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Overview 

The Restoration of 
Covered Bridges 

While engineering techniques 
have gotten more sophisticated 
and complicated over time, it 
is beneficial to revisit tried 
and true techniques in order 
to preserve valuable artifacts 
of our engineering heritage. 

PHILLIP C. PIERCE 

Andrea Palladio, a Venetian architect 
(1518-1580), is usually credited as the 
first to describe the form of structure 

recognized as a truss, as presented in his Four 
Books of Architecture, more commonly referred 
to as his Treatise on Architecture, or simply 
Treatise, circa 1570. Yet some posit that he was 
really only the first to publish information 
known to many at that time, including exam
ples constructed (and possibly still extant) in 
Switzerland. In either event, little attention 
was paid to his writings until the middle of 
the eighteenth century when European 
nations began building the bridges required 
for significant transportation systems. While 
France had been the leader in early engineer
ing, based primarily on advances in stone and 
arch theory and construction, the Swiss and 

Germans were devoting more attention to 
using timber trusses in their bridges. Most 
timber bridges in Europe were not II covered," 
although the oft-cited Schaffhausen Bridge 
over the Rhine River, constructed by the 
Grubenmann brothers in 1758, which includ
ed an awkward and inefficient timber roof, 
was an impressive two-span (171 feet [52.1 m] 
and 193 feet [58.8 ml) bridge. Many of the 
other early examples of so-called II covered 
bridges" stemmed from efforts to provide 
roofed galleries, usually over simple pile and 
beam bridges, dating back many centuries. 

These early timber covered bridges were 
somewhat primitive. They consisted of piles 
driven into the riverbed, with timber beams 
spanning longitudinally between pile caps. 
The covers were more for the convenience of 
users who wanted to linger on a pleasant 
bridge setting. To span deeper rivers or 
gorges, eighteenth-century builders found 
piers to be costly, if not impractical, and they 
started looking for ways to span greater dis
tances. They did not leap directly to pure 
truss forms, but passed through some ver
sions of braced beams first. Early German and 
Swiss truss bridges relied on kingpost and 
queenpost configurations (with modifica
tions) to add arch action via a strutted beam. 
Some of the German bridges included diago
nal panel bracing in trusses with parallel top 
and bottom chords. The Swiss often relied on 
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ever-heavier timber framing, without many 
diagonal members. They preferred to build 
up very deep beams, using mechanical con
nectors between stacked layers - an effort at 
laminating deep members from smaller mem
bers, but without relying on structural adhe
sives. Other developments in the evolution of 
timber truss bridges followed in several other 
European countries, but early bridge building 
in the United States really led to the most sig
nificant advancements in the theory of truss 
behavior. 

Historical Background of 
Covered Bridges in America 
Early Truss Construction in the United States. 
Americans desiring to travel inland from 
coastal areas immediately faced the need to 
span streams of various sizes. Those sites con
ducive to pile driving were crossed with the 
classic multiple-span, timber stringer struc
tures. Deeper water demanded longer spans. 
The gradual developments in Europe provid
ed insufficient guidance to the American pio
neers faced with a compelling need to build so 
many and such demanding structures as fast 
as they were needed. As might be expected, 
enterprising and ingenious craftsmen, busi
ness people and visionaries forged ahead, 
willing to test a myriad of structure styles to 
meet the demand for safe waterway crossings. 
Some of these structures were obviously mod
eled after examples in Europe, while others 
clearly included ideas that were unique to the 
Americans. 

A notable advancement in timber bridge 
building was the crossing of the Connecticut 
River at Bellows Falls, Vermont. Colonel 
Enoch Hale used a two-span structure with a 
total length of 365 feet (111.3 m). The support
ing structure was a strutted beam and took 
advantage of a natural and striking rock pier 
in the middle of a natural cascade. The bridge 
was immediately considered to be a major 
accomplishment because it was the first to 
provide spans longer than possible with sim
ple beams. 

The First Covered Bridge in the United States. 
Another American bridge-building pioneer 
was Timothy Palmer. He was an extraordinar
ily energetic, talented and prolific bridge 
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builder who experimented with progressively 
flatter structures that relied less on arch action. 
The bridges built by Palmer through his career 
consistently used more panel braced timber 
frames in configurations that deserve identifi
cation as trusses. After constructing several 
large bridges, Palmer sought and gained 
approval to span the Schuylkill River at 
Philadelphia. His resulting structure was sub
stantially different from earlier spans built at 
the same spot, and included three spans -
two of 150 feet (45.8 m) and one of 195 feet 
(59.4 m) - without struts from below. The 
trusses were built of heavy timber members 
with bracing and the bridge was completed in 
1805 (or 1806, depending on the source). The 
bridge cost so much and was so immediately 
critical to ongoing commerce that it was 
enclosed with sides and a roof to protect it 
from weathering - leading to its naming as 
the "Permanent Bridge." Although there are 
hints of even earlier "covered" bridges in the 
United States, this bridge is the one most often 
so cited. 

Patents & Covered Bridges. The United States 
established its Patent Office in 1790. Tragically, 
for the purposes of historical research, a fire 
destroyed the first Patent Office in 1836, with 
the loss of all patent records to that date. 
Efforts were made to restore as many of the 
patents as possible, yet many remain lost for
ever. Hence, any definitive statements of fact 
regarding the earliest patents related to the 
developments of timber trusses and covered 
bridges are suspect. Not surprisingly, some 
historians have made heroic efforts to compile 
as many of the lost pieces as possible. Richard 
Sanders Allen deserves special recognition for 
his unpublished compendium of Thirty-Two 
Lost Bridge Patents. 

Early American bridge builders actively 
pursued patents for their designs in an 
attempt to gain more bridge construction con
tracts. A few of the very first patents involved 
general bridge construction, but by 1797 there 
were several that involved specific schemes 
for timber arches. Among others, Timothy 
Palmer received a patent that year (the details 
of which remain sadly unknown) and he 
began construction of his Permanent Bridge 
only a few years after this, his initial patent. 



Theodore Burr obtained the first of his 
eventual multiple patents in 1804 (or 1806, 
again, the year varies according to the source), 
which regrettably remains among the unre
covered records. His second patent was issued 
in 1817. Burr's trademark design dates from 
this patent. He extended curved lower ribs 
that had reached only bottom chords, up 
alongside the trusses, all the way to the top 
chord. This superposition of arch and truss 
forms seems to have been influenced by earli
er bridges built in Switzerland. The resulting 
structure has been described as a combination 
of conventional trusses (parallel chords with 
compression diagonals) and supplemental 
arches. One of Burr's early examples of this 
bridge form, and probably the basis for his 
1817 patent, was his Union Bridge crossing of 
the Hudson River between Lansingburgh and 
Waterford, New York, circa 1804. This struc
ture was 800 feet (244 m) long, with four 
spans. It was rebuilt, after being in service for 
some time, to include a roof and siding. This 
heavily braced and counterbraced structure 
exemplified what today is called the "Burr 
Arch." 

Lewis Wernwag was born in Germany in 
1769 and obtained a patent (which also 
remains lost) in 1812. The patent most likely 
described a structure similar to his crossing of 
the Schuylkill River at Philadelphia's Upper 
Ferry. The huge 340-foot (104-m) trussed arch 
span was quickly termed the "Colossus" and 
represented a major triumph in bridge con
struction with its attractive and apparently 
efficient use of timber, supplemented with 
iron rod bracing members. Wernwag owned a 
metal works company and included more 
reliance on early forms of metal connections 
and components, rather than on more tradi
tional timber joinery only. Regrettably, the 
bridge was lost to fire in 1838. He received a 
second patent in 1829 for improvements to 
this structure. 

Ithiel Town (1784-1844) of New Haven, 
Connecticut, was a prominent architect 
known for designing many types of buildings. 
He also planned many bridges, initially exper
imenting with various truss arch combina
tions. However, Town wanted to devise a 
structure that would require less carpentry 

skills than required by the intricate joinery 
details of some of the early bridges. Using 
only planks joined with round wooden pegs, 
he began developing a lattice style of truss 
construction and obtained his first patent in 
1820. He was nearly as good a promoter as an 
inventor and the lattice truss became very 
popular, although it has been criticized for its 
apparent waste of material. This truss layout 
proved to be very adaptable. It could include 
heavier members for longer spans, and even 
be "doubled up" to include two layers of web 
members and three layers of chords for heavy 
loads, such as those generated by the rail
roads. A few of his bridges were built with 
such heavy members that they became identi
fied as a "timber lattice," as compared to the 
more common "plank lattice." The most 
famous of the surviving timber lattices is 
found in the Windsor-Cornish Covered 
Bridge over the Connecticut River between 
Vermont and New Hampshire, which remains 
one of the longest two-span covered bridges in 
the United States. 

Stephen Long (1784-1864) had a varied 
background and career. He gained his experi
ence as a timber bridge builder while serving 
in the U.S. Army. Long was commissioned to 
locate, plan and build the Baltimore & Ohio 
Railroad. He chose to use a standardized truss 
for all his spans, with timber counterbraces in 
all the panels. With the addition of timber 
wedges at the bearing joints between the posts 
and diagonals, he found that he had better 
control over the trusses' as-built geometry. He 
obtained his first bridge patent in 1830. 
Subsequent printed materials pronounced 
that these wedges allowed the truss builders 
to induce member forces in the trusses that 
effectively "prestressed" the structure (to 
employ today's terminology). 

Long was prolific in his writings and 
patents - some charge that he deserves more 
credit for his recording of bridge history than 
for his actual technical contributions to the 
field. The wedge feature is very important, 
although little, if anything, has been written 
about its contribution to the strength of the 
bridge. 

William Howe (1803-1852) made a major 
contribution to the evolution of timber-

CIVIL ENGINEERING PRACTICE SPRING/SUMMER 2004 7 



Kingpost Brace 

Heel Conoecti7 

Tail 

Bearing Blocks or Bed Timbers 

FIGURE 1. Diagram of a kingpost truss. 

covered bridges by being the first to use metal 
components as primary members within an 
otherwise timber truss. He used timber paral
lel chords, with timber diagonal braces and 
counter braces in the panels, but he used 
round iron rods for the vertical tension mem
bers. The threaded rod ends allowed easy 
adjustment of the structure to keep it tight 
both during and after erection. Many modifi
cations were made over the years to Howe's 
original design, in order to address various 
desired details, but his truss was quickly 
adopted to withstand the heavy loads on rail
roads. The popularity of the Howe Truss con
tinues today. It is often selected when con
structing new covered bridges. Howe's modi
fication was a major reason for the short life 
and reduced popularity of Stephen Long's 
truss - which was essentially the same, but 
without the iron rod verticals. Howe is also 
credited with the first published analytical 
review of his structures, employing the same 
methods and procedures that Squire Whipple 
used. 

Prevalence, Prominence, Demise & Resurgence. 
There are many reasonable estimates of the 
number of covered bridges that have been 
built in the United States. One very conserva
tive and informed estimate is that at least 
10,000 covered timber bridges were built prior 
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to 1900. An examination of the data from the 
World Guide indicates that the largest number 
of extant covered bridges was built during the 
1870s.1 Subsequent decades saw progressively 
fewer bridges built. The 1930s seem to end the 
major construction of covered bridges. Very 
few were built in the following decades until 
renewed interest in them developed in the 
1960s. This revival of the builders' craft was 
due, in no small part, to the "last of the cov
ered bridge builders" - Milton Graton. His 
1978 book, of the same title, is a fascinating 
collection of stories and information from his 
many years spent rehabilitating existing cov
ered bridges and constructing new examples.2 

Many covered bridges were built in the last 
few decades of the twentieth century. Interest
ingly, of the thirty states that currently have 
covered bridges, over half have built a new 
covered bridge within the past thirty years; 
some have built several. And although some 
owners, engineers, contractors and even 
bridge users have distinct preferences for truss 
types, these newer bridges have used nine dif
ferent truss types. 

Summary of Covered Bridge Trusses 
The truss types described herein are presented 
in the order of their span length, starting with 
the shortest. The first three truss types (king-



Queen post 

Counter Brace 

FIGURE 2. Diagram of a queenpost truss. 

post, queenpost and multiple kingpost) are ones 
used in the earliest North American covered 
bridges. No patents were ever taken on their 
configurations, and no individual is specifically 
credited with their development. The other 
truss types that follow were developed and ulti
mately named after enterprising early builders/ 
engineers (usually in recognition of a patent 
obtained for the details of the truss). 

Kingpost. The most elementary heavy tim
ber truss configuration is the kingpost (see 
Figure 1). The inclined members of a kingpost 
truss serve both as the top chord and as the 
main diagonals, and resist compression forces. 
The horizontal member, along the bottom of 
the truss, is the bottom chord and acts in ten
sion. A central vertical member (the "king
post") also acts in tension to support the floor 
loads and serves as the connecting element 
between the opposing main diagonals. The 
kingpost truss configuration is said to have 
two "panels." (A panel is the portion of the 
truss.that lies between any two vertical com
ponents.) The span limit for this simplest truss 
is quite short, typically only about 25 to 30 feet 
(7.6 to 9.1 m). 

The kingpost truss is not very common in 
the extant United States covered bridge 

Heel Connection 

population. There are only about thirty 
kingpost covered bridges remaining in the 
United States, with spans ranging from 22 
to 70 feet (6.7 to 21.3 m). 1 (It is worth noting 
that spans of 70 feet [6.7 m] are very unusu
al for kingpost bridges. Approximately 50 
feet [15.2 m] would be the more common 
upper limit for a kingpost bridge span.) The 
extant kingpost bridges were built between 
1870 and 1976.1 

Queenpost. The next range in span lengths 
commonly includes trusses developed from a 
simple modification of the kingpost. The 
queenpost truss is, conceptually, simply a 
stretched out version of the kingpost truss, 
accomplished by adding a central panel with 
extra horizontal top and bottom chords (see 
Figure 2). Classic examples of queenpost 
trusses do not have any diagonal web mem
bers in the central rectangular panel. There
fore, the very simplest queenpost "trusses" are 
not true trusses at all, but rather frames. The 
vertical members are termed queenposts. 
These trusses are considered to have three 
panels. 

There are approximately 101 bridges sup
ported by queenpost trusses, or a little over 10 
percent of all the surviving covered bridges in 
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FIGURE 3. Diagram of a multiple kingpost truss. 

the United States. Their spans range from 25 to 
130 feet (7.6 to 39.6 m) and they were built 
between 1845 and 1985.1 The longer span 
requires that many of their bottom chords 
have to be spliced longitudinally from sepa
rate timbers. This tensile connection is anoth
er area of weakness in the truss. 

Multiple Kingpost. A straightforward way 
to stretch the span capability of the queen
post truss is to add panels to the kingpost 
truss in order to create what is known as a 
multiple kingpost truss (see Figure 3). 
Accordingly, the basic kingpost truss is some
times referred to as a simple kingpost truss. 
Most of these trusses were built with an even 
number of panels so that all the diagonals are 
in compression and all the verticals are in 
tension under normal loading. A very few 
multiple kingpost trusses have an odd num
ber of panels, with opposing (or crossing) 
diagonals in the center panel. 

There remain about 95 bridges using multi
ple kingpost trusses, or a little over 10 percent 
of all covered bridges in the United States.1 

Multiple kingpost trusses have spans that 
range from 36 to 124 feet (11.0 to 41.1 m), and 
they all seem to have been built between 1849 
and 1983.1 Interestingly, in comparing the 
span ranges and the construction dates 
between queenpost and multiple kingpost 
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trusses a certain similarity in these two fea
tures may be observed. 

Burr Arch. Theodore Burr obtained the first 
U.S. patent issued for a specific timber truss 
configuration in 1806. The Burr Arch is basi
cally a combination of a typical multiple king
post truss with a superimposed arch (see 
Figure 4). The addition of the arch was intend
ed to allow heavier loads on the bridges and to 
stretch their span capabilities to greater 
lengths. Surviving examples of Burr Arch 
bridges have spans of up to 222 feet (67.7 m).1 

Burr's development was immediately pop
ular with bridge builders and has proven 
durable. More existing North American cov
ered bridges use the Burr truss than any other 
type. The classic, or conventional, Burr Arch 
supports the ends of the arch components at 
the abutment, with no connection between the 
bottom chord and arch as they pass by one 
another (the chord is supported by the abut
ment separated directly from the arch end). A 
variation of the Burr Arch (sometimes referred 
to as a "modified Burr Arch") terminates (and 
ties) the arch with a connection directly to the 
bottom chord, which is supported on the abut
ments. 

The arch part of most Burr arches is in 
pairs, which sandwich a single multiple king
post truss between them. The most common 



"Modified" Burr Arch Arch Bearing Block 
"Conventional" Arch Support 

FIGURE 4. Diagram of "conventional" and "modified" Burr arches. 

connection uses a single bolt to join the arches 
to one another through each of the vertical 
members of the truss. Load sharing between 
the truss and the arch components is largely 
dependent on the relative stiffnesses of those 
bolts. The floor beams carry the live loads to 
the truss bottom chords and the roof loads 
bear on their top chords. In order for these 
vertical loads to be distributed into the arch, 
the bolts must resist significant vertical shear 
forces. The initial, traditional Burr arches used 
arch components sawn from large, single tim
bers that were lap-spliced to one another at 
the verticals. Later, the use of continuous, but 
laminated (multiple-layer) timber arches 
became popular with some builders. 

There are about 224 remaining bridges sup
ported by Burr arches and its multiple varia
tions, or about 25 percent of all covered 
bridges.1 The Burr Arch has individual spans 
that range from 33 up to an impressive 222 feet 
(10.0 to 67.7 m), the longest being 10 percent 
longer than the next rival configuration of 
truss (the Howe). The extant Burr arches were 
built between the early 1800s and 1988.1 

Town Lattice. Ithiel Town, an architect by 
education, obtained his first patent for a 
unique type of timber truss in 1820 (see Figure 
5). All the other trusses discussed above prin-

cipally rely on large and heavy timbers that 
require skilled artisans to properly craft the 
rather elaborate joinery between the various 
components. Town sought a means of con
structing bridges that would rely far less on 
skilled labor. He also wanted a bridge that 
could be built from an easily adapted design. 
His patented truss developed a configuration 
that could be extended to a wide range of span 
lengths with relatively little modification of 
the configuration. Town is credited with a 
popular maxim that his truss could be "built 
by the mile and cut off by the yard." In the 
opinion of many informed bridge aficionados, 
his patented truss represents arguably the 
most important development in the history of 
covered bridges and one that remains a popu
lar and enduring style. 

Town's lattice configuration relies on an 
assemblage of relatively short and light planks 
that were available and easy to handle. He 
connected the overlapping intersection of 
members with round timber dowels or pegs, 
termed "treenails" -pronounced "trunnels" 
(and so spelled hereafter). The plank intersec
tions in the web may have from one to three 
trunnels. Where chord members intersect with 
web or lattice members the overlapping zone 
may contain as many as four trunnels. The 
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FIGURE 5. Diagram of a Town lattice truss. 

dowels are often 1.5 to 2 inches (38 to 51 mm) 
in diameter. The parallel and closely spaced 
web members are joined to chords along both 
the top and bottom of the trusses. Two levels 
of chords are commonly used as the bottom 
chords. The top chords may have one or two 
levels of members. The lower-most bottom 
chord provides the seat for the transverse floor 
beams. 

Town, or "lattice," trusses are most com
monly comprised of thin members with pairs 
of chords on each side of the lattice webs. In 
this case, the truss is sometimes termed a 
"plank" lattice. The chord members are not 
generally spliced to abutting pieces at their 
ends, but the terminations are staggered so 
that any panel of chord has at least one 
unspliced member. A few Town lattice trusses 
were fabricated of heavier components using 
single chord members on each side of the lat
tice. In this case, the truss is termed a "timber" 
lattice. The chord members require splices at 
their ends. 

There remain about 135 bridges supported 
by Town lattice trusses.1 Town lattice trusses 
support varying span lengths, from relatively 
short (only 25 feet [7.6 m]), up to some of the 
very longest covered bridge spans in the 
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world. Individual Town lattice trusses range 
in span up to 162 feet (49.4 m).1 The oldest sur
viving Town lattice bridge (the Halpin Bridge 
in Addison County, Vermont) was built about 
1824.1 New examples of Town lattice covered 
bridges are still being built. 

Long Truss. Colonel Stephen H. Long first 
patented a truss configuration in 1830. His 
focus was on a parallel chord truss, made with 
heavy timbers and with crossed diagonals in 
each panel (see Figure 6). A special feature of 
his bridge included the use of timber wedges 
at the intersections of the chords, posts and 
diagonals. The wedges were purported to 
allow builders and maintainers to adjust the 
shape of the panels, and provided the oppor
tunity to adjust the initial camber. 

Today, some have further proposed that 
the wedges allowed builders to induce forced 
loads in the diagonals in a way that would be 
described as "post-tensioning." While the 
concept seems logical when viewing a simple 
two-panel truss or kingpost configuration, 
the logic breaks down when considering 
longer structures with multiple panels. There 
is no universally accepted evidence that these 
prestressing forces can be predictably 
induced. 



FIGURE 6. Diagram of a Long truss. 

However, the wedges do offer an impor
tant increase in the strength of the connection 
between the horizontal component of the load 
in the diagonal and the chord. The transfer of 
load without wedges flows from end bearing 
on the diagonal to cross grain bearing in the 
post and then from cross grain bearing at the 
shoulder of the post back to end grain bearing 
at the shoulder of the chord. The introduction 
of the wedge distributes the bearing load 
from the chord over a much larger area of the 
post via the wedge in direct cross grain bear
ing. 

The Long truss was adopted by many 
builders for use in highway and railway 
bridges, but the timing of its introduction 
meant that it was destined to be quickly over
taken in popularity by the Howe truss. There 
are about 40 surviving bridges supported by 
the Long truss, with individual spans that 
range from 51 to 170 feet (15.5 to 51.8 m).1 The 
oldest extant Long truss was built in 1840 and 
the newest was built in 1987.

1 

Howe Truss. William Howe (1803-1852), of 
Massachusetts, was granted his first truss 
patent in 1840 and a second one later in the 
same year. His second patent used metal rods 
as the vertical members of what was other
wise a simple timber parallel-chord, cross
braced truss. This patent was the first one 
granted with some major structural compo
nents made with metal. The configuration 
used easy-to-erect and readily prefabricated 

components that could be assembled on site 
and adjusted via threaded connections at the 
rod ends. Little skilled labor was involved in 
assembling and erecting this truss type and it 
became an immediate success (see Figure 7). 

The Howe truss is second only to the Burr 
Arch in popularity of the extant covered 
bridges in the United States. There are about 
143 bridges supported by the Howe truss, or 
about 15 percent of all covered bridges.1 The 
Howe truss has individual spans that range 
from an unusually short 20 feet (6.1 m) up to 
an impressive 200 feet (61.0 m), which is only 
10 percent shorter than the longest Burr 
Arch. 1 The oldest extant Howe truss was 
built in 1854 and the configuration remains 
popular with new authentic examples built 
today.1 

Work on Covered Bridges 
Over the Last Fifty Years 
After covered bridges started to lose favor to 
metal trusses, there was a progressive loss of 
knowledge of the nuances of timber design 
and covered bridge detailing, in particular 
among the engineers and contractors chal
lenged to maintain the bridges. The covered 
bridges represented an impediment to 
"progress" in a time of increased attention to 
the number, size and weight of vehicles. As a 
consequence, the extant covered bridges were 
not maintained and usually replaced by more 
modern bridges. 
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Counter Tie Beam 

FIGURE 7. Diagram of a Howe Truss. 

At one time, there may have been in excess 
· of 10,000 covered bridges in the United States. 
By the mid-1900s many of those bridges had 
been destroyed by intentional replacement, 
arson, flood or neglect. 

Unfortunately, when covered bridges were 
retained and demanded attention, many 
"repairs" were planned and performed by inex
perienced engineers and contractors. Often, steel 
plates and bolts were installed as an attempt to 
deal with the deterioration of timber compo
nents and joinery. These repair practices mim
icked those used on metal trusses. Although 
well intentioned, the combination of dissimilar 
materials led to condensation inside the wood, 
masked by the steel plates, and additional dete
rioration of the timber was inevitable and hid
den from view. In fact, these repairs often made 
the subsequent condition of the covered bridges 
even worse for those who followed. As time 
marched on, the number and condition of cov
ered bridges gradually declined. 

The person often cited as a leader in the 
efforts to salvage remaining covered bridges 
was Milton Graton - a contractor in New 
Hampshire. Coming from a long line of car
penters and craftsman, he traveled far and 
wide to repair bridges and occasionally built 
new bridges using authentic practices and 
materials. His work involving covered bridges 
developed in the 1960s and continued until his 
death in 1994. His family continues the tradi
tion. Graton's book-The Last of the Covered 
Bridge Builders - offers information about 
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these special structures from his perspective 
as a contractor.2 

One of the states that has served as a leader 
in the resurgence of interest in covered bridge 
preservation is Vermont. The state is home to 
about 100 historic bridges. In 1992, the 
Vermont Agency of Transportation sponsored 
an in-depth evaluation of 75 bridges owned 
by individual towns of Vermont. The study 
resulted in drafting individual plans for each 
bridge that proposed an identified means of 
preserving the bridge indefinitely. The plans 
ranged from rehabilitating the bridge for light 
or moderate traffic, to bypassing it with a new 
bridge or movirtg it to a preservation site. 

During this same period of increased atten
tion to the needs of covered bridges, Ver
mont's U.S. Senator James Jeffords sponsored 
legislation that was ultimately adopted in the 
National Historic Covered Bridge Preser
vation Program as contained in the Trans
portation Equity Act for the 21st Century, 
which was passed in 1998. It has provided 
over $30 million for research on and the reha
bilitation of over 100 covered bridges. The 
challenges of covered bridges continue and 
additional funding is proposed in the reautho
rization of Federal funding for transportation, 
still waiting for passage by Congress. 

Interaction Between 
Preservationists & Engineers 
Historic preservation principles are aimed at 
maintaining the components of the structure 



("its fabric") and the context of the material. 
Hence, for covered bridges, it is important to 

· retain the form of the supporting trusses and 
the look of the structure. 

Those who take the historic preservation 
perspective would prefer that repairs be 
made with as little change from the original 
materials as possible. If an end of an element 
is rotted beyond salvage, then its removal 
and replacement with the same type of mate
rial (species and size) would be preferred
limited in nature to only the damaged mate
rial and not by replacing the entire element. 
There is a hierarchy established to deal with 
such situations, as published and identified 
as the U.S. Secretary of Interior's Standards 
for Historic Preservation. In theory, these 
standards are admirable and represent good 
practice. In practice, they can at times be 
applied as intended with success. However, 
there are other issues that must be addressed 
as well. 

The engineer who is challenged to provide 
a structure with acceptable reserve capacity 
for safe passage of live load (be it vehicles or 
pedestrians) must deal with current knowl
edge and standards. Most extant historic cov
ered bridges were built with little "engineer
ing" and have withstood the tests of time due 
to careful construction by skilled craftsman 
who built according to practice and experi
ence. The vehicles in use at that time little 
resemble today's traffic. 

Wood is widely used in modern construc
tion, yet the use of "heavy" timber in trusses is 
no longer common and not often included in 
the educational training of today's engineers. 
Those few engineers involved with the rela
tively rare covered bridge (there are less than 
a thousand covered bridges in the collection of 
about 600,000 bridges in the United States) 
must in large part deal with the challenges 
without much theoretical reference material. 

It is common that analytical evaluations of 
covered bridge trusses indicate substantial 
theoretical weaknesses that may not be com
patible with physical evidence in the field. 
Many bridges routinely support traffic while 
calculations indicate that the bridge would 
collapse. There are several reasons for this odd 
situation, among them are: 

• Current codes were developed for the 
design of new structures. Intentional or 
accidental conservatism is not a major 
problem in that case; it simply requires a 
slight increase in the sizes of elements. 
However, those same codes, when used 
for analytical review of historic covered 
bridges, may indicate the need for the 
unnecessary replacement of elements. 

• Loading conditions may be unnecessarily 
conservative or inappropriate. 

• Analytical techniques may be inappropri
ate or inaccurate. 

• The assumptions regarding section or 
material properties of the structure may 
be conservative. 

• Inadequate evaluation of connections and 
the differentiation between primary ele
ment stresses and connection capacities. 

Hence, engineers must deal with these sorts of 
covered bridge conundrums. It is the rare 
bridge that can be rehabilitated without resid
ual overstresses in at least some components. 
The experienced covered bridge engineer 
exercises practiced judgement to decide what 
overstress is tolerable. Therefore, the decision 
as to what components will be replaced hinges 
on the compromises between the demands of 
safety versus the desires for the retention of a 
historic fabric. 

Related to the debates about what the 
degree of work that will be done to an historic 
bridge is the need for clarification about ter
minology. A good reference for clarification of 
this terminology is an Internet site hosted by 
the Advisory Council on Historic Preserva
tion. 3 An important distinction is made among 
various types of anticipated preservation 
work - rehabilitation, reconstruction and 
restoration. According to that site:3 

Rehabilitation (treatment) - the act or 
process of returning a property to a state of 
utility through repair or alteration which 
makes possible an efficient contemporary use 
while preserving those portions or features of 
the property which are significant to its his
torical, architectural and cultural values. 

Reconstruction (treatment) - the act or 
process of reproducing by new construe-
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tion the exact form and detail of a vanished 
building, structure, or object, or any part 
thereof, as it appeared at a specific period of 
time. 

Restoration - the act or process of accu
rately recovering the form and details of a 
property and its setting as it appeared at a 
particular period of time by means of the 
removal of later work or by the replace
ment of missing earlier work. 

Restoration and reconstruction are actions that 
focus on preservation with less consideration of 
the structural needs of the work. Rehabilitation 
allows less intensive preservation and more 
consideration of structural needs. 

For covered bridges that are still used by 
vehicles, the structural demands often require 
strengthening that alters the original construc
tion. That type of work usually involves reha
bilitation rather than restoration. Consequent
ly, rehabilitation may result in the retention of 
less original fabric. A covered bridge project 
especially benefits from a close working rela
tionship between the engineer and preserva
tionist to develop better appreciation of both 
sides of this controversial and contentious 
challenge. 

Critical Engineering Issues 
Related to Covered Bridges 
Self-Weight (Dead Load). In most short- to mid
span concrete or steel bridges, the stresses 
induced by the weight of the design vehicle 
represents a large proportion of the total stress 
in the primary components. Stresses from the 
self-weight of these bridges, while not small, 
are usually much smaller than those caused by 
the design vehicle. 

Covered timber bridges, however, are 
unusual in that the stresses from their own 
self-weight represent a significant part of the 
total stresses. It is not uncommon that the 
chord forces due to dead load are equal to, or 
even exceed, those caused by vehicular loads. 
This phenomenon is due, in part, to the weight 
of the roof and siding that more conventional 
bridges do not have. The heavy timber trusses 
also have relatively high weight-to-strength 
ratios, compared with the efficient beam cross 
sections used in steel and concrete. Therefore, 
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it is very important that the prediction of a 
timber-coverecl bridge's self-weight be as 
accurate as possible. 

The American Association of State High
way and Transportation Officials (AASHTO) 
Bridge Specifications suggest using 50 pounds 
per cubic foot (pc£) (800 kilograms per cubic 
meter [kg/m3

]) for the density of wood, when 
determining a timber bridge's dead load. The 
value of 50 pd is conservatively high and pru
dent for most common (i.e., "uncovered") 
bridges and with most (but not all) timber 
species. (For comparison, many building 
designs use a density of 35 pd [560 kg/m3

] as 
a default density.) The 50 pc£ value was estab
lished when the specifications were first pub
lished in the 1930s. It is strongly influenced by 
open timber structures that are prone to high 
moisture contents. Also, creosote wood pre
servative was commonly used, which could 
add up to an additional 10 pc£ to the weight of 
the wood. 

Hence, a prudent first step in the analysis of 
a covered bridge is the use of 50 pd (800 
kg/m3

) for the assumed weight of the wood, 
based on the guidance of AASHTO. If the 
results of that assumption are acceptable, as 
evidenced by a calculated satisfactory live 
load capacity, then no further effort regarding 
the weight of wood is necessary. However, if 
the results of the analysis indicate an unac
ceptably low capacity for live load, then fur
ther effort in the determination of the weight 
of the wood may be warranted. 

Wood density is strongly influenced by its 
mois.ture content, which can vary widely with 
environmental conditions. AASHTO's sug
gested density recognizes the potential for 
higher moisture contents (and densities) 
when timber components are exposed to 
direct wetting from rain. Covered bridge tim
bers, however, have lower timber moisture 
contents (the very purpose of the bridges' 
covers) and the associated reduced timber 
densities. The bridges inspected in the 
Vermont study contained timbers with mois
ture contents much lower than 19 to 20 per
cent (a commonly cited upper limit of "dry" 
wood in the timber industry.) The aged and 
protected air-dried softwood timber found in 
most covered bridges typically has unit 



weights ranging from 26 to 38 pd (417 to 609 
kg/m3

). 

This issue is extremely important to the 
accurate evaluation of the capacities of cov
ered bridges. It is common that analyses pre
pared using the standard 50 pd (800 kg/m3

) 

density would indicate the need to rehabilitate 
the bridge by replacing existing elements with 
higher-strength grade timber, unusually large 
timber components or even non-timber com
ponents. In some instances, the bridge would 
be unable to support any design live load 
while providing the necessary factor of safety. 
However, the use of site-specific wood densi
ties usually leads to a substantial reduction in 
the dead load forces and stresses (up to a 30 to 
40 percent reduction is common). 

Taking into account design wood density 
should spur the use of site-specific unit weights 
for the evaluation and rehabilitation of his
toric covered bridges. The selection of unit 
weights should be based on standard timber 
references, such as: 

• Timber Construction Manual, published in 
1994 by the American Institute of Timber 
Construction; 

• Timber Bridges - Design, Construction, 
Inspection, and Maintenance, published in 
1990 by the United States Department of 
Agriculture, Forest Service; or, 

• Wood Handbook, published in 1999 by the 
United States Department of Agriculture, 
Forest Service. 

Obviously, defining weights requires deter
mining the species of the various elements, 
which must be determined for allowable stress 
purposes in any case. If some components (for 
example, the floor planking) are made of a 
more dense species, then unit weights appro
priate to that component should be used, 
resulting in an overall weight of the bridge as a 
summary of the individual components. 

Furthermore, the site-specific unit weight 
should be based on a reasonable estimate of 
moisture content. A moisture meter can be 
used to determine the actual moisture content 
of representative elements of the bridge. 
Those elements below the surface of the deck 
may have higher values, especially if the 

bridge is relatively close to water. Or, as an 
alternative (although not nearly as conven
ient), actual samples of the wood from the 
bridge can be obtained and tested in a labora
tory to determine the actual moisture con
tent. As noted above, it is common to find 
moisture contents below the 19 to 20 percent 
threshold that is often cited as the difference 
between "dry" and "wet" wood. The 50 pd 
(800 kg/m3

) density may safely be used in lieu 
of site-specific densities, should that be desir
able. 

A related topic involves installing dry, ver
sus green, new timber components during the 
rehabilitation of historic bridges or for the 
design of new covered bridges. Conventional 
practice requires installing only dried primary 
structural components that would, therefore, 
have unit weights as discussed above. 
However, the relatively non-structural compo
nents (siding, roof boards and some of the 
bracing) might reasonably be installed green. 
While doing so could result in a heavier load 
than that assumed by the designer, many 
judge it to be acceptable because those compo
nents will dry quite rapidly and soon reach 
the reduced unit weight, in most cases prior to 
the bridge being opened to traffic. If one 
intends to use green timber for bigger, pri
mary components, then the conscientious 
designer will make appropriate modifications 
to the unit weight because the larger members 
will take longer to dry. 

Another minor wood density consideration 
relates to the extra weight associated with 
most modern pressure-applied preservative 
treatments. Although usually quite small, 
common treatments could add another 1 or 2 
pd (16 or 32 kg/m3

), except creosote adds sub
stantially more. 

Vehicular Loads (Live Load). A primary 
design issue, when working with any traffic
carrying bridge, is the selection of the design 
vehicle. The AASHTO Standard Specifications 
for Highway Bridges identifies three types of 
design vehicle load. The first two represent 
actual individual vehicles and are routinely 
referred to as the H or HS truck. The H truck 
configuration includes only two theoretical 
axles and is intended to represent dump truck 
type vehicles. The AASHTO specifications 
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present information related to two sizes of H
type vehicles - the standard 20-ton (i.e., the 
H20 truck) or a smaller 15-ton vehicle (the 
HlS). 

The conventional semi- or tractor-trailer 
type vehicle is identified by AASHTO as an 
HS truck configuration. It is identical to the H 
truck, but with an extra and heavier axle rep
resenting the rear axle of the trailer. The stan
dard HS20 vehicle weighs a total of 36 tons, 
and the smaller HS15 weighs 27 tons. 

The third type of design-vehicular load is 
what AASHTO terms "lane load." This uni
form load scheme is meant to represent a 
string of closely spaced HlS single trucks 
(with 30 feet between the rear axle of one vehi
cle and the front axle of the following vehicle), 
with a heavier H20 truck in the middle of the 
string. This type of vehicular load is important 
for longer span structures, where slow traffic 
can lead to a "bunching effect," with heavier 
load than that generated by higher speed traf
fic traveling with more space between vehi
cles. 

These three vehicular load types have 
evolved from the initial AASHTO specifica
tions published in 1935. While each load type 
is a much-simplified representation of the 
diverse vehicle configurations and weights 
that actually travel the roadways, this trio of 
AASHTO loads has been retained as accept
ably accurate for the purposes of the design of 
most bridge components. Consistent design 
loads, unless they are completely unrealistic 
or non-conservative, serve the structural 
design profession well and in many ways. 

Bridges built in the nineteenth century 
would not have been designed for these mod
ern vehicular loads. These bridges were 
crossed by horses and wagons, along with 
whatever load could be pulled through the 
openings of the bridges. A load of loose hay 
was not overly heavy, but skids of logs moved 
on icy winter roadways could be quite heavy. 
The commonly anticipated maximum vehicle 
load, at the time when the original covered 
bridges were built, would have been signifi
cantly less than the single-vehicle HlS load 
described above. The relatively high propor
tion of dead to total load in covered bridges 
has worked in their favor, however, as the live 

18 CIVIL ENGINEERING PRACTICE SPRING/SUMMER 2004 

loads have increased over their functional 
lives. 

Most original covered bridges have been 
upgraded to safely support less than the stan
dard live loads. The consideration of more 
"community type" vehicles is appropriate in 
many instances - for example, oil trucks, 
loaded snowplows, school buses or emer
gency equipment, A commonly selected 
design load is HlS to simulate such vehicles; 
occasionally an H20 vehicle is specified as the 
minimum desired capacity. 

Many covered bridges have been inten
tionally posted with a lower weight restric
tion than the bridges could (and often do) 
safely support in an active attempt to limit 
the number of heavier vehicles using the 
bridge. This action tends to reduce the accu
mulated deterioration of the bridge from 
overweight vehicles and extends the time 
between required rehabilitations. In many 
cases, the more important rationale for the 
load restriction is for community planning 
purposes. Regardless of the reason, the 
design vehicle should be selected to be as 
small as politically feasible to minimize the 
potential abuse with heavier vehicles, even if 
they might safely cross the bridge. 

Selecting the design live load vehicle is 
usually very dependent on the site of the cov
ered bridge. A covered bridge that provides 
sole access to a dead-end road must be able to 
support a more diverse and complete set of 
vehicles than will a covered bridge that can be 
easily bypassed. Likewise, a covered bridge 
immediately adjacent to the most traveled 
roadway network will be used by more vehi
cles of any weight than would one in a more 
remote location. 

For bridges located in more remote areas, 
there will be more violations of weight restric
tions; hence, bridge designers and owners 
must carefully weigh whether relying on a 
load posting is prudent. If regular and exces
sive load violations are anticipated, then clos
ing or rehabilitating the bridge should be con
sidered. 

Snow Load. Most newer, conventional, deck
type bridges are not designed for the weight 
of snow because standard practice involves 
removing snow from the bridge with plows. 



Typically, it is assumed that the bridge does 
not have to carry both heavy snow and heavy 
vehicles at the same time. 

On the other hand, covered bridges might 
have snow on the roof at the same time vehi
cles pass through it. The bridge would there
fore have to support both snow and vehicular 
loads. In northern states, design snow· loads 
can become quite heavy- 50 psf (800 kg/m3

) 

or more (sometimes much more). In some of 
those states, covered bridges are known to 
carry snow load on the deck level that is delib
erately plowed there to allow the passage of 
the locally prevalent snowmobile. This thin 
layer of snow represents a light load, which 
. reasonable analysts might neglect. The melt
ing snow, however, may cause some decay in 
deck level timber components, so those bridge 
owners might be more particular about regu
lar inspections if they pursue this plowing 
policy. 

However, because the AASHTO bridge 
specifications do not address this issue, it is up 
to the covered bridge design engineer to select 
a prudent snow load and live load combina
tion. Many engineers, experienced with cov
ered bridges, believe that it is too conservative 
to simply assume that a covered bridge must 
support both a full-weight design vehicle and 
full-weight snow load simultaneously. Vehicles 
passing across a covered bridge vibrate the 
bridge and cause heavy accumulations of snow 
to slide off the roof, assuming that the bridge 
has a common 6:12 pitch or steeper roof. If the 
bridge has a fairly flat roof, then this snow 
shedding will not occur and designing for 
both loads could be prudent. Most building 
design codes differentiate between a flat roof 
and a sloped roof (where the latter has a slope 
of more than 5 to 30 degrees, depending on the 
specification) when it comes to determining 
design snow loads. 

The bridge's tendency to shed snow load is 
also a function of the roofing material. A metal 
roof will shed snow load much more readily 
and reliably than a roof with wood shingles. 
Bridges in heavy snow areas would therefore 
benefit from having a metal roof. Metal roof
ing systems offer an additional benefit since 
they are lighter than other types of roofing 
systems. 

If the bridge is closed to vehicular traffic, 
then full snow load should be anticipated and 
evaluated. The snow can become quite heavy 
and can represent a significant load on the 
structure - in some cases much more than the 
weight of a design vehicle. 

The design snow load magnitude is 
addressed in many specifications, but one 
quite commonly cited is the ANSI/ASCE 7 -
Minimum Design Loads for Buildings and Other 
Structures. Many state governments have spe
cial snow load maps to provide additional 
guidance on appropriate design snow loads 
- most of these are targeted toward building 
design, but are appropriate for covered 
bridges. 

Material Properties/Allowable Stresses. 
Determining the appropriate material proper
ties and allowable stresses to use in evaluating 
an extant covered bridge is challenging. The 
current (2001) American Wood Council 
National Design Specifications (NDS) contain 
allowable stresses that are based on extensive 
information and experience with timber. 
However, there remain concerns that the NDS 
values are quite conservative when applied to 
the timber found in historic covered bridges. 

The first step in determining member 
capacities involves identifying the wood 
species. The bridge analyst may find several 
species within an extant covered bridge, so it 
is important to determine the wood species for 
the particular structural members under con
sideration. Unless one is a trained expert in 
wood identification, it is appropriate and rela
tively inexpensive to obtain small samples of 
the members and have them identified by a 
wood scientist. 

The next step in assessing a member's 
capacity involves determining the "grade" 
that most accurately describes the members. 
This identification becomes more problematic 
than the simple species issue. Again, it is 
appropriate to seek assistance from an expert. 
There are several popular timber grading 
associations, many of which offer services 
involving on-site and in-situ grading of tim
bers. As an example, the Northeast Lumber 
Grader's Association (NeLMA) can provide a 
grader who will be able to visit a covered 
bridge and provide a reasonable best profes-
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sional opinion about the timber grading char
acteristics for the critical elements. The cost for 
this service is relatively nominal compared to 
the entire analysis cost and should be consid
ered an important aspect of evaluating the 
bridge. The analyst is cautioned, in advance, 

. that the grader can only provide grading for 
what material is visible. Also, it must be noted 
that the grader cannot categorically identify a 
structural component as being definitely of 
any certain grade if portions of the member 
are hidden from view. However, the grader 
can determine what the member is not, based 
on the member faces that are visible - for 
example, "the member does not meet the cri
teria of a Select Structural member" or "it does 
not meet the requirements for a Number 1 
grade." 

Therefore, the engineer must still exercise 
some judgement in this matter. For instance, if 
a given member does not meet a select struc
tural grade, it probably is safe to consider it as 
meeting the next lower grade. It is important 
to understand that grading rules, themselves, 
are a function of the species and the grading 
association that promulgates the rules cover
ing those species. What is select structural in 
one species and its associated rules, may not 
be select in another species. Furthermore, 
some species and grading associations do not 
have provisions for all grades for all species 
and in all timber size categories. 

Once the species of the members in ques
tion and their corresponding grading are 
determied, then it is necesary to select an 
appropriate allowable stress. The NDS is the 
place to start, but the NDS-allowable stresses 
are based on extensive tests of newer wood 
samples and a fairly complex mathematical 
process is utilized to extrapolate raw laborato
ry tests of small clear specimens to allowable 
stresses in full-size members. One of the major 
components in deriving allowable stresses 
from laboratory tests is based on a probabilis
tic approach using a "95 percent exclusion 
rule." In simple terms, the allowable stress is 
based on a failure strength that 95 members 
out of 100 will exceed. In other words, only 5 
members out of 100 will statistically possess a 
failure stress less than that used for determin
ing the tabulated allowable stress. This partic-
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ular aspect of timber design has no counter
part in other common structural materials, 
like steel or concrete, because of the variabili
ty of wood both among species and within the 
same species. 

Some designers reasonably argue that, 
while this approach has served the design of 
new timber structures well for a long time, it 
may be too conservative for evaluating an his
toric timber structure such as a covered 
bridge. Those bridge components that have 
served successfully for at least fifty years (and 
maybe much longer) have been tested by 
time. Those components that contained the 
weaknesses implied by a 95 percent exclusion 
rule have either already failed or have not 
(yet) been highly stressed. Hence, it may be 
appropriate to consider some other exclusion 
limitation - some have suggested 80 percent. 
Yet, this issue has not been addressed by the 
current specifications and has not gathered 
much attention since it affects so few struc
tures. 

For more information on this topic, refer to 
guidance provided within the following 
American Society for Testing and Materials 
(ASTM) Specifications: 

• ASTM D 143 - "Methods of Testing 
Small Clear Specimens of Timber 

• ASTM D 198 - "Methods of Static Tests 
of Timbers in Structural Sizes" 

• ASTM D 245 - "Standard Practice for 
Establishing Structural Grades and 
Related Allowable Properties for Visually 
Graded Lumber" 

• ASTM D 1990 - "Standard Practice for 
Establishing Allowable Properties for 
Visually-Graded Dimension Lumber from 
In-Grade Tests of Full-Size Specimens" 

• ASTM D 2555 - "Standard Test Methods 
for Establishing Clear Wood Strength 
Values" 

• ASTM D 2915 - "Standard Practice for 
Evaluating Allowable Properties for 
Grades of Structural Lumber" 

So what is the modern analyst to do about 
the issue of allowable stresses in existing 
timber? At this writing, research continues 
occasionally aimed at this and related issues. 



However, no definitive, published work 
exists that addresses this issue. This discus
sion is intended more to cause one to pause 
and consider the assumptions behind how 
historic covered bridges are evaluated. Until 
other information is available, it is prudent 
to continue to use the NOS-published allow
able stresses as the basis for the analytical 
evaluation of historic covered bridge capaci
ties. 

Until the 1960s, the common practice was 
to establish the allowable tensile stress in 
wood members as a theoretical extrapolation 
of its measured failure stress in the tension 
zone of bending specimens. In part, this prac
tice was followed due to the difficulties in 
developing tensile load testing equipment 
that could test timber specimens to failure 
without simply breaking at the grips. The 
grip zone failure casts legitimate doubts on 
the tensile stresses in the member at failure. 
Eventually, new grips were developed that 
led to satisfactory results in axial tension to 
failure tests. Unfortunately, the newer tests 
demonstrated that wood has less tensile 
strength than previously predicted by the 
flexural tests. 

For smaller specimens, the differences 
between axially-induced and bending
induced tensile stresses were not major. 
However, as the size of the specimen 
increased, the differences became significant. 
The 1977 NDS introduced a new a reduction 
factor for allowable tensile stresses - up to 40 
percent for members 10 inches (254 mm) and 
wider, and No. 1 grade or less. This new 
reduction obviously had a major effect on the 
allowable capacity calculations for timber 
trusses with larger chord and web members. 

There are many practical examples of 
buildings that illustrate the rationale behind 
this change in the specifications. One notable 
example is the many World War II-vintage 
timber warehouse structures that were built 
with heavy timber trusses and that have 
demonstrated significant and frequent tensile 
fractures in the bottom (tension) chords. 

Since evaluating timber covered bridge 
load capacities can lead one to consider 
changes in specifications over time - and the 
effects of such changes - it is good to keep 

this issue in mind. It also reinforces the impor
tance of paying particular attention to the ten
sile members in covered bridge trusses. 

Case Study-
Rehabilitation of Burr Arch 
Built in 1837, the existing Brown's River 
Covered Bridge, in Westford, Vermont, served 
until 1965 when it was bypassed and aban
doned. Some repairs were performed in 1975. 
In 1987, once again in bad shape, the bridge 
was removed from its foundations and set on 
cribbing in a nearby field. Work on covered 
bridges was not as popular at that time as it is 
currently and the removal was performed 
with power provided by oxen and capstan. 
The effort to get the bridge off the foundations 
was filmed as part of a Public Broadcasting 
System documentary featuring Milton Graton 
(the late renowned covered bridge reconstruc
tion specialist). Repair work was started by 
Graton, but funds were exhausted prior to the 
completion of the work. 

The bridge sat idle in the field overlooking 
its foundations, awaiting additional funding 
to finish the project (see Figure 8). A long effort 
chasing grants culminated in funding via the 
Intermodal Surface Transportation Efficiency 
Act of 1991 and supplemental funding in 1999 
from the Transportation Equity Act for the 
21st Century. 

With sufficient funds available, a contract 
was let for the final repair of the bridge and its 
abutments and for resiting the structure to its 
river crossing (see Figure 9). Bridge repair 
work commenced in early 2001 and it was 
relocated on July 20, 2001, via heavy moving 
steerable dolleys towed by large wrecker 
trucks. Back at its original site, adjacent to a 
modern bridge that supports vehicular traffic, 
the covered bridge now serves only pedestri
an traffic. 

Engineering & Construction Challenges. A 
number of issues caused this project to be 
especially challenging. From an engineering 
perspective, the lack of sufficient funds result
ed in more reliance on the contractor to handle 
issues as they came up without thorough 
plans in advance. Multiple telephone conver
sations ensued during the work along with a 
few site visits. Fortunately, the contractor was 
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FIGURE 8. A photo of how the Brown's River Bridge sat for thirteen years off its original site. 

FIGURE 9. Moving the Brown's River Bridge to its new location. 
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especially conscientious and performed 
admirably under the circumstances. 

Bridge Condition at the Start of the Project. 
Unfortunately, the repairs started in 1987 were 
not completed and the bridge sat on cribbing 
for thirteen years (see Figure 8). During that 
time, the cribbing suffered some differential 
settlement that racked the bridge. At the start 
of work, two-thirds of the top chord of the 
south truss had been attacked by powder post 
beetles (it cannot be determined if this damage 
was present before the 1980s). The wood shin
gle roof installed in the 1980s was leaking. The 
ends of the bottom chords had been replaced 
and large bolster beams were positioned 
beneath the chords. There was no direct splice 
of the chords and the connection of the bol
sters was judged to be inadequate to restore 
the integrity of the bottom chords without 
additional work. Several damaged, broken or 
missing components of the bracing had not 
yet been addressed. 

The abutments remained as they were 
when the bridge was removed. The upstream 
corner of the east abutment was separated 
from the stem and a section of stone wall 
along the wing wall was in near collapse con
dition. The caps and backwalls awaited 
replacement to accommodate the rebuilt 
superstructure. 

Limited Engineering. At the time of the final 
push funds were extremely limited, yet the 
effort at obtaining the funds had been extraor
dinary (over thirteen years). Recognizing that 
the bridge would not have to support vehicu
lar traffic and the pedestrian loading would be 
limited at this rural location, an engineering 
analysis of the bridge included: 

• Evaluating the current condition of the 
bridge; 

• Identifying necessary repairs based on 
judgement and experience with covered 
bridge work; 

• Conducting a limited analysis of critical 
elements, as judged mandatory (primarily 
limited to the connection of the bolster 
beams to the bottom chord); 

• Preparing limited drawing details; 
• Preparing technical specifications with 

reliance on lump-sum bid items for the 

several major tasks, including timber 
structure repairs, foundation repairs, tim
ber structure relocation and timber floor
ing; and, 

• Scheduling site attendance at the time of 
the relocation of the bridge to evaluate the 
proposed work plan and equipment. 

It should be noted that another local engineer
ing firm was retained by the Westford 
Historical Society to prepare a complete con
tract bid document, including bid forms, 
agreement, bond requirements and other stan
dard information. While this situation is not 
desirable, and should not be undertaken by 
inexperienced personnel, this project 
approach proved to be successful in this 
instance, in large part due to the close working 
professional relationship among the contrac
tor, engineer and owner's representative. 

Timber Repairs. One of the important issues 
related to this work was the need to replace 
truss components while attempting minimal 
removals. The top chord of the east truss was 
originally built in three pieces with a special 
joinery connection (see Figure 10). The chords 
were positioned down onto tenons from the 
ends of the posts. The replacement of the 
chord therefore required the temporary sup
port of the rafters and tie beams to raise them 
out of the way. 

While replacing the top chord, a section of 
substantial rot was found in the top of one 
post (see Figure 11). No external evidence of 
such deterioration was visible. Yet, the post 
either had to be partially or completely 
replaced. The decision was made to complete
ly replace the post. A couple of other posts 
were also replaced to better address previous 
partial repairs that were judged to be insuffi
ciently connected. 

Straightening the structure as a conse
quence of these rather extensive repairs and 
long-term cribbing differential settlement led 
to discovery that the existing knee braces 
would have to be replaced to fit the restored 
geometry. 

One of the features often added by Graton 
in his restoration of scores of covered bridges 
were bolster beams beneath the ends of the 
bottom chords. These elements project beyond 
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FIGURE 10. Replacement top chords for the Brown's River Bridge. 

the front edge of the abutment seat and serve 
to stiffen the ends of the truss. However, the 
bolsters added to this bridge were especially 
large and long - in fact three panels long (see 
Figure 12). Bolsters are usually added sepa
rately from the chord so that they do not act as 
truss members - instead, they supplement 
the behavior of the truss by adding bending 
capacity in addition to the truss behavior. The 
existing bottom chords had been severed at 
sound material away from the rotted end por
tions, in the second or third panel from the 
end. Instead of installing a tensile splice to 
connect the new ends to the original portions, 
the large bolsters were connected to the 
chords by a few vertical bolts. These connec
tions were not completed at the time work 
was abandoned. 

However, the bolsters were expected to 
serve as replacement bottom chord elements 
being subject to axial loads in addition to their 
normal bending behavior. While the bolsters 
were no doubt large enough to accommodate 
such expectations (4.5 by 16 inches [114 by 406 
mm]), they not been connected in a way to 
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adequately transfer the loads across the butt 
connections of the bottom chord. 

Accordingly, a plan was devised to install a 
series of timber shear blocks at the interface of 
the bottom of the chord to the top of the bol
ster. In combination with the bolts, the addi
tional shear blocks would provide an accept
able capacity. The plans called for rectangular 
4-inch (100-mm) high by 8-inch (200-mm) 
wide hardwood blocks to be inserted into new 
pockets cut into the interface from the side. 
The contractor had considerable experience 
with use of round wooden dowels to accom
plish the same effect and believed the round 
dowels would serve better in this instance. 
Following extensive conversations and addi
tional analytical evaluations, round dowels 
were used (see Figure 13). 

Modified Burr Arch Details. In Figure 12 it 
can be seen that the arch elements have been 
cut off at the bottom of the bolster beams. In a 
classic Burr Arch, the arch elements project 
down past the bottom of the chords to bear 
against the abutment. In so doing, they can 
true arch behavior to augment the truss 



FIGURE 11. Hidden rot inside the top of an old post on the Brown's River Bridge. 

FIGURE 12. The Brown's River Bridge was moved but not down off its temporary cribs. 
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FIGURE 13. A view of shear dowel reinforcement on the Brown's River Bridge. 

behavior of the timber structure. However, in 
those bridges that have had an alteration to 
terminate the arch without bearing on the 
abutment, or if the bridge had been built orig
inally · like that, the arch cannot offer much 
assistance to the truss. Such structures are 
often times referred to as "modified" Burr 
Arches. 

Furthermore, the connection between arch 
and truss is often a single bolt element at the 
intersection of the center of the vertical ele
ments of the truss and the centerline of the 
arch. It is common to observe that these bolt 
elements are deformed from the excessive 
forces attempting to connect the two types of 
systems together, which is another reason that 
makes the analysis of such combination struc
tures especially challenging. 

The arch components on this bridge are 
comprised of a pair of solid sawn members 
that straddle the truss. As the arch in the cen
ter of the bridge comes lower towards the bot
tom chord as it traverses toward the end of 
the bridge, it has been deflected outward in 
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this bridge to pass the bottom chord. Hence 
the gradual appearance of the arch in Figure 
12. Some bridges are built so that the arch 
components are interrupted at the bottom 
chord with a splice in order to ensure that the 
arch remains in the same plain as the bottom 
chord. 

Foundation Considerations. The original 
stone abutments had been faced with concrete 
(a common practice). While the quality of 
concrete facing was not great, the bulk of it 
seemed sound and stable. There was no evi
dence of deep-seated foundation failures; 
hence it was quickly decided to retain the 
bulk of the abutments. New caps were 
required due to a change in the floor configu
ration. (The trusses originally extended 
beyond the floor; therefore, the concrete back
walls had jogs at each corner.) The north cor
ner of the east abutment also had separated 
from the main stem concrete and needed to be 
replaced. The connecting wing wall was dry 
laid stone that had shifted and was on the 
verge of collapse. A roadway drainage pipe 



FIGURE 14. A view of the reconstructed east abutment for the Brown's River Bridge. 

discharged at a point at the beginning of the 
stone wall and was contributing to its demise. 
A review of the roadway drainage situation 
indicated that a cross culvert could be 
installed in the roadway uphill of the covered 
bridge abutment. Doing so would permit 
removing a major portion of the stone wing
wall and regrading in order to fill in the ditch 
in front of the wall. The corner of the abut
ment was removed and recast on new con
crete stepped footings to connect to the rest of 
the abutment stem concrete. 

New thick concrete pads were cast atop 
both abutments to help knit the combination 
of original stone and concrete facing together. 
Backwalls and short wing walls were then 
cast with dowels into the main pads. The 
resulting concrete treatment was economical 
and should serve well for a long time (see 
Figure 14). 

Roof Replacement. The bridge had had new 
wooden shakes installed in the 1980s, but the 
roof was leaking quite badly. After considera
tion of the alternatives, it was decided that the 

roof should be replaced. Vehicular traffic 
tends to vibrate a bridge enough to cause 
snow to slide off faster than bridges closed to 
traffic. Since this bridge was to remain only 
open to pedestrian traffic, it seemed prudent 
to use metal panels rather than wooden 
shakes or shingles. 

Relocating the Bridge. Without question, the 
relocation of the bridge garnered the most 
attention. The general contractor decided to 
hire the services of a company that specialized 
in moving structures. A pair of steerable dol
leys was located at each end of the bridge. The 
power to move the bridge was provided by 
winches from large wreckers. The roadway is 
quite steep leading down to the bridge site 
and the process involved parking a tractor 
uphill of the bridge and releasing the cables to 
the limit of the cable spool, then moving the 
wrecker to start the process again. The far end 
of the bridge was hooked to a separate wreck
er that provided the steering guidance. It was 
able to hold the bridge in position with its 
brakes while the rear wrecker was relocated 
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FIGURE 15. The Brown's River Covered Bridge underway on dolleys. 

(see Figure 15). Upon reaching the low point 
in the profile, the far wrecker took over and 
pulled it into place. 

The close proximity of the bypass bridge 
was very convenient in that the covered 
bridge on the steerable dollies was pulled 
across the bypass bridge to align it on the 
abutments. Then cribbing and skid beams 
were installed beneath the bridge superstruc
ture to allow it to be winched sideways over 
the top of the guiderail to the rehabilitated 
abutments. An interesting challenge involved 
the relative skew between the two bridges 
(they are not parallel). Hence, the end of the 
bridge closest to the old location was support
ed on a single heavy roller nest at the center
line of the bridge to allow it to act as a pivot 
when the other end was winched sideways. In 
this way, the bridge was moved differentially 
to align it with its bearing areas. The movers 
used a swivel roller system beneath each cor
ner at first. Then to rotate the bridge to accom
modate the skew between the respective 
bridges, the pair of rollers was replaced with a 
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central unit at one end to provide a pivot point 
(see Figures 16 and 17). 

Once in the proper location, the bridge was 
too high and had to be lowered into place by a 
repetitious process of supporting the weight 
on the jacks and then removing the cribbing, 
then releasing the jacks to the new lower posi
tion. The move from the field to its original 
location over the river was accomplished by 
mid-afternoon. The lowering process was not 
completed until the following morning. 

Case Study - Rehabilitation 
of a Long Truss 
The Hamden Covered Bridge, built in 1859, 
spans the West Branch of the Delaware River 
near the hamlet of Hamden in Delaware 
County, New York (see Figure 18). The county, 
as owner, undertook a major rehabilitation of 
the bridge in 2000. The bridge is supported by 
truss configurations patented in 1830 by, and 
named for, Colonel Stephen H. Long. 

The contractor chose to relocate the bridge 
to allow work on land. Unfortunately, the relo-



FIGURE 16. Atop the bypass bridge and ready to be slid sideways. 

FIGURE 17. The Brown's River Covered Bridge moving sideways. 
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FIGURE 18. A view of the Hamden Covered Bridge. 

cation procedure using a pair of cranes experi
enced an accident that culminated in breaking 
the single-span bridge into two parts. Careful 
retrieval of the damaged trusses and patience 
and diligence succeeded in the rehabilitation 
and resiting of the bridge. 

The style of truss used on this bridge con
tained three separate bottom chord sticks with 
a pair of vertical posts between them. The 
chord members contained a larger central 
stick of 9 by 13 inches (229 by 330 mm), 
flanked by smaller sticks of 5 by 13 inches (12 
by 330 mm) with lengths of up to 50 feet (15.2 
m). The traditional form of connection for 
such an arrangement at the time of its con
struction uses a splice termed a "bolt-of-light
ning" detail. Unfortunately, the proportions of 
the truss and its joinery was such that the 
splice was substantially weaker than the main 
members. Based on experience with similar 
circumstances encountered earlier at another 
county-owned covered bridge, it was decided 
to replace the bottom chords with three one
piece glue-laminated members. 
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Other problems encountered in this project 
included those with bracing, counter members, 
connectors in joints of Long trusses and the 
myth and reality of Colonel Long's wedges. 

The work was completed in June 2001 for a 
total cost of approximately $750,000. 

Case Study - Rehabilitation 
of a Town Lattice 
Fitch's Covered Bridge was originally built in 
1870 on Kingston Street over the West Branch 
of the Delaware River in the Village of Delhi, 
Delaware County, New York (see Figure 19). 
The bridge is supported by Town lattice truss
es, so named for Ithiel Town who received his 
first patent for this truss configuration in 1820. 

Several problems requiring solutions were 
encountered in this bridge rehabilitation, 
including: 

• Hidden deterioration (a common prob
lems with lattice trusses); 

• Figuring out how to restore the trusses to 
their original configuration; 



FIGURE 19. A view of Fitch's Covered Bridge. 

• Dealing with the vertical camber of the 
tusses (how to deal with existing sagged 
structures); 

• Insufficient bracing; 
• A weak floor system; and, 
• Devising a way to retain the existing foun

dations. 

Field instrumentation of portions of the 
existing Town lattice trusses was performed to 
assess the distribution of forces around chord 
interruptions and trunnel (wooden peg) con
nections of chords and lattice elements. This 
work was apparently the first of its type for 
this kind of application. 

All design and construction work for the 
rehabilitation of the Fitch's Covered Bridge 
was performed by county forces. The cost of 
the work was about $425,000. 
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Study 

An Evaluation of 
Recycled Tire Shreds 
as a Substitute for 
Gravel in Residential 
Soil Absorption Systems 

Laboratory studies and short
term field studies indicate that 
tire shreds perform as well as 
gravel for residential subsurface 
leaching field systems. 

SUKALYAN SENGUPTA & HEATHER MILLER 

It is estimated that about 250 million tires 
are discarded annually in the United 
States. These scrap tires represent a signifi

cant environmental and public health problem 
since they are often placed in stockpiles that 
pose fire hazards and serve as breeding 
grounds for rodents and mosquitoes. In lieu of 
stockpiling scrap tires or placing them in 
already overcrowded landfills, a number of 
applications that reuse/recycle them have 
been attempted. Among other things, scrap 
tires have been used for fuel, or recycled into 

rubber products, or used as artificial reefs and 
breakwaters. They have also been used for 
daily cover and/ or as leachate collection sys
tems in landfills. They have also found a place 
in numerous highway applications (such as 
crumb rubber asphalt pavement, lightweight 
fill for embankments and behind bridge abut
ments, and for roadbed insulation). One poten
tial end market that has not yet received much 
attention in most states is using scrap tires in 
residential subsurface leaching-field systems. 

Although several states now have guide
lines regarding the use of tire chips in resi
dential subsurface leaching-field systems, 
very little research has actually been com
pleted to study the performance of these sys
tems. Therefore, this potential application 
was investigated using laboratory-scale and 
field-scale tests. This study addressed two 
questions: 

• Will tire shreds serve the same function as 
aggregate in terms of drainage? 
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• And, will potentially harmful contami
nants leach from the tires after contact 
with the wastewater? 

Review of Applicable Literature 
There is little debate in the literature regard
ing the drainage capacity of tire shreds. 
Although the use of tire shreds in subsurface 
leaching-field systems has not been well doc
umented, their use in other civil engineering 
drainage applications has been extensively 
investigated. Tire shreds have been used as 
edge drains along roadways and as drainage 
layers beneath roads. They have also served 
as drainage media in leachate collection and 
removal systems in landfills. 

Humphrey summarized hydraulic conduc
tivity (permeability) values reported in the lit
erature from various researchers.1 The 
hydraulic conductivity of tire shreds is gener
ally much greater than most granular soils. 
Hydraulic conductivity is not an inherent 
property; however, it varies depending on 
numerous factors including particle size dis
tribution, porosity and applied normal load 
( especially for tire shreds, which are very 
compressible). The various researchers tabu
lated in Humphrey report hydraulic conduc
tivity values ranging between 0.58 and 23.5 
centimeters per second (cm/ sec) for tire 
shreds between 0.75 and 3 inches in size. Most 
of those reported values were all above 1.0 
cm/ sec, which is considered to be a "bench
mark" value in geotechnical engineering (i.e., 
the approximate boundary between hydraulic 
conductivity values of clean sands and clean 
gravels). The reported data indicate that tire 
shreds should provide adequate flow capacity 
for use in subsurface leaching-field systems. 

The second question, regarding potential 
contamination, is more difficult to address. 
Because tire shreds have been used in a num
ber of civil engineering applications where 
water may pass through the shreds and infil
trate the groundwater table below, there has 
been much concern regarding the potential 
leaching of contaminants. To address these 
concerns, there have been several studies and a 
detailed review published.2- 7 In general, these 
studies indicated that leachate derived from 
scrap tires is "safe"; however, the different 
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studies used various standards for comparison 
and minor contradictions exist within the data. 

In laboratory leaching tests, most pollu
tants leached from tire shreds were generally 
below the various regulatory limits, except in 
studies conducted under extreme pH condi
tions. A Scrap Tire Management Council 
study found that toxicity characteristic leach
ing procedure (TCLP) regulatory limits were 
not exceeded for any compounds.5 A 
Wisconsin study indicated that most com
pounds showed declining concentrations 
with continued leaching - except for iron, 
manganese, barium and zinc, which showed 
the opposite trend.3 Iron and manganese were 
at or slightly above their applicable drinking 
water standards, while zinc remained below 
applicable drinking water standards. 

A substantial amount of field data on 
groundwater samples has been collected at 
sites where tire shreds have been used as fill 
material for roadways or embankments.2

'
3
'
6 

The data obtained from these field studies are 
somewhat more inconsistent. There are a 
number of possible reasons for the inconsis
tencies between the field studies, including 
variations in sampling procedures, the fact 
that conditions in the field are less controlled 
and the possibility that groundwater samples 
may have become polluted from sources other 
than just the tire shreds under study. For 
example, in a Minnesota study, groundwater 
samples exceeded the Minnesota drinking 
water recommended allowable limits (RALs) 
for barium, cadmium, chromium, lead and 
List 1 and List 2 polycyclic aromatic hydrocar
bons (PAHs).2 In contrast, in the Wisconsin 
study, it was concluded that there was no sig
nificant leaching of substances such as lead or 
barium that warrant public health concern.3 
These two studies had relatively poor experi
mental controls, and it has been suggested 
that contamination may have resulted from 
other sources at those sites. 

The results obtained from a University of 
Maine study are probably more reliable 
because control basins were installed at the 
test site in North Yarmouth to distinguish 
between compounds that leached from the 
tire shreds and those that were naturally pres
ent in the water there.6 The University of 



Maine data are more extensive than most of 
the other field studies. Samples collected on a 
quarterly basis since January 1994 were ana
lyzed for metals with primary and secondary 
drinking water standards. The data indicate 
that, for metals with a primary standard, the 
presence of tire shreds did not increase con
centrations significantly above levels occur
ring naturally at the site. For metals with a sec- · 
ondary standard, iron levels beneath the tire 
shred fills were elevated on two dates, and 
manganese showed consistently higher con
centrations in the basins overlain by tire 
shreds compared to the control basins. It 
should be noted that secondary drinking 
water standards are based on aesthetic con
cerns; although they may impart some taste, 
odor or color to the water, they do not pose a 
known or suspected health risk. Humphrey et 
al. also obtained samples that were tested for 
volatile and semi-volatile organics on two 
dates, and found all substances below the test 
method detection limit. 6 Based on those 
results, Humphrey concluded that "tire shreds 
have a negligible impact on groundwater 
quality and can be used for most civil engi
neering applications provided the pH of the 
groundwater is near neutral."6 

Published results could be located from 
only two field studies in which tire shreds 
were used in place of aggregate in subsurface 
leaching-field systems. The first study was 
conducted by an engineering firm in Vermont, 
but its conclusions cannot be relied on since 
the system did not have any control wells.8 A 
second tire-shred system was discussed by 
Burnell and McOmber.9 This study used a con
trol, but unfortunately the influent waste
water did not have typical wastewater 
strength or flow characteristics. Burnell and 
McOmber estimated that the biochemical oxy
gen demand (BOD) in the dosing chamber 
was only 23 percent of a "typical" residential 
system, and the total suspended solids (TSSs) 
were only 33 percent of a typical system.9 

Wastewater flow rates were less than 100 gal
lons per day (gpd).9 

In conclusion, the drainage capacity of tire 
shreds has been well documented, and the 
reported data indicate that the function of the 
tire shreds should be equivalent to that of the 

aggregate in terms of flow requirements in 
residential septic systems. The question of 
whether tire shreds may leach potentially 
harmful contaminants has not been complete
ly resolved. Due to the limited nature of much 
of the reported research, further study is war
ranted to examine the long-term durability 
and potential leaching characteristics of tire 
shreds placed in residential subsurface leach
ing-field systems .. 

Laboratory Studies 
The tire chip samples used in this study were 
obtained from a tire recycler that processes 3.5 
to 4 million tires a year. The tires were sorted 
based on whether they were bias ply (non
radial) or radials. About 90 percent were radi
al tires. The sorted tires were then conveyed to 
large grinding hoppers. The chips produced 
were then reground to obtain a desired size, 
with a minimum size of approximately 0.75 
inch in diameter. Each size was collected and 
stockpiled for later use. Since the main focus 
of this study was to find the concentration of 
inorganic leachates from the scrap tires, the 
smallest size tire chip was utilized (0.75 inch, 
with a trace of fine particles) in order to pro
vide the maximum surface area per unit 
weight. The chips were produced from steel
belted tires to obtain the maximum iron con
centration in the leachate. No attempt was 
made to remove the steel belts from the 0.75-
inch product using any separation process (for 
example, magnetic separation or screening). 

Effect of pH. The first experiment was con
ducted to determine the effect of pH on the 
inorganic leachate quality. Five random tire 
chips were placed into each of two 250 milli
liter (mL) Erlenmeyer flasks with an addition
al flask set up as a blank standard. The flasks 
were filled to capacity with distilled water. 
The pH of one of the tire chip flasks and of the 
standard were measured at 6.2. The pH of the 
third flask was adjusted to 3.5 using nitric acid 
(HNO3). The flasks were placed on a shaker 
and shaken for approximately 18 hours to 
allow time for the tire surface to attain equi
librium with the aqueous solution. 

After the mixing was complete, the samples 
were vacuum filtered and then digested by the 
Nitric Acid Digestion Method 3030 E. (All the 
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TABLE 1. 
Characteristics of the Inorganic Constituents of 

Leachate From Batch-Scale Equilibrium Tests 

Sample/ Fe Fe 
Test TPTZ FerroZine Al Mn Zn Cu Cr er so/-
Blank BDL 0.02 BDL 0.01 BDL BDL 0.01 1.0 BDL 

pH 6.4 0.95 0.93 0.47 BDL 0.37 0.64 0.08 272.97 BDL 

pH 3.49 7.03 6.93 0.18 0.02 0.50 2.36 0.04 49.63 BDL 

DWQS*** 0.3* 0.3* <0.05** 0.05* 5.0* 1.0* 0.1 250* 250* 

Notes: 

All values are in milligrams/liter (mg/L). BDL = below detection limit. Minimum detection limits are (all values mg/L): 0.04 for Fe TPTZ; 0.011 for Fe 
FerroZine; 0.013 for Al; 0.02 for Cu; 0.Ql for Cr; 0.007 for Mn; 4.9 for SO4

2-; and 0.02 for Zn. Colormetric analysis for Fe TPTZ was performed using 
2,4,6-tris(2-pyridiyl)-1,3,S-triazine. Colormetric analysis for Fe FerroZine was performed using 3-(2-pyridyl)-5,6-bis(4-phenylsulfonic acid) 1,2,4-triazine, 
monosodium salt. 

* Secondary maximum contaminant level limit was based not on adverse public health effects but on aesthetic conserns. 
** Goal set by the American Water Works Association, to which-its members try to adhere. 

*" DWQS = Drinking water quality standards. 

analytical methods used in this project con
formed to the specifications contained in 
Standard Methods for the Examination of 
Water and Wastewater.)10 The digested sam
ples were then analyzed for aluminum, 
chromium, copper, iron, manganese and zinc. 
The non-metal testing included tests for sul
fate and chloride that were performed on the 
non-digested samples. Each sample was also 
analyzed for total phenolics according to U.S. 
Environmental Protection Agency (EPA) 
Method 420.1/420.2. The results of all tests 
performed are listed in Tables 1 and 2. 

TABLE 2. 
Concentration of Total Phenolics in 

Leachate From Batch-Scale 
Equilibrium Tests 

Sample Total Phenolics (mg/L) 

Blank BDL 

pH 6.4 0.01 

pH 3.49 0.007 

DWQS 0.001 (MCL *) 

Notes: 

BDL = below detection limit of 0.005 mg/L. 

* MCL = maximum contaminant level based on pentachlorophenol 
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Column Leachate. After the preliminary test
ing to determine the effect of pH, a set of new 
chips was used to study the characteristics of 
column leachate. These new tire chips were 
placed into a plexiglas column 83.8 centimeters 
(cm) high with a 15.23-cm inner diameter for a 
total volume of 6.1 liters (L). The column was 
open to air at the top with a small opening at the 
base of the column. The column was filled two
thirds of its height with tire chips. Then the col
umn was filled with distilled and deionized 
water to a level a little higher than the tire chips 
in order to keep the tire chips totally sub
merged. The water was left in the column for 
four days. The pH of the influent water was 6.4 
and the same pH was recorded for the effluent. 
Five samples, each approximately 850 mL in 
volume, were collected and analyzed for inor
ganic contaminants along with a blank standard 
of distilled and deionized water. A total of 300 
mL of the 850-mL sample volume was digested 
using the Nitric Acid Digestion Method 3030 E. 
The· tests for metals and non-metals described 
previously were then performed, and the 
results of those tests are presented in Table 3. 

Once the initial column tests were com
plete, the column was refilled with distilled 
and deionized water that was adjusted to a pH 
of 3.0 using reagent grade HNO3• The tire 
chips were submerged for 26 hours, and then 



TABLE 3. 
Analysis of Tire-Chip-Column Leachate With an Influent & Effluent pH Equal to 6.4 

Sample/ Fe Fe 
Test TPTZ FerroZine Mn Al Cr Cu Zn Cl" so/-
1 7.10 7.04 0.78 0.27 0.19 0.13 1.06 18.74 15.00 

2 6.82 6.72 0.77 0.15 0.07 0.15 1.06 3.75 16.00 

3 7.12 7.37 0.70 0.42 0.05 0.20 1.13 14.99 17.00 

4 7.42 9.29 0.71 0.48 0.02 0.27 1.11 18.09 17.00 

5 6.46 5.83 0.70 0.36 0.14 0.16 0.70 4.25 16.00 

Blank 0.03 0.01 0.02 0.00 0.01 0.03 0.02 - BDL 

DWQS 0.3* 0.3* 0.05* <0.05** 0.1 1.0* 5.0* 250* 250* 

Notes: 

All values are in milligrams/liter (mg/L). BDL = below detection limit of 4.9 for 504
2·; and 0.02 for Zn. Colormetric analysis for Fe TPTZ was performed 

using 2,4,6-tris(2-pyridiyl)-1,3,5-triazine. Colormetric analysis for Fe FerroZine was performed using 3-(2-pyridyl)-5,6-bis(4-phenylsulfonic acid) 1,2,4-
triazine, monosodium salt. 

* Secondary maximum contaminant level limit was based not on adverse public health effects but on aesthetic conserns. 
** Goal set by the American Water Works Association, to which its members try to adhere. 

the same suite of tests performed in the initial 
column tests was repeated. Results of those 
tests are displayed in Table 4. 

Conclusions From the Laboratory Studies. 
Scrap tire chips leach inorganic metals and 

non-metallic anions when in contact with dis
tilled/ deionized water, either in batch-equi
librium or column-run mode. However, the 
concentration of the leachate constituents does 
not violate primary drinking water standards. 

Sample/ Fe 
Test TPTZ 

1 10.97 

2 15.31 

3 17.26 

4 14.27 

5 18.26 

6 12.99 

Blank 0.09 

DWQS 0.3* 

Notes: 

TABLE 4. 
Analysis of Tire-Chip-Column Leachate With an 

Influent pH Equal to 3.0 & an Effluent pH Equal to 6.0 

Fe 
FerroZine Mn Al Cr Cu Zn 

9.74 0.64 0.24 0.01 0.26 1.58 

11.16 0.61 0.11 0.01 0.33 1.39 

13.75 0.59 0.20 0.01 0.40 1.13 

10.07 0.59 0.12 BDL 0.13 1.28 

12.84 0.63 0.11 BDL 0.20 1.50 

10.25 0.62 0.79 BDL 0.17 1.56 

0.08 BDL 0.06 0.01 0.08 0.04 

0.3* 0.05* <0.05** 0.1 1.0* 5.0* 

c1- so/-
2.50 BDL 

2.50 0.83 

1.30 BDL 

0.90 BDL 

8.50 BDL 

1.35 BDL 

- BDL 

250* 250* 

All values are in milligrams/liter (mg/L). BDL = below detection limit. Minimum detection limits are (all values mg/L): 0.01 for Cr; 0.007 for Mn; 4.9 for 
5042•• Colormetric analysis for Fe TPTZ was performed using 2,4,6-tris(2-pyridiyl)-1,3,5-triazine. Colormetric analysis for Fe FerroZine was performed 
using 3-(2-pyridyl)-5,6-bis(4-phenylsulfonic acid) 1,2,4-triazine, monosodium salt. 

* Secondary maximum contaminant level limit was based not on adverse public health effects but on aesthetic conserns. 
** Goal set by the American Water Works Association, to which its members try to adhere. 
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formed to Massachusetts Depart
ment of Environmental Protection 
Title V regulations.11 The other two 
trenches contained tire shreds. 

The tire shreds for this phase of 
the study were also obtained from 
the same tire recycler. However, the 
shreds were much larger than those 
used in the laboratory studies. 
Sieve analyses performed on sam
ples of the tire shreds indicated that 
approximately 90 percent of the 
material (by weight) had an equiv
alent diameter between 0.5 and 2.0 
inches (approximately 4 percent of 
the material was greater than 2 
inches in diameter, and about 6 
percent of the material was less 
than 0.5 inches in diameter). About 
half of the material had an equiva
lent diameter between 1.0 and 1.5 
inches. 

Most states that have guidelines 
for the use of tire shreds in septic 

FIGURE 1. Typical cross-section of a leaching-field systems prohibit their use if they 
trench. have wire strands protruding more 

than 0.5 inch from their sides. 
With regard to secondary standards, the only 
constituents that are leached in significant 
concentration are iron, manganese, chromium, 
chloride and sulfate. 

Scrap tire chips have limited acid neutraliz
ing capacity (ANC); therefore, it is expected 
that when the scrap-tire surface comes in con
tact with an acidic solution, it can arrest the 
decrease in pH to some extent. Preliminary 
experiments iJ;\dicate an ANC of approximate
ly 9.5 E-03 milliequivalents/ dry gram of scrap 
tire. The effect is that the inorganic con
stituents (primarily metals) will not be 
leached out at the beginning of the contact 
cycle at maximum concentration. The maxi
mum concentration of the metals in the 
leachate will be manifested after the tire sur
face has been exhausted of its ANC. 

Field-Scale Studies 
Construction of the Test Facility. A field-scale 
study was conducted using three leaching 
field trenches. One of the trenches was a con
ventional (gravel-filled) system that con-
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Therefore, exposed wire was also measured in 
the tire shred samples that were obtained from 
the test trenches. It was found that approxi
mately 38 percent of the material (by weight) 
contained wire strands that protruded more 
than 0.5 inch from the sides of the shreds. It 
was therefore assumed that the material used 
in this field study represented a "worst case" 
scenario in terms of the potential leaching of 
iron. 

Figure 1 is a schematic thatshows the major 
components and approximate dimensions of 
each test trench. The initial construction 
involved excavating three trenches ( one for 
each of the two tire-shred systems, and a third 
for the conventional gravel system). Each 
trench was about 5 feet wide by 15 feet long 
and about 4 feet deep. Each trench was lined 
with a 30-mil polyvinyl chloride (PVC) 
geomembrane so that all effluent could be col
lected and removed through an outlet drain 
and then sent to the on-site wastewater treat
ment plant. Connected to the outlet drain was 
an underdrain system consisting of a 4-inch 



diameter perforated PVC pipe, which was 
surrounded by a layer of drainage stone. Each 
trench was designed to accommodate a bed of 
test material (tire shreds or gravel) 10 feet long 
by 2 feet wide by 2 feet high. To maintain con
sistent soil conditions surrounding the test 
material, each trench was filled with sand that 
was placed and compacted beneath and 
around the sides of the test material. Pan 
lysimeters were fabricated and installed to col
lect effluent after it passed through the test 
material (tire shreds or gravel). The lysimeters 
consisted of a length of 2-inch-diameter PVC 
pipe with a sump attached at the bottom. A 
rectangular sheet of 40-mil PVC geomem
brane was attached to the pipe with a collar 
located above the sump. Several small holes 
were drilled in the PVC pipe just above the 
collar. One lysimeter was installed in each test 
trench. The lysimeters were installed by 
embedding the sump in the sand layer, so that 
the PVC "pan" was located about a foot above 
the bottom of the trench. The sand beneath the 
pan was graded so that the pan sloped down 
towards the center to allow effluent that col
lected in the pan to drain through the holes in 
the PVC pipe and into the sump. Coarse 
aggregate (drainage stone) was placed around 
the holes in the PVC pipe for filtration (i.e., to 
prevent the smaller sand particles from pass
ing through the holes in the pipe and into the 
sump). The grain size distributions of the sand 
and the coarse aggregate met the protective 
filter requirements originally developed by 
Terzaghi, 12 and more recently modified by the 
U.S. Army Corps of Engineers.13 

After the lysimeter was in place, a layer of 
sand, about 6 inches thick, was placed and 
compacted above the level of the pan. The 
base of the test trench was located on the top 
of this sand surface in each trench. Since the 
construction of the test trenches was from the 
bottom up, it was necessary to construct a 
wooden form into which the test materials 
(tire shreds or gravel) could be placed so that 
the sides of the trenches would be vertical. 
Two observation tubes were installed in each 
trench, each consisting of sections of 4-inch
diameter PVC pipe open at each end and with 
a removable cap at the top. The purpose of 
these tubes was to provide a means of observ-

ing the sand/ tire shred or sand/ gravel inter
face in each trench, and to check for the poten
tial build-up of deleterious material (such as 
iron deposits, etc.) or the ponding of water at 
the interface. 

The test material (tire shreds or gravel) was 
placed inside the form and sand was simulta
neously placed and compacted around the 
outside of the form in each trench. The tire 
shreds were placed in lifts (approximately 10 
to 12 inches thick), and then each lift was com
pacted by using a hand tamper. There was 
noticeable compression of the tire shreds upon 
compaction. The thickness of each lift after 
compaction was about 8 inches. The gravel in 
the control trench was also placed in lifts and 
compacted with the tamper, but there was 
negligible compression during compaction of 
the gravel. After the 2-foot thickness of test 
material was in place, the form was removed 
from the trench. A 4-inch-diameter perforated 
PVC pipe was then placed on top of the 2-foot
thick layer of test material to distribute the 
effluent. A thin layer of material (tire shreds or 
gravel) was placed on top of the effluent pipe, 
and then the test trench was covered with a 
geotextile filter. Sand was then placed and 
compacted around the sides of the trench and 
above the geotextile to bring the grade up to 
the surrounding ground surface elevation. 
Minimal compaction was applied to the sand 
placed above the 2-foot wide test trench to 
preclude potential problems due to compres
sion of the underlying tire shreds once the 
effluent pipe was in place. 

Test Procedures. After the installation of the 
leaching-field trenches, each trench was dosed 
with septic tank effluent. The septic tank efflu
ent was piped to a distribution box (D-box) 
and the D-box was run on a timed cycle. The 
area of contact of each trench with the waste
water was 68 square feet and the hydraulic 
loading was 0.74 gallons per day per square 
foot. Thus, the total loading was 50 gallons per 
day per trench. Approximately every fourteen 
days samples of effluent from each of the three 
leaching-field trenches and a sample of D-box 
wastewater (the influent to the three trenches) 
were taken and analyzed. Approximately 
seven months of data were collected and ana
lyzed. The parameters monitored included 
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FIGURE 2. The pH profile of the effluent from the three leaching-field trenches and the dis
tribution box. 

pH, total alkalinity, conductivity, TSSs, sulfate, 
chloride, BOD5, fecal coliform (FC), ammonia
nitrogen, nitrate-nitrogen, orthophosphate
phosphorus, aluminum, chromium, copper, 
iron, manganese and zinc. All the analyses 
were conducted according to the procedures 
detailed in the Standard Methods for the 
Examination of Water and Wastewater.10 For 
metals determination, each sample was 
digested with concentrated nitric acid before 
analysis. 

Results of Field-Scale Tests. It can be seen from 
Figure 2 that the pH of the effluent from the 
leaching-field trenches closely followed the pH 
of the influent (D-box) between January and 
April 2000, after which the effluent pH was 
about 1 unit lower than the influent value. This 
difference likely occurred due to two factors. 
The first factor is carbonaceous oxidation and 
the second is nitrification, which consumes 
alkalinity and thus results in a drop in pH. 

Alkalinity is a measure of the solution to 
resist change in pH upon addition of H+ or 
OH- ions. In typical wastewater treatment sys-
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terns, the carbonate system is mainly responsi
ble for providing alkalinity or buffering capac
ity. After April 11, 2000, the total alkalinity of 
the effluent from all the three leaching-field 
trenches dropped significantly (see Figure 3) 
vis-a-vis that of the D-box influent. The most 
probable cause of this drop is microbially 
mediated nitrification. This sharp reduction of 
alkalinity also reduces the effluent pH, which 
may cause the leaching of metals from the sur
face of the tire shreds. 

BOD is a very important wastewater quali
ty parameter. Even though Title V standards 
do not explicitly specify BOD5 levels of any 
leaching-field effluent, the implication is that a 
well-functioning Title V system is capable of 
reducing the BOD5 of the domestic waste
water to such a level that it does not adverse
ly impact the quality of the groundwater that 
it meets. The general consensus is that a leach
ing-field effluent with a BOD5 of less than 25 
mg/Lis considered a safe discharge. One of 
the major goals of this project was to evaluate 
whether or not tire shreds, if used instead of 



-M 200 
0 u 
(,j 

u 
Vl 
(,j 

150 
....I 
t)O 
_§ 

.€' 100 
C: 

-t- TireChip1 

-S- Tire Chip 2 

-b- Gravel Field 

-,,f- D-Box 

~ 
~ 

< 
~ so .... 
~ 

0 
0 0 0 0 0 0 0 0 0 0 0 0 
Q_ Q_ 0 Q_ Q_ Q_ Q_ Q_ Q_ Q_ 0 Q_ 

;::r "' ~ "' !::'_ ~ 
N co ~ 

~ ~ ~ !::'_ ~ ~ ~ 
N 

~ U") 
~ M 

Date of Sampling 

FIGURE 3. Total alkalinity profile of the effluent from the three leaching-field trenches and 
the distribution box. 

gravel in subsurface residential wastewater 
treatment systems, can provide the same level 
of BOD5 reduction in the effluent. From Figure 
4 it is clear that after about five months of 
operation, leaching-field trenches that use tire 
shreds provide the same level of BOD5 reduc
tion as conventional (gravel) systems and that 
the BOD5 of the effluent was well below the 25 
mg/L recommended limit in both cases. 

The coliform group consists of several gen
era of bacteria belonging to the family 
Enterobacteriaceae and this group is used as a 
surrogate for the degree of bacterial contami
nation of a water (primarily wastewater) 
source. In this group of coliform bacteria, 
there is a subgroup of microorganisms that is 
discharged in the feces of humans and animals 
and this subgroup is called "fecal coliforms" 
(FC) and they provide a much better measure 
of drinking water contamination. Conversely, 
the reduction in the number of PCs (reported 
as colony forming units [CPUs] per 100 mL) is 
a good measure of wastewater treatment. 

Since conventional Title V systems provide a 
high degree of FC reduction, the study com
pared the performance of a tire-shred leaching 
trench with a conventional leaching trench. As 
is evident from Figure 5, initially (for the first 
five months of operation), the FC count of the 
effluent from the tire shreds was higher than 
that of the conventional Title V (gravel) trench. 
However, after about six months of operation, 
the tire-shred trench was producing an efflu
ent similar to that from the gravel trench in 
terms of FC count. 

In fresh wastewater, nitrogen is typically 
present as organic nitrogen, predominantly in 
proteins. As the wastewater travels through a 
septic tank, it is almost completely hydrolyzed 
to ammonium-nitrogen. Because a septic tank 
is anaerobic, the reducing environment keeps 

1 

the nitrogen in the trinegative state. 
Ammonium ion is a weak acid with an acid 
dissociation constant, PK,w of 9.4. Thus, at the 
pH that is typical of septic tank effluent 
(slightly alkaline), the nitrogen is in the form 
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FIGURE 4. BOD5 profile of the effluent from the three leaching-field trenches and the dis
tribution box. 

of NH/. From Figure 6 it may be observed 
that the effluent from all the three trenches 
had an ammonium-nitrogen concentration 
very close to that of the D-box sample until 
early May 2000. After this phase, the D-box 
continued to have ammonium-nitrogen in the 
range of 25 to 30 mg/L as N, but the effluent · 
from each of the three leaching fields was 
close to zero in ammonium-nitrogen concen
tration, indicating that ammonium-nitrogen 
was oxidized to nitrate-nitrogen in the leach
ing-field trenches starting in early May 2000. 
This process is known as microbial nitrifica
tion. As indicated in Figure 7, it is also clear 
that the tire-shred leaching-field trenches can 
carry out nitrification as completely as gravel 
trenches can. 

As explained in earlier sections, microbial 
nitrification, total alkalinity, and pH are inter
related. When dissolved oxygen acts as the 
electron acceptor, as is the case with residen
tial subsurface systems, the final nitrification 
reaction may be written as: 
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Since each mole of ammonium-nitrogen pro
duces two equivalents of H+, and since the 
atomic weight of nitrogen is 14 and the equiv
alent weight of CaC03 is 50, 14 mg/L of 
ammonium-nitrogen consumes 2 X 50 = 100 
mg/L of alkalinity expressed as CaC03, or 
that each mg/L of ammonium-nitrogen con
sumes 7.14 mg/L of CaC03 alkalinity. A 
reduction of alkalinity results in a drop in the 
pH value. 

However, in spite of the seemingly adverse 
impact of nitrification on alkalinity, it is a 
desirable feature in subsurface systems since 
ammonium-nitrogen exerts oxygen demand 
and, thus, the waste in ammonium-nitrogen 
form is not stable. One of the yardsticks for 
measuring a well-functioning leaching-field 
system is its ability to nitrify. Based on Figures 
6 and 7, it can be seen that after about five 
months of service, all three leaching-field 
trenches exhibited almost complete nitrifica-



10000000 

1000000 

::J 
E 100000 

0 
0 
t::. 
::::> 10000 -t- TireChip1 
LI. 

Sd. 
E 1000 ... 
~ 

-S- Tire Chip 2 

~ Gravel Field 

~ D-Box 

0 u 100 

iii u 
(1) 

LI. 10 

0 0 0 0 0 0 0 0 0 0 0 0 

~ Q. 0 ~ Q Q. Q Q Q_ Q. Q Q_ 
a, ~ ~ ~ "' co st 

~ ~ ¼ ~ !:!. ~ ~ ~ "' ~ "' ~ 

Date of Sampling 

FIGURE 5. FC profile of the effluent from the three leaching-field trenches and the distribu
tion box. 

35 

30 

25 

::J 
00 20 _g 
z 

I 15 
+'SI" 

-t--+--t.w-.idl--lf!l'-------t'\:=:R-----R&--t--t---jl--+--t---1---1 -+- Tire Chip 1 

-S- Tire Chip 2 

--+--H'-E---1-----1-+-+---+---+---+-----a.,__-+------<>---+--+--+--_, ~ Gravel Field 
~ D-Box 

::i:: 
z 

10 

5 

0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~ Q ~ Q_ 0 Q_ Q_ Q_ Q_ Q_ Q_ Q ~ Q_ 

~ 
a, ~ a, !:!. ~ "' co "' 

$ ~ ¼ ~ !:!. ~ "' ~ ~ ~ ~ cl, 

"' 
Date of Sampling 

FIGURE 6. Ammonium-nitrogen (NH/-N) profile of the effluent from the three leaching
field trenches and the distribution box. 

CIVIL ENGINEERING PRACTICE SPRING/SUMMER 2004 43 



35 

30 

::J' 25 tio 
s 
C: 20 Q) 
I:).() 
0 .... 

.'!: 
z 15 

I 

Q) 

~ .... 10 • '!: 

r \ Jr-,.. 

I 1 

I~ ~ 
~~ ~ ~ 
~ ~ 

.... 

~ 
{/ 
I 

-t- TireChip1 

-El- Tire Chip 2 

--t!r- Gravel Field 

~ D-Box 

z 
5 

~ ..... j 
~ ..... - ;......; ...... 

0 - ~~-- = "'"ldlll' - , ' ' ·- ~ = 
0 0 0 0 0 0 0 0 0 0 0 
.g .g ~ 

0 0 .g .g .g ~ .g .g 

~ 
LI) ;:- "' r::!_ ~ 

co r::!_ 
~ % ;;;; r::!_ LI) ;;, ~ r::!_ co 

M '° 
Date of Sampling 
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trenches and the distribution box. 

tion; there was no detectable ammonium
nitrogen in the effluent from any of the three 
leaching-field trenches after July 7, 2000. 

Phosphorus is a contaminant of concern 
because it is most often the rate-limiting agent 
for eutrophication. In raw wastewater, the 
most common sources of phosphorus are fecal 
discharge and detergents. As the wastewater 
passes through the septic tank, phosphorus is 
converted to orthophosphate-phosphorus. 
Figure 8 reveals that the tire-shred leaching 
trench had the same effluent concentration 
levels of orthophosphate-phosphorus as the 
gravel trench. Thus, it was concluded that tire 
shreds do not leach additional phosphorus 
from their surface. 

Sulfate has a secondary drinking water con
taminant limit of 250 mg/L. That limit is 
based not on public health effects but on aes
thetic concerns. As evident from Figure 9, the 
sulfate concentration in the effluent from the 
tire-shred leaching trench was on the same 
order as that from the gravel trench (and prac
tically the same as the influent to these trench-
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es from the D-box). Since the measured sulfate 
concentrations were much lower than the 250 
mg/L standard, it was concluded that tire 
shreds pose no threat in terms of the leaching 
of sulfate. 

Chloride is an anion of concern as a sec
ondary drinking water contaminant, mainly 
because of the salty taste produced by it. 
Figure 10 shows that the chloride concentra
tion in the effluent from the tire-shred leach
ing trench was on the same order as that from 
the gravel trench (and practically the same as 
the influent to these trenches from the D-box). 
Since the measured chloride concentrations 
were much lower than the 250 mg/L standard, 
it was concluded that tire shreds pose no 
threat in terms of the leaching of chloride. 

Aluminum is a secondary drinking water 
contaminant because of the possible link 
between elevated aluminum levels in brain 
tissues and Alzheimer's Disease. The pro
posed U.S. EPA secondary drinking water 
standard is 0.05 mg/L. It can be seen in Figure 
11 that the influent to the leaching-field 



.-.. 
...I 

4.5 ..--..-----,.-----r---r--.--..----,---,---,---,--,----,---,---, 

0b 3.5 -t-;=;4t---t~-J--~!d;;;l=c-rr-;llf------<t---t--:-.--t----;l't--lr--t--:-.-i 
_§ 

<I> 

2 3.0 +--+-+-'l~l'l.--+--f--F-¼l--++l---l+--+~A--+--1----1--+---I 
0 .c 
Q. 

~ 2.5 -t------<H------<t--"½-t---frii"l<--&--ft---t--t-~H--++-t----t--t",...,--t 
.c 
Q. 

~ 2.0 +---11H'"--1K-,d-Pt"'!f-V---t'l--ft7".lii!od--l----+'<-J'l---l----l--+---I 
.c 
~ 
j 1.5 -t---tltf--c~l--.......,,,,-----,H--+-cM:-t--t--+~~......,±=-1---t-::At....t---1 
Q. 
0 

~ 1 .0 -t--ff+-------<t----+--+---+--+-----+---+----1-''=-->--t----+---+----I 

0 

0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Q -12. -12. -12. 0 

~ -12. Q -12. -12. ~ ~ ~ Q 
N 

~ 
LI') °' -;;, ~ ~ ,:::_ 
~ ~ ~ ~ ~ LI') ~ ~ ;:is ~ ~ ex, 

M "" 
Date of Sampling 

-+- TireChip1 

-13- Tire Chip 2 

-h.- Gravel Field 

~ D-Box 

FIGURE 8. Orthophosphate-phosphorus profile of the effluent from the three leaching-field 
trenches and the distribution box. 

25 

::J' 20 
~ 
E-

~ 15 

-+- TireChipl 

-13- Tire Chip 2 

-h.- Gravel Field 

~ D-Box 

::, 
V) 

10 

0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

-12. -12. Q -12. -12. -12. Q Q -12. -12. ~ 
0 -12. Q 

N 
~ 

LI') °' st- °' s: ~ ;:is 
cl, st- N 

$ ~. ~ ~ ~ ~ ~ ;:is ~ ~ cl, 
N M "" 

Date of Sampling 

FIGURE 9. Sulfate (Soi-) profile of the effluent from the three leaching-field trenches and 
the distribution box. 

CIVIL ENGINEERING PRACTICE SPRING/SUMMER 2004 45 



70 

60 

50 

::::1 
oh 
5 40 +-dJVJ---j--f\--lf--+-+--1-l~t---J-:lli~S►~~~~-I -t- Tire Chip 1 

-B- Tire Chip 2 
Q) 

"C 
·;: -6- Gravel Field 

..2 30 +------f----l--+--+---+--+--l----t-'l"'l-+--l---+-'M'-+---11--\r"rl ~ D-Box 

..c: u 
20 

10+--t----;--+-----+--+--t------+---+--+---t--+---;r----t 

0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Q_ Q_ Q_ Q_ Q_ Q_ Q_ Q_ Q_ Q_ Q_ 0 0 Q_ 
N If') °' st °' -C:'. ~ 

N co ;, -C:'. 
N ~ ~ ;:;;, N 

~ If') ~ 
N 

;::;_- "' --- ;;, ;,, ;,, 

Date of Sampling 

FIGURE 10. Chloride (Cn profile of the effluent from the three leaching-field trenches and 
the distribution box. 

trenches (from the D-box) typically had alu
minum concentrations in excess of the second
ary drinking water standard and the effluent 
from all three leaching-field trenches also had 
aluminum concentrations in excess of that 
standard. However, there was not a significant 
difference in the effluent aluminum concentra
tion between the tire-shred trenches and the 
control (gravel) trench. 

Manganese is a secondary drinking water 
contaminant with a maximum contaminant 
level (MCL) standard of 0.05 mg/L primarily 
because it can stain plumbing, laundry and 
cooking utensils when it is oxidized in the 
atmosphere. As shown in Figure 12, the con
centration of manganese in the effluent from 
all three leaching-field trenches is much high
er than the influent (D-box). However, there 
was not a significant difference in the effluent 
manganese concentration between the tire
shred trenches and the control (gravel) trench. 

Copper is a contaminant of concern 
because of adverse health effects (primarily 
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gastrointestinal) caused by the ingestion of 
excess copper. Presently, there exists a treat
ment technology standard for copper rather 
than a numerical value, but the goal of the 
drinking water standard is to reduce copper 
concentration below 1.3 mg/L. During the 
course of this study, the measured copper con
centrations in the effluent from all trenches 
were much lower than the 1.3 mg/L standard. 
As may be noted from Figure 13, the copper 
concentration in the effluent from the tire
shred trenches was of the same level as that 
from the gravel trench. It was therefore con
cluded that tire shreds pose no threat regard
ing the leaching of copper. 

Chromium exists in natural waters in the 
trivalent or hexavalent state. Hexavalent 
chromium has been shown to be carcinogenic 
if ingested. Therefore, the U.S. EPA primary 
drinking water standard is 0.1 mg/L for total 
chromium. The effluent from the tire shred 
trenches, as well as the effluent from the grav
el trench and the D-box sample, all had total 
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(trivalent plus hexavalent) chromium concen
tration less than 0.1 mg/L throughout the 
course of this study, as can be observed from 
Figure 14. 

During the laboratory-scale studies, leach
ing of iron from the wires at the surface of the 
tire shreds was found to be of concern, as 
shown in Tables 1, 3 and 4. Elevated levels of 
iron in water can cause stains in plumbing, 
laundry and cooking utensils; it can also 
impart objectionable tastes and colors to food. 
Because of these effects, the U.S. EPA second
ary drinking water standard MCL is 0.3 mg/L. 
In laboratory-scale studies, iron concentra
tions as high as 18 mg/L were measured in the 
leachate from the tire-shred column. In those 
studies, it was also observed that the concen
tration of iron in the leachate depended on the 
solution pH - the lower the pH, the higher 
the concentration of iron in the leachate. 
However, in Figure 15 it can be seen that the 
iron concentration of the effluent from the two 
tire-shred leaching-field trenches is of the 
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same order as the iron concentration of the 
effluent from the gravel trench and, surpris
ingly, it is below the influent concentration (as 
present in the D-box sample). Therefore, 
rather than being a source for the release of 
iron, the tire-shred leaching-field trench acts 
as a sink for capture of iron. It is hypothesized 
that this phenomenon occurs due to the high
ly oxidizing environment present in the 
trench. The high dissolved oxygen concentra
tion causes the precipitation of iron salts and, 
thus, the effluent iron concentration is lower 
than the influent concentration. This observa
tion also suggests that one should look at the 
long-term implications of potential clogging 
of the pore spaces in the trench with precipi
tates of iron and other metals. Since the data 
collection period for this portion of the study 
was only seven months, this issue could not be 
fully addressed. However, from the limited 
data, it is clear that the potential for iron clog
ging is equally applicable to the tire-shred and 
gravel trenches. 
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The U.S. EPA secondary drinking water 
standard MCL for zinc is 5 mg/L. Concen
trations higher than 5 mg/L can cause a bitter, 
astringent taste and an opalescence in alkaline 
waters. As can be noted in Figure 16, the zinc 
concentration in the influent (D-box) and in 
the effluent from all the three trenches consis
tently was below 5 mg/L for the entire dura
tion of this study. 

Conclusions From the Field-Scale Studies. In 
terms of effluent water quality parameters 
(such as BOD, FC, NH4 +-N, N03--N, TSS, etc.) 
the results of this research indicate that leach
ing-field trenches that use tire shreds instead 
of gravel perform at the same level as Title 5 
(gravel) trenches after a stable microbial pop·
ulation is established. However, with a tire
shred trench, it takes a little .longer (30 to 60 
days more) for the stable biomat to be formed. 
This delay might be due to the fact that the 
gravel surface is rougher than the tire shred 
surface. Because of this difference the bacteri
al film formed on the gravel surface has more 
resistance to shear or sloughing off and, there-
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fore, it establishes an equilibrium film thick
ness faster. 

During the field study, the tire-shred 
trenches did not leach any toxic metals or 
inorganic anions or metals at concentrations 
greater than their established MCLs, except 
for manganese. However, in this study, excess 
manganese was also detected in the control 
(gravel) trench. In fact, manganese was found 
in the effluent from all three trenches (two tire
shred and one gravel) at concentrations high
er than the influent level and higher than the 
secondary drinking water standard MCL (0.05 
mg/L). Manganese concentrations were about 
the same in the tire shred and gravel trenches. 

Recommendations 
Tire shreds should be considered as an accept
able alternative to gravel in residential sub
surface leaching-field systems. Currently, 
seven states across the nation have guidelines 
or specifications regarding the use of tire 
chips in residential soil absorption systems 
(Florida, Georgia, South Carolina, Virginia, 



Iowa, Texas and Kansas). Of the states with 
guidelines, Iowa and Texas have minimal 
specifications, and Florida has the most elab
orate specifications. The remaining four states 
(Georgia, South Carolina, Virginia and 
Kansas) have very similar guidelines, which 
essentially call for limits on tire shred size and 
protruding wire strands, and recommend the 
use of a geotextile filter fabric between the tire 
shreds and the cover soil. Based on a review 
of those specifications and the results of this 
study, the following guidelines are recom
mended: 

• At least 90 percent of the tire shreds (by 
weight) should consist of material with an 
equivalent diameter that is greater than 
0.5 inch and less than 2 inches. If the 
shreds contain wire strands, they should 
not protrude more than 0.5 inch from the 
sides of chips. 

• "Fines" should be minimized or prohibit
ed. (Fines are generally defined as parti
cles or substances that can settle to the 
bottom of the absorption trench and con
tribute to clogging or blocking of infiltra
tive surfaces. Examples include dust, dirt, 
grit, and similar substances.) 

• A geotextile filter fabric should be placed 
between the tire shreds and the cover soil 
to prevent soil particles from infiltrating 
into the void spaces and impeding flow in 
the tire shred trench. 

• Tire shreds exhibit a high degree of com
pressibility. Therefore, if a tire-shred 
leaching field is constructed, the tire 
shreds beneath the effluent pipe should be 
compacted thoroughly. Minimal com
paction should then be applied to any 
material placed above the effluent pipe to 
avoid potential problems due to the com
pression of the underlying tire shreds 
once the effluent pipe is in place. 

These recommendations are based, in part, 
on a limited set of data. The scope of this proj
ect was to conduct preliminary laboratory 
studies and then to conduct field-scale studies 
for about seven months with a uniform D-box 
influent. As such, there are some long-term 
issues of concern that could not be addressed 

by this endeavor. Future research on this topic 
should consider the following questions: 

• Can the tire-shred leaching-field trench 
withstand shock loading, both in terms of 
water quantity (sudden high flow rate) 
and water quality (sudden, strong surges 
in pH, BOD, nitrogen or toxics such as 
petroleum hydrocarbons, etc.)? 

• Is the biomat that is formed on the tire
shred surface stable enough to maintain 
adequate film thickness for years? 

• Does the surface of the tires degrade over 
time (years) and release suspended solids 
that can plug the pores of the trench? 

It is hoped that long-term monitoring of work
ing systems may be conducted in the future in 
order to answer some of these questions. 
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Procedures 

The Development of a 
New Cost-Risk 
Estimating Process for 
Transportation 
Infrastructure Projects 

The Washington State 
Department of Transportation 
has worked to build public 
confidence and improve project 
management by using a new 
method to validate and 
communicate the probable cost 
and schedule of its projects. 

JOHN REILLY, MICHAEL MCBRIDE, 
DWIGHT SANGREY, DOUGLAS MACDONALD 
& JENNIFER BROWN 

Federal, state and regional engineers - as 
well as contractors and owners - are 
aware of the growing public concern and 

skepticism about the ability to estimate and 
manage the costs of large public projects. To 
the public, the story is sour for those projects 

where, in its· eyes, costs "just seem to grow 
and grow." The public frequently brings up 
the following questions: 

• Why do costs seem to always go up? 
• Why can't the public be told exactly what 

a project will cost? 
• Why can't projects be delivered at the 

cost stated in the beginning? 

The inability to answer these questions con
sistently is a consequence of many structural 
factors including poor cost estimating prac
tices, poor project management and poor com
munication within the design and construc
tion community and with the various public 
bodies. But more fundamental issues underlie 
this problem, which has led to a significant 
erosion of public confidence in infrastructure 
agencies. The ultimate consequence of this 
perceived failure results in problems such as 
the rejection of necessary project funding and 
support, which has been demonstrated, for 
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example, by the negative vote for the Los 
Angeles Metro program and, more recently, 
by the rejection of several tax increase propos
als for highway projects, including 
Referendum 51 in Washington State and the 
Transportation Ballot Measure in Virginia, 
both in 2002.1 In March 2002, the Washington 
State Legislature passed a $7.7 billion package, 
including a 9 cent gasoline tax, for transporta
tion improvements across the state over a ten
year period, to be approved by voters through 
Referendum 51. Referendum 51 was rejected 
by 62 percent of the voters, one of whom stat
ed that the "costs are too high and projects are 
never done on time or on budget." On 
November 5, 2002, in northern Virginia, 55 
percent of the voters rejected a proposal to 
increase the sales and use tax by 0.5 cents for 
regional transportation projects. 

The number of high-visibility projects 
where it appears (to the public) that costs are 
"out of control" seems to be increasing. The 
cost increases involved can be staggering. 
Several examples of projects with cost prob
lems demonstrate the extent and seriousness 
of the problem. These projects include: 

• The Jubilee Line Transit Project in 
London - two years late and £1.4 billion 
(67 percent) over budget; 

• The Channel Tunnel - £3.7 billion (80 
percent) over budget; 

• Denmark's Great Belt Link - 54 percent 
over budget; 

• The Woodrow Wilson Bridge bid - 72 
percent over estimate. 

The over/under budget numbers, or percent
ages, reported are based on the cost initially 
published for the project or that reported at 
time of decision to proceed, which is consis
tent with Flyvbjerg's definition.2 

In addition, except for the Woodrow Wilson 
project (which is just beginning construction), 
all these projects were put in service long after 
the initially planned completion date. The 
most recent "poster child" example is Boston's 
Central Artery, which is billions over its initial 
budget (with the final number yet to be deter
mined) and years late. Unfortunately, 
throughout history there have been many 
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examples of cost and schedule problems 
including, quite possibly and probably, the 
building of the pyramids. 

A Critical Examination of the 
Problem - International 
Inventorying 1,400 projects worldwide, a 
study found that specific, relevant cost man
agement information was very difficult to 
obtain due to the fact that reliable records for 
completed projects were usually absent from 
the public record.3 Little objective history 
could be found, including findings that would 
support recommendations for improvement. 
Because of the difficulty in obtaining "hard 
data," firm conclusions could not be reliably 
drawn from this study, but the following rele
vant findings were obtained, as reported by 
owners and researchers:3 

• There are significant cost and schedule 
overruns suggestive of poor management 
in at least 30 percent, and possibly more 
than 50 percent, of the projects. 

• It appears that the factors that most 
directly influence success or failure are 
the expertise and policies of the owners, 
and local procurement procedures. 

• The professional teams engaged in projects 
were judged to be competent by the own
ers, leading to the consideration that prob
lems in poorly performing projects may lie 
primarily with the ability of the owner to 
lead and/ or manage the project process. 

• Risk mitigation is not well understood or 
applied, even in elemental ways. This 
area was considered to be promising for 
development, in particular since it related 
to cost overruns and unforeseen events. 

• Cost performance data - especially for 
good results - should be treated very 
cautiously. Consistent, complete and rele
vant data are very hard to get and almost 
impossible to validate after completion. 

• Conclusions based on reported cost data, 
unless the conclusions are grossly evident 
(meta-findings), should also be treated 
with caution. 

Other studies evaluating how costs have 
been estimated for 258 projects spanning sev-



enty years have recently been published.2
,4 

The problem of accurate cost forecasts is 
chronic and has been so for over seventy 
years. Moreover, as an industry, infrastructure 
planning, design and construction profession
als, along with owners, have not corrected the 
chronic underestimation of the real cost of 
infrastructure projects. If they had done so, 
there would have been a uniform number of 
results over budget as under budget. The 
problem is not only an inability to estimate 
accurately, but also a bias to estimate on the 
optimistic side. 

The studies also demonstrate that there is a 
dearth of consistent and reliable records. 
Therefore, specific conclusions, while in gen
eral reasonable and expected, may be flawed 
or limited. Two current research efforts in the 
United States are trying to address this 
absence of consistent data: a Federal Transit 
Administration (FTA) review of transit proj
ects and a Federal Highway Administration 
(FHWA) review of selected highway projects. 
Initial results should be available later in 2004 
or early 2005. 

A Critical Examination of the 
Problem - U.S./Boston 
Several recent projects from the Boston area 
illustrate another aspect of the issue. They also 
show that not all projects get into trouble 
regarding cost. From the public's point of 
view, the Central Artery /Tunnel (CA/T) 
Project and the Boston Harbor Cleanup Project 
(BHP) were at the extremes of project per
formance. 

The CA/T Project was initially presented in 
1986 with a cost under $3 billion, a number 
that followed FHWA cost guidelines. 
However, this number did not have a solid 
relationship to the actual project as construct
ed, with respect to scope, complexity and 
time. In 1990, as construction was about to 
begin, the estimate was $6 billion.5 The project 
will ultimately be delivered at more than $15 
billion in current (2005) dollars.6 This latter 
study on the cost growth of the CA/T Project 
stated that the low original estimate devel
oped in 1982 was presented in the 1985 
Environmental Impact Statement (EIS) before 
detailed technical studies were undertaken. 

(Of course, an initial low estimate is not a 
direct cause of cost growth.) Other major cost 
increases were associated with scope addi
tions as well as environmental and other miti
gation changes before and during construc
tion, and major delays. 

The 1987 Facilities Plan for the BHP pre
sented a range of costs from $4 to $4.9 billion. 
The media drew from early BHP planning 
another number, $6.1 billion, that included 
additional project elements and a very gener
ous inflation factor that created its own set of 
public credibility issues that, in large part, 
drove the cost refinements made in 1992. In 
that year, in the very early stages of construc
tion, a thorough review of the project cost 
was performed and the estimate was fine
tuned to $3.65 billion. When the project was 
completed a decade later, the final cost was 
$3.8 billion. 

Among the many differences in these two 
projects was the way that the original esti
mates were prepared and presented, which 
dramatically affected the initial cost estimate 
"number" that the public remembers. The 
CA/T Project costs were the estimated costs of 
the project in 1986 dollars with no escalation 
or contingency built into the number, which 
was consistent with FHWA requirements at 
the time. The BHP estimate, to which the proj
ect was managed and that was used for public 
reporting and in disclosure to potential bond 
investors, was built from the estimated costs 
for the total final program and included con
tingencies and escalation to the projected mid
point of construction. It also included the costs 
of planning, design, construction manage
ment and any soft costs that could possibly be 
required for delivering the program. 

Each project cost estimate was different -
in scope, context and timeframe - and was 
being used, and understood, differently for 
each project's owner. However, the public and 
the media never understood these major dif
ferences. The majority of the "public" had, 
and still has, in the case of the CA/T Project, 
no knowledge that the numbers represented 
two completely different scopes, contexts and 
timeframes. For the CA/T Project, the media 
has continued to use the 1986 number as the 
basis of comparison in every discussion of cost 
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on that program over the years. Therefore, 
public opinion has been shaped by these 
(poorly understood) numbers. 

Improving Cost Validation 
A third example from Boston illustrates how 
procedures can be changed to improve the 
standard of cost estimating practice. When the 
Massachusetts Water Resources Authority 
(MWRA) became concerned that the early 
estimated project cost numbers for another 
project, the MetroWest Water Supply Tunnel 
program, were significantly underestimated, 
it critically reviewed its cost estimating proce
dures. This review was conducted despite the 
fact that conceptual stage planning estimate 
numbers were being used by mid-level project 
managers in the permitting and public 
processes that were required to gain final proj
ect approval and, therefore, were already 
available to the public (if not widely appreci
ated). 

The MWRA's concern, based on the con
temporaneous and contrasting experiences of 
the BHP and the CA/T Project, was that if 
these numbers became the public reference 
point for the project, false expectations would 
be created that would haunt the entire project 
delivery program. The MWRA stopped dis
semination of the initial project estimates and 
conducted a detailed review, which found that 
the estimates by the design team might not 
include the full scope of the project or other 
factors. For example, there was no escalation 
included and the costs for design, construction 
management and other "soft costs" were not 
included. The initial estimate numbers did not 
represent the total cost to deliver the program; 
they included only the anticipated construc
tion costs in present-day dollars with no con
tingency. 

To determine the probable cost at comple
tion of the MetroWest Tunnel Project, the 
MWRA embarked on a comprehensive review 
of the project costs as they were being present
ed to either validate them as presented or to 
determine necessary changes. A complete 
review of the design team's estimate was done 
by a group of independent professionals with 
management, design and construction experi
ence. The group included a person with spe-
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cialized experience in estimating and con
structing this type of project from a contrac
tor's perspective. 

The result of this review was a revised cost 
estimate that included all costs, including 
planning, design, construction (escalated to 
anticipated project mid-point), construction 
management, contingency and all soft costs 
(such as permitting, compliance, land costs 
and mitigation costs). 

The new cost estimate was used in all sub
sequent public discussions of the cost of deliv
ering the program and was the cost that was 
taken to the MWRA' s board of directors for 
approval. With good management, and good 
fortune, the MWRA and its designers and con
tractors delivered the MetroWest Tunnel 
Project on schedule and under the projected 
program estimate. In this process, the MWRA 
has: 

• Demonstrated that its cost-validation 
process was reasonable and corrected an 
early, inadequate initial cost estimate. 

• Determined a reasonable (i.e., correct) 
cost estimate that allowed the MWRA to 
manage within budget and schedule, and 
to deliver the project that it had commit
ted to the public. 

• Avoided media and public criticism of 
"continually escalating program costs." 

This experience in cost review, cost philoso
phy and cost estimating approach became one 
of the critical foundations for the subsequent 
Washington State Department of Transporta
tion's (WSDOT) Cost Estimate Validation 
Process (CEVP). 

Core Issues Regarding Cost 
Estimating for Complex Projects 
Recent attention to cost and schedule estimat
ing practices, and their historical limitations, 
have led to a better understanding of some 
core issues that have been part of the problem. 
Key among these practices are: 

• The failure to adequately recognize, for 
complex infrastructure projects, that any 
estimate of cost or schedule involves 
uncertainty, or risk, and that this uncer-



tainty should be incorporated in an esti
mate. 

• The need for the validation of estimates 
from the external perspective of qualified 
reviewers, specifically including experi
enced construction personnel who under
stand how the project will be both bid 
and constructed. 

• The bias that occurs when estimating 
policies and procedures affect a cost esti
mate (as demonstrated by Flyvbjerg).2 

Therefore, it is necessary to use methods 
and policies that mitigate any special 
interests the estimator may have to obtain 
a long-range, comprehensive and accu
rate estimate. 

Cost estimating is a complex but inexact 
science. However, most current budgeting 
policy and procedures require that "precise 
cost numbers" be made available early in the 
planning process, usually prior to the start of 
detailed design work. The seeming (but false) 
precision of these cost numbers is a perilous 
trap. Unfortunately, large projects can, and do, 
experience large scope and schedule 
"changes" that affect the final cost. Usually, 
these changes increase the cost. The following 
key points illustrate concerns regarding the 
contemporary estimating process, and show 
some of its contradictions: 

• "The number" representing an estimate 
often hits the streets before any reason
able "engineer's estimate" is complete. 

• The uncertainty inherent in any estimate 
may not be fully acknowledged, at least 
explicitly, in most estimating methods. (It 
is not possible to completely know the 
ultimate cost of a project until all con
struction on the project is complete and 
the last bill is paid.) 

• Different types of estimates are used at 
different times. Initial estimates are typi
cally done "top-down" and are devel
oped with reference to a comparable proj
ect or activity. Their accuracy depends on 
how close the new project is to the refer
ence project. In contrast, later, more 
detailed "aggregate component esti
mates" are constructed "bottom-up" by 

considering the pieces of an estimate -
for example, by using detailed quantities 
and unit prices. Either approach to esti
mating can be used at various stages of a 
project from concept and planning, 
through the various phases of engineer
ing design to construction. Differences in 
understanding and presenting the appro
priate precision of such estimates can eas
ily lead to confusion, skepticism and loss 
of trust with the public and media. 

• All estimates contain substantial uncer
tainty. The notion of "contingency," while 
a valuable approach to addressing uncer
tainty in traditional estimating, has its 
limitations. When undertaking new types 
of projects, the meaning of contingency 
may be misunderstood by the public and 
it may be unrealistic given the size and 
complexity of the project. 

• Among the policies and procedures that 
are widely suspected to be contributors to 

. the current estimating problem are 
financing procedures that build in incen
tives for low estimates and use current 
dollar estimates that ignore the impact of 
major risk events (political changes, for 
example), and the time cost of money 
(escalation). 

• The way in which many estimates are 
communicated matches poorly with the 
public's intuitive understanding of "what 
engineers can tell us." Also, the typical 
evolution or "development" of an esti
mate is poorly understood. Changes in 
estimates are often seen by the public as 
illustrating either doubtful engineering 
competence or, worse, untrustworthy 
dissembling. 

These were the types of issues that WSDOT 
wanted to address as it sought an improved 
approach to scrutinize and communicate proj
ect schedules and estimates. Essential ele
ments of the process were to include external 
review by independent, knowledgeable man
agement, design and construction profession
als as well as incorporating a "validation" of 
base cost and schedule estimates and assump
tions. Also important was to find a way to 
replace any dependence on methods using 
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"contingencies" and to treat estimate and 
schedule uncertainty explicitly. The objective 
was to move away from single-value esti
mates toward estimates with quantified 
uncertainty, expressed as a range of costs with 
corresponding probabilities. 

WSDOT's Perspective 
WSDOT leadership recognized that these con
cepts would represent a significant change in 
the normal transportation estimating process. 
To be successful, there would have to be fun
damental cultural changes within the agency. 
The response of the public, press and gover
nance bodies was uncertain. 

WSDOT was looking at a set of large, high
visibility, long-delayed highway projects in 
Washington State and, in particular, the Seattle 
area. The total cost of these projects, as envi
sioned, was in the vicinity of $20 to $35 billion. 
WSDOT knew that without public confidence, 
several of these large, urgently needed proj
ects would not receive funding required to 
move forward. More specifically, they knew 
the entire state's transportation issues would 
not be addressed without good public trust. 

Traditional Approaches. Traditional ap
proaches usually present "best case" esti
mates. Doing so is a trap because everything is 
not going to go well or as predicted, which is 
the basis of "normal" cost estimates. In gener
al, WSDOT (a well-regarded state transporta
tion department staffed with competent and 
experienced project planners and design engi
neers) had a good record concerning the 
development of planning and engineer's esti
mates when compared to bid and final con
struction cost. However, the proposed expan
sion of State Route 167 south of Seattle became 
an exception to that record when its "estimat
ed cost" in presentations to legislators rose 
from $150 million in the planning/ scoping 
phase to $972 million at preliminary design. 
This, plus other well publicized U.S. infra
structure project cost problems, such as the 
CA/T and Seattle Sound Transit projects, con
firmed WSDOT' s concern that meeting the 
"public confidence challenge" would not be 
easy. 

Project delivery planning and cost estimat
ing in transportation normally involves four 
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distinct phases: planning, scoping, early 
design and late design. In the planning phase, 
overall needs and problems are addressed, and 
a general route (i.e., point "a" to point "b") is 
identified. During scoping, general scenarios 
are identified that would meet the need or 
problem identified in the planning phase, and 
conceptual estimates are developed from past 
projects and engineering best judgment. 
However, no two projects are the same. During 
early design, as design details become clearer, 
more certainty comes into the estimate. The 
different scenarios identified during the scop
ing stage are now being further developed in a 
detailed design effort, while being examined 
and screened through a critical and extensive 
environmental permitting review process. 
During late design, an engineer's level esti
mate can be developed. By this time, the dif
ferent scenarios have been whittled down to a 
selected option and detailed engineering 
design and estimating work is underway. 

The Public Perception Problem. A critical 
problem identified in Washington State was 
that, while an engineering level estimate has a 
strong performance record ( construction is 
generally completed within the engineer's 
pre-bid estimate plus or minus 10 percent, and 
cost of changes during construction are limit
ed to around 6 to 7 percent of the bid price), 
the public and press rarely compare the ulti
mate project against the engineer's estimate. 
Rather, they compare the cost of a completed 
project against an estimate (which is often 
inadequate) that was developed during the 
scoping stage, primarily for use in evaluating 
and comparing alternatives, and where little 
detail is known about the future project. 

Why is this done? Because the political 
process currently relies on scoping level esti
mates to make funding commitments. Those 
funding commitments, based on the scoping 
level estimates, become the baseline public 
cost estimate for a given project. There are, at 
least, three possible ways to help correct the 
problem: 

• Change the political process. (This is very 
unlikely and would occur very slowly.) 

• Develop a method to provide better esti
mates of the range of project costs based 



on current assumptions. (This is a distinct 
possibility.) 

• Learn to manage the projects (including 
scope growth) to deliver the promised 
project within the estimated cost range. 
(This is a necessary requirement.) 

The second point contains the most promise. 
WSDOT knew that it could not rely simply on 
a track record of sound engineering estimates 
to generate public confidence in the future for 
the larger, more complex projects. It therefore 
identified objectives that could help them bet
ter develop, present and manage their esti
mates. These objectives included: 

• Scrutinize scope assumptions, project 
estimates and schedules; 

• Review project risks early and manage 
those risks; 

• Communicate the range of potential proj
ect costs carefully; and, 

• Develop early strategies to manage the 
risks and meet project goals and objec
tives. 

WSDOT wanted the public and decision 
makers to have the best possible information 
about the probable cost ranges of major trans
portation projects. The word range is impor
tant and fundamental to CEVP. The future 
cannot be completely and accurately predict
ed, but using recognized risk and uncertainty 
techniques, the range of costs and time a proj
ect will require can be better forecasted. Only 
then can the best, and the worst, possibilities 
be planned for and managed. 

The Process 
In January 2002, the Washington State 
Secretary of Transportation, Douglas MacDon
ald, goaded by questions from State Senator 
Daniel McDonald (no relation), asked a small 
group of consultants and WSDOT managers 
and engineers to develop a response to the 
problem of providing more accurate and use
ful planning stage estimates for such projects. 
Secretary MacDonald had been Executive 
Director at the MWRA for most of the con
struction period of the BHP and also for the 
planning, project commencement and most of 

the construction period for the MetroWest 
Tunnel Project and other elements of the 
MWRA's water supply improvement pro
gram. As such, he understood well the need 
for the accurate cost estimates that were neces
sary to competently manage these projects. 

WSDOT's strategy and its undertaking, to 
the public and elected officials, was to deal 
openly with the process of public infrastruc
ture estimating so that the public would better 
understand and be better informed as they, 
and elected officials, make critical project 
funding decisions. The challenge was to 
develop a valid procedure to do this. WSDOT 
decided to open the "black box" of estimating 
and present a candid assessment of the range 
of potential project costs, including acknowl
edgment of the uncertainty of eventual project 
scope, the inevitable consequence of cost esca
lation due to inflation and other major risks. 

Therefore, with the approval of Secretary 
MacDonald, a core team at WSDOT devel
oped a specific management-cost-risk assess
ment tool that was called the Cost Estimate 
Validation Process (CEVP).7 The new proce
dure included: 

• The cost validation process from the 
MetroWest Water Supply Tunnel Project; 
and, 

• The impacts of risk and opportunity 
events derived from procedures previ
ously developed for infrastructure tunnel 
projects.8

-
10 

After guidelines were developed by the core 
team, plans were made for a test application of 
the process to WSDOT's I-405 highway project. 

However, before the test was completed, the 
department decided to apply the new concept 
to a set of ten major highway projects, so that 
more realistic cost numbers (ranges) could be 
communicated to the public, political decision 
makers and media in time for the up-coming 
funding vote. The more realistic cost estimates 
(ranges) were an essential component of 
WSDOT's management accountability and its 
project delivery commitment to the public. 

Therefore, in February 2002, WSDOT 
launched the CEVP program with a major 
commitment of its personnel, including func-

CIVIL ENGINEERING PRACTICE SPRING/SUMMER 2004 59 



tional and project staff, staff from project part
ners, members of the consultant teams already 
working on some of the larger projects and the 
core CEVP development team. To this were 
added external specialized consultants, 
including a group of very senior engineering, 
construction and cost estimating specialists 
drawn from around the country. 

As the CEVP methodology emerged, sever
al key approaches were identified that inte
grated management strategies with process 
requirements. Among these approaches were: 

• Avoiding single-number estimates. Recognize 
that at any point in the development of a 
project, from initial conceptualization 
through the end of construction, an esti
mate will require selecting a representative 
value to characterize many factors that are 
inherently variable. These variable factors 
will include issues that have been identi
fied and quantified (the known/knowns), 
have been identified but not yet quantified 
(the known/unknowns) or may not yet 
have been identified (the unknown/ 
unknowns). Some factors will be control
lable by design or by the owner, some will 
not. But all of these contributing factors are 
fundamentally uncertain and need to be 
treated as such. 

• Using a collaborative assessment environ
ment that combines high levels of critical 
external peer review expertise, particu
larly in construction and estimating con
struction in a bidding environment, with 
appropriate roles and responsibilities for 
the project team. Project teams and own
ers are (and should be expected to be) 
biased. They are generally too optimistic 
about the project and want to see it 
advanced, funded and built. This bias 
must be balanced with independent sub
ject matter experts, peers and others with 
valued experience that is based on expe
riences separate from the specific project. 

• Acknowledging that both cost uncertainty 
and schedule uncertainty are major contribu
tors to problems with project estimating, 
and both should be incorporated in the 
evaluation methodology. WSDOT fore
saw the clear advantage - in fact, the 
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necessity- to integrate the effects of cost 
and schedule uncertainty. CEVP was 
developed to incorporate quantified 
uncertainty for both risk and opportunity 
factors, and to identify these factors using 
an aggregated-component approach that 
separated components whose cost 
and/ or duration could be considered 
separately, and to integrate cost and 
schedule using schedule-based analytical 
methods. 

• Being practical and using common-sense 
notions of risk descriptions and quantifica
tion. The CEVP method was to be com
pletely rigorous and treat uncertainty in 
ways that acknowledged correlation, 
independence and other probability prin
ciples. However, the sources of informa
tion and definition of uncertainty were 
likely to encompass a range from highly 
quantifiable issues to those where subjec
tive opinion from the contributors was all 
that would be available. This range of 
uncertainty data needed to be captured 
objectively. First-order/ second-moment 
(FOSM) methods were concluded to be 
sufficient. 

• Producing project output that could be 
understood by the ultimate audience - the 
public. This emphasis led, ultimately, to a 
bold approach that used the concepts of 
cost estimate range, acknowledged un
certainty and used probabilistic estimate 
descriptions in a successful media/ public 
engagement. 

Implementing the New CEVP Cost 
Estimating Tool. With the above approaches 
established, WSDOT assembled the team to 
implement CEVP. The team consisted of a 
core group of well-qualified WSDOT staff 
and outside subject matter experts (SMEs). 
This team brought together local, national 
and international expertise in the areas of 
risk assessment, cost estimation, design, con
struction, project management, risk manage
ment and other specialty areas. 

Selecting the makeup of the team to evalu
ate a specific project was done carefully and 
deliberately. For each project, the team was 
fine-tuned to match the specific technical 



D In the beginning, there is a large potential range for "ultimate cost" 

D The "ultimate cost" will depend on the outcome of many factors 

D We can't predict exactly- but we can develop probable ranges of cost 
which include all relevant risk and opportunity events we can identify 
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The cost of risk events, plus the 
savings from opportunity events, 
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are added to the "base costs" to 
develop the "range of probable costs" 
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FIGURE 1. A future cost estimate is not a number, but rather a "range of probable costs." 

needs of the project being reviewed with the 
skills of the CEVP team members. 

Description of CEVP. The process provides a 
probabilistic-based evaluation of a cost and 
schedule estimate. The principal target out
come is to comprehensively and consistently 
define the potential cost and schedule 
required to complete the project. The basic 
approach requires performing a peer-level 
review or "due diligence" analysis of the 
scope, schedule and cost estimate for a project 
and then to frame this analysis to incorporate 
uncertainty (including "risk" and "opportuni
ty"). Specific objectives of the method are to 
evaluate the quality and completeness, includ
ing risk uncertainty, of the estimated cost and 
schedule. The results of an assessment are 
expressed as a distribution of values for the 
project (see Figures 1 and 2) related to project 
objectives (such as cost, schedule to comple
tion, probability of meeting a certain mile
stone, etc.), along with appropriate character
istic values and attributes of that objective. 

The process is usually conducted in a for
mat that includes a workshop where the input 
from project team participants and independ
ent SMEs is obtained. The process focuses on 
the project team for both input of primary 
information and also the eventual responsibil-

ity to apply workshop results to the improve
ment of the project. WSDOT has consistently 
demonstrated that the involvement of the 
project team (i.e., its ownership of the process) 
achieves these two fundamental benefits. 

The starting point for the CEVP risk work
shop is the project team estimate that has been 
reviewed and evaluated by the cost team. This 
initial estimate typically provides a "point 
estimate" for project cost and schedule, usual
ly including allowances and/ or contingencies, 
but without specific identification of signifi
cant uncertainties or risk and opportunity 
events. The objective of CEVP is to validate 
individual cost and schedule components, and 
replace contingency and other approximating 
components with individually identified and 
quantified significant uncertainties (including 
risks and opportunities). 

CEVP Considers Two Fundamental Com
ponents - Base Cost & Uncertainty. The 
WSDOT approach is based on a definition and 
analysis of two fundamental components of 
any project performance objective (such as 
total cost): the base component and the uncer
tainty (risk and opportunity) component. This 
approach can be applied to cost, schedule, 
safety or other project performance measures. 
For estimates of cost, the following definitions 
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Current Dollars 

Distribution for Cost to Completion (Current $M) 

• Uncertainty is express
ed in the potential 
adverse (risk) or bene
ficial (opportunity) 
events that affect the 
project and that result 
in impacts to cost, 
schedule, safety, per
formance or other 
characteristics, but do 
not include the uncer
tainties inherent in the 
base. Correlation among 
risk events and their 
consequences can also 
be included. 

0.14 

0.12 

_q 0.10 

1i 0.08 
ro 

0.06 .0 
2 

0.04 Cl... 

0.02 

0 

Year of Expenditure Dollars 

Distribution for Cost to Completion (Future $M) 
Although the process can 
address any of the project 
performance measures, the 
principal WSDOT applica
tions have been focused on 
cost and schedule. 
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CEVP Methodology 
The CEVP methodology is 
organized into the follow
ing key steps: 

1. Assemble relevant 

FIGURE 2. Distributions of current and future costs for a typi
cal WSDOT project {I-90 Snoqualmie Project). 

project data, involve the 
project team. 

2. Define the project 
flow chart. 

illustrate the differences between these two 
fundamental parts: 

• Base cost is the most probable cost for a 
unit or element of the planned project 
that can be expected if the project goes as 
planned. The base cost typically will 
include small uncertainty or variance. 
However, when significant uncertainties 
exist in the base cost and schedule, uncer
tainty in, and correlation among, these 
components may be included. The base 
cost is usually not a lower bound or min
imum cost estimate because some risk 
elements or opportunities are typically 
included as part of the strategy for the 
planned project. 
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3. Critically evaluate the project cost esti
mate to determine the base cost. 

4. Define and assess (quantify) uncer
tainty events (including risk and opportu
nity). 

5. Integrate base (cost) and uncertainty 
(costs) in a probabilistic model. 

6. Analyze results and write CEVP 
report. 

Assemble Relevant Project Data, Involve the 
Project Team. The process requires that the 
project team prepare plans, exhibits and proj
ect documents to describe the scope, character 
and timeframe of the project. The convention
al cost estimates will include the base project 
costs plus allowances and contingencies. The 
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FIGURE 3. An example of a project flow chart (for the 1-90 Snoqualmie Project). 

integrated team of project and CEVP members 
(hereafter called the CEVP team) then critical
ly reviews the project team's estimate with the 
following primary objectives: 

• To establish the project scope, character 
and major strategy assumptions for the 
CEVP evaluation. 

• To clearly define the scope, estimates, 
schedules and assumptions for each sce
nario if multiple project scenarios or 
alternatives are to be evaluated. 

Define the Project Flow Chart. The project 
team provides a detailed description of the 
expected project plan, with the major activities 
and their schedule. From this information, the 
team develops a project flow chart (see Figure 
3) that represents the sequence of major activ
ities to be performed in the project .. Major 
decision points (for example, funding deci
sions) and project milestones, as described by 
the project team, are explicitly represented in 
the flow chart. The base costs and durations, 
as well as any related major uncertainties or 
correlations for each activity are entered on 
the flow chart using values as confirmed or 
defined by the base cost review team. 

Critically Evaluate the Project Cost Estimate to 
Determine the Base Cost. CEVP requires sepa
rating the project team's cost estimate into a 
base cost and other costs that effectively rep
resent the risk and opportunity uncertainties. 

The base cost estimate is then subject to evalu
ation by SMEs to determine the quality of the 
project team's cost estimate. The level of detail 
applied to this validation (the "V" in CEVP) 
can range from a comprehensive audit of the 
cost estimate, through a "validation" of the 
results based on selected sampling and verifi
cation of cost line items, to a "reasonableness" 
assessment of the base cost component. The 
level of detail used in the cost evaluation will 
influence the ultimate outcome of a specific 
CEVP assessment. However, different levels of 
cost estimate "quality" can be addressed by 
appropriately quantifying levels of uncertain
ty and bias later in the process (either risk or 
opportunity). 

The CEVP cost validation workshop is led 
by a project manager with program delivery 
experience, who is supplemented by a CEVP 
team member with both design and real
world construction experience. The use of a 
team member who has an independent con
tractor's background is necessary to bring that 
perspective into the cost review and determi
nation of reasonable base costs. 

The project team first briefs the CEVP team 
on the detailed scope of the project and identi
fies any cost and schedule risks that they feel 
may not be adequately represented in the proj
ect estimate. 

The CEVP team then obtains, and discusses 
with the project team, the estimate that has 
been prepared for the project, reviewing what 
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the estimate represents and what basis was 
used in its development and discussing what 
metric, if any, has been used to calibrate the 
estimate and what contingencies have been 
included in the estimate. 

A review of the scope of the project is com
pleted with the project team on an element-by
element basis to ensure that all elements/ 
phases of the project have been accounted for 
in the estimate. 

The project team's estimate is reviewed to 
ensure that items (such as right of way, mobi
lization, permitting, mitigation, temporary 
facilities and utilities, construction phasing 
requirements, seasonal constraints, cuts/fills, 
hazardous material issues, archaeological 
issues, storage and disposal of material, haul 
distances, compaction and testing, protection 
of work, testing of mechanical and electrical 
systems, occupancy permits, de-mobilization, 
etc.) have been recognized and addressed 
from a cost standpoint. 

The schedule for the project is also 
reviewed. Is it realistic? Does it consider ade
quate time for mobilization and the set-up of 
temporary facilities and utilities? Does it con
sider construction permitting and construc
tion phasing? Does it deal with differing site 
conditions, traffic or operational issues, sea
sonal constraints or site access limitations? 
Does it require the testing of piping or electri
cal and signals? 

Unit prices and production rates that have 
been assumed for the major items of work are 
reviewed and evaluated on whether the pro
duction numbers (that the unit costs are based 
on) are reasonable and if there are any risks 
that those unit prices may not take into 
account (such as high groundwater or the 
presence of organic material, etc.). 

The amount of contingency that is included 
in each unit price or on the entire estimate is 
identified and stripped out of the project esti
mate. This procedure is done in order to 
develop a "base cost" of the project (the con
tingency is subsequently replaced by the 
probable cost of risk and opportunity events). 

During the discussions and upon comple
tion of this review, items of work that may be 
missing and/ or over- or underestimated are 
identified and recorded. Estimates for missing 

64 CML ENGINEERING PRACTICE SPRING/SUMMER 2004 

items are developed and recommendations for 
adjustments are made. Finally, an agreed 
"base cost" is determined, which becomes the 
base for the addition of the cost of potential 
risk (and opportunity) events in the subse
quent cost and schedule uncertainty model. 

When the base schedule and base cost have 
been defined, these values are distributed 
among the project activities as described in the 
project flow chart. It should be noted that a 
critical, independent evaluation (validation if 
possible) of the project team's cost estimate, 
including a critical assessment of assump
tions, is in itself very valuable - as was the 
case for the validation of the Metro West Water 
Supply Tunnel's estimate by the MWRA. 

Define & Assess (Quantify) Uncertainty 
Events (Including Risk & Opportunity). A major 
part of CEVP is to specifically and explicitly 
address uncertainty, including uncertainty in 
the base cost and schedule as well as risk and 
opportunity events. Risk is captured by iden
tifying and characterizing a group of signifi
cant risk and opportunity events. A risk event 
is a possible problem ( described in terms of its 
likelihood of occurrence and potential conse
quences if it does occur) that, if it occurs, will 
cause significant impacts to cost, schedule or 
project performance. Examples of risk events 
include the potential for additional require
ments to meet environmental regulations, the 
consequences of a natural disaster, adverse 
geotechnical conditions in constructing high 
retaining walls or the discovery of unexpected 
utilities. Whereas risk events reflect potential 
adverse impacts, opportunity events reflect 
potential beneficial impacts. 

Experts from the project team and other 
independent experts, who have a valuable 
perspective on the risk/ opportunity issues, 
develop the list of risks (the risk register) in a 
workshop setting, or review and supplement 
a list that has been developed in advance. 
Uncertainty in the base costs and durations 
can also be assessed when they are significant, 
and these are defined consistently with the 
risk and opportunity events. Relationships 
among events can also be addressed through 
correlation, if appropriate. 

The CEVP risk workshops are led by an 
experienced risk elicitator (a risk analyst) who 



is familiar with uncertainty theory, de-biasing 
techniques and the structure of a subsequent 
cost and risk model. Other workshop partici
pants include representatives from the project 
team who have familiarity with the plans, 
strategies, assumptions and constraints on the 
project, plus SMEs who bring an independent 
perspective on important areas of project 
uncertainty. The identification and quantifica
tion of uncertainties requires a balance of proj
ect knowledge, risk analysis expertise, cost 
estimating expertise and objectivity. Project 
knowledge and the independent expertise of 
SMEs are essential to identify the uncertain
ties. Risk analysis expertise is required to cap
ture balanced information on risk and model 
uncertainties. 

The risk workshop first follows certain 
preparatory activities, including: 

• Appropriate training of participants in 
the principles and procedures of uncer
tainty assessment methods; 

• Preliminary work with the project team 
to capture the plan and strategy of the 
project in a draft flow chart; 

• A preliminary list of risks; and, 
• Identification and validation of the base 

costs (the cost validation workshop). 

The goal of the risk workshop is to identify 
and model the uncertainty in project cost and 
schedule. The objectives and principal activi
ties of this process are: 

• To identify potential risks and opportu
nities by engaging in an open brain
storming process that typically begins 
with a prior list of potential uncertainties 
from the project team, lists from similar 
projects and other sources. In the work
shop, it is necessary to provide a critical 
environment that allows for this initial 
information to be combined with other 
suggested risks. As a practical matter, the 
team should identify screening criteria to 
help focus on identifying a prioritized 
list of the significant cost and duration 
risks. 

• To characterize risks and opportunities. 
This process combines subjective and 

objective information to identify the con
sequences to the project if each of the 
risks were to materialize. Typically there 
are varying opinions on the range of con
sequences, such as increased cost or 
delay, and the risk elicitator is responsible 
for leading the group to an appropriate 
consensus to define the consequences of 
the risks. Independence and correlation 
among risks is defined. 

• To define the likelihood or probability of 
the risk (and its consequences) occurring. 

• To analyze risk information and base 
costs using a simulation process. 

When possible, the risk and opportunity 
events that the workshop defines should be 
independent events. When doing so is not 
possible, the dependencies among events 
must be defined. In addition, each risk or 
opportunity event must be identified with the 
project activities that are affected or, if a given 
event affects multiple project activities, signif
icant correlations among occurrences need to 
be addressed. Significant uncertainties and 
correlations among event impacts also need to 
be defined. This information is also incorpo
rated in the cost and schedule uncertainty 
model and will be reflected in the simulation 
analysis results. 

Risk elicitation within CEVP, and in the risk 
workshop, is an iterative process that must be 
able to combine subjective and objective infor
mation. Uncertainty characterizations and 
likelihoods are defined together to provide 
reasonable and practical descriptions of 
uncertainty. First-order descriptions and mod
els are sufficiently accurate for most projects. 

Integrate Base (Cost) & Uncertainty (Costs) in 
a Probabilistic Model. The next step is to devel
op and implement a probabilistic model for 
quantifying the uncertainty in project per
formance with respect to the stated measures 
(for example, uncertainty in project cost and 
schedule to completion). Both escalated and 
non-escalated (current dollar) costs are pro
vided as outcome by entering a rate of infla
tion ( or different rates for different compo
nents, if required) in the model. The analysis is 
typically done using Monte Carlo simulation 
techniques. Typically between 1,000 and 
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TABLE 1. 
Ranked Listing of the Cost Risks for a WSDOT Project (SR 520) 

Rank Contribution to Risk Cost(%) Risk Event 

1 26 T12 - Possible changes to seismic design criteria 

2 21 T2 - Sound transit rail N link alignment 

3 13 T30 - Project delivery method 

4 10 T31 - Other (low risk) items 

5 10 T22 - Right of way 

6 7 T3 - Market conditions (high bids) 

7 3 T1 4 - Constructabi I ity of 1-405 1/C 

8 2 T26 - Local access improvements 

9 2 T28-TDM 

10 1 T16 - Construction staging areas 

10,000 equally likely project realizations (or 
outcomes) are adequate for the purpose, 
depending on the desired performance meas
ure (for example, mean value versus probabil
ity of meeting a milestone). These realizations 
are a sample set from the true population of 
project outcomes. This sample set is used to 
develop distributions, ranges and statistics for 
the stated project performance measures. 
(Cost is referenced here, but other quantities 
such as schedule can be, and are, quantified.) 

Analyze Results, Write CEVP Report. Results 
of the model analysis are presented as cost 
and schedule probability distributions, usual
ly presented in a graphical form (see Figure 2 
on page 62) with supporting tabulations of 
characteristic statistics. These distributions 
can describe a variety of situations of interest 
including: 

• Current dollar (time of assessment) ver
sus time of expenditure ($YOE) cost; 

• Fully funded or partially funded scenar
ios; 

• Comparative design options; 
• Expected date of completion for the proj

ect; and, 
• Expected schedule to meet project mile

stones. 

Interpreting, documenting and reporting 
the results conclude CEVP. The specific form 
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of the reported results can vary depending on 
need, and the results from an evaluation can 
be used for a number of applications, includ
ing: 

• Project assessment and management; 
• Risk management and value engineering; 
• Integrated management of projects and 

programs; 
• Design/build and other construction 

applications; 
• Communications; and, 
• Financial management. 

CEVP is iterative in nature. For many proj
ect applications, it is appropriate to conduct a 
reassessment of the project from time to time 
to update project changes, cost and schedule 
estimates. 

Risk Rankings 
Another key output from a CEVP assessment 
is the ranked listing of those risk and opportu
nity factors contributing to the uncertainty in a 
particular estimate such as those illustrated in 
Table 1. The ranked risk table presents the 
most important risk issues, along with a meas
ure of their contribution to the total uncertain
ty in the estimate. The variety of risks -
including technical risks, policy risks, environ
mental risks, construction risks, etc. - can be 
treated in a consistent way using these data. 
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Management Planning: 

Develop strategic managament 
plans to reduce the high cost/ high 
schedule risks 

What we need to do: 
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Drive cost and schedule risk 
down - reduce potential impacts 
and probability 

FIGURE 4. The general risk management approach after CEVP. 

Risk Management Planning 

Early and strategic risk management has been 
referenced as one of the most important tools 
for managing the cost and schedule of com
plex infrastructure projects. It was noted for 
London's Jubilee Line Extension (which had a 
cost overrun of 67 percent) that "time and cost 
overruns could have been minimized with a 
more established strategy at the very begin
ning of the project."11 But how can a viable, 
more established strategy be determined at 
the very beginning of the project? 

One of the not-so-incidental benefits of 
CEVP is that it provides an explicit quantifica
tion of potential risk and opportunity events 
that could impact the project's cost and sched
ule. From this quantified risk profile, risk 
management plans can be developed earlier in 
the project life-cycle (see Figure 4). Risk man
agement procedures are well understood and 
many references are available.8

'
9

'
12 

Cost Ranges 
(Probability Mass Diagrams) 
Any probability mass diagram or histogram, 
such as CEVP uses, can be described in more 
detail to represent important characteristic 
values of the distribution. As illustrated in 
Table 2, WSDOT found that representing a few 
key values, or the range of cost between them, 

to be very effective in communicating with the 
public and the legislature about a particular 
project. Typical of the WSDOT tabular sum
mary of evaluation statistics, this table out
lines the mean, the standard deviation, and 
percentiles, usually ranging from 10 to 90 per
cent in current dollars, future dollars and 
duration in months. It has been helpful to 
have the information in both graphical and 
tabular formats. 

As illustrated in Table 2, the 10 percent prob
able cost ($268 million) represents that there is a 
10 percent chance that the final project cost, in 
future dollars, will be less than this number. 
Similarly, there is a 90 percent chance that the 
project will cost no more than $335 million 
(there is a 10 percent chance that it could cost 
more). Especially interesting to the public was 
understanding that there is, for the current 
example, an 80 percent chance that the final 
project, in year of expenditure dollars, will cost 
between $268 and $335 million. WSDOT' s effec
tive communication strategy in reporting the 
results of the initial CEVP results in June 2002 
made extensive use of such values and ranges. 
Even though some doubted that the public 
would grasp the concept of cost ranges and 
probabilistic mass diagrams, experience has 
shown that this worry did not become a prob
lem and that a uniform image, the probabilistic 
mass diagram, was used consistently.13

,
14 
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TABLE 2. 
Tabulation of Characteristic Values (Hood Canal Bridge) 

Total Project Cost (Future $M) Total Project Duration (Months After 4/02) 

Mean 311 

Standard Deviation 26 

Percentiles 

10 268 

20 278 

30 312 

40 317 

50 320 

60 323 

70 325 

80 329 

90 335 

Requirements for a 
Valid CEVP Cost Estimate 

CEVP requires specific skills, personnel and 
resources. In general, WSDOT has found that 
the process requires: 

• A knowledgeable and committed owner 
who wants to know an objective "poten
tial cost"; 

• A well shaped, complete project estimate 
and schedule for each scenario to be 
assessed, with sufficient information 
about the estimated costs and schedule to 
be able to separate base data from allow
ances and contingencies; 

• Available/involved team members, 
including project team members, internal 
and external SMEs, qualified cost and 
risk group leaders, and an administrative 
workshop team; 

• A sufficient level of external validation/ 
review; 

• Sufficiently good interaction/ coopera
tion of project team and CEVP team 
members; 

• Sufficient process and expertise to "vali
date" base costs and schedule (if valida-
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tion cannot be achieved, the result is a 
"cost-risk assessment"); 

• Suitable risk modeling technology and 
experience with uncertainty theory and 
models for a sufficiently precise proba
bilistic risk assessment; 

• Sufficient expertise to understand the 
issues involved in a "first-order" analysis 
and the limitations therein; 

• The ability to develop a sufficiently pre
cise range suitable for the design level of 
the project being considered; and, 

• Sufficient time and available resources 
(personnel, funding and information). 

Facilitating Improved 
Communications 
CEVP avoids false precision when discussing 
the range of probable costs. False precision can 
be as big a problem as early optimism because 
it sends a message of confidence when, by its 
very nature, an estimate of future costs is 
sketchy at best. 

CEVP also helps manage expectations for 
budget and schedule. CEVP data allow more 
informed decision-making by political repre
sentatives, agency managers and other 



involved personnel and this form of commu
nication supports a more informed discussion 
with the public. 

CEVP demonstrated to the public, media 
and political decision-makers WSDOT's com
mitment to - and investment in - full, con
tinuous and transparent presentation of its 
cost estimating process and the results for its 
projects. 

Using the initial CEVP results, updates 
based on project changes (many in response to 
the initial results) provided an iterative tool to 
allow alternatives to be evaluated in the same 
transparent public process and to be commu
nicated in a predictable manner. 

WSDOT clearly understood that the new 
process and the results needed to be well com
municated. Extensive, but simple and under
standable documentation was prepared and 
presented on June 3, 2002, in both printed and 
web formats. 13 Briefings were given to the pub
lic, political decision-makers and the media. 
Initial results were predictable. One newspaper 
article latched onto the "overruns."15 However, 
subsequent editorials were more gratifying. In 
an editorial, the Seattle Post-Intelligencer stated 
that "shocking or not, the Department of 
Transportation has performed an unprecedent
ed public service with these latest cost esti
mates. It is a much-needed dose of fiscal reality. 
The department offered realistic cost-range 
estimates. Giving citizens a range of costs, 
including full disclosure of the variables, 'is not 
only politically smart, but it's common 
sense."'16 

The results for each project, or project alter
native in some cases, were presented by 
WSDOT in a uniform one-page format with 
the key fact of the project and the CEVP results 
clearly and simply summarized (see Figure 5 
on the next page). 

Key Factors to CEVP Success 
CEVP, as implemented by WSDOT at this 
level, is unique in the United States although 
the component techniques, such as the risk 
process, have been used widely in other 
industries.8

-
10 Subsequently to CEVP's intro

duction, there has been enormous interest at 
the federal and state levels because of its clear 
approach, and better methodology, to help 

resolve a chronic problem that has been plagu
ing the infrastructure industry. 

Several key factors were important to the 
initial success of CEVP in Washington State: 

• Cost and schedule assessment or valida
tion procedures, together with risk analy
sis procedures, were developed based on 
leading techniques and best practices 
available from the national and interna
tional community. 

• Intensive peer engagement in the work
shops both engaged and challenged the 
professional expertise of the workshop 
teams. This cooperation created an envi
ronment conducive to a critical evalua
tion of the project and its characteristics 
as well as provided a way to identify new 
opportunities that could be addressed 
immediately by the project or in a subse
quent value engineering workshop. 

• An early and continuous commitment to 
a uniform CEVP report format that could 
be clearly understood and useful to non
engineers (including the press, political 
decision-makers and the public) provid
ed WSDOT with a means to clearly com
municate the information and better 
inform the public. As a result, the media, 
the public and political decision-makers 
responded positively to both the reports 
and the strides toward accountability and 
the more reliable cost and schedule infor
mation that WSDOT was making avail
able. 

Fundamental Lessons Learned 
Every project is unique, particularly in the 
uncertainties and risks to which its eventual 
"cost to complete" will be subjected as it goes 
through the stages of concept design, prelimi
nary design, environmental analysis, design, 
bidding and construction. 

The individual elements of a project are 
subject to different levels and origins of risk 
that affect cost and schedule, depending on 
the project's unique circumstances. For exam
ple, the risk that costs will be dramatically and 
unpredictably affected by right-of-way costs 
are much higher in a corridor like SR 167 
(which is planned to be built through a rapid-
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SR 167, Tacoma to Edgewood New Freeway Construction 

Project Description: 

The project completes 
SR 167 from Puyallup to the 

Port of Tacoma. 

Project Schedule: 

Estimated Construction 
Start: 2005 

Estimated Completion: 
2012 - 2013 

CEVP Profile/Result: 

0,16 
~ 0,14 
:C 0.12 
,. 0.1 e o.oa 
IL 0.06 The new facility provides a 

six lane freeway including 
HOV lanes from SR 161 near 
Puyallup to Interstate 5 and 

four lanes between 
Interstate 5 and SR 509 near 

the Port of Tacoma. 

Inflation escalation is to 
year 2008, the approximate 
mid~point of construction. 

0.04 
0.02 

0 
0 u, 0 

~ N ~ 
N N <\I 

Benefits this project would provide: 

• Completing this freeway link will help relieve 
congestion in the lower Puget Sound region by 
offering commuters, travelers, and shippers an· 
alternative to Interstate 5, especially providing a 
key link for movement of freight to and from the 
Port of Tacoma. 

• SR 167 will reduce congestion and improve 
safety on local roads while providing system 
continuity between the SR 167 corridor and 
Interstate 5. 

If all identified risks occur, the cost of the project 
will be on the high end of the probability curve. 

FIGURE 5. A CEVP one-page summary. 

ly developing area of Pierce County) than for 
a different project such as the Hood Canal 
Bridge replacement project through a less
populated area. 

Risk identification forces more strategic, 
early risk management attention and earlier 
development of risk mitigation approaches, 
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Some events that could impact 
project cost or schedule: 

This project requires the acquisition of large 
amounts of prnperty in a corridor where land is 
rapidly developing. Delays in acquiring new 
properties will result in significant cost increases 
to the project. 

This project will be constructed near the Puyallup 
River, Hylebos Creek, Wapato Creek, wetlands 
and wildlife habitat. Environmental permitting 
and mitigation requirements may change 
significantly between now and construction, 
tending to increase costs and cause delays. 

This project includes a major new interchange 
where Interstate 5 and SR 167 connect. The 
design of this interchange assumes Federal 
Highway Administration (FHW A) approval of a 
number of design features. If not approved by 
FHW A, changes in the design would result in 
increased cost and time for the project. 

Only a few contractors are qualified to pursue 
construction projects this large. Less competition 
may result in higher contractor prices and thus 
higher project costs. 

based on quantified and explicit risk informa
tion. For example, CEVP helped the project 
team strategize where to best focus its work to 
develop a better risk mitigation plan for the 
Hood Canal Bridge Replacement Project. This 
risk mitigation plan led to the development 
and construction of a WSDOT graving dock, 



which reduced bidding, schedule and envi
ronmental risks. It also led to expediting per
mitting coordination to avoid delay risks. 
Finally, it led to development of a marketing 
program to attract bidders to compete for the 
project. 

One of the identified risks in a revised sce
nario (Scenario B, Port Angeles with Market 
Conditions) included a risk - "graving dock 
cultural conditions" - which was given a 10 
percent chance of occurrence and was ranked 
seventh in potential risk impact. No sooner had 
construction begun on this project than this risk 
eventuated with the discovery of Indian burial 
remains in the middle of the project construc
tion site. This discovery led to a significant 
delay and increased cost to the project. 

CEVP, like the best of programs, is not per
fect. The graving dock cultural conditions risk 
was listed, but at a low probability and 
impact. Of course, other identified risks are 
equally likely not to eventuate, perhaps bal
ancing the impact of that risk. Any opinion 
regarding the accuracy the final CEVP result 
for the Hood Canal Bridge Replacement 
Project must wait until the completion of con
struction. 

It will take some time and completion of 
several projects for the accuracy of CEVP to be 
calibrated. For the Hood Canal Bridge 
Replacement Project, the contractor's bids 
were reasonably close to the lower end of the 
WSDOT CEVP range, as published on the 
WSDOT website.· This occurrence may repre
sent good work, a good CEVP or good luck -
or all of these possibilities. 

Concerns & Cautions 
The initial WSDOT CEVP application was 
clearly described as a new and experimental 
procedure, albeit one that had significant 
potential to provide better results than historic 
cost estimates for large, complex projects. In 
particular, CEVP results are not a warranty that 
the estimates are perfect, for it is true that the 
final costs of a project are known only when the 
project has been finally completed. In some 
cases, CEVP was applied to projects that were 
very early in their project development cycle, 
which led to the result that the CEVP range of 
costs for such projects was predictably large. 

Results to date have shown that this range nar
rows as the project designs are developed. 

If a cost-risk assessment is not done correct
ly, errors can lead to misleading results. For 
example, if the validation of the base cost esti
mate is not done well, or the risks are not 
assessed using expert judgment, the resulting 
cost and schedule range will be skewed. The 
quality of the ultimate output reflects the 
quality of the input. As WSDOT is working to 
extend CEVP and other cost-risk assessments 
into its standard business practices, it is chal
lenged with the balancing act of having a tool 
that is flexible enough to be helpful with many 
projects, while consistent enough to ensure 
reliable results and to maintain the integrity of 
the process. 

It is important to use CEVP as intended, 
which is as an engineering and communication 
tool. While it may be tempting, and dangerous, 
to get caught up "tweaking the model," it is 
more important to focus on what key messages 
the results express, and to use those messages 
as information to help make good project man
agement decisions. That being said, it is also 
important that the project team understands 
and buys into the results, thus ensuring that 
the intended risk/ opportunity impacts and 
consequences were determined reasonably 
and will be managed effectively. 

Reporting CEVP results in the form of a 
range creates several difficulties even though 
it is a more accurate and meaningful represen
tation. The public may be inclined to focus on 
the extreme possible (but unlikely values) that 
might make the project appear too expensive 
or unrealistic. This reaction may have been the 
case with some CEVP work, such as the 
Alaskan Way Viaduct and Seawall Project, 
which was described as potentially costing up 
to $11 billion (which was at the extreme end of 
a conservative range for a project in very early 
development). 

It is also difficult (impossible to date) to 
gain legislative endorsement on a project with 
a range estimate. Eventually, a single number 
is necessary for the legislative planning of a 
statewide budget. CEVP should at least condi
tion legislators with regard to the limitations 
of a single-number approach and the "expect
ed unexpected events" that may cause budg-
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ets to have to be revised. WSDOT has there
fore used the 90 percent range number for leg
islative approval and budgeting. 

A risk-based cost estimate, such as CEVP, 
must be done carefully and reasonably and 
must be well communicated. WSDOT recog
nizes that there are still many unknowns, but 
it has found that potential risk events that 
could drive up project costs can be communi
cated fairly and reasonably to the public. In 
addition, the early identification of a risk cre
ates management opportunities to minimize 
the potential of additional project costs associ
ated with those risks. WSDOT has also 
learned some things about its related current 
practices. The external peer review provided 
WSDOT with an evaluation report, which sug
gested improving their estimating processes, 
complemented by a standard method of com
municating the cost estimate ranges. As a 
result, from the lessons learned early on with 
CEVP, WSDOT has taken steps to refine and 
develop its estimating practices, its overall 
risk management approach and its strategies 
for public communications. 

Current Developments 
CEVP provides a way to better determine and 
communicate ranges of probable costs and 
schedules, and the specific risks and potential 
variability for large, complex projects very 
early in the public process. With this disclo
sure comes better information that the public, 
and elected officials, can use to make sound 
decisions, and that engineers can use to better 
manage their projects. 

WSDOT initially applied CEVP to ten proj
ects. WSDOT staff are now gaining so much 
familiarity with it that in transportation and 
political parlance in Washington State, "CEVP" 
[see-vip] has now entered common usage as 
both a noun and a verb. (Early in the develop
ment of the program, thought was given to 
coining a catchier acronym, and many were 
suggested, such as CARE for "cost and risk 
evaluation." These acronyms were rejected by 
WSDOT. A cost estimating validation process 
was what WSDOT was seeking to develop, and 
CEVP it was, from that day forward.) 

The cost of the CEVP work itself (not 
including project team costs) was $1.5 million 
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(approximately 0.006 percent of the projected 
project costs). Including the project team costs 
would approximately double this number. 

The hallmark of the process was the close 
and useful collaboration of WSDOT's project 
teams and the CEVP team members, both 
external consultants and WSDOT personnel. 

CEVP focuses early attention on the signifi
cant cost and schedule risks for any project. 
This emphasis provides an explicit, quantified 
basis to manage and control cost and schedule 
early in a project, and then to monitor and 
manage risk through the life of a project 
through a risk management plan. 

CEVP creates a better mechanism to allow 
open communications with the public. It also 
provides a framework to respond to public 
questions quantitatively and openly. The 
process allows a more intuitive (to the public) 
discussion that better relates to "what people 
already know." For example, the public 
already knows that projects change and costs 
usually increase, just like what happens to 
them when they get an estimate for a car 
repair or a kitchen remodeling. 

If engineering and planning professionals 
are open and transparent about cost estimat
ing processes and their explanation, it will be 
possible to embark on a more relevant cost 
discussion with the public that can be sus
tained and defended through votes, through 
project development, through media scrutiny 
and, ultimately, through project delivery. 

WSDOT recognized the value that cost val
idation and risk assessment provides. WSDOT 
also recognized that CEVP is not a "magic bul
let" or a "quick fix." WSDOT therefore made a 
commitment to improve its cost estimating 
process by implementing the CEVP program 
on a state-wide, long-term basis by using the 
process extensively and by training its staff. 
This implementation will revise and standard
ize WSDOT's cost estimating procedures 
across departments and regions, and will pro
vide updated tools such as estimating manu
als, risk databanks, cost-risk assessment 
(CRA) services and procedures, CEVP servic
es and other related actions. 

CRAs for smaller projects have been imple
mented, with a simplified process, generally 
relying mostly on WSDOT staff. CEVP has 



been scaled appropriately for these projects. 
To accommodate this development, WSDOT 
is currently training staff around the state to 
serve as region or subject matter experts for 
the CRAs. WSDOT is also working to define 
the best times, over the life of a project, to con
duct a CRA or CEVP, and is experimenting 
with applicable uses of the CRA and CEVP 
results. 
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true-cevp.com or www.JohnReillyAssociates.com. 
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Essay 

The Lonely Lane 

Only those who worked on the 
Central Artery/Tunnel Project 
will remember all the temporary 
works needed to make that 
project happen. 

BRIAN BRENNER 

The Lonely Lane is an expression for part 
of the traffic construction staging in the 
existing Dewey Square Tunnel on Bos

ton's Central Artery /Tunnel (CA/T) Project. 
The Lonely Lane peels off the southbound 
mainline tunnel in Phase 10 of the project, sur
facing in Chinatown on an old, rebuilt ramp. 
This lane is lonely because it has to weave its 
way through a construction work zone all by 
itself, taking a piece of the traffic demand 
away from the mainline tunnel that is restrict
ed to two lanes. To understand the story of the 
Lonely Lane is to understand part of the mys
tery of construction staging. 

One of the great achievements of the CA/T 
Project was the fact that it could be built at all. 
The CA/T structures are massive to start with, 
but they had to be built in the middle of con
gested downtown Boston. The project was 
committed to keeping all traffic moving, all 
utilities connected and the city functioning in 
and around the lengthy period of construc
tion. To do this, while placing cut-and-cover 
tunnels 120 feet deep and seven boxes across, 
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. became the Mother. of All Construction 
Staging Jobs. One favorite early quip from 
local politicians was that it would have been 
easier to raise the city than depress the artery. 

"Macro" & "Micro" Heroics 
To support mitigation requirements, the 
designers had to apply all sorts of novel and 
complex methods. So, the existing artery 
viaduct was underpinned while the tunnel 
was dug below it. To keep the trains moving, 
three separate boxes were jacked below the 
railroad tracks while the ground was frozen 
above them. The project featured not one, but 
two separate immersed tube tunnels, and the 
project's signature cable-stayed bridge was 
built in tiny work zones surrounded on all 
sides by active roadways and facilities. 

These design methods solved problems on 
a "macro" scale. Additional heroics were 
needed on the "micro" scale. Someone had to 
painstakingly track every traffic move, every 
utility connection, every aspect of the living 
city and match it against the construction 
requirements to build the needed facilities. 
The resulting plan was incredibly complex, 
with layers upon layers of stages, sub-stages 
and massive temporary structures to provide 
space for the work zones. To further compli
cate it all, the project had to be coordinated 
with adjacent projects such as the Amtrak 
Northeast Corridor Electrification program 
and many others. Work on the Massachusetts 
Bay Transit Authority's North Station job, for 
example, required building a double-decked 



temporary ramp, with the upper level used for 
a highway exit from the artery viaduct and the 
lower level used for electrified light rail transit 
vehicles from the Green Line subway. The 
Mother of All Construction Staging Projects 
thus required the Mother of All Temporary 
Ramps. 

Finding the Right Solution 
With all of this complexity and myriad of 
choices, how does one pick the correct staging 
plan? Discussion of construction staging can 
be very subjective and, therefore, difficult to 
engineer and quantify. The overall problem is 
not bounded because one solution can be just 
as good as fifty others. The more complicated 
the staging, the less black and white the 
answer, and the more the requirement and 
opportunity for technical interaction. Often, a 
good solution is one that satisfies all the con
straints without necessarily optimizing them. 

Recently, tools have been developed to bet
ter define the realm of construction staging 
and permit more a objective comparison of 
options. For example, three-dimensional com
puter models can now be prepared to illus
trate constructability issues and conflicts for 
different sub-stages. The process can be better 
costed using more detailed quantities and 
spreadsheets, as well as more accurate esti
mates of labor, schedules and impacts. Yet, 
even these spectacular advances are a little bit 
deceptive. For one thing, these more detailed 
analyses and models are still based on 
assumptions (and we all know what "assume" 
stands for). They are pretty much the same 
type of assumptions that were used before the 
computer came along, but now we have the 
ability of studying five hundred options 
instead of just three because automation has 

freed us from a lot of the drudge work for the 
evaluation. In this case, it is possible to experi
ence "computer freeze," where you end up 
studying so many options that you can't 
decide on any. It may seem better because we 
can generate five hundred options instead of 
three, but maybe it's not. 

The perfect solution for evaluating two dif
ferent staging proposals would be to provide 
access to an alternate universe. You could end 
up building the job one way in the present 
universe and the other way in the alternate 
universe. Then you could exactly compare 
which staging method worked best. So far, 
this construction staging tool is not available 
because if it was, we could also go back in 
time and rub it in at the meeting where the 
not-as-good option was proposed. Going back 
in time is another technology that is not cur
rently available. 

Back in the real world, we marveled at the 
sequence of construction as one segment after 
another of the Central Artery was opened for 
business. In a few short years, the final struc
tures will seem like they were always there. 
The mystery and complexity of the construc
tion staging will fade into the planners' mem
ories. Maybe there will be a Central Artery 
Rest Home some day in the future. Engineers 
can retire to Boca (Raton, not the code) and sit 
on the porch on rocking chairs in a pleasant 
breeze, sip ice teas and reminisce about the 
glorious staging plans of days gone by and of 
the Lonely Lane. 

BRIAN BRENNER is a professor at Tufts University. 
He also worked with Bechtel/Parsons on the Central 
Artery Project. He served as Chair of the editorial 
board for Civil Engineering Practice for seven 
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Digital Shorelines for Boston Harbor, Frank T. Manheim & 
Andrew McIntire, Spring/Summer 1998, pp. 35-48 

Dredging Design & Hydrographic Surveying, John A. 
DeRugeris, Spring/Summer 1998, pp. 17-30 

Floating Breakwaters for Small Craft Facilities, John W. 
Gaythwaite, Spring 1987, pp. 89-108 

An Innovative Bulk Barge Fender System, Charles B. Scott & 
Steve Johnis, Fall/Winter 1997, pp. 49-64 

Lessons From Hurricane Hugo: The Need for Codes & 
Performance Criteria in Marinas & Coastal Structures, Jon 
Guerry Taylor, Fall 1991, pp. 31-42 

A Model Coastal Zone Building Code for Massachusetts, Ad Hoc 
Committee on Coastal Zone Building Codes of the BSCES 
Waterway, Port, Coastal & Ocean Engineering Technical 
Group, Fall 1991, pp. 21-30 

Modern Marina Layout & Design, Duncan C. Mellor, Spring 
1992, pp. 87-102 

Replacement of the Sandy Hook Front Range Light, Noah J. 
Elwood & Chris Lund, Spring/Summer 2003, pp. 51-62 
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for Boston and Beyond 

Haley &Aldrich manages subsurface issues that result 
in successful projects - adding space below grade, 
speeding construction, mitigating site contamination, 
updating infrastructure, and reducing project costs. 

Our roots are in Boston, our locations are expanding. 
With 15 offices nationwide, our staff integrates 
experience, talent, and technology to offer creative 
solutions for client success. 

Call us at 617.886.7400 for a consultation as you 
begin to plan for your next project. 

HALEY& 
ALDRICH 
465 Medford Street 
Boston, MA 02129 
Haley Aldrich.com 

Northeaste 

GZA GeoEnvironmental, Inc. 
One Edgewater Drive, Norwood, MA 02062 

781•278•3700 FAX: 781•278•5701 
www.gza.com 

Geotechnlcal Engineering 

Contractor Support 

Environmental Investigations 

Environmental Remediation 

Sile Oevotopment Services 

Health & Safely Training 

Wetlands/Permltllng/Wastewator 

Solid Waste Management 

Geolechnlcal & Environmental 
Laboratories 

RCRA Monlloring/Audlls 

Drllllngffest Borings 
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• Highways, Bridges, 
Tunnels, Airports 
& Railroads 

• Urban & Regional 
Planning 

• Environmental 
Services 

• Water Resources 

• Facility Management 

Announcing our NEW Master of Engineering programs In: 

• Infrastructure Engineering 

• Geotechnlcal and Geoenvironmental 
Engineering 

• Structural Engineering 

• Water Resources Engineering 

Full-time or part-time study options available, 

Designed for Individuals with an accredited B,S, in Engl· 
neering who plan to enter or are currently in engineering 
practice in either the public or private sector. 

Includes coursework In legal or professional issues, 
and a capstone engineering project. 

For more Information, contact: 
Tufts University 
Graduate and Professional Studies 
617-627-3395 
engineer@tufts.edu 
Web: ase.tufts.edu/GradStudy 
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l!Lichtenstein 
Consulting Engineers 

Historic structures 

Construction 

39 Years of Transportation 
Engineering Excellence 

10 Michigan Drive, Natick, MA 01760 

Tel: (508) 647-0500 Fax: (508) 647-5609 



massachusetts 

Our Diversity is 
Our Strength 

Corporate Office: 

101 Accord Park Drive 

texas 

Norwell, MA 02061 

tel: 781.982.5400 

fax: 781.982.5490 

www.col-col.com 

malne 

M IT Massachusetts 
Institute of 
Technology 

Department of Civil and 

Environmental Engineering 
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Professional Services 

no problvm govs unsol vvd. 
~-

BLACK & VEATCH 
Innovative, cost-effective 
solutions that work. 

230 Congress Street, Suite 802, Boston, Massachusetts 02110 
617-451-6900 • www.bv.com 

listen. think. deliver:"1 

CDM 
World Headquarters 

One Cambridge Place,50 Hampshire Street 
Cambridge, Massachusetts 02139 

tel:617 452-6000 fax:617 452-8000 
www.cdm.com 

consulting• engineering• construction• operations 

Geotechnical, Environmental, 
Water Resources Engineers 

1021 Main Stmt 
Wincl,,.11,r, MA 01890 
781 721-4000, 781 721-407.l fax 
u1vw.gciconsultant.s.cmn 

IJI OEI Consultants, Inc. 

GUERTIN ELKERTON & ASSOCIATES, !NC. 

Engineers and Scientists 

II 
91 Montvale Avenue Stoneham, MA 02180 

tel: (800) 284-1048 fax: 781-279-7993 
e-mail: info@geainc.us 

web: www.geainc.us 

Engineering Fixed & Movable Bridges, 
Railways, Highways and Special 
Structures for over a Century 

1501 Broadway, NewYork, NY 10036 
T. 212.944.1150 F. 212.391.0297 www.hardesty-hanover.com 

Offices also In, Fl CT MD Ml NJ NY VA WA 

1111 Appfedore 
.. Engineering Inc. 
Pease International Tradeport 
15 Rye Street, Suite 305 
Portsmouth, NH 03801 
Tel 603.433.8818 
Fax 603.433.8988 
aei@appledoreeng.com 
vwwv.appledoreeng .com 

Marine Engineering 

Civil Engineering 

Waterfront Planning 

E:IBSCGROUP 
Land Development, 
Transportation and 
Coastal Consultants 15 Elkins Street 

Boston, MA 02127 

Pa 
CH.OS 

ENGINEEFINC:i 
aJRPORATlON 

tel: 617-896-4300 
800-288-8123 

fax: 617-896-4301 
web: www.bscgroup.com 

CHILDS ENGINEERING 
CCIRPCIRATICIN 

\VA r1 RI RON I I NGINErRING 

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

P. GIOIOSO & SONS, Inc. 
~~StHu/962 

50 Sprague Street 
Hyde Park, Massachusetts 02136 

(617) 364-5800 Fax (617) 364-9462 

Equal Einploynent Opportunity/Affirmative Action 

Gunther Engineering, Inc. 
Consulting Civil Engineers & Land Surveyors 

New England Survey Service (1932) 
Survey Engineers of Boston (1983) 

William S. Crocker Co.(1912) 
J.P. Hennessy Co./Brookline (1922) 

Aspinwall & Lincoln (1877) 

~ 
803 Summer Street, Boston, MA 02127 

Phone: (617} 464,JJOO • Fax: (617) 464-24'2 

Howard/Stein-Hudson Associates, Inc. 
A TRANSPORTATION CONSULTING FIRM www.hshassoc.com 
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MARINE CIVIL ENGINEERING 

PORT & HARBOR• COASTAL & OCEAN• STRUCTURAL 

JOHN GAYTHWAITE, P.E. 
CONSULTING ENGINEER 

MARITIME ENGINEERING CONSULTANTS, INC. 
155 PINE STREET 

MANCHESTER, MA 01944 
978-526-4071 

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 

Sulte132 

Newburyport 

Mttsst1c/1t1set1.,; 01950 

(9 78)--465-/428 
FAX (978)-465-2640 

vi,umssodates.neJ 

LEE MARC G. WOLMAN 

CIVIL ENGINEER 

172 CLAFLIN STREET 

BELMONT, MASSACHUSETTS 02178 

16171 464-3461 

Professional Services 

V iiiiRING 

/? 
INC. 
186 Lincoln Street 
Suite 200 
Boston, MA02111-2403 
T: 617-338·0063 
F: 617-338-6472 
1wiw.Jnel.com 

Clvll Emlnoenng , land SLIIVC\Ofll. T1alfic Engineering • Panning • GIS SeNIC-OS 

• Surface 
Transportation 

• Air 
'frnnsportntion 

• Roil/Transit 

• Civil/Site 
• Air, Water, 

Environment 
• Commerce& 

Industry 

• Facilities 
• Public 

Outreach 

NEW ENGLAND OFFICES: 

Rocky Hi'!~ CT I Boston, MA I Sa!em. NH Portland. ME 1 Hallowell,ME 
i . Te_!: 860:_529.88~~- .. Tcl_:617.54~.424~ .... _Tcl:603.893:_0?16_ Tcl:207.879.7686 Tel:207.623.9188 

r{B!~~,,,,!!'1P,~Op 
Call: 978-532-1900 

Your Natural Resource for Innovative Solutions since 1899 

Weston & Sampson Engineers, Inc. 
Five Centennial Drive, Peabody, MA 01960 

www.westonandsampson.com 
Fax: (978) 977-0100 

1aZALLEN 
ENGINEERING 

1101 Worcester Road 
Framingham, MA 01701 

Tel. 508 / 875-1360 
www.zallenengineering.com 

Investigation of 
Structural Failures 

Investigation of 
Problem Structures 

Consulting in 
Structural Engineering 

CIVIL ENGINEERING PRACTICE SPRING/SUMMER 2004 87 



GALE 
Gale Associates, Inc. 

• Engineers 

• Architects 

• Planners 

Boston 
(800) 659-4753 

Baltimore 
(800) 366-1714 

With offices in: 

Orlando 
(800) 326-5693 

San Francisco 
(800) 704-0325 

Join the oldest engineering society In the United States 

BSCES 
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 0210B; (617) 227-5551, Fax (617) 227-673B 
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