouse engineers make. 
The advice columnist Ann Landers has had 
published many articles about engineers. In all, 
there are many articles that define an engineer 
as a spouse. Most of the letters to Ann Landers 
contain complaints about an engineer spouse 
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not being the greatest marriage partner even 
though they are good providers, very reliable, 
very logical, have high integrity and are the last 
person to cheat on their spouse. So why the 
complaints? It is because engineers are too logi
cal and seem to be never without some sort of 
home project. Many engineers feel uncomfort
able just talking. Engineers would rather talk 
about how to design a cable stayed bridge. Or 
they retreat into some sort of activity or project, 
prefering that life be a series of problems to be 
solved by the most logical means. That is what 
engineers perceive the profession to be about, 
and they are extremely good at it. It really 
seems to be a professional obsession, this ne
cessity to have a project, something to focus on 
- to crave definition, structure. Why this need 
for structure? Because they are engineers. The 
educational process starts engineers on this 
track and never lets them off. 

Speaking Out 
Our society is mining our infrastructure. En
gineers see that every day and yet say noth
ing. Who is going to be the advocate for infra
structure reconstruction if engineers do not 
consider that to be their intrinsic responsibil
ity? Politicians will be there only when a new 
facility is opened . They will not worry 
whether a bridge is rusting and, in five years, 
there is a possibility that it may fall down. 
Politicians could care less: they will not be in · 
office five years later. 

Politicians are short-term thinkers; they are 
not going to speak up about long-term effects. 
Bridges do not say, "Please help. In five years 
I'm going to fall down." Who is going to tell 
that to the public if not for the engineer? But in 
our current climate, the engineer will be criti
cized for doing so - not a great incentive to 
speak up. 

Engineers have good reasons for not speak
ing up: their educational process teaches them 
to be quiet. Engineers are taught in class not to 
speak unless they have the right answer. There
fore, it is not surprising that engineers will be 
silent at public hearings (where there is no right 
or wrong answer). 

Engineers need to look at their behavior, es
pecially at how they behave in a group environ
ment. The fact that most of these issues are not 



black and white motivates behavior. Perhaps 
the engineer feels about 95 percent right, but is 
not willing to speak up because that 5 percent is 
still missing. Anybody else speaking will know 
probably 5 percent, but they are willing to get 
up and speak anyways. For example, lawyers 
will get up and speak about anything and any
time. They will take any position because they 
are taught to do so in school. One day a lawyer 
defends one side, the next day the lawyer is on 
the other side, having to play an equally and ef
fective dynamic role. In one sense, it is not 
about being right. It is about being an advocate, 
a voice. Therefore, it does not seem to be such a 
surprise that engineers are silent. 

A Vision of the Future 
Engineers should create a vision of the future 
for themselves and not worry about how to get 
there, or even if that vision makes any sense. 
There really is no next step or the right step, or 
the right answer, only another question: do en
gineers agree that they have to do something 
different? Each engineer may reach that vision 
in different way, but there has to be agreement 
on that goal. The next step will present itself to 
each and every engineer just by living life, and 
by living committed to that goal. 

Engineers have to think in earnest about the 
future and have to share that vision of the fu
ture with each other. No individual engineer 
has the complete picture of the future. This 
profession will not affect any change anything 
unless it does it collectively - by sharing, by 
meeting together. Discussions on this issue 
have been rare. Frankly, there has to be more 
dialogue. Without sufficient communication 
of hopes, dreams and concerns, engineers will 
not come together an achieve an agreement 
about this issue. This communication has to be 
on the grassroots level, not on some wonder
ful and gnmdiose conceptual view of what to 
do next. 

In the real world - the world engineers in
habit - engineering is extremely open
ended. It is creative. It involves risk-taking. It 
occurs in a highly entrepreneurial environ
ment. Think about those bridges that are built 
and other vast public works. These projects 
are not the products of a "nerdish" profes
sion. Such a viewpoint comes from a view of 

engineering created from a definition of the 
profession that does not truly reflect the way 
things are. 

There is no single way of getting to the vi
sion of the future. Everyone in their own life 
can get there but in a different way. Large firms 
have different issues to deal with, the same in a 
small firm, and so on. The answer is what each 
and every individual engineer is committed to 
do. 

Living Differently 
When discussion of the direction of the profes
sion occurs, engineers are rededicating them
selves. Becoming affected by this discussion, 
they begin to participate. They start living their 
lives differently. 

Conceptually, looking at how people live 
and evolve and the way they create their fu
ture, engineers have two choices: 

• Either someone can continue looking at 
the future by looking backwards (a way 
most of us live); or, 

• Looking forwards by proactively redefin
ing the future. 

It is more difficult to turn around and say, 
'Tm going to create the future ." However, the 
simple act of verbalizing that dream of the fu
ture is the key to open a very powerful self im
age. This might sound simple-minded, but it is 
a very powerful principle - to say something 
about yourself and put it into action. The prob
lem with looking backwards is that the results 
are, at best, going to be more of the same, or, at 
the worse, going to result in even more erosion. 
The future is undefined. Engineers now have 
an opportunity to define that future . Engineers 
need to speak out, to participate, to realize the 
power inherent in the profession - both collec
tively and individually - and use it to take 
every opportunity to bring others into the new 
vision of who engineers are. 

ACKNOWLEDGMENT - This article was edited 
from a lecture given by the author on October 18, 
1995, as part of the the Boston Society of Civil Engi
neers Section/ASCE Structural Group Lecture Se
ries entitled "Structural Engineering 2000: Shift
ing Paradigms in Engineering. " 

CIVIL ENGINEERING PRACTICE SPRING/SUMMER 1998 87 



EUGENE J. FASULLO received his 
B.S. in Civil Engineering in 1957 
from Brooklyn Polytechnic Institute 
and an M.S. in Structural Engineer
ingfrom the University of Illinois . He 

started his professional career in 1958 with the Port 
Authority of New York and New Jersey working on 
the addition ofthe lower level of the George Wash
ington Bridge. Over the years, he has served in a 
number of positions at the Port Authority, includ
ing Chief Structural Engineer, Assistant Chief En-

88 CIVIL ENGINEERING PRACTICE SPRING/SUMMER 1998 

gineer of Design and Research, and Deputy Direc
tor of Engineering and Deputy Engineer. In 1992, 
he was appointed Director of Engineering and Chief 
Engineer, responsible for an engineering depart
ment staff of 1,200 and for an $800 million annual 
construction program. In 1995, he retired from the 
Port Authority and is currently Distinguished In
dustry Professor of Civil Engineering at Polytech
nic University of New York, as well as a consulting 
engineer. 



Join the oldest engineering society in the United States 

Membership 
• Builds relationships, offering networking opportunities and business referrals 
• Offers leadership opportunities in Society activities 
• Conveys professionalism 
• Saves you money with member discounts on meetings and seminars 
• Represents our profession on local legislative and regulatory issues 
• Is an advocate for improving the public image of civil engineers 
• Maintains local awareness of current events with monthly newsletter 
• Keeps members current in their technical field 

Seminars and technical meetings 
Complimentary subscription to BSCES Journal: Civil Engineering Practice 

For more information on BSCES, contact: 
Boston Society of Civil Engineers Section / ASCE 

The Engineering Center 
One Walnut Street 
Boston, MA 02108 

(617)227-5551, Fax (617)227-6738 

CIVIL ENGINEERING PRACTICE 

Founded in 1848, and having merged with the American Society of Civil Engineers in 1974, 
the Boston Society of Civil Engineers is the oldest engineering society in the United States. 
Examination of the Society's history yields a proud record of involvement and leadership in 
both technical and professional endeavors within the civil engineering profession. Underly
ing the activities of the Society since its founding is a firm resolve to provide the means for 
civil engineers to communicate advances in the art and science of civil engineering. The 
creation of the Journal in 1914 resulted from that resolve, and Civil Engineering Practice dem
onstrates our continued commitment. 

In Civil Engineering Practice we are seeking to capture the spirit and substa~ce of contempo
rary civil engineering practice in a careful selection of articles which are comprehensive in 
scope while remaining readily understandable to the non-specialist. Typically using a case
study approach, Civil Engineering Practice places key emphasis on the presentation of tech
niques being applied successfully in the analysis, justification, design, construction, opera
tion and maintenance of civil engineering works. 

CIVIL ENGINEERING PRACTICE SPRING/ SUMMER 1998 89 



"\f~~ ·=-- 
'{'" GREENMAN-PEDERSEN, INC. 

---CiPI 
ENGINEERS • PLANNERS • ARCHITECTS • CORROSION 

SPECIALISTS • CONSTRUCTION ENGINEERS & INSPECTORS 

With our subsidiary S. G. Pi1111ey & Associates, J11c. we are 
prnvidl11g the public and private sectors wit/, services such as: 

Cuustr,w/rm Engineering and lnspe,:tlon ♦ Traffic & 'Transportation Englnt1orfnX ♦ /JriJge & 

Stn1c11wa/ lingint!cring ♦ Slructural Painting Dusig11 and Jns~ctlon ♦ Municipal Enghrur-ing ♦ 

Sun-cy, MapplnJ. Auial Photogrommetry ♦ G/S/GPS/lLt; ♦ Digital Fit!ld Dain Callecllon 

SJ-xtems ♦ Program Manu.teme.nr ♦ Hlglni'tlJ' Dulgn ♦ Coll E.rtimat~s ♦ Land Planr,;ng and 

De.rig,, ♦ Parks & R1rntllliona/ Dcflgn ♦ Htr..urdo,u Material MCllla~m~nl ♦ Envimumcntul 

&Jenee$ ♦ Rc:gionul Planning ♦ Archi1t:crurol Design ♦ Coastal&: MarlM Engineering ♦ 

Conwfon Control ♦ Underwat11r lnsp.cllons .. -.. 
33 BOSTON POST ROAD WEST 

MARLBOROUGH, MA 01752 
508-481-7200 

160 NORTH WASHINGTON STREET 
BOSTON, MA 02114 

61"-723-9099 

-Offlca-

! New York• New Jeney • Conntcticut • Mundtasetts • Vcrmoat • New Hampihirc 
l'enHylnatD • M1tyllnd • Nortb C■ralina • Vlrplla • Florid1 \ 

Loaldl■1 • WuJtlapon • JJJlaoil • Teus • C11Jfornfl 
Japaa ,:'- ~\ 

www.gplnatc:om -::.:::,..~ 

/ / 
. ff/ «¾---

Your Single Source 
If you are involved in site selection, design, construction, or property 
and facility management, PSI is your single source for geotechnical 
engineering, construction testing, and environmental consulting services. 

Environmental Consulting 
• Asbestos and Lead-Based Paint 

Management 
• Underground Storage Tank 
• Industrial Hygiene 
• Site Assessments 

Geotechnical Engineering 
• Subsurface Investigations 
• Slope Stability 
• Settlement Analysis 

l iiJinformation 
• .ToBuildOn 

Engineering • Consulting • Testing 

Construction Testing & Quality Control 
• Soils, Concrete, Masonry, Asphalt 
• Structural Steel, Nondestructive 

Examination, Fireproofing 
• Roof and Pavement Consulting 
• Bridge Evaluations and Inspection 
• Engineering Support 
• Traffic Control 

905 Turnpike Street, Suite H • Canton, MA 02021 , • JJIJ/821-2355 
124 Heritage Ave., Unit 1 • Portsmouth, NH 03801 • 603/430-8934 
120 Pershing Street • East Providence, RI 02914 • 401/438-7320 

55 State Street • North Haven, CT 06473 • 203/239-3353 
12 Alfred Street, Suite 300, #35 • Woburn, MA 01801 • 781/933-6259 

90 CIVIL ENGINEERING PRACTICE SPRING/SUMMER 1998 



LEADERS IN THE 
PRECAST CONCRETE 
~- INDUSTRY-~ 

CONSTRUCTION 
• Retaining Wall • Tunnel Liners 
• Jacked Box Culvert • Rental Barrier 

WAllR/WASn WAnR 
• Pump Stations • Water Tight Tanks 

HIGHWAY/ UTILITY 
• Median Barrier • Box Culvert 
• Light Pole Bases • Manholes 
• Curbing • Handholes 

"SPECIAL ENGINEERED CASTINGS" 
NPCA Cert/fled Plant 

70 E. Brookfield Rd., N. Brookfield , MA 01535 
(508) 867-8312 (800) 242-731 4 

O FFICES 

Cleveland, OH 
Denver, CO 
Hartford, CT 
Los Angeles, CA 
Manchester, NH 
Newark, Nf 
Portland, ME 
Rochester, NY 
San Diego, CA 
San Francisco, CA 
Washington , DC 

Foundation Engineering 

Tunnel Design & 
Construction Management 

Remedial Investigation/ 
Feasibility Studies 

Remedial Design 
& Construction 

Environmental Management, 
Health & Safety 

Waste Containment/ 
Geosynthetic Engineering 

Ill) \11 ·il/i1rd Strei'/, S11il1' 2200 

/10 , /011 , .\I.I 112 12'1- J./111/ 
lt'i : 11J ,.SS11.,I/III 

I '": 11 I , .. ,.%. , 1,1111 
I 11111i f: IH >~ u I lt1lr ·11 \ldrid1.(0111 

\\ d1: t1'd'il'.ltt1h·1111fdrid1.(1111t 

~
GALE 

• Architects 

•Engineers 

•Planners 

Gale Associates, Inc. 
Eight School Street 

Weymouth, MA 02189-0001 
(617) 337-4253 

Boston Baltimore Orlando San Francisco 

Toe 
Grotechnical 
Group Inc. 
CONSULTING GEOTECHNICAL ENGINEERS 

• Geotechnical Engineering 
• Geoenvironmental Engineering 
• Geohydrology 
• Site Rem ediation Studies 
• Soil Testing Laboratory 

100 CRESCENT ROAD, NEEDHAM, MA 02194 
Telephone 617-449-6450 

CIVIL ENGINEERING PRACTICE SPRING/ SUMMER 1998 91 



Solving Problems Unde~round 
However difficult the ground only Hayward Baker 

has the complete diversity of Ground Modiflcation•m 

techniques to offer the optimum solution to 

your geotechnical problems. 

Offering Solutions Using: 
Chemical Grouting, Compaction, 

Cement.Jet and Soilfrac'm Grouting; 

Deep Soll Mixing; Dynamic Deep 

Compaction .. ; Vibro Systems; 

Minipiles;Soil and Rock 

Anchors; Injection 

Systems for 

Expansive Solis; 

Slurry Walls 

92 CIVIL ENGINEERING PRACTICE SPRING/SUMMER 1998 

GeoEnvironmental, Inc. 

• Geotechnical Engineering 

■ Environmental Investigations 

■ Construction Monitoring/QC 

■ Remedial Investigations 

• Drilling/Sampling 

• Wetlands/Permitting/Wastewater 

• Solid Waste Management 

• Geotechnical and Environmental 

Laboratories 

• RCRA Monitoring/Audits 

320 Needham Street Newton, MA 02164 
617 /969-0050 

Through 
fifty years of ingenuity 
we ore 

Redefining 
consulting seivices to meet the 
social ond technological challenges 
of the 2ls1 century ~ 

1946 

EDWARDS ANO KELCEY 

THE SCHRAFFT CENTER 
529 MAIN STREET, SUITE 203 
BOSTON, MASSACHUSETTS,Q 



Peter £. Murphy 
Vice President 

AMMANN & \NIIITNEY 

Ammann 6 Whitney Consulting Engineers 

179 South Street 
Boston, MA 02111 

617.423.0120 Fax 617.423.3633 

ANDER,iKN-NICHOLS 
~any,ci'#IC. 

E STABLISHED 1922 

ENGINEERS• ENVIRONMENTAL CONSULTANTS• ARCHITECTS 

31 ST . JAMES A VENUE 
BOSTON , MA 02116 
TEL : 617 695-3400 

15 CONSTITUTION DRIVE 
BEDFORD, NH 03110 

TEL : 603 472-5787 
FAX : 603 472-2370 FAX : 617 695 -3310 

BETA ENGINEERING, INC. 
Engineers i Planners 

6 Blackstone Valley Place Lincom, Rl 02865 401 .333.BETA 

1420 Prcvi'Er.ce Hgwy. -Suite 117 Norwood. MA 02062 617.255.1982 

Consulting Engineers 
Help prospective clients find your firm 
through the Professional Services listings 
in Civil Engineering Practice. Call 617 /227-
5551 and send your card in now. 

CDM 
consulting 

engineering 
construction 

operations 

. 

Camp Dresser & McKee Inc. 
Ten Cambridge Center 
Cambridge, Massachusetts 02142 
Tel : 617 252-8000 Fax: 617 621 -2565 
http://www.cdm.com 

CHIL DS E N G INEERING 
COR P ORATION 

\ \ \ I I Ii. I R ( > '\; I I '\; (, I '\ I I R I '\ (, 

BOX 333 MEDFIELD, MASSACHUSETTS 02052 
TELEPHONE (508) 359-8945 FAX (508) 359-2751 

• DES.I.GN I SUPERVIS,ION . 

e DIVING INSPECTIOl'L 

e CONSULTATION 

Professional Services 

~ 
PENNONI ASSOCIATES INC. 

CONSULTING ENGINEERS 

• Civil 
• Structural 

• Traffic 
• Environmental 

Barnes and Jamis Division 
25 Stuart Stree~ 5th Floor 

Boston, MA 02116 

Tel: 617• 542o6521 

Fax: 617-426•7992 

Complete Engineering, Architectural, and 
Management Consulting Services 

~-
BLACK & VEATCHW' 

230 Congress St., Ste. 802, Boston, MA 02110 
(617) 451-6900 

http://www.bv.com 

BSC 
The BSC Grouo 

Engineers 
Environmental Scientists 

GIS Consultants 
Planners 

Landscape Architects 
Surveyors 

425 Summer Street Boston, MA 02210 617/330 5300 

BRUCE CAMPBELL 

& A SSOCIATES, INC. 
TRANSPORTATION ENGINEERS AND PLANNERS 

38 CHAUNCY STREET 
BOSTON, MA 02111 

(617) 542-1199 

COLER& 
COL~N TDN IO ~ 

Tel: 781-982-5400 
Fax: 781-982-5490 

ENGINEERS ANC BCll!NTISTS 

101 Accord Park Drive 
Norwell. MA 02061 

CIVIL ENGINEERING PRACTICE SPRING/ SUMMER 1998 93 



Professional Services 

Fay, Spofford & Thorndike, Inc. 
Engineers• Planners• Scientists 

Transportation Systems - Water Supply 
Sewerage - Drainage - Bridges - Airports 
Port and Industrial Facilities 
Environmental Impact Studies and Permits 

Burlington, MA 

Boston, MA 
Bedford, NH 

Newington, CT 

Newark, NJ 

1-800-835-8666, _______ N_ew_~_o_rk,_N_Y 

P. GIOIOSO & SONS. Inc. 
(/-' ~ Sic« 1962 . 

50 Sprague Street 
Hyde Park, Massachusetts 02136 

(617) 364-5800 

FRANK GIOIOSO 

Survey Engineers of Boston• William S. Croc ker Co . 
J F. Hennessy Co./Brookline • New England S~rvey Service 

GUNTHER ENGINEERING, INC. 
Consulting Civil Engineers and Land Surveyors 

Gunther Greulich, PLS, PE 

Tel (617) 350-0350 
Fax (617) 350-0340 

268 Summer Street 
Boston. MA 02210 

I: I~ ii=) CORPORATION 
50 Milk Street - Boston, Massachusetts 02109 
(617) 5./2-6900-phone (617) 542-6905-fax 

www.hntb.com 

• Architecture • Structl!ral Engineering 
• A, iation Facilitie'\ • ·1 rani.;portation [ngmeering 
• Landscape Architecture • En,ironmental Engineering 
• Planning • ( i, ii Engmecring 
• Construction \lana:,!cment • Construction Enl,!inecring 

Has Your Address Changed? 
Please write your new address on a sub
scription card, check off the change of ad
dress box, affix your old mailing label to 
the card and mail it to us. 

94 CIVIL ENGINEERING PRACTICE SPRING/SUMMER 1998 

Infrastructure . Water Resources 

Services . Water Pollution Control 

• Transportation & Civil Engineering 

GEOSCIENCES TESTING 
AND RESEARCH, INC. 

Sptria/Wng in ~name autSmc 
Te.sting &~m if Deep Fowuttions 

55 Muldlesex Stred, Mail Box 225 
North Otelmiford, A« 01863 

Td: (508) 251-9395 
Fax: (508) 251-9396 

Take Advantage 
of Civil Engineering Practice's economical 
advertising rates and reach a professional 
audience that is interested in your serv
ices, equipment or products. For more in
formation, call 617 /227-5551. 

spanning 
over two centuries ... 

providing services for fixed and 
movable briages, highways/ rail/transit, 

tunnels, ana special struc ures with 
heavy machinery and electrical controls. 

1501 Broadway, NY, NY 10036 (212) 944-1150 fax: (212)391--0297 
offices also In New Jersey, Florida, Virginia & Connecticut 

Web page: hardesty-hanover.com 

• Traffic & Civil Engineering 
■ Transportation Planning 
■ Management Consulting & Training 
• Public Involvement 
• Construction Contract Administration 

A I IO CI AT I I 

Howard/Stein-Hudson Associates, Inc. 
38 Ch1uncy Street, Boston, Mossachusetts 02111 

(617) 482-7080 • FAX (617) 482-7417 
19 West 21st Street, Suite 701, New York, New York 10010 

(212) 645-9031 • FAX (212) 645-7940 

Web p•se: http://worfd.std.com. -hsW 

A.G. Lid&kadaa & Alsodaces. lac. 
CollSUlti,v E,,Jin,.,. 
4SEi-Drive 

Panmus, New Jcncy 07652 
Tel . (201) 368-<>400 
Fox (201) 3'1&-3955 

Jl/1111GES 

HrollWAYS 

&ULWAYS 

HlffOIUC S'TRCJCTC/llES 

DAMS 

,1\\ llll..,I\ ,1,\ \o tn, 1,,,\l \ \ 'I \ 
(O'"ll 11111 1111111 1111111 11\ 



MARINE CIVIL ENGINEERING 

PORT & HARBOR• COASTAL & OCEAN • STRUCTURAL -

JOHN GAYTHWAITE, PE. 
CONSULTING ENGINEER 

MARfTIME ENGINEERING CONSULTANTS, INC. 
155 PINE STREET 

MANCHESTER, MA 01944 

978-526-4071 

CivilEnginoors 
Pla'lner.; 
l.ald Suiveyors 
One Appleton Strret 
Boston, fylA 02116 
617-338-00i3 
Fax: 617-331Hi472 
e-mail: jrei@j~.com 
hllp://www.jnei.com 

§§== PARSONS 
~ §_§ BRINCKERHOFF 

?Rf o 

The First Name in Transportation 

120 Boylston Street 
Boston, Massachusetts 02116 
(617) 426-7330 
Fax: (617) 482-8487 

Offices Worldwide 

Asal A. Qazilbash & Associates 
120 Beacon Street 
Boston, M■ssachusittts. 02136-3619 
Tel: (617)-364-5361 ,4349,4754 
Fax: (617)-364-2295 

Geotechnical . Environmental . Civil . Structural 

Planning . Investigation . Reports . Design . Constructi_on 

Buildings . Highways & Bridges . Dams 
Airports . Waterfront . Ports 

Site Assessments . Hazardous Wastes . Infrastructure 

II STV Incorporated 
engineers architects planners construction managers 

Transportation 
Buildings 

Infrastructure 
Studies and Analyses 

:- .... •·-,., .:..· = ,._-~p r·~ r1/110 1.; ~~- ..::2-'L~~ ;-,,-,,;,- .. I.,,:;,,,:,,~ - I i11,,1,-.:-J,,,,,, 1/,, C,,,1111n 

Professional Services 

Consulting Engineers 
Help prospective clients find your firm 
through the Professional Services listings 
in Civil Engineering Practice. Call 617 / 227-
5551 and send your card in now. 

Norwood 
Engineermg 

Norwood Engineering Co., Inc. 
Consulting Engineers 
and Surveyon 

Matthew D. Smith, P.E. 
President 

1410 Route One• Norwood, Ma. 02062 • (781) 762--014.l 

95 State Road • Box 207 • Sagamore Beach, Ma. 02562 • (508) 888-0088 

Has Your Address Changed? 
Please write your new address on a sub
scription card, check off the change of ad
dress box, affix your old mailing label to 
the card and mail it to us. 

Professional Stone Deposit Evaluations 
Cost-Effective Subsurface Investigation 

Geotechnical Troubleshooting 
Concise Concrete Petrography 

Steven J. Stokowski Reg. Prof. Geologist 
10 Clark St. Ashland, Mass. 01721 (508) 881-6364 

Take Advantage 
of Civil Engineering Practice's economical 
advertising rates and reach a professional 
audience that is interested in your serv
ices, equipment or products. For more in
formation, call 617 /227-5551. 

C M L ENGINEERING PRACTICE SPRING/SUMMER 1998 95 



TECHNICAL EDUCATION PROMOTION 

EMILE W. J. TROUP, P.E. 
CONSULTANT 

STEEL DESIGN AND CONSTRUCTION 

TEL (817) 828-9408 
FAX (617) 828-2557 

URSGreiner 
Engineering & Architectural Services 

P.O. BOX663 
CANTON, MA. 02021 

URS Greiner, Inc. 
38 Chauncy Street 
Boston. Massachusetts 02111 
Telephone: (617) 542-4244 
Facsimile: (617) 542-3301 

LEE MARC G. WOLMAN 

CIVIL ENGINEER 

172 CLAFLIN STREET 

BELMONT, MASSACHUSETTS 02178 

{6171 484-3461 

Company . . . . . . . . . . . . . . . . . . . . . . Page 

ASCE Convention . . . . . . . . . . . . . . . . . . C-2 
Ammann & Whitney . . . . . . 93 
Anderson-Nichols & Co. Inc. . . 93 
Barnes & Jarnis Div./Pennoni . 93 
Beta Engineering . . 93 
Black & Veatch . . . . . . . . . . 93 
Bryant Associates . . . . . . . . 90 
The BSC Group . . . . . . . . . . 93 
BSCES Membership Committee . . 89 
Camp Dresser & McKee Inc. . . 93 
Bruce Campbell & Associates. . 93 
Chase Precast . . . . . . . . . 91 
Childs Engineering Corp. . . 93 
Coler & Colantonio . . . . . 93 
Earth Tech. . . . . . . . . . . 94 
Edwards & Kelcey Inc. . . . 92 
Fay Spofford & Thorndike Inc. . . 94 
Gale Associates . . . . . . . . . . . 91 
GEI Consultants . . . . . . . . . . . . . . . . . . . . . 4 
Geosciences Testing & Research . . 94 
The Geotechnical Group . 91 
P. Gioioso & Sons Inc. . . . . . . . . 94 
Greenman-Pedersen Inc. . . . . . . 90 
Guild Drilling Co. Inc. . . . . . . . . . . . . . . . . C-3 
Gunther Engineering . . . . . . 94 
GZA Geo Environmental Inc. . . . . . . . . . . . . . 92 

96 CML ENGINEERING PRACTICE SPRING/ SUMMER 1998 

Professional Services 

Weston & Sampson Environmental 
ConsU.ltants 
since 1899 E N G I N E E R S , I N C . 

Five Centennial Drive, Peabody, MA 01960 
Tel : 508.532.1900 Fax: 508.977.0100 
Offices in Connecticut and Rhode Island 

,~ZALLEN 
ENGINEERING 

1101 Worcester Road 
Framingham, MA 01701 

Tel. 508 / 875-1360 

Investigation of 
Structural Failures 

Investigation of 
Problem Structures 

Consulting in 
Structural Engineering 

Advertisers' Index 

Company . . . . . . . . . . . . . . . . . . . . . . Page 

Haley & Aldrich Inc.. . 91 
Hardesty & Hanover . 94 
Hayward Baker. . . . . 92 
HDR Engineering . . . . . . . . . . . . . . . . . . . . 2 
HNTB . .. . ...... .. ... . 94 
Howard/Stein-Hudson Assoc. . . 94 
A.G. Lichtenstein & Associates. . 94 
Maritime Eng. Consultants . . . . 95 
Metcalf & Eddy. . . . . . . . . . . 95 
Judith Nitsch Engineering Inc. . . 95 
Norwood Engineering. . . . . . . 95 
Parsons Brinckerhoff Quade Douglas . . 95 
PSI . . . . . . . . . . . . . . . . . . . . . . 90 
Asaf A. Qazilbash & Assoc. . . . . . . . . 95 
SEA Consultants Inc. . . . . . . . . . . . . . . . . . . 2 
Stone Products Consultants. . 95 
STY . . . . . . . . . . . . 95 
Sverdrup Civil . . . . . . . . . 92 
Emile W.J. Troupe P.E. . . . . . 96 
TRS Engineering. . . . . . . . . . . . . . . . . . . . . 4 
URS Greiner . . . . . . . . . . . . . . . . . . . . . . 96 
Vanasse Hangen Brustlin Eng. . . . . . . . . . . . . . 4 
Weston & Sampson Engineers . 96 
Lee Marc G. Wolman . 96 
Zallen Engineering. . . . . . . . 96 






