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Procedures 

Ultrasonic Inspection 
of Waterfront Timber 
Structures: An Economic 
Advantage to the Marine 
Facility Owner 

Ultrasonic inspection is a 
viable alternative to traditional 
means of inspecting underwater 
wooden structures, which can 
be misleading and which can 
result in greater repair and 
maintenance costs. 

CRAIG R. MORIN, SCOTT CHRISTIE 
&KURT FEHR 

Maintenance of waterfront structures 
has always been limited by the qual
ity of information available to the 

facility owner or engineer. Decisions on 
whether to replace, repair or redesign are bal
anced precariously on the current condition 
and predicted structure lifespan. Ultrasonic 
testing of timber piles represents an opportu-

nity to accurately direct financial, physical 
and technical resources to an aging "fleet" of 
marine timber structures. 

Wood, because of its inherent variations in 
quality and its unique susceptibility to biolog
ical agents, usually finds itself on a premature 
ride to the incinerator. This early retirement 
can be driven by the desire to use newer exot
ic materials but more often than not it is the 
result of the limitations of the inspection tech
niques available to produce accurate data on 
which the owner or engineer can make confi
dent decisions. 

Traditional inspection techniques to evalu
ate and assess the condition of aging timber 
structures include visual observations, tactile 
probing, hammer testing and mechanical cor
ing. While these inspection methods can 
determine the physical dimensions of a timber 
member and provide estimates of the amount 
of internal deterioration, they do not ade
quately quantify the material's condition, 
strength or durability. Non-destructive ultra-
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sonic testing devices can be used to character
ize the internal condition of timber members. 

In the hierarchy of marine structure costs, 
inspection is at the tip of an inverted cost 
pyramid. Where thousands of dollars are 
spent oninspection, tens of thousands will be 
spent on engineering and in turn hundreds of 
thousands of dollars on construction. 
Important economic decisions are based on 
inspection and it is vital to identify the key 
economic impacts of inspection on facility 
operations. 

Background 
Waterfront structures are subject to a variety 
of environmental conditions that lead to the 
deterioration of structural members and their 
unforeseen premature failure. Severe weather 
conditions, extreme loadings and biological 
agents can reduce the structural capacity and 
integrity of waterfront structures by reducing 
their thickness or overall dimension and their 
ability to sustain design loads. While steel and 
concrete structures suffer primarily from 
mechanical, chemical and electrolytic forces, 
timber is subject to mechanical and biological 
agents such as fungi, insects and marine bor
ers. 

Fungal Decay. Fungal decay in timber struc
tures occurs where moisture, oxygen and 
moderate temperatures are present, which 
typically pertain to the portion of waterfront 
structures above the mean high water line. In 
this region, fungi develop and produce either 
dry or wet rot depending on the amount of 
moisture and ventilation encompassing the 
structure and the species of fungi present. As 
the fungi break down the wood for food, the 
timber loses its strength, thereby decreasing 
the mechanical properties of the structural ele
ment. 

Insect Damage. The most common insects 
that can cause deterioration in waterfront 
structures above the mean high water line are 
the termite and carpenter ant. Termites feed 
on wet or dry wood in order to gather sugars 
and starches from the sapwood. Since the 
wood is a source of food for the termite, the 
extent to which it will deteriorate a timber ele
ment is unlimited. In contrast, carpenter ants 
burrow in moist decaying wood,· not as a 

6 CIVIL ENGINEERING PRACTICE FALL/WINTER 2007 

source of food, but rather to build nests for 
their colonies. The voids that are created by 
termites or ants can reduce the physical and 
mechanical properties of structural elements, 
leaving them subject to early failure. · 

Marine Borer Infestation. Marine borers have 
presented a problem for mankind ever since 
wood was first put into the ocean. Christopher 
Columbus and other great marine explorers of 
the fifteenth and sixteenth centuries were 
plagued by marine borers and were probably 
more concerned about developing leaks due 
to shipworm damage than sailing off the edge 
of the world. 

To combat the threat of marine borers, 
ancient mariners would scorch the outside of 
their ships or sheath their ships' hulls with a 
thin layer of metal that would act as a protec
tive skin. More modem methods of prevent
ing marine borer attack on wood have concen
trated on the use of chemicals. Toxic salts and 
creosote-based preservatives form effective 
barriers against marine borers when forced 
into wood under pressure. While these preser
vatives typically penetrate several centimeters 
into the wood, injuries that pierce the protec
tive layer and/ or areas of insufficient treat
ment allow marine borers access to the 
untreated portion of the wood. 

In North America, there are three genera of 
marine borers that are of major importance. 
The crustacean limnoria spp. and the mollusks 
bankia setacea and teredo navalis. Limnoria spp. 
is commonly called a sea louse or gribble. Teredo 
navalis and bankia setacea are similar in appear
ance to each other and are often called teredo 
or shipworm. Today, marine borers' appetite for 
wood continues to destroy millions of dollars 
of timber in North America annually. 

Standard Inspection Methods 
Visual Inspection. By definition, visual inspec
tions require an unobstructed view of the tim
ber surface. This type of inspection is general
ly possible for superstructure elements such as 
pile caps, stringers and deck boards, with the 
exception of the interfaces between structural 
elements. In addition to being obstructed from 
view, these contact surfaces frequently accu
mulate moisture that results in accelerated 
deterioration. 



For piles below the high water mark, it is 
often necessary to remove the marine growth 
(a costly procedure) before a visual inspection 
can be completed, and even then good water 
clarity is essential to properly examine the 
pile. Further complicating the visual inspec
tion process is the inconsistent correlation 
between external evidence of insect or marine 
borer attack and the underlying damage. 
During its lifespan bankia setacea will increase 
in volume two billion times and the only evi
dence on the pile surface will be a 1-millime
ter-diameter entrance hole. In terms of cross
section loss, the internal tunnel of an adult 
bankia setacea or teredo navalis could increase 
by as much as 225 times and 100 times, 
respectively, over the size of the entrance 
hole. These factors limit visual inspections to 
providing a good assessment of external dam
age and at best an opinion as to the internal 
condition. The accuracy of visual inspections 
has been described as being less than ±25 
percent.1 

Visual inspections are further complicated 
by variability in inspector training and experi
ence. It is not uncommon for a timber element 
to be rated differently by two different inspec
tors or to be rated differently on two separate 
occasions by. the same inspector. This subjec
tive interpretation of results makes compari
son of past and present inspection results 
impossible and creates a lack of confidence 
when performing maintenance ~nd budget 
planning or loading calculations to determine 
the safe capacity of a structure. 

Hammer Sounding. The tone emitted by a 
timber when struck by a hammer can, in some 
instances, indicate the level of decay. While 
the tone of a heavily damaged timber can be 
remarkably different from the tone in a sound 
timber, the subtle differences in pitch associat
ed with lower levels of damage and the vari
ability within any given piece of wood are in 
most cases not a reliable indicator of internal 
voids or the hardness of the material. This 
method of inspection relies entirely on the 
hearing ability and experience of the inspector 
and again results only in an opinion as to the 
condition of a timber. As in the case of visual 
inspections, hammer sounding also requires 
the surface of the timber to be clean and 

results often differ from one inspector to 
another. Underwater hammer sounding only 
compounds difficulty in inspection. 

Coring & Drilling. Coring and drilling is a 
laborious method of inspection that produces 
results on a specific location of a timber mem
ber. The limited size and number of cores that 
can be taken (for economic and structural rea
sons) produces results that may or may not 
reflect the condition throughout the entire 
timber element. This inspection method has 
often been described as a "two-dimensional 
test looking for a three-dimensional problem." 

Typically, insect tunnels run in any direc
tion along a member, while marine borer tun
nels normally extend along the grain. When 
cores are taken they may or may not intersect 
one or more of these tunnels. If there is only 
one tunnel in a timber and the core passes 
through it, the inspector will be misled into 
predicting the timber is in poor condition. 
Conversely, if there are several tunnels and the 
core misses the damage, then the inspector 
will wrongfully consider that the timber is 
undamaged. In addition, the core provides no 
evidence as to the length of the tunnel - the 
third dimension. The solution to these issues 
is to take more cores, which significantly 
increases inspection costs and can cause more 
damage than the deterioration they seek to 
identify. If core holes are not plugged with 
marine borer resistant materials, the risk of 
marine borer attack is increased. 

Resistance-to-drill-penetration tests suffer 
from the same problems as coring and rely 
heavily on the inspector's experience to deter
mine whether an element contains internal 
deterioration. The primary indicators of dam
age are the wood's resistance to drilling and 
the smell, look and feel of the extracted fibers 
- all of these indicators require a subjective 
opinion by the inspector. 

Ultrasonic Testing 
Ultrasonic instruments typically utilize stress 
wave testing techniques to measure the time 
of flight and/ or the signal strength (ampli
tude) of the returning sound waves. The 
longer the transmission time and the weaker 
the returning pulse, the greater the deteriora
tion. Through these quantitative measure-
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FIGURE 1. A typical ultrasonic testing meter. 

ments the subjectivity normally associated 
with the inspector can be removed and an 
objective prediction as to the internal condi
tion of a timber element can be made. While 
ultrasonic instruments have introduced 
numerical and repeatable results· into the 
inspection process, there are many factors that 
influence the transmission of stress waves and 
ultimately the number that appears on the 
instrument. Inspectors must be familiar with 
these factors and take them into account when 
operating ultrasonic instruments. Ultrasonic 
instruments also provide the opportunity to 
scan sections of wood in three dimensions, 
providing an overall assessment of the timber 
condition and a greater level of understanding 
of the internal structural conditions of the tim
ber members undergoing inspection. 

For timber pile sections located underwa
ter, there are two conditions that allow sound 
to be used effectively in the evaluation of 
internal marine borer damage. The first is the 
saturation of the pile by water that takes place 
after it is installed in a marine or aquatic envi
ronment. As the water infiltrates the millions 
of tiny air pockets in the wood it reduces and 
eventually eliminates the distortion effects 
that air has on sound transmission. In addi
tion, the water surrounding the pile acts as a 
couplant, allowing the pulses of sound waves 
to be transmitted efficiently to pile surface 
with little loss of signal strength. The second 
factor relates to the difference in speed of 
sound in wood versus that of water (approxi
mately three times faster in wood). This dif
ference allows ultrasound pulses to be trans
mitted into the pile being tested and the 
returning pulses received before the pulse 
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that is traveling through the surrounding 
water interferes with the returning pulse that 
has traveled through the wood. More specifi
cally, primary pulses of ultrasound are trans
mitted into a timber member and across the 
grain, setting up secondary pulses that travel 
along the grain. These secondary pulses in 
turn set up tertiary pulses that travel back 
across the grain and out into the surrounding 
water where they are received by the probe's 
transceiver. As marine borers tunnel into a 
timber pile, the water content of the pile 
increases, thus slowing and dampening the 
pulses of ultrasound. These changes to the 
returning ultrasonic pulses can be measured 
and then statistically correlated to the actual 
amount of cross-section remaining at a specif
ic section of pile. 

These factors were used as the basis to 
develop an ultrasonic instrument to test for 
internal marine borer damage in timber piles 
in the 1950s. These early instruments, and the 
ones that followed, were based on the use of 
donut-shaped magnetostrictive coils. They 
also provided accuracies of ±25 percent 
absolute error.2 In the mid-1980s and 1990s, a 
variety of shaped ferrite cores were employed 
to produce ultrasonic systems that improved 
the reliability and accuracy of timber testing 
equipment to ±10 percent relative error at an 
80 percent confidence interval.3 In the late 
1990s and 2000s, piezoelectric crystals 
replaced ferrite cores as the transmitters/ 
transceivers, resulting in accuracies of ±10 
percent at a 95 percent confidence interval. 

Ultrasonic Testing Meters. Ultrasonic testing 
meters, such as the one shown in Figure 1, can 
be used to identify areas of insect deteriora
tion and internal fungal rot that may other
wise go undetected in a visual, hamme{ 
sounding or coring inspection. 
· These instruments can be used quickly and 
effectively at various locations within a struc
ture in order to assess the condition of timber 
pile caps, stringers and deck boards. The 
transducers are placed against the flat surfaces 
of these members and the transmission times 
can be recorded for the ultrasonic waves to 
pass through the material. Special devices can 
be used to augment the transducers and 
enable timber pile inspections. 



Piezoelectric Resonators. Piezoelectric res
onators are used underwater to evaluate inter
nal damage in timber piles. The system shown 
in Figure 2 is a self-contained unit that the 
diver/ inspector passes over the pile surface. A 
series of light-emitting diodes alert the inspec
tor to suspect areas where a more detailed 
examination can then be made using the digi
tal readout. 

Typically, no cleaning of the pile surface is 
required; however, areas of dense calcareous 1 

or coral growths can impede the sound trans
mission into the pile. 

Ultrasonic Testing Program 
Timber waterfront structures are typically 
constructed of either southern yellow pine 
(east coast) or douglas fir (west coast), which 
are typically impregnated with pressure treat
ment preservatives to prevent deterioration 
and increase their life cycles. Ultrasonic tests 
performed on timber materials measure the 
time it takes for an ultrasonic pulse to travel a 
known distance and/ or the reduction in 
amplitude of the returning pulse. These 
changes to the ultrasound pulses are then 
used to predict the timber's condition. 

A limited testing program was established 
and performed for douglas fir and southern 
yellow pine members that included specimen 
samples that were examined under controlled 
laboratory conditions, as well as waterfront 
structures examined in situ in California and 
New Hampshire. The purpose. of this limited 
testing program was to introduce to owners 
and managers of waterfront structures the 
ease of use and reliability of ultrasonic testing 
equipment in waterfront inspection programs. 
An introductory set of parameters were devel
oped as the groundwork for future testing. 

. The specimen samples included two new 
3.5- by 3.5-inch, -No. 2 douglas fir members, 
and two new 3.5- by 5.5-inch southern yellow 
pine members. In-situ testing of members 
included timber deck boards and stringers of 
various sizes. 

Control Specimen Test Results. The control 
specimens were selected in order to measure 
the typical pulse velocity in douglas fir and 
southern yellow pine members with various 
sized voids in order to simulate various stages 

FIGURE 2. A typical piezoelectric resonator. 

of deterioration (see. Figures 3 through 8 on 
the next three pages). Voids were introduced 
by drilling holes at the ends of the members at 
least 4 inches deep that ranged from 0.375-
inch-diameter holes to slotted holes 4 by 1.25 
inches wide. Where large voids were placed 
near the ends of a member, a smaller void was 
placed between 4 and 8 inches from the end to 
increase the number of tests. 

Three readings were independently 
obtained at each test location, and the read
ings were taken in both directions in order to 
account for grain directionality. The averages 
of the three readings are shown in · Tables 1 
through 4 (on pages 13 to 14), along with the 
corresponding velocity. Based on these results, 
a suggested condition rating scale is presented 
in Table 5 (on page 15). 
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FIGURE 3. Douglas fir sample specimens S5 and S6. 

FIGURE 4. Douglas fir sample specimens S5 and S6 at Side A. Voids were created at the ends 
of the members to simulate internal deterioration. Circles indicate the locations for trans
ducer placement. 
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FIGURE 5. Douglas fir sample specimens SS and S6 at Side B. Similar voids and circles are 
shown. 

FIGURE 6. Southern yellow pine sample specimens Sl and S7. 
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FIGURE 7. Southern yellow pine sample specimens Sl and S7 at Side A. Voids were created 
at the ends of the members to simulate internal deterioration. Circles indicate the locations 
for transducer placement. 

FIGURE 8. Southern yellow pine sample specimens Sl and S7 at Side B. Similar voids and 
circles are shown. 
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TABLE 1. 
Ultrasonic Measurements on Douglas Fir: Tangent to Grain 

End Time Sample Pulse Velocity Suggested 
Sample Location Deterioration Average (sec) Width (ft) (ft/sec) Rating* 

S5 Al Void: 2.25" X 2.25" 85 

S5 A2 Void: 0.375" diameter 54 

S5 Bl vord: 1" diameter 56 

S5 B2 Solid 53 

S6 Al Void: 1.25" wide slot 57 

S6 A2 Solid 53 

S6 Bl Void: 2.75" wide slot 73 

S6 B2 Solid 45 

Note: 'See Table 5 on page 15 for an explanation of the rating scale. 

California Waterfront Structure (Douglas Fir) 
Test Results. At a waterfront structure in San 
Pedro, California, the timber deck boards and 
stringers were tested using an ultrasonic test
ing meter. It was noted that three different 
generations of deck boards were present, 
although the exact age of each generation 
was not known. These eras were labeled as: 
vintage, seasoned and new. Variation in 

0.292 3449 Serious 

0.292 5388 Fair 

0.292 5174 Fair 

0.292 5479 Fair 

0.292 5138 Fair 

0.292 5486 Fair 

0.292 4023 Poor 

0.292 6439 Good 

stringer vintage could not be determined. 
Average ultrasonic measurements were 
obtained for these members ap.d are listed in 
Table 6 (on page 15). 

Testing of the timber piles was also per
formed at this· site using · a piezoelectric res
onator. Results indicated that some piles con
tained severe voids and internal section loss 
due to marine borers. This information was 

TABLE 2. 
Ultrasonic Measurements on Douglas Fir: Normal to Grain 

End Time Sample Pulse Velocity Suggested 
Sample Location Deterioration Average (sec) Width (ft) (ft/sec) Rating* 

S5 A3 Void: 2.25" X 2.25" 77 0.292 3803 Serious 

S5 A4 Void: 0.375" diameter 44 0.292 6609 Good 

S5 B3 Void: 1" diameter· 46 0.292 6331 Fair 

S5 B4 Solid 45 0.292 6496 Good 

S6 A3 Void: 2.75" wide slot 68 0.292 4312 Serious 

S6 A4 Solid 45 0.292 6540 Good 

S6 B3 Void: 1.25" wide slot 53 0.292 5507 Fair 

S6 B4 Solid 34 0.292 8672 Good 

Note: 'See Table 5 on page 15 for an explanation of the rating scale. 
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TABLE 3. 
Ultrasonic Measurements on Southern Yellow Pine: Tangent to Grain 

End Time Sample Pulse Velocity Suggested 
Sample Location Deterioration Average (sec) Width (ft) (ft/sec) Rating* 

S7 A1 Void: 2.25" X 2.25" 127 

S7 A2 Void: 0.375" diameter 100 

S7 B1 Void: 1" wide slot 114 

S7 B2 Solid 99 

Note: *See Table 5 for an explanation of the rating scale. 

critical in the underwater inspection since the 
piles were jacketed with PVC wraps that 
could not be removed without considerable 
effort. For the sample piles, the wraps were 
removed and the timber pile conditions con
firmed. 

New Hampshire Waterfront Structure 
(Southern Yellow Pine) Test Results. At a water
front structure in Newington, New Hamp
shire, similar tests were performed on timber 
deck members and stringers using an ultra
sonic testing meter. Average ultrasonic meas
urements were obtained for these members 
and are listed in Table 7 (on page 16). 

0.458 3618 Poor 

0.458 4603 Fair 

0.458 4031 Poor 

0.458 4609 Fair 

Summary of Test Results. Timber elements 
that were tested using ultrasonic equipment 
were also examined using conventional 
mechanical inspection methods such as ham
mer sounding and coring and drilling. The 
testing program yielded consistent results 
between the mechanical test methods and the 
ultrasonic values used along with the suggest
ed condition rating system. Timber super
structure elements that were either aged or 
located in high-moisture areas exhibited lower 
ultraso11-ic velocities than members that were 
newer and located in well ventilated areas. 
Wrapped piles that were evaluated using the 

TABLE 4. 
Ultrasonic Measurements on Southern Yellow Pine: Normal to Grain 

End Time Sample Pulse Velocity Suggested 
Sample Location Deterioration Average (sec) Width (ft) (ft/sec) Rating* 

S1 A1 Void: 2.5" X 2.5" 164 0.448 2725 Serious 

S1 A2 Void: 0.375" diameter 71 0.448 6270 Fair 

S1 A3 Void: 2.5" X 2.5" 144 0.281 1954 Serious 

S1 A4 Solid: 0.375" diameter 42 0.281 6691 Good 

S1 B1 Void: 1" wide slot 119 0.448 3774 Serious 

S1 B2 Solid 75 0.448 5956 Fair 

S1 B3 Void: 4" wide slot 72 0.281 3934 Serious 

S1 . B4 Solid 45 0.281 6311 Good 

Note: 'See Table 5 for an explanation of the rating scale. 
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TABLE 5. 
Suggested Condition Ratings for Douglas Fir & Southern Yellow Pine 

Velocity Range 
Direction (ft/sec) Suggested Condition Rating 

Tangent 5500 < V Good: Material Does Not Contain Significant Deterioration 

Tangent 4500 < V < 5500 Fair: Material Contains Some Deterioration 

Tangent 3500 < V < 4500 Poor: Material Contains Substantial Deterioration 

Tangent V < 3500 Serious: Material Contains Excessive Damage 

Normal 6500 < V Good: Material Does Not Contain Significant Deterioration 

Normal 5500 < V < 6500 Fair: Material Contains Some Deterioration 

Normal 4500 < V < 5500 Poor: Material Contains Substantial Deterioration 

Normal V < 4500 Serious: Material Contains Excessive Damage 

piezoelectric resonator were examined when 
the wraps were removed for further visual 
and mechanical inspections in order to con
firm the results. 

oped and employed for evaluating both mate
rial types using ultrasonic testing. While the 
two materials exhibit different physical and 
mechanical properties, it is possible to identify 
deterioration in these members using a gener
ic condition rating system and non-destructive 
testing techniques. The use of ultrasonic test-

A comparison between the results for doug
las fir and southern yellow pine indicates that 
a basic condition rating system can be <level-

TABLE 6. 
Ultrasonic Measurements on a California Waterfront Structure 

(Douglas Fir: Normal to Grain) 

Time Sample Pulse Velocity 
Element Sample Average (sec) Width (ft) (ft/sec) 

Deck Boards (Vintage) 58.0 0.271 4670 

Deck Boards (Seasoned) 47.1 0.271 5750 

Deck Boards (New) 37.6 0.271 7203 

Stringer No. 1 158.0 0 .. 354 2242 

Stringer No. 2 720.0 0.304 420 

Stringer No. 3 74.3 0.304 4066 

Stringer No. 4 44.8 0.304 6743 

Stringer No. 5 101.4 0.333 3287 

Stringer No. 6 66.8 0.333 4990 

Stringer No. 7 54.5 0.333 6116 

Note: *See Table 5 for an explanation of the rating scale. 

Suggested 
Rating* 

Poor 

Fair 

Good 

Serious 

Serious 

Serious 

Good 

Serious 

Poor 

Fair 
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TABLE 7. 
Ultrasonic Measurements on a New Hampshire Waterfront Structure 

(Southern Yellow Pine: Normal to Grain) 

Time Sample Pulse Velocity Suggested 
Element Sample Average (sec) Width (ft) (ft/sec) Rating* 

Deck Timber (NH1) 124.8 

Deck Timber (NH2) 164.5 

Deck Timber (NH3) 179.2 

Note: *See Table 5 on page 15 for an explanation of the rating scale. 

ing provided a quick and reliable inspection 
methodology for both materials. 

Underwater Pile 
Inspection Data Review 
During the period from 1997 to 2006, 38,065 
piles were ultrasonically and/ or visually 
inspected. The age of these piles ranged from 
new to 60 years, with the majority of the piles 
ranging from 30 to 45 years in age. The data 
were broken into four categories. Table 8 pro
vides a summary of the damage noted in these 
inspections. 

The cross-section loss of 40 percent was select
ed as the point at which piles would typically be 
replaced. As soon as that 40 percent threshold 
was reached there would be no need to inspect 
the remaining pile section since it would require 
replacement. Based on this criterion, the results 
indicate that on any given structure: 

• 49 percent of the piles have sustained 

0.781 6262 Fair 

0.781 4749 Poor 

0.781 4360 Poor 

some level of damage; 
• 33 percent of the piles have sustained 

marine borer damage; 
• 4 percent of the piles can be accurately 

inspected visually; and, 
• 29 percent of the piles cannot be accurate

ly inspected visually. 

As the level of visible damage decreases 
from 40 percent section loss, the accuracy of a 
visual inspection becomes worse. As a result, 
piles showing evidence of marine borer attack 
(29 percent of any given structure) could be 
replaced prematurely or identified as sound 
when in fact the pile needed maintenance or 
replacement. 

Economic Advantages ·of 
Ultrasonic Testing 
Over the past five decades, ultrasonic testing 
has demonstrated that it is a valuable proce
dure in determining the condition of timber 

TABLE 8. 
Distribution of Damage in Timber Piles Inspected From 1997 to 2006 

Undamaged Piles 
I More Than 40 Percent 
Marine Borer Damage 

140 Percent Marine 
Borer Damage 

I Other 
Damage* I Total 

19,562 11,483 I 10,914 16,106 138,065 

51% 14% 129% 116% 1100% 

Note: *Damage caused by mechanical forces, insects and/or fungi. 
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FIGURE 9. The pyramid of total project cost. 

structures. By introducing ultrasonic testing to 
waterfront inspections there is less chance for 
"hidden" deterioration to be revealed during 
repairs. This increased accuracy adds confi
dence to repair operations and avoids the 
unexpected costs of this hidden damage. 

The additional amount of funding required 
to implement ultrasonic testing in a water
front facility inspection is a small fraction of 
the cost when compared to the expenses that 
are incurred when changes to design and con
struction are needed as a result of inaccurate 
inspection data (see Figure 9). 

For the owner or manager of a waterfront 
facility, it is imperative that the information 
obtained from a structural inspection is 
accurate and cost effective in characterizing 
the overall condition of the structure and its 
individual components. Important econom
ic dedsions are based on inspection data. 
Case studies indicate that the additional 

Construction Cost 
(Can Include Delays & Change Orders) 

Design Cost 

Inspection Cost 

effort spent during the inspection to employ 
ultrasonic testing can lead to a cost savings 
during design, construction and mainte-. 
nance. 

Case Study. In a recent wharf inspection 
project, 189 timber piles were inspected visu
ally above and below water. The results 
showed that 36 piles had 50 percent or greater 
cross-section loss due to marine borers and 
would have to be scheduled for replacement. 
Twenty-five of these piles were located in the 
interior of the structure and their replacement 
would be costly because of the overlying pre
stressed concrete deck. Estimated cost of 
repairs per pile ranged from $3,000 to $8,000, 
with the final repair biU estimated to be 
$75,000 to $200,000. · 

Due to the difficulty and cost associated 
with replacing the 25 interior piles, a second 
opinion was sought from a different contrac
tor. This second contractor performed an 

TABLE 9 . 
. A Comparison of Design & Construction Costs Against Inspection Method 

Number of Piles Cost of Design & 
Inspected " Cost of Inspection Construction 

Visual 25 $1,750 $75k to $200k 

Ultrasonic 25 $2,200 $12k to $32k 

Difference $450 $63k to $168k 

CIVIL ENGINEERING PRACTICE FALL/WINTER 2007 17 



ultrasonic inspection of the 25 interior piles. 
The results showed: 

• four piles had 75 percent or greater cross
section loss; 

• four piles had 35 to 15 percent cross-sec
tion loss; and, 

• 17 piles had 10 percent or less cross-sec
tion loss. 

The cost to design and replace the damaged 
piles found under the ultrasonic inspection 
would be $12,000 to $32,000. The second opinion 
resulted in a savings of design and construction 
costs of $63,000 to $168,000 (see Table 9). 

While the cost to perform an ultrasonic 
inspection is marginally more than a visual 
inspection, the cost savings in design, con
struction and maintenance can be substantial. 

Conclusions 
A limited testing program, historical data and 
case study demonstrate that ultrasonic testing 
equipment has useful application in water
front inspections. Ultrasonic testing devices 
can be used successfully to enhance facility 
inspections and provide owners and man
agers with accurate data that will save money. 
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Study 

In-Situ Testing for Site 
Characterization & 
QA/QC for Deep 
Dynamic Compaction 

Cone penetration testing, 
as well as dilatometer and 
instrumented dilatometer 
testing, are useful tools for 
quality assurance and control 
on in-situ densification projects. 

HEATHER J. MILLER, EDWARD L. HAJDUK, 
KEVIN P. STETSON, JEAN BENOIT & 
PETER J. CONNORS 

The Massachusetts Highway Depart
ment (MassHighway) relocated a sec
tion of U.S. Route 44 between Route 58 

in Carver and U.S. Route 3 in Plymouth in 
southeastern Massachusetts. The new road
way section is a four-lane divided highway 
that replaces the former two-lane highway. 
The study described herein was conducted at 
a section where mechanically stabilized earth 
(MSE) walls were constructed through former 
pond and cranberry bog areas. Prior to con-

struction, the native site stratigraphy consist
ed of standing water and/ or peat deposits of 
varying thickness that extend in depth up to a 
maximum of about 9.1 meters (30 feet). Glacial 
outwash deposits consisting of loose to dense, 
coarse to fine sands with lenses of silt, clay 
and gravel were encountered beneath the 
peat. A detailed description of site conditions 
prior to construction was prepared by 
MassHighway1 and a comprehensive study of 
the engineering properties of the peat is pro
vided by Paikowsky et al.2 

Due to right-of-way considerations that 
severely restricted the space available for the 
roadway and environmental concerns regard
ing the remaining cranberry bog sections, tra
ditional sloped earth embankments could not 
be used. Therefore, an innovative design 
incorporating sheet piling and MSE walls was 
used at the cranberry bog crossings. A typical 
cross-section of this design is presented in 
Figure 1. 

The construction project started with the 
installation of steel sheet piling through the 
pond/bog sections. The sheeting was located 
about 21.3 to 22.9 meters (70 to 75 feet) off the 
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FIGURE 1. A typical highway cross-section over organic soils (i.e., peat). 

proposed highway centerline. (The design and _ 
performance of the sheet piling is discussed 
by Yong.3

) The removal of the peat between 
the steel sheeting was accomplished without 
dewatering using a crane outfitted with a 
dragline bucket. After removing the peat 
deposits from within the sheet pile walls, 
granular fill was placed between the sheeting 
by pushing the material forward from the 
"land side" with a dozer. Fill was placed from. 
the dredged mudline (which varied widely in 
elevation) to approximately elevation 34.5 
meters (113 feet), which was roughly 1.6 
meters (5 feet) above the static groundwater 
table. Upper and lower limits representing the 
range in grain size distribution of the fill mate
rial is provided in Figure 2. The fill is general
ly classified as poorly-graded sand (SP or SP
SM) according to the Unified Soil Classifica
tion System. The mean D50 is approximately 
0.5 millimeters (0.02 inches). 

Since most of the sand was placed in a fair
ly loose state underwater the potential for liq
uefaction was a concern. Therefore, deep 

20 CIVIL ENGINEERING PRACTICE FALL/WINTER 2007 

dynamic compaction (DDC) was used to den
sify the fill. In-situ testing was conducted 
before and after compaction to obtain baseline 
soil parameters and to assess the sufficiency of 
the DDC treatment. 

Deep Dynamic Compaction Program _ 
DDC is a process whereby soil is densified by 
repeatedly dropping a massive weight from a 
crane to impact the ground. Dynamic energy 
is applied on a grid pattern over the site, typi
cally using multiple passes with offset grid 
patterns. The DDC process, described in detail 
by Lukas,4 is generally very effective in densi
fying loose granular deposits. The degree of 
improvement is a function of the applied ener
gy per unit cross-sectional area, which is relat
ed to the tamper mass, the drop height, the 
number of drops and the number of passes 
applied. The depth of improvement can be 
estimated using an empirical equation devel
oped by Lukas:4 

D=n(WH)°-5 (1) 
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FIGURE 2. Grain size distribution of backfill material. 

where: 
D = depth of improvement in meters; 
W = mass of tamper in megagrams; 
H = drop height in meters; and, 
n = empirical coefficient (for pervious 

soil deposits with a high degree of 
saturation, a value of 0.5 is recom
mended; for semi-pervious soils 
with a high degree of saturation, a 
value of 0.35 to 0.4 is recommended) 

According to Lukas,4 the maximum improve
ment resulting from DDC is likely to occur with
in the zone from about one-third to one-half of 
the depth, D, calculated using Equation 1. 

The DDC planned for this project consisted 
of two passes over the site. In-situ testing was 
conducted to evaluate the effectiveness of the 
DDC, with data collected prior to DDC and 
after the initial two passes of DDC. A third 
pass of DDC was applied to any areas where 

the initial compaction was not deemed suffi
cient. The layout for each pass consisted of a 
square pattern with a spacing of 4.6 meters (15 
feet). The second pass was offset within the 
center spacing of. the first pass. A typical DDC 
layout for the project is presented in Figure 3. 
At each grid point location, a maximum of 
nine drops were applied, with less drops 
applied if the depth of the crater exceeded 
approximately 1.52 meters (5 feet). In some 
instances, the number· of drops applied 
and/ or the .drop heights were reduced in 
response to the lateral movement of the sheet 
pile walls and/ or sand boils that occurred 
over portions of the site. 

The DDC was conducted using a tamper· 
weight of 13.15 tonnes (14.5 toris). The tamper 
was a six-sided lead weight with an approxi
mate diameter of 1.52 meters (5 feet) and a 
height of 0.90 meters (35 inches). Drop heights 
varied with distance from the roadway center-
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FIGURE 3. A typical DDC layout pattern. 

line. From the roadway centerline to 11.4 
meters (37.5 feet) from the roadway centerline, 
the DDC drop height was 18.3 meters (60 feet). 
From a distance of 13.7 meters (45 feet) from 
the roadway centerline and beyond, the drop 
height was reduced to 9.1 meters (30 feet). The 
decrease in drop height was implemented to 
reduce the lateral stresses on the sheet piling 
from the DDC. 

In-Situ Testing Program 
An extensive in-situ testing program was car
ried out prior to design and construction that 
included soil borings with standard penetra
tion testing.1 Additional testing was conduct
ed to provide baseline conditions of the back
fill and to assess the degree of compaction 
resulting from the DDC. For quality control 
(QC) purposes, MassHighway elected to use 
cone penetration testing as a means of estab
lishing ground improvement criterion. Con
struction specifications required an initial 
round of piezocone penetration testing 
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9.1 m (30 ft.) 
Drop Height 

From Ref 5. 

(CPTU) to be conducted prior to DDC, and a 
verification phase of CPTU after two passes of 
DDC.6 In addition, seismic cone penetration 
testing (SCPT) was also conducted to collect 
soil shear wave velocities (V5). 

Supplemental in-situ testing was also con
ducted before and after DDC under a research 
contract between MassHighway and· UMass
Dartmouth (UMD). This testing included stan
dard penetration testing (SPT), drive cone 
penetration testing (DCPT), cone penetration 
testing (CPTU and SCPT), dilatometer testing 
(DMT) and instrumented dilatometer testing 
(IDMT). Extensive details regarding that 
research project are described by Miller et al.7

'
8 

and by Benoit and Stetson.9 The results of 
CPTU, DMT and IDMT conducted at this site 
are presented below. 

Cone Penetration Testing. The cone pen
etrometer consists of a steel probe with a con
ical tip that is pushed at a rate of 2 centimeters 
(0.8 inches) per second into the soil in accor
dance with ASTM D5778.10 Cone penetrome-



ters with a 15-square-centimeter ( 6-square
inch) projected tip area and a 225-square-cen
timeter (89-square-inch) friction sleeve were 
used throughout the testing. A porous piezo
element saturated in silicon oil is located 
behind the tip and detects in-situ penetration 
pore pressure during cone advancement. 

The CPTlJ data acquisition system records 
the cone penetration resistance (qc) and the 
local sleeve friction (f5). Typically, CPTU tip 
resistance values are adjusted to account for 
porewater pressure effects due to unequal end 
areas, and the "corrected" values are 

· expressed as qt. From that information, the 
friction ratio (FR) can be calculated as the local 
sleeve friction divided by the corrected tip 
resistance (f /qt), which is typically expressed 
as a percentage. 

CPTU is beneficial in obtaining continuous 
profiles that provide information concerning 
soil stratification and variation in soil proper
ties. Under the MassHighway construction 
specifications, the criterion for ground 
improvement was based on {:Orrected CPTU 
tip resistance (qt) values. The increase of CPTU 
tip resistance has been widely used to monitor 
the densification effect of various ground 
improvement techniques.11 Although· the use 
of shear wave velocities measured during 
SCPT has gained increased use for determin
ing the degree of ground improvement, specif
ically the resistance to liquefaction, 12 it was 
not used as a quality control (QC) indicator for 
this project. 

Dilatometer Testing. The dilatometer, intro
duced by Marchetti,13 consists of a stainless 
steel blade 95 millimeters (3.75 inches) wide 
and 15 millimeters (0.6 inches) thick with a 20-
degree apex. On one face of the blade is a cir
cular flexible steel membrane 60 millimeters 
(2.4 inches) in diameter. For this project, the 
dilatometer tests were carried out according to 
the ASTM D6635-0l.14 The dilatometer probe 
was hydraulically pushed into the ground at a 
rate of about 2 centimeters per second (0.8 
inches per second). At typical test intervals of 
15 to 30 centimeters (6 to 12 inches), the pene
tration was stopped and the membrane 
expanded against the soil. Three pressure read
ings (A, B and C) were recorded during a test 
and then corrected for membrane stiffness (P 0, 

P1 and P2, respectively). P0 is the pressure cor
responding to the initial movement of the 
membrane, P1 is the pressure at a displacement 
of 1.1 millimeters (0.04 inches) into the soil and 
P 2 is the pressure at which the membrane 
recontacts the body of the probe upon defla
tion. From the corrected pressures, Marchetti 
introduced the dilatometer indices Iv (material 
index), Kv (horizontal stress index) and Ev 
(dilatometer modulus), which can be used to 
empirically obtain various soil properties. 

The dilatometer has been previously used in 
monitoring ground improvement by various 
means including DDC. Schmertmann et al. and 
Marchetti et al. suggest that since most densifi
cation work is aimed at reducing settlement, 
the constrained modulus from the dilatometer 
is a better indicator of improvement than rela
tive density.15

'
16 The constrained modulus 

(MvMT) is empirically calculated using the 
dilatometer indices Iv, Kv and Ev. Conse
quently, this modulus inherently takes into 
account stress history and the state of stress. 
Their studies have also shown that increases in 
MvMT are often twice that observed using qc 
from the cone penetration test. In addition, set
tlement calculations based on the MvMT have 
been in good agreement with observed settle
ments. The horizontal stress index (Kv) is also 
a good indicator of improvement as densifica
tion translates into an increase in the lateral 
stress coefficient. 

Instrumented Dilatometer Testing. One of the 
innovative field methods used in this testing 
program was a specially designed instrument
ed dilatometer. A standard flat dilatometer 
was modified at the University of New 
Hampshire in an effort to better understand 
the mechanics and soil response durin~ 
expansion of the dilatometer membrane.1 

IDMT allows for continuous measurement of 
the membrane displacement during the test, 
the pore pressure during insertion and testing, 
and the total pressure applied to the inside of 
the blade. These modifications were imple
mented without impacting the original blade 
design. Other similar probes have been previ
ously designed and built for field testing and 
for use in calibration chambers.18

-
22 

The testing procedure used for IDMT was 
essentially the same as for DMT, with the 
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FIGURE 4. Typical Initial and Verification CPTU results. 

exception of the unload-reload loop. For each 
test, an unload-reload loop was conducted at a 
membrane displacement of approximately 0.6 
millimeters (0.02 inches). The rate of pressur
ization was designed to reach the A-reading 
within 30 to 60 seconds, with the rate decreas
ing when approaching the A-reading to 
improve resolution at lift-off. For the remain
der of the test, the pressure rate was kept near
ly constant. To keep test times approximately 
constant, the average pressure rates during 
loading for the pre-compaction and post-com
paction profiles were 350 and 950 kilopascals 
(51 and 138 pounds per square inch) per 
minute, respectively. The final unloading rates 
were similar to the loading rates. 

QC Criteria. The ground improvement crite
rion was set as the minimum corrected tip 
resistance (q1) value that would prevent lique
faction of the backfill between the sheet piling 
due to the design earthquake. These minimum 
q1 values were established using the proce
dures developed at the 1996 NCEER and 1998 
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NCEER/NSF Workshops on Evaluation of 
Liquefaction Resistance of Soils and outlined 
by Youd et al.23 The design earthquake for the 
project has a 2 percent probability of 
exceedance in fifty years (i.e., a 2,475 return 
period). According to the liquefaction analy
sis, the minimum required corrected tip resist
ance ranged between 5.75 to 7.66 MPa (60 to 80 
tsf). 

The CPTU program for this project was 
planned for two major phases: Initial and 
Verification. The first testing phase (i.e., Initial) 
was conducted prior to the start of DDC and 
would determine if the placed fill would 
require any ground improvement and, if so, it 
would serve as a baseline for the subsequent 
testing. The next testing phase (i.e., Verifica
tion I), was conducted after completion of the 
initial round (two passes) of DDC. If the back
fill did not meet the required minimum q1 cri
teria, then the areas not meeting the criteria 
would have additional rounds of DDC and 
CPTU until the established criteria were met. 



Several small sections did not meet the estab
lished qt criteria in the Verification I phase. 
Therefore, a third pass of DDC and subse
quent CPTU, labeled as Verification II, were 
performed in those areas. 

In-Situ Test Results. In general, the CPTU 
locations for the QC program were spaced 
30.5 meters (100 feet) apart along the center
line of the new roadway. At even station num
bers, CPTU soundings were conducted at the 
centerline and in the eastbound (right offset) 
and westbound (left offset) lanes at distances 
of 18.3 meters (60 feet) where appropriate. At 
odd station numbers, CPTU soundings were 
conducted along the eastbound and west
bound lanes at distances of 15.2 meters (50 
feet) where appropriate. In certain instances, 
additional CPTU soundings were conducted 
at the centerline at odd station numbers. 
Every fifth CPTU sounding had shear wave 
measurements conducted at 1-meter (3.3-foot) 
depth intervals. A detailed summary of the 
CPTU and SCPT results is presented by 
Hajduk et al. 5 Analysis of the corrected tip 
resistance results showed that, with the excep
tion of a few areas, DDC improved the soil so 
that the minimum corrected tip resistance of 
7.66 MPa (80 ts£) was achieved within the 
placed fill. Typical qt results from the Initial 
and Verification I testing phases are presented 
in Figure 4. In that figure, it should be noted 
that "outside DDC" refers to CPTU soundings 
that were conducted between the sheet piling 
and the outermost DDC drop point locations. 

As part of the research contract between 
MassHighway and UMass-Dartmouth, exten
sive testing was performed between Stations 
156+00 and 159+00 to enable the comparison 
of different in-situ test results. A total of twen
ty-three dilatometer profiles were conducted 
on four separate sessions. Testing included fif
teen profiles using the standard Marchetti flat 
dilatometer and eight profiles using the 
instrumented dilatometer. Figure 5 shows typ
ical profiles of corrected pressures P 0, P 1 and 
P2 for DMT-102 and DMT-104, conducted 
prior to DDC near the sheeting at Station 
156+00 and near the highway centerline at 
Station 159+00, respectively. It should be 
noted that for most of the DMT soundings, the 
fill from the ground surface to a depth of 

about 1.52 meters (5 feet) was pre-bored with 
a hollow stem auger and then the DMT 
soundings were initiated at a depth of about 
1.83 meters (6 feet). This modification was 
done to avoid damage to the dilatometer 
blade, since the upper fill material was fairly 
dense as a result of construction traffic 
through the area and it also contained some 
gravel. 

Below elevation 28 meters (92 feet), profile 
DMT-104 shows a dramatic decrease in P1 and 
an increase in P2 (above hydrostatic condi
tions), indicating that a 1.22- to 1.52-meter (4-
to 5-foot) layer of soft organic material was left 
in place prior to filling that area. The material 
above elevation 30.8 meters (101 feet) appears 
to be stiffer at DMT-104 than at DMT-102. This 
increased stiffness is likely due to the heavy 
construction traffic that occurred along the 
centerline during and after the filling opera
tions. Although the two profiles are approxi
mately 91 meters (300 feet) apart, the results 
(excluding the deeper soft layer and the upper 
compacted zone) seem to show that the filling 
process was minimally variable, especially 
with respect to P0. 

Profiles of pre-DDC CPTU data from 
approximately the same location as DMT-104 
(Station 159+00, centerline) are shown in 
Figure 6. The influence of the heavy construc
tion traffic along the centerline is clearly 
reflected in the high CPTU qt values within the 
upper 3.05 meters (10 feet) of fill. Just below 
elevation 28 meters (92 feet), the drop in tip 
resistance and increases in pore pressure and 
friction ratio also suggest that a 1.22- to 1.52-
meter (4- to 5-foot) layer of soft organic mate
rial was present below that elevation, just as in 
DMT-104. 

Figure 7 shows two typical corrected pres
sure-displacement curves for instrumented 
dilatometer profile IDMT-104, also conducted 
prior to DDC near the highway centerline at 
Station 159+00. Test IDMT-104 at elevation 
30.14 meters (99 feet) was carried out within 
the hydraulic sand fill, while test IDMT-104 at 
elevation 26.36 meters (86.49 feet) was carried 
out within the zone of soft organic material 
that had been left in place prior to backfilling. 
These IDMT test curves are corrected for 
membrane stiffness. The pressure-displace-
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ment curves are similar in appearance to self
boring pressuremeter curves. As the internal 
pressure approaches the lateral stress in the 
ground, the membrane starts lifting off. 
Because of soil disturbance due to blade pene
tration, excess pore water pressures are gener
ated in the soft organic zone, leading to a sub
stantial increase in lateral stress. That increase 
in lateral stress is reflected by the significantly 
higher lift-off pressure shown in Figure 7 for 

the test at elevation 26.36 meters (86.49 feet). 
The response for the test in the soft zone is rel
atively flat following the unload-reload and 
actually shows a decrease in pressure with 
increasing displacement as the membrane 
stiffness becomes a significant component of 
the total pressure. 

26 CIVIL ENGINEERING PRACTICE FALL/WINTER 2007 

It should be noted that MassHighway con
ducted additional soil borings at Station 159+00 
(as well as at other locations) that confirmed 
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FIGURE 6. Pre-DDC CPTU results near the centerline at Station 159+00. 

that isolated pockets of organic material (i.e., 
peat) had been left in place during the initial 
dredging and backfilling operations. It was 
decided to remove the granular fill at those loca
tions, excavate the peat and then replace the 
granular fill prior to commencing the DDC pro
gram. That work was completed during the fall 
of 2002, and additional baseline in-situ testing 
was conducted in those "re-muck" areas during 
December 2002 and January 2003. 

DMT and IDMT test profiles were carried 
out following DDC to assess the effects of 
DDC on various parameters. Figure 8 shows 
two IDMT tests carried out at approximately 
the same depth, before and after DDC. The 
pressure-displacement test curves clearly 
depict the improvement from DDC. The 
improvement is reflected in terms of higher 
lift-off and, thus, increased horizontal stress 
(or K), as well as an increase in stiffness as 
indicated by the significantly larger pressure 

required to reach 1.1 millimeter (0.04 inch) 
expansion. Increases in lateral stress have also 
been reported bi others using DMT for 
QA/QC of DDC.1 

,
14 An enlarged view of the 

unload-reload loops for each of those two tests 
is shown in Figure 9 (on page 30). A straight 
line between the start of reloading and the 
loop closure is used to calculate the unload~ 
reload modulus. It should be noted that the 
test curves in Figure 8 show every five data 
points recorded, while the unload-reload 
loops in Figure 9 show every data point. Also, 
in Figure 9, the data for IDMT-102 and IDMT-
202 are plotted on the left-hand and right
hand axes, respectively. 

Figure 10 (on page 31) shows unload-reload 
modulus values for IDMT soundings IDMT-
102, IDMT-202 and IDMT-302. As expected, 
the modulus values are greater following 
compaction with the most significant increas
es above elevation 28 meters (91.9 feet). 
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According to Lukas," the maximum improve
ment should be approximately between eleva
tions 31.7 and 32.6 meters (104 and 107 feet). 
The results shown in Figure 10 indicate that 
the maximum improvement zone may extend 
somewhat deeper than those predicted eleva
tions. Post-compaction modulus values in the 
maximum improvement zone are about two 

· times larger than the pre-compaction values. 
The native material is at an elevation of about 
28 meters (91.9 feet), and little improvement in 
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modulus values has occurred below that ele
vation. The pre- and post-compaction modu
lus values seem to indicate the presence of a 
soft organic pocket at elevation 29.5 meters 
(96.8 feet), and also a relatively soft zone at 
about elevation 28.2 meters (92.5 feet). 

Figures 11 and 12 (on pages 32 and 33) 
show profiles of the horizontal stress index 
(K0) and the constrained modulus (MoMT) for 
two adjacent DMT soundings conducted near 
Station 156 (one prior to compaction and the 
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other conducted after compaction with DOC). 
Both figures show expected increases in later
al stress due to compaction with the most sig
nificant increases between elevations 30.0 and 
32.0 meters (98.4 and 105 feet). The maximum 
improvement appears to be approximately 
between elevations 30.5 and 31.1 meters (100.1 
and 102 feet), where post-DOC values of con
strained modulus are about fifteen to twenty 
times larger than the pre-compaction values. 
Below that depth, the horizontal stress 

increase attenuates, but still remains higher 
than the pre-compaction stage. 

Profiles of tip resistance values in CPTU 
soundings conducted near the sheeting (east
bound lane) at Station 156+00 are shown in 
Figure 13 (on page 34). Sounding 156 EI2 was 
conducted prior to compaction, and sounding 
156 R2S was conducted after compaction with 
DOC. It is interesting to note that, within the 
upper 0.9 to 1.2 meters (3 to 4 feet) of fill, the 
post-DOC q1 values shown in Figure 13 are 
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actually less than the pre-DDC values. As 
noted previously, pre-DDC qt values within the 
upper 0.9 to 1.2 meters (3 to 4 feet) of fill were 
quite high due to compaction from heavy con
struction traffic. Ground improvement in this 
upper zone was not expected, since DDC 
severely affects near surface soils, resulting in a 
looser surface after the process is completed. 

Below elevation 33.5 meters (109.9 feet), 
Figure 13 shows expected increases in tip 
resistance due to compaction. The most signif-
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icant increases are approximately between ele
vations 30.0 and 33.0 meters (98.4 and 108.3 
feet), which is consistent with the DMT data. 
The maximum improvement zone appears ·to 
be approximately between elevations 31 and 
32 meters (102 and 105 feet), which is slightly 
higher than the maximum improvement zone 
indicated by the DMT data. Within the zone of 
maximum improvement, the post-DDC qt val
ues are about five to eight times larger than 

· the pre-compaction values. 
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Based on a 13.15 tonne (14.5 ton) tamper 
and a 9.1 meter (30 foot) drop height, the 
depth of improvement computed from 
Equation 1 using a coefficient, n, of 0.5 is 5.5 
meters (18 feet). The corresponding maximum 
improvement would then be predicted to 
occur within a zone between 1.8 and 2.7 
meters (5.9 and 9.0 feet) below the ground sur-

face (i.e., elevations 32.6 to 31.7 meters [107 to 
104 feet], respectively). For a drop height of 
18.3 meters (60 feet), the depth of improve
ment computed from Equation 1 would be 7.8 
meters (25.4 feet), with a corresponding maxi
mum improvement zone between 2.6 and 3.9 
meters (8.5 and 12.7 feet) below the ground 
surface. As noted previously, a detailed sum-

CIVIL ENGINEERING PRACTICE FALL/WINTER 2007 31 



0 

35 

34 

33 

32 

,_, 
E 3'1 _. 
C: 
0 -~ 

30 
(lJ 

i!i 

29 

2fl 

27 

26 

25 

0 

Horizontal Stress Index (K0 ) 

2 4 5 6 7 

' 

a 9 

' ' ' ' ' ' ' ' ' ' ' ' ' ' .- --- -- --~- ---- --1--- ____ J. __ - -- -- -'- -- -- -- -L- -- -- --

,I : : 
: : . l ' ' ' ' ' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ------L---- --1--------1--------l-------

' ' ' ' ' ' ' ' ----- __ J._ ------ ..I- --

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' --------1--, 
' ' ' ' ' 
i 

• □ 

. ' 
' ' ' ' ' 

- - - - - - _ j_ - - - - - - - ~ - - - - - - _ J _ - -- -- - _:_ -- -- -- -~ - -- -- --
l I I I I I 

1 : : : ! : 
I I I I I I 
1 I I f I l 
I I I · I I I 
I I I I I I 
I I I I I I 

- - - - ..L - - - - - - - J_ - - - - - _ -L - - - - - - - .1 - - - - - - - -'- - - - - -- - L - - - - - - -

l : l : ! l 
' ' ' ' ' ' : : : 
I I I .I I 1 --· --- ----~- -------r-------r------r-----r------

' ' ' ' ' ' ' ' ' ' ' -- --- - -..I- -------L-- -- -- -
' ' ' ' 

IDMT-1 02 (Pre-DDC) 
' ' ' ' ' ' ' ' 

IDMT-202 (Post-DOC) 
' ' ' ' ' ' 

10 

2 3 4 5 6 7 g 9 10 

Horizontal Stress Index (K0 ) 

!05 

--= _. 

·100 C: 
0 
.:: 
~ 
:> 
(lJ 

i!i 

95 

90 

BS 

FIGURE 11. Profiles of the horizontal stress index (K0 ) near Station 156+00. 

mary of 123 CPTU soundings conducted at 
this site is presented by Hajduk et al.5 Results 
were presented in terms of the improvement 
index for densification (Id), which can be cal
culated using the following expression:11 

(2) 

where: 
qt, before= Corrected tip resistance before 

32 CIVIL ENGINEERING PRACTICE FALL/WINTER 2007 

start of ground improvement; and, 
qt, after = Corrected tip resistance after 

densification at the same point in 
the subsurface. 

Values for Id greater than zero indicate that 
the in-situ soils have been improved (i.e., have 
experienced densification). Based on the aver
age values computed from all CPTU sound
ings, Id values exceeded zero to a depth of 
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about 11.3 meters (37 feet) below the ground 
surface within DDC treatment areas, and to 
about 8 meters (26.2 feet) in the areas between 
the sheet piling and the outermost DDC drop 
point locations. Within the zones of maximum 
improvement predicted from Equation 1, val
ues for Id ranged from about 2 to 4. Average Id 
values (both inside and outside DDC treat
ment areas) exceeded 2.0 down to a depth of 
about 4.9 meters (16 feet). DMT and IDMT 

data presented in Figures 10, 11 and 12 also 
show that DDC resulted in significant 
improvement down to a depth of about 4.9 
meters (16 feet) below the ground surface. 
Therefore, at this site, both the CPTU and 
DMT data indicate that the depth of improve
ment extended slightly below that predicted 
by Equation 1, and that the zone of maximum 
improvement may also be slightly deeper than 
that predicted using Equation 1. 

CNIL ENGINEERING PRACTICE FALL/WINTER 2007 33 



35 

34 

33 

32 

- 31 
E .._ 
C: 30 Q 

-..: 
~ 
> 29 ~ 

U-1 

28 

27 

26 

25 

24 

Corrected Tip Resistance (qt) (tsf) 

0 50 100 150 200 250 300 350 400 

0 

j -------- ! ------

' ' ' ' -- ----~ i ---u----; 
' ' ' ' : : 
' ' -----,- ---------
' ' ' ' 

--=-- 156 El2 (Pre-DOC) 

--=-- 156 R2S (Post-DOC) 

' ' ' ' ' I I I I I I 
,- -.- - - -- - - -T-- -- - - - - - -.- - - - - - - - -- r- - - -- - - - - ,- - - - -- - - - -r- - - - -- - - -
: : : : : . : 
! ·!Soft Zone: ! ! 1 
I I I I I I 
I I f I I I 
I I I I I l -:--- -- -- --:-- -- -- ---:- --- ---- --:- ----- ---:- --- -- -- --:-- ----- --

•: I : : : : 
1 I I I I 

l I : : : : 

- ---- . ---- .:----------~Seft.Z-oi:te-!- · -.- .. ----~---------~----------~. -. ·.-----

' ' ' ---------.J----
' ' i 
' ' 

5 

, I .I I I 

I : : : : 
I I I I 

: : : : 
- I I I I I 

---:---------r---------~- ---------r---------1----------~ ---------
I I I I I I 
l I I I I I 

: I : : : : 

I l : : : 
--- -I•----- -----1----- --- - - -f- --- --- - - -1- -- -- -----

1 : - : : 

--.J~;::~~ ' ' ' 
i ! ; 

-- -- -- ----- _J_ ----- - ___ L_ - - -- -- - _J _______ - --~- -- ----- -
I I I I 
I I I I 

: : : : 
I I I I 

: : : l 

10 15 20 25 30 35 40 

Corrected Tip Resistance (qt) (MPa) 

FIGURE 13. Profiles of CPTU corrected tip resistance (q1) near Station 156+00. 

110 

105 

100 ,_ 
~ 
C: 
Q 

~ 95 > 
~ 
U-1 

90 

85 

80 

As noted previously, the IDMT modulus 
values presented in Figure 10 seem to indicate 
the presence of a soft organic pocket at eleva
tion 29.5 meters (97 feet), and also a relatively 
soft zone at about elevation 28.2 meters (92.5 
feet). Those soft zones were identified in the 
IDMT data obtained both before DOC (IDMT-
102) as well as after compaction (IDMT-202, 
IDMT-302). ·1n contrast, although the DMT 
data (see Figures 11 and 12) and the CPTU 

data (see Figure 13) indicate soft pockets at 
approximately elevation 28.2 meters (92.5 feet) 
and elevation 29.5 meters (97 feet) after com
paction, the pre-DOC soundings obtained 
with those instruments did not clearly depict 
those zones during the baseline testing. 
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Conclusions 
The results of this study suggest that DMT, 
IDMT and CPTU are very useful tools for pro-



viding stratigraphic profiles as well as param
eters for QA/QC on in-situ densification proj
ects. During preliminary site investigations, 
tests using these three devices were helpful in 
identifying thicker pockets of organic soils 
(i.e., peat) that were not completely removed 
during the initial dredging operations. Based 
on data obtained near Station 156, it appears 
that the IDMT unload-reload modulus values 
were the most sensitive indicators of very thin 
zones of soft soils tested prior to compaction. 
After compaction, data from all three devices 
showed negligible increases in strength and 
stiffness values in those thin soft seams. 

The CPTU corrected tip resistance (qt) val
ues, the IDMT unload-reload modulus (Eaur) 
values and· the horizontal stress index (K0 ) 

and constrained modulus (MoMT) values 
obtained from DMT were all good indicators 
of densification effects. The DMT constrained 
modulus values appeared to be the most sen
sitive indicators of densification effects. Data 
from DMT, IDMT and CPTU all indicate that 
the depth of improvement resulting from 
DDC extended slightly beyond the depth 
predicted using Equation 1, and that the zone 
of maximum improvement may also be 
slightly deeper than that predicted using 
Equation 1. 
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Methods 

Pre-Assembly & 
Shipping of the New 
Providence River Bridge 

Assembling a bridge super
structure off-site and shipping 
it by barge can result in 
significant time and cost 
savings. 

BRYAN L. BUSCH & MICHAEL P. CULMO 

In an effort to speed construction, the 
superstructure and substructure of the 
new Providence River Bridge were built at 

the same time in two different locations. 
Sounds easy, but when the superstructure is a 
400-foot tied arch that weighs 2,800 tons, it 
takes a tremendous amount of coordination 
and calculations, along with an understanding 
project team. 

Background 
The Rhode Island Department of Transporta
tion is undertaking an ambitious project to 
reconstruct Interstate 195 (1-195) in downtown 
Providence, Rhode Island. This project 
involves a complete re-alignment of the high
way. The signature structure in this project is 

the new Providence River Bridge, which is 
located directly in front of the Providence hur
ricane barrier. The main span of the bridge is a 
400-foot-span tied arch structure that is over 
160 feet wide and that will carry eight lanes of 
traffic. 

The contractor chose to build the bridge 
superstructure at the old Quonset Point Naval 
Base and ship the bridge 12 miles due to 
severe construction limitations at the project 
site. Assembly at the remote site was done to 
save time and avoid problems with shoring 
and cranes at the bridge site. After erection, 
the 2,800-ton structure was jacked 30 feet into 
the air, transferred to rubber-tired trans
porters, rolled out onto two large barges and 
then shipped with tugboats to the site. 

A portion of the Providence River Bridge 
construction involved the transportation and 
delivery of fabricated bridge components. 
Getting these components to the assembly site 
required special overweight permit truck 
moves. The hauling of large fabricated bridge 
components, or "superloads," is another way 
to expedite the prefabrication of bridges. 
Modern heavy hauling equipment has revolu
tionized the hauling industry where moving 
loads in excess of 500 tons is not uncommon. 
While the Providence River Bridge compo-
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FIGURE 1. A typical spreader/dolly trailer. 

nents were not· in this weight range, their 
transport did require special permits. 

Heavy Hauling Equipment 
High load transport trailers are specifically 
designed to distribute large loads both longi
tudinally and transversely. These trailers have 
evolved from standard hauling flatbeds 'to 
sophisticated self-propelled machines. A num

. ber of heavy hauling transport trailers are 
used today to transport superloads. 

Spreader/Dolly Trailers. Until recently, the 
most common trailer· type for super loads was 
a spreader/ dolly trailer. Figure 1 depicts a 
typical spreader/ dolly vehicle. These trailers 
distribute the load to individual sub-trailers 
through spreader beams. This design results 
in a relatively even distribution of load to each 
individual axle. The axles are usually standard 
four-tire axles that are used on conventional 
hauling trailers. The connection of each 
spreader beam to the underlying trailer is a 
pivot point that can accommodate lateral turn
ing movements and slight vertical rotation 
due to uneven roadways. This type of trailer is 
powered by a single pulling tractor or a com
bination of several pulling tractors. 

FIGURE 2. A pneumatic multi-axle trailer. 
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Pneumatic Multi-Axle Trailers. Several com
panies have developed pneumatic trailers (or 
transporters) that have numerous axle config
urations. These trailers are modular, and they 
can be configured in many different lengths. · 
Figure 2 shows a sixteen-axle transporter. 
These transporters have sophisticated internal 
load distribution systems that are controlled 
through independent onboard hydraulic sys
tems. Each axle has four independent wheel 
sets (tires per axle) that are manifolded togeth
er tci provide equal load distribution to each 
wheel set. In addition, each axle is also linked 
through a hydraulic manifold so that each axle 
is equally loaded. The entire trailer can be 
raised or lowered and tilted from end to end 
and from side to side. In addition, each wheel 
set can turn independently. This steering sys
tem is independent of the tractor, which also 
aids in turning. The manifold system, com
bined with the turning capabilities, allow the 
transporter to travel over uneven ground and 
execute turns on normal city streets. The 
pneumatic trailers have power on board for 
steering, braking and leveling; however, they 
require the use of pulling and, sometimes, 
pushing tractors for movement. 



FIGURE 3. A side-by-side pneumatic multi-axle trailer. 

Side-by-Side Pneumatic Multi-Axle Trailers. 
This type of trailer is similar to the pneumat-

. ic multi-axle trailer except that multiple trail
ers are placed side by side (approximately 20 
feet wide). Figure 3 shows a double-wide 
transporter supporting over 500 tons. This 
configuration has sixteen wheels per axle, 
which provides maximum lateral load distri
bution to the bridge or roadway. 

Self-Propelled Trailers. Figure 4 depicts a 
trailer type that is similar to the pneumatic 
trailers except that the trailers are self-pow
ered for forward and· backward movement. 

FIGURE 4. A self-propelled trailer. 

These trailers do not need tractors, which can 
be very useful in confined areas such as city 
streets. They are also modular and can be con
figured in single-wide and double-wide set
ups. 

Spreader Frames Combined With Trailers. This 
type of trailer combines the more convention
al spreader/ dolly trailer with the more 
sophisticated pneumatic trailer. The spreader 
frame allows for maximum longitudinal load 
distribution. Figure 5 presents a large spread
er frame spanning two pneumatic multi-axle 
transporters that are supporting over 500 tons. 
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FIGURE 5. A spreader frame combined with a trailer. 

This particular frame is modular and can also 
be adjusted for length, which allows an engi
neer to optimize the spacing of the trailers for 
certain span bridges. Another added feature of 
a spreader frame is the ability to suspend the 
load between the frame girders to provide the 
lowest possible vertical height. This feature, 
combined with the ability to adjust the trailer 
vertically, allows a hauler to lower the piece to 
within inches above the pavement for critical 
underpasses. 

Modern Heavy Lifting & 
Moving Equipment 
Heavy lifting equipment have been used in 
bridge construction for years. Cranes and 
cylinder jacks are quite common. Large-scale 
bridge construction now involves more 
sophisticated equipment with capacities to 
move enormous loads. 

Strand Jacks. Strand jacks are normally used 
to move very heavy loads in the vertical direc
tion. They also have the ability to lift loads large 
distances in a very controlled manner. The sys
tem includes multiple steel strands passed 
through a series of hydraulic grips and jacks. 
The jack grips the strand and •raises it, then the 
strand is re-gripped and raised again. Figure 6 
depicts a detail of a typical strand jack. 

40 CIVIL ENGINEERING PRACTICE FALL/WINTER 2007 

Skidding Equipment. Skidding equipment is 
used to move very large loads laterally with
out requiring large anchorages to push 
against. The key to the system is to have the 
structure rest on a shoe that rests on a rail. 
Hydraulic jacks push between the shoe and 
the rail; therefore, no lateral force is placed on 
the structure being moved or on the structure 
(or ground) below. Figure 7 shows a large 
skidding system being used to move an oil rig 
platform. Skidding frames can move loads in 
excess of 20,000 tons. 

Use of High Load Transport 
Trailers for Superload Shipping 
Prior to the erection of the Providence River 
Bridge superstructure at the Quonset Point 
Pier, the fabricated components needed to be 
shipped to the erection site. Some of the indi
vidual fabricated arch sections weighed 87.5 
tons, and the fabricator was located in 
Connecticut. The total weight of the load, 
truck and trailer was in excess of 125 tons. The 
loads needed to travel from Connecticut to 
Rhode Island over normal highways. 

The two state departments of transportation 
(DOTs) have very different superload permit 
policies. In Connecticut, a permit for move
ment of a load this size is submitted by the 



hauler along with a selected 
route. The Connecticut 
DOT performs the analysis . 
of all bridge crossings and 
determines if the bridges 
along the route are capable 
of supporting the load. If 
the bridges are not capable 
of supporting the load, the 
DOT will help find a route 
to get around the deficient 
structure. In Rhode Island, 
the hauler is required to 
retain a licensed profession-
al engineer for all loads in 
excess of 100 tons. The engi
neer is required to invento
ry, perform a visual inspec
tion and perform a structur
al analysis on all structures 
along the proposed route. 
(Massachusetts has a 
process that is a combina-
tion of both the Connecticut 
and Rhode Island process-
es. The state analyzes all 
bridges on the major limit-
ed-access highways and the 
consultant analyzes all the 
local road bridges.) 

The proposed route 
from the Rhode Island bor-
der to the Quonset Pier 
crossed twenty-seven 
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structures that needed to FIGURE 6. Strand jack detail. 
be inspected and analyzed 
by the hauler. A preliminary look at the opti
mum route showed that some of the bridges 
could not support the proposed load. Because 
of this finding, alternate routes were investi
gated and found that were acceptable to the 
Rhode Island DOT. 

The process of moving large loads over 
roadways has changed in the last ten years. 
The equipment described here are commonly 
used for over-the-road hauling. It is not 
unusual for trailer loads to exceed 500 tons 
when carrying power plant equipment. None 
of the loads for the new Providence River 
Bridge project approached this ievel; however, 
the various state permitting processes 

required some degree of analysis of bridges 
for superloads. 

Longitudinal Load Distribution. The pur
pose of superload trailers and transporters is 
to provide maximum lateral and longitudi
nal distribution of the load. This distribution 
will inevitably reduces the live load force 
effects on the underlying structures. Longi
tudinal load distribution is often the most 
effective means of reducing live load 
moments and shears on bridges. Engineers 
can take advantage of different trailer types 
for different structures. The structures are 
classified as short-, medium- and long-span. 
These are general terms since the length of 
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FIGURE 7. A view of a skidding system. 

the trailer and the length of the bridge are 
interrelated. 

Multi-axle trailers are best suited for 
short-span bridges. By distributing the load 
longitudinally, the wheel loads can be 
reduced to values that are less than conven~ 
tional American Association of State High
way and Transportation Officials (AASHTO) 
loadings. Figure 8 depicts a typical multi
axle transporter traveling over a box culvert. 
Only several axles of the transporter are over 
the culvert at any one time. The effect on the 
culvert is similar to the effect of an AASHTO 
Lane Loading. The fact that typical trailers 
have up to sixteen wheels per axle also helps 
to distribute the load across the width of the 
road. 

Several types of trailers may be used for 
medium-span bridges. The required trailer 
type is a function of the span length and the 
structural capacity of the bridge. Figure 9 
depicts a multi-axle trailer with a spreader 
frame traveling across a single-span bridge. In 
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this sketch, only one-third of the trailer axles 
are on the bridge at any one time .. Even if the 
load were to be placed on a single multi-axle 
trailer, a significant portion of the load would 
be kept off the bridge at any time. 

In most cases for long-span and continuous 
, span bridges, it is not practical to make a trail

er configuration long enough to keep a suffi
cient number of axles off a long-span bridge 
during a crossing. Lengthening the load will 
help to reduce the moments in the girders, but 
only to a certain extent. Figure 10 depicts a 
multi-axle transporter with a spreader frame 
traveling across a long-span continuous 
bridge. The spreader beam reduces the posi
tive moments along the span. However, when 
the truck is positioned as shown, the negative 
moments near the piers can pose a problem. 

Lateral Load Distribution. While longitudinal 
load distribution is often the most effective 
way of distributing load on a bridge in order 
to ·reduce the force effects on the structure, it 
requires the use of extra-wide transporters. In 
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FIGURE 8. A multi-axle transporter crossing a box culvert. 

many cases, it is desirable to use a standard 
width truck so that disruptions to normal traf
fic are minimized. Also, in cases where longi
tudinal distribution cannot achieve the 
desired structural forces, lateral distribution of 
load is an option; 

The transverse distribution of load in a typ
ical highway bridge is achieved through the 
transverse cross frames and the bridge deck. 
The width of the trailer has a significant effect 
on transverse load distribution. By incorporat
ing a wider trailer, more structural members 
are engaged for load sharing. Using double
wide trailers does have some disadvantages. 
First, the effect of a double-wide trailer on 
traffic operations is significant. 'ln most cases, 
the roadway will need to be closed in order to 
provide satisfactory room for maneuverabili
ty. Superload trucks often move very slowly 
(less than 10 mph) in order to minimize the 
dynamicload effects, so roadway closure may 
be inevitable. For this reason, most state DOTs 
require that superloads travel at night in order 
to avoid traffic congestion. The second disad
vantage is the weight of the transporter. When 
a second transporter is added, the gross vehi
cle weight is significantly increased. It is not 
unusual for the weight of the transporter and 

tractors to approach the weight of the piece 
being moved. The result is that much of the 
gain in lateral load distribution is offset by the 
increased weight of the vehicle. In many cases, 
the net reduction in load effect is less than 20 
percent. 

Since, in many cases, the superload vehicle 
is the only vehicle on the roadway and is 
slowed to a crawl when crossing bridges, it is 
reasonable to specify precise lane assignments 
for the superload truck. The location of the 
truck can be positioned over beams with high
er load capacity and away from beams with 
reduced load capacity. In most cases, the cen
ter of the bridge is chosen in order to provide 
the best load distribution to most beams. On 
floor beam bridges, it may be desirable to 
travel near the curb line in order to reduce the 
live load moments in the floor beams. It may 
also be desirable to travel in the center of the 
bridge if the floor beams are adequate in flex
ure and better load distribution to main gird
ers is desired. 

In some cases, the negative moments near 
interior supports can control the load capacity 
of the bridge. Increasing the width of the trail
er can help, but the benefits are limited. If a 
longitudinal spreader frame with· multiple 

FIGURE 9. A 111,ulti-axle trailer with a spreader frame traveling across a single-span bridge. 
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FIGURE 10. A multi-axle transporter with a spreader frame traveling across a long-span con
tinuous bridge. 

trailers is used, it is possible to splay the trail
ers to distribute the load at the piers. Figures 
11 and 12 depict a three-span continuous gird
er bridge with a splayed trailer arrangement. 
Since each trailer has independent steering, it 
is possible to arrange the trailers as shown. 
This arrangement has little effect on the posi
tive moments when compared to a straight 
trailer arrangement. However, it has a signifi
cant effect on the negative moments at the 
piers. For any given girder line, the load case 
where the trailers are straddling the pier is 
eliminated. As a trailer approaches the pier on 
one side, the next span is essentially unloaded. 

Analysis of Bridges for Superloads 
The AASHTO Manual for Condition 
Evaluation of Bridges is the primary docu
ment for use in preparing load rating calcula
tions for permit vehicles.1 Using this docu-

ment, structural capacities can be calculated 
for normal traffic (inventory rating) as well as 
occasional overloads (operating rating). This 
manual is used in lieu of more elaborate three
dimensional modeling methods because it is 
often not practical to perform a refined analy
sis for the numerous highway bridges subject
ed to permit loads. The load factor method of 
evaluation is used for operating ratings. In 
this procedure, a load factor of 1.3 is used for 
both the dead load and the live load. The jus
tification for a 1.3 live load factor is that the 
actual weight of a permit vehicle is well 
known. In fact, most state DOTs require that 
individual axle loads be weighed on super
load vehicles prior to any proposed move. In 
general, the AASHTO manual can be used for 
the analysis of bridges for superloads; howev
er, a few minor changes to normal rating pro
cedures should be instituted in order to maxi-

Front Trailer 

Abutment 1 
Girder Frame 

Rear Trailer 

Abutment 2 Pier 1 

Pivot Bearing 

FIGURE 11. A plan of splayed trailers crossing a multi-span bridge.· 
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Rear Tractor & Trailer 

Gl G2 G3 G4 

FIGURE 12. A section of the splayed trailers. 

mize the accuracy of the analysis. A detailed 
grid analysis can be used for more accuracy; 
however, for typical moves that require travel 
over multiple bridges, this approach is 
impractical and not necessarily required. It is 
possible to produce adequate rating values for 
superload permit vehicles using normal line 
girder analysis procedures as outlined in the 
AASHTO manual with a few adjustments. 

Dynamic Load Allowance (Impact). The val
ues used in the AASHTO manual for impact 
are based on varying bridge surface condi
tions that occur during the bridge's service 
life. It is well. documented that dynamic load 
effects are much less for smooth bridge decks 
than for older deteriorated bridge decks. If a 
permit vehicle is crossing a smooth bridge 
deck, a lower impact factor is usually justified. 
The AASHTO LRFD Bridge Design Specifi
cation Article 3.6.2.1 provides some guidance 
for this situation.2 The dynamic load allow
ance for fatigue design is 1.15 times the static 
load effects as opposed to 1.33 for normal 
design. The lower value is generally acknowl
edged to represent an average dynamic load 
allowance for the life of a structure since 
fatigue life calculations are based on service 
level loads applied over many years. The 
bridge deck condition will vary from smooth 
when new to rough near the end of the service 
life. Article 2.4 of the AASHTO Guide Speci
fication for Fatigue Evaluation of Existing 

Load 

GS G6 G7 

Steel Bridges also notes this:' A value of 1. 10 to 
1.15 is usually justified for bridges with good 
surface conditions. If the vehicle will be trav
eling at walking speed, a value of 1.0 can also 
be justified. 

The AASHTO values for impact have been 
developed for vehicles traveling at normal 
highway speeds. It is also well known that 
vehicle speed has a significant effect on 
dynamic load allowance. Article 6.7.4 of the 
AASHTO Manual for Condition Evaluation 
of Bridges states that "impact may be 
reduced when conditions of alignment, 
enforced speed posting, and similar situa
tions require a vehicle to substantially reduce 
speed in crossing the structure."1 Most super
load permit vehicles travel at less than 10 
miles per hour. It is also reasonable to require 
that the vehicle crawl very slowly across the 
bridge. If this is done, the dynamic load 
allowance can essentially be reduced to 1.0. 
Figure 13 shows strain gage data for a 500-
ton load crossing a three-span bridge in 
Connecticut. Dynamic load effects would 
typically show up in a strain plot as superim
posed higher frequency variation within the 
overall strain plot. As can be seen in Figure 
13, the curves are quite smooth, which means 
that this bridge had no additional dynamic 
effects from the superload. Thus, a dynamic 
load allowance of 1.0 would be justified for 
this case. 
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Superload - Bridge # 03522 
July 23, 2002 @ 12:01 a.m. 

Girders 3 Through 7 

-G3(o) 

-G4(0) 
GS(o) 

""ll!iF-G6(o) 
-+- G7(o) 

Time (Minutes) 

FIGURE 13. Strain gage data from the Route 372 Bridge iit Connecticut. 

Lateral Live Load Distribution. There are sev
eral different methods available to determine 
live load distributions. The AASHTO Stan
dard Specifications for Highway Bridges were 
developed based on several conservative 
assumptions.4 First, it is assumed that the 
design vehicles can be in any location on the 
bridge deck. Second, the distribution factors 
are based on multiple trucks that are traveling 
side by side. It is also well known within the 
bridge community that the simplified design 
distribution factors in AASHTO (which only 
accounts for beam spacing) are very conserva
tive and produce very safe bridges. This 
approach works well when designing a bridge 
that will probably be subjected to illegal over
loaded vehicles during its lifetime, butit is not 
necessarily an accurate method for calculating 
stresses for a known superload. 

In a controlled move, such as a superload 
permit truck, the permit vehicle is often the 
only load allowed on the bridge during the 
crossing. Therefore, as a minimum, single-lane 
load distribution factors should be used for 

46 CIVIL ENGINEERING PRACTICE FALL/WINTER 2007 

analysis. In this case, a more accurate method _ 
for the calculation of the load distribution is 
justified. The AASHTO Guide Specification 
for Distribution of Loads for Highway Bridges 
can provide a significant improvement in the 
accuracy in calculating live load _effects of 
superload vehicles.5 This document is a result 
of the National - Cooperative Highway Re
search Program (NCHRP) Project 12-26, which 
involved an extensive investigation of the dis
tribution factors outlined in the AASHTO 
Standard Specifications. This investigation 
involved finite element analysis of different 
highway bridges. The distribution equations 
in this guide specification account for numer
ous factors such as· member stiffness, skew 
• and span length. The result is that the guide 
specification produces more realistic distribu
tion factors. The intent of the AASHTO Guide 
Specification for Distribution of Loads for 
Highway Bridges is that it should be used as a 
supplement to the AASHTO Standard Speci
fications. The specification sections numbers 
are consistent to the load, distribution sections 



Influence Surface Stress (ksi) 

Rear Trailer over GS & G6 

Front Trailer over G2 & G3 
Opposite Side of Bridge 

Time (Minutes) 

D 4.0 to 6.0 ksi 

□ 2.0 to 4.o ksi 

0.0 to 2.0 ksi 

-2.0 to 0.0 ksi 

FIGURE 14. Stress influence surface for the Route 372 Bridge (bending stresses at mid-span 
in Span 2). 

in the AASHTO Standard Specifications, 
which means that they are also consistent with 
the provision of the AASHTO Manual for 
Condition Evaluation of Bridges, since this 
manual uses the same process for analysis. 

A special problem exists if a double-wide 
superload transporter is used. The equations 
for live load distribution in all AASHTO spec
ifications are based on normal-width vehicles 
(10 feet wide). The increased width of a dou
ble-wide truck undoubtedly produces a better 
live load distribution than a single-width 
truck. The truck can be simply modeled as two 
side-by-side trucks traveling across the bridge. 
The weight of the truck can be taken as one
half the weight of the double,..wide truck, and 
the multi-lane live load distribution factors can 
be used to account for the multiple trucks. 

Behavior of a Typical Steel Bridge Subjected to a 
Superload Vehicle. In 2002, a superload permit 
vehicle was used to transport power plant 
equipment across part of Connecticut. The 
truck needed to cross several bridges and an 

analysis showed that one bridge was the con
trolling structure. The bridge carries Route 372 
over Route 9 in Cromwell, Connecticut. The 
structure is a three-span continuous rolled 
beam bridge with spans of 2 feet, 100.5 feet and 
2 feet. The plan view and cross-section view of 
this bridge are shown in Figures 11 and 12. 

The gross vehicle weight of the superload 
that crossed the bridge· was 525 tons. Figure 5 
shows the actual truck, which has two twelve
axle trailers supporting a spreader frame. 
There was one tractor pulling the truck and 
one tractor pushing the truck, with a total of 
thirty axles, 212 wheels and an overall length 
of approximately 260 feet. The following 
assumptions were made in the structural 
analysis of the bridge: 

• The live load distribution was calculated 
according to the AASHTO Guide Specifi
cation for Distribution of Loads for 
Highway Bridges since the truck was less 
than 10 feet wide. The factor used in the 
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Transverse Stress Distribution at 11.3 Minutes 
Point of Maximum Stress 

Stress 
(KSI) 

G7 G6 GS G4 

Girder Number 
G3 G2 G1 

FIGURE 15. Lateral load distribution for the Route 372 Bridge. 

calculations was 0.39 axles per beam. 
• The impact factor used was 1.10. This 

value is based on a requirement from the 
Connecticut DOT. The bridge is on a 
grade, which led to concern about braking 
forces. 

• The permit vehicle was the only vehicle 
allowed on the bridge. 

• The vehicle was splayed as shown in 
Figure 11. 

• The vehicle speed was limited to 5 miles 
per hour. 

Line girder analysis that was carried out was 
based on the load factor method for the 
AASHTO operating level. The moment capac
ity of the sections was limited to the moment 
at first yield. The controlling section on the 
bridge was the center of the second span. The 
live load stress range at that point was 14 ksi 
based on the above assumptions and unfac
tored loads. 

The Connecticut DOT had concerns about 
the large stresses in the bridge. A decision was 
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made to institute a strain gaging program to 
measure the stresses in the structure during 
the move. The Connecticut DOT's Research 
Division provided the strain gage monitoring 
services with assistance from the University of 
Connecticut Department of Civil and 
Environmental Engineering. Gages were 

· installed near mid-span in Span 2, which was 
the point of interest. Gages were placed on the 
bottom flanges of Girders G3 through G7 in 
order to measure bending stresses. The reason 
for not including Girders Gl and G2 in the 
gaging was that the bridge and the loading 
were symmetrical. The first trailer in splayed 
configuration traveled over Girders G2 and 
G3, and the second trailer traveled over 
Girders GS and G6 as shown in Figure 12. The 
exact truck path was specified with pavement 
lines for the crossing. 

Strain Gaging Results. Figure 13 shows a 
composite plot of stress versus time for the 
crossing. Stresses were calculated directly 
from strains using Young's modulus. The plot 
essentially represents an influence line dia-



gram for each girder for bending stresses at 
the middle of the second span. Figure 14 pres
ents the same data plotted in three dimen
sions, representing an influence surface for the 
structure. The maximum stress of 5.3 ksi 
occurred in Girder GS as the rear trailer 
passed directly over the beam in Span 2. The 
effect of the trailer on the opposite side of the 
bridge can be seen at time equal to approxi
mately 9 minutes. 

Lateral Load Distribution. The strain gage 
information is useful for studying lateral live 
load distribution. The live load distribution 
factor in a girder bridge is simply the percent
age of a truck axle that each beam supports. 
The stress data. points at time equal to 11.3 
minutes during the crossing was plotted for 
each girder (see Figure 15). This point in time 
represents the point of tµe maximum strain 
reading. Since strain gage data were not 
obtained for Girders Gl and G2, values for 
these girders were assumed based on the 
results of Girders G6 and G7 as the truck trav
eled on the opposite side of the bridge. The 
sum of all stresses is a function of the total 
moment applied to the bridge cross section. 
The stress at each individual beam divided by 
the total stress represents the percentage of the 
total truck moment applied to the entire 
bridge cross section, which also represents the 
live load distribution factor for each beam. 
The maximum live load distribution factor 
based on the measured stress was 0.33 axles 
for Girder GS, which closely correlates with 
the estimated distribution factor of 0.39 axles 
that was obtained from the AASHTO Guide 
Specification for Distribution of Loads for 
Highway Bridges. 

Bridge Construction Process 
The proposed re-alignment of 1-195 in 
Providence is currently being performed as a 
series of fifteen contracts that began in 2000 
and is scheduled to be completed in 2012. The 
construction of the 400-foot-long network tied 
arch signature span is the major component of 
Contract 7. As shown in Figure 16, the existing 
alignment of 1-195 is through the center of 
downtown Providence where Interstate 95 
and several other highways converge. The 
proposed re-alignment of 1-195 is immediately 

south of the hurricane barrier located at the 
mouth of the Providence River and the head 
of Narragansett Bay.· 

The superstructure of the Providence River 
Bridge has three arch sections fabricated from 
HPS steel (one on each side and one in the 
median). The structure spans 400 feet and the 
center-to-center distance between outer arches 
is 164 feet. The structure will accommodate 
four lanes of traffic in each direction with 12-
foot shoulders on each side of the traffic. The 
proposed substructure is supported on 8-foot
diameter drilled shafts with a permanent steel 
casing capped with ornate granite and precast 
concrete caps. The drilled shafts were installed 
a minimum of 11 feet into bedrock. 

As-Bid Construction Methods. The contract 
drawings specified that the contractor submit 
a method for the construction of the piers and 
erection of the arch span in the proposed loca
tion over water. The state DOT required that 
the contractor submit detailed calculations 
ensuring that the arch structure would be sta
ble during erection and whether or not the 
permanent structure required strengthening 
for construction loadings. 

The site conditions presented certain obsta
cles that would need to be considered 
throughout the construction. In the vicinity of 
the bridge, a 60-foot-wide no-work zone was 
specified that centered on an existing brick 
sewer conduit located below the mudline. The 
hurricane barrier also needed to remain oper
ational during construction. Also, there is a 
channel under the bridge and through the bar
rier that is navigable. Closing the channel was 
restricted to certain times of the construction 
season. 

Alternate Construction Method. Due to these 
site constraints, the contractor investigated 
alternate methods of constructing the bridge. 
The chosen method involved erecting the arch 
at a remote site on land, transferring the struc
ture to barges and then floating the entire 
superstructure to its final position. This option 
eliminated most of the issues at the bridge site. 
The added benefit was that it allowed the con
tractor to construct the substructure in parallel 
with the superstructure, which would reduce 
the overall construction schedule for the proj
ect. To accomplish such a task, the contractor 
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Existing Alignment of 1-195 

DEPARTMENT OF TRANSPORTATION 

FIGURE 16. 1-195 reconstruction plan. 

required the assistance of specialty subcon
tractors and engineers with expertise in lifting 
and moving large structures. 

Project Team. The project team consisted of 
the general contractor and major subcontrac
tors for construction and erection of the arch: 
the fabricator, erector, specialty heavy trans
port contractor and temporary works engi
neer. The goal of the project construction team 
was to develop the methods of erecting and 
moving the bridge in an economical and time
efficient manner. 

Analysis Issues. At the initial project meet
ing, the project team outlined a general sched
ule and approach to accomplishing the task of 
obtaining approval from the project owner. 
Since the approach was radically different 
than what was that specified on the construc
tion documents, the project tea:m had to for
mulate the design criteria to which the analy
sis would be performed. Since the wind is the 
predominant factor in determining wave 
action and lateral structure loading, the team 
decided that a wind with gusts less than 30 
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Proposed Providence River 
Bridge & Alignment of 1-195 

UPDATE 05 

mph would be an acceptable threshold given 
the fact that the entire process of moving the 
bridge would take less than four days. It was 
felt that this level of wind could be satisfied 
by checking the weather prior to the actual 
move. 

The project construction team determined 
that the bridge could be erected on land, 
jacked to an elevation where the bottom tie 
was approximately 30 feet above grade, trans
ferred to barges using rubber-tired trans
porters and temporary framing, sea fastened 
to the barges, floated via tugboats to the final 
position and then lowered onto the piers. By 
erecting the bridge on the ground, the majori
ty of bolting could be kept at very low heights, 
which would greatly facilitate erection and 
reduce costs. 

Selecting an Erection Site. Several potential 
on-land erection areas were investigated. In 
order for a location to be acceptable, it had to 
meet certain criteria: 

• The water adjacent to the site needed to 



FIGURE 17. Aerial view of the project area. 

have sufficient depth for the barges and 
tugboats. 

• The height of the pier above normal tides 
needed to be coordinated with the barges 
so that the top of the barges would be 
close to the top of the pier (in order to 
mm1m1ze the amount of · ramping 
required for the load-out operation). 

• The pier needed to have sufficient capacity 
to support the bridge and all jacking oper
ations. Insufficient capacity could be a 
major obstacle in selecting a pier because 
the jacking and transporter load could 
exceed 3,000 pounds per square foot. 

• The pier needed to be large enough to 
accommodate the erection area and the 
erection cranes. 

The site chosen for the Providence River 
Bridge project was Davisville Pier No. 2 at the 
Quonset Point Naval Base located in North 

Kingstown, Rhode Island. This pier is located 
approximately 12 miles (by water) from the 
project site. Figure 17 shows the location of the 
pier and its proximity to the project site. The 
pier is located on a former naval base that is 
now operated by the Rhode Island Economic 
Development Corporation (RIEDC). This pier 
is an active import pier that met all the criteria 
listed above. In order to satisfy the RIDEC 
rental requirements, the construction team 
was required · to perform an analysis of the 
existing pier in order to prove that the pro
posed loading would not adversely affect the 
pier's structural integrity. 

The pier was constructed in late 1950s and 
is approximately 650 by 1,150 feet. The pier is 
a filled cofferdam structure. There is an outer 
perimeter of closed cell steel sheeting coffer
dams filled with ballast. The interior portions 
of the pier consist of hydraulic fill placed after 
the cofferdams were completed. The majority 
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of the pier is topped with an asphalt wearing 
surface placed on the cofferdam fill. The out
ermost perimeter consists of a 2.5-foot-thick 
by 14-foot-wide reinforced concrete slab sup
ported on steel H-piles and the steel sheeting 
of the cellular cofferdam. The piles are friction 
piles located directly below a crane rail that 
runs along reinforced concrete apron. 

The pier was analyzed for the proposed 
operation. The earth-filled portion of the pier 
was capable of supporting very large loads. 
The perimeter concrete slab had to be checked 
for the support of the proposed ramp struc
ture that would span between the pier and the 
barges. These calculations were forwarded to 
RIEDC for approval by its engineer. The con
crete apron had hard points that were useful 
in determining the location of the ramp sup
ports. The crane rails were directly over the 
line of steel friction piles, making a good loca
tion to support the end of the ramps. 

The method of transferring the transporters 
from land to a barge is commonly referred to as 
a load-out, roll-out or roll-on/ roll-off (ro-ro) 
procedure. Only minor modifications were 
required at the pier to accommodate the con
struction of the bridge superstructure. They 
included the construction of large footings 
under the arch jacking tower locations, and the 
removal of several fenders and bollards to 
make room for the system of transport vehicles. 

Arch Construction & Framing Analysis. In 
order to certify that the proposed construction 
methods were viable, a detailed analysis of the 
arch framing was required for all aspects of 
the proposed construction methods. The 
analyses for the various loadings throughout 
the transport of the arch were performed in 
accordance with the AASHTO Guide Design 
Specifications for Bridge Temporary Works, 
AASHTO Construction Handbook for Bridge 
Temporary Works and the DNV Rules for 
Marine Operations. 

The proposed tied arch is an unusual struc
ture called a "network arch." The main feature 
of a network arch is that it has diagonal tie 
cables between the top and bottom chords. 
The main arch members were all steel box sec
tions that were 4 feet tall and 3 feet wide. The 
bottom tie chord was a bolted built-up section 
consisting of steel angles and plates. The top 
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arch chord consisted of welded plates. The top 
chord plates were much thicker than the bot
tom chord plates because of the potential for 
compression buckling between brace points. 
The bottom chord was thin because it was pri
marily a tension member that was well braced 
by the floor system. The bottom tie chord was 
bolted in order to minimize the potential for 
fatigue in the future, which meant that any 
connection to the bottom chord must also be 
bolted. 

Both the arch and tie were stiffened with 
internal plate diaphragms and stiffeners (bolt
ed in place on the bottom and welded on the 
top). The top chord lateral bracing system 
between the arches consisted of welded box 
sections that were bolted to the sides of the 
arch. boxes. The floor beams were welded 
plate girders with variable depth webs to cre
ate the roadway cross slope. All of the struc
tural steel used in the arch, tie chord and floor 
beams was Grade 50 steel and the entire struc
ture was metalized and painted. To further 
complicate the analysis of the arch, the entire 
structure was skewed at 10 degrees in plan. 

In order to set the structure on the final 
foundations at the project site, the barges and 
transport support structures had to be located 
far from the ends of the arch. This support 
condition was completely contrary to what 
was assumed in the design. The center of the 
pair of supports on either end of the arch was 
set at 100 feet from the centerline of bearing in 
order to accommodate the size of the barges. 
This change caused the bottom chord to 
change from a tension/bending member to a 
compression/bending member. The top chord 
changed from a compression member to a ten
sion/bending member. This reversal of stress 
was a major challenge for the construction 
team. 

Simply moving the support location 100 
feet from the ends was not possible because 
the diagonals of a network arch could not sup
port compression forces, which led to severely 
high bending moments in the bottom chord. 
In order to make the proposed system work, 
temporary support columns needed to be 
added to transfer most of the support reac
tions to the top chord, which had much more 
bending capacity when compared to the thin 



FIGURE 18. Temporary column placement. 

bottom chord. The design of the temporary 
columns was further complicated because 
they needed to be installed after the arch was 
erected and removed after the arch was set in 
place. The goal of the construction team was 
to minimize any changes to the as-designed 
arch. The layout of the temporary columns 
had to account for the location of all diago
nals, floor beams and lateral bracing points 
without conflicts. Additionally, the construc
tion of the struts needed to allow arch place
ment at its proposed location without being 
"pinched" between the arch and the tie after 
the bridge was set. Figure 18 shows the final 
layout of the temporary columns and Figure 
19 shows their details. The columns were 
located approximately 85 and 115 feet from 
the centerline of bearing. 

The temporary columns consisted of two 
rolled W-sections that were outboard of the 
plane of the arch and laced together with 
angles, which permitted passage of the cables 
through the columns. The top of the strut 
assembly included a welded plate spreader 
girder with sloped top flanges to accommo
date the curvature of the arch. To allow for 

FIGURE 19. Temporary column details. 

easy removal of the struts, the base connection · 
was installed under the tie chord and a col
umn splice was installed at an elevation just 
above the deck construction. This splice loca
tion was chosen so that the top portions of the 
column could remain in place until the deck 
was cast. Also, it provided better access for 
removal of the columns. 

Due to the skew and the complexity of the 
structure, the arch was analyzed using three
dimensional space frame analysis software. 
This tool aided in the determining the member 
forces and reactions resulting from the many 
different load combinations that the structure 
would experience throughout the transport 
process. The results of the analysis indicated 
that if the temporary struts distributed the 
loads properly, then the arch components 
would not require any additional strengthen
ing. The locations where the struts were posi
tioned were specifically chosen close to the 
internal stiffeners in the arch so that web crip
pling of the arch webs would not occur. 

The result of carefully placing the tempo
rary columns meant that there were no 
required changes to the arch member plate 
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FIGURE 20. Top spreader beam details. 

thicknesses in order to support the bridge 
during shipping. The only minor change 
required was the installation of several bolts 
at the top spreader beam location (see Figure 
20). The connection of the bottom spreader 
beam made use of the bolt holes for the com
pleted bridge. 

The arch was erected at Quonset Pier in the 
"no load" position to ensure that the bolt pat
terns would align and that the cables could be 
tensioned to their prescribed force specified 
on the design plans. In order to do so, the 
bridge was built on temporary cribbing at 
numerous locations. Upon completion of the 
erection, the temporary cribbing was 
removed, leaving the bridge end supported in 
the steel dead load condition. 

This phase of construction represented the 
beginning of the work that required tempo
rary engineering outside the original bid doc
uments. The plan was to raise the bridge to a 
height where the bottom of the tie chord was 
30 feet above the grade of the pier. The idea 
was to raise the bridge high enough so that 
when it was transferred to the barges, it 
would fit over the new bridge piers at the 
project site. Minor adjustments could be 
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made when the bridge was on the barges, but 
the intent was to get the bridge close to the 
proposed elevation. 

Several options were investigated to raise 
the bridge. The first option was to use a 
patented lift system. This system consists of 
four towers measuring 30 by 30 feet in plan 
area with cross bracing. The columns are built 
up with 4-foot-long, 3-foot-diameter pipe sec
tions with internal W-shapes. Figure 21 shows 
this lift system in use to move a gantry crane 
as part of another project. The framing system 
uses a self-propelled modular transporter 
(SPMT) to incrementally lift a structure. The 
patented system works as follows: 

1. The SPMTs are placed under the 
bridge and pinned to the towers. 

2. The SPMTs raise the bridge 1 foot. 
3. One-foot shims are placed under the 

legs of the lift system and the load is set on 
the shims. 

4. The SPMTs are lowered 1 foot and re
pinned to the columns. 

5. Steps 2 and 3 are repeated until the 
bridge is lifted 3 feet. 

6. Then four new column pieces are 
installed in the corners, after which the 
entire process begins again. 

7. After a predetermined amount of rais
ing has been accomplished, lateral bracing 
is installed between the columns. 

However, a problem was discovered early in 
the construction engineering process. The 
actual weight of the bridge was slightly high
er than what was noted on the contract plans. 
This excess weight exceeded the capacity of 
the proprietary lift system. One option was to 
strengthen the system, which was deemed 
unfeasible. Therefore, an alternate lifting 
method was required. 

The second option was to use high load 
strand jacks located at the six arch bearing 
locations. It was determined that this system 
was feasible. A series of four strand jacks were 
positioned at each end of the bridge and one at 
each outer arch and two at the center arch. The 
bridge was elevated with all strand jacks 
being lifted simultaneously. Figure 22 shows 
the bridge lift underway. 



FIGURE 21. The patented lift system in operation on another project. 

The use of strand jacks brought about an 
analysis issue that required resolution. In a nor
mal frame analysis model, the support points 
are modeled as hard restraints. When strand 
jacks are used, the bridge is supported on a 
series of cables (which results in a redistribution 
of forces through the structure). This situation is 
best represented by a series of springs. There
fore, by modeling the supports as springs, the 
new structure reactions can be calculated and 
the system analyzed. The floor system of the 
Providence River Bridge consisted of welded 
plate floor beams that had full moment connec
tions at the arch interface. This system re-distrib
uted the forces through the framing system, 
with all stresses kept within tolerable limits. 

Two methods of transferring the bridge to 
the barges were investigated. The first system 
involved the use of a skidding frame. This sys
tem was ruled out because the Quonset Pier 
could not support the concentrated skid loads. 
This system also did not allow for major 
adjustment of the elevation of the bridge once 
it was on the barges. 

The second option involved the use of 
SPMTs to move the bridge. In order to support 

the bridge and the temporary framing, a total 
of 128 axle lines were required to support the 
load. The SPMTs offered significant adjustabili
ty during the load-out and even after the struc
ture was on the barges. It was determined that 
this option was the best and most versatile. 

When the bridge reached the proper eleva
tion, a series of transporters were positioned 
under the compression struts. Each of the 128 
axle lines had a maximum payload capacity 
of 33.6 tons. The transporters were intercon
nected to ensure that the transport vehicle 
moved uniformly in all directions. An ingen
ious system of framing was devised to make 
up the gap between the top of the SPMTs and 
the underside of the structure. A series of 
shipping containers were used as temporary 
supports between the bridge superstructure 
and the SPMTs. A typical container can safely 
support approximately 200 tons and can pro
vide significant side shear capacity. Figure 23 
shows a portion of the bridge where it is sit
ting on the trailers and containers. 

Once the strand jacks lowered the arch onto 
the SPMTs and the temporary columns, the 
forces in the system re-distributed again. The 
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FIGURE 22. Strand jack raising of the new Providence River Bridge, 

reversals that were previously discussed 
occurred in the arch member forces. During 
this transfer, a large number of cables reversed 
from tension to zero load. This shift was pre
dicted by the frame analysis. The cables direct
ly adjacent to the top of the columns were 
tight and the other cables went slack. 

Another re-distribution of load occurred 
due to the suspension of the SPMTs. In a man
ner that was similar to the strand jacks, the 
support of the bridge was now on a self-level
ing hydraulic system (which needed to be 
investigated to ensure that none of the bridge 
members became overstressed). The "k-value" 
of the support springs was determined using 
an iterative process. 

The load-out of the bridge to the barges 
required a clear weather window of four 
hours and predicted winds · of less than 30 
mph in order to transfer the bridge to the 
barges and perform the required sea fastening. 
This clear window also depended on the tidal 
cycle at the Quonset Pier. 

Another significant factor that had to be 
studied before the move was the effect of 
wave action on the barges during barge trans
port. A naval architect working with the proj
ect team performed some preliminary calcula-
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tions for Narragansett Bay during a 30-mph 
wind and provided the following criteria to 
the construction team: 

• The barges could rack as much as 4 inch
es relative to each other; 

• The top of deck on the barge could vary as 
much as 2 feet in elevation over its length; 
and, 

• Each barge could roll about its longitudi
nal axis by as much as 6 inches in eleva
tion difference from the port to starboard 
side of the barge. 

The locations of the support points on the 
barges were determined and the calculated 
displacements were entered into the structur
al model as enforced displacements. The 
results of this structural analysis showed that 
the originai arch structure would require sig
nificant strengthening to accommodate these 
deflections. The costs and implications of 
strengthening the fabricated structure were 
quickly ruled out based on schedule and cost. 
The solution to accommodating the marine 
forces was to use the hydraulic systems on the 
SPMTs to keep the deck of the transporters 
level while the barges moved with the wave 



action of the bay. Since the hydraulic systems 
on the SPMTs were interconnected, it was pos
sible to do so. 

Prior to the load-out, the barges were posi
tioned in a catamaran configuration to accom
modate the size of the arch and the trailers. The 
barges were lashed together with cables and 
lattice crane boom sections to help keep them 
positioned relative to each other. The skew of 
the structure was factored into the geometry of 
the barges. Ballasting calculations were per
formed to ensure that the barges did not tip 
during the load-out. By using Archimedes's 
Principle, the barge could be kept level as the 
bridge load was transferred. A basic way to 
describe the process is as follows: 

• If the load weighs 8 million pounds, 
pump 8 million pounds of water into the 
ballast compartments on the barge. 

• As the load moves onto the barge, pump 
out a equal amount of water as the load, 
starting with the forward compartment 
and moving back as the load moves onto 
the barge. 

While this narrative is an oversimplification of 
the process, it does describe the general 
approach. Figure 24 depicts the process of bal
lasting the barges to minimize tipping during 
the load-out. The vertical lifting ability of the 
hydraulic trailers was used to compensate for 
the minor changes in grade as the transporters 
drove up and down ramp sections spanning 
between the pier and the barges. 

On August 25, 2006, the arch was moved 
from the center of the pier to the edge and 
lined up with the barges. The following day 
the arch was transferred to the barges, and on 
August 27th the bridge was transported to the 
Providence River via three large tugboats. 
Figure 25 shows the bridge during the load
out operation. The transport over water took 
three hours and the bridge was moored 
immediately south of the piers. On the follow
ing day, the bridge was positioned over the 
piers using winches and the bridge was set on 
the piers on a falling tide. 

Conclusions 
Modern heavy hauling equipment developed 

FIGURE 23. The new Providence River 
· Bridge on temporary supports. 

for use in the petrochemical industry cai:,. be 
used for bridge construction and heavy load 
shipping. This application opens up a whole 
new approach to building bridges. Millions of 
pounds of load can be moved and lifted with 
a high degree of accuracy and control without 
the use of cranes. 

The development of a large-scale lifting 
and transport system used on this project 
required input from many parties. The con
tractor, the lifting and hauling company, and 
the owner needed to work together to make 
this project successful. 

Many factors need to be considered in lift
ing and moving large structures by barge. 
Among them are: 

• Capacity of the lifting system; 
• Capacity of the pier; 
• The effect of alternate support points on 

the structure; 
• The redistribution of forces in the struc

ture due to soft supports such as cable 
strand jacks and hydraulic transporters; 

• The effects of tipping of the barges during 
the load-out; and, 
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Configuration After Load-Out 
8 Million Pounds of Water 
Removed From Barge 

Configuration Prior to Load-Out 
Barge Filled With 8 Million Pounds of Water 

Configuration During Load-Out 
Water Being Pumped 
From Front of Barge 

FIGURE 24. Load-out operation and barge ballasting. 

• The effects of wind and wave action on 
the structure during shipping 

A carefully planned process can result in a 
successful project that saves substantial time. 
The new Providence River Bridge move saved 
the contractor approximately one year in con
struction time. This savings was due to the 

58 CIVIL ENGINEERING PRACTICE FALL/WINTER 2007 

fact that the bridge foundations were built at 
the same time as the bridge superstructure. 
The superstructure was installed literally days 
after the bridge piers reached their design 
strength. 

ACKNOWLEDGEMENTS - The contractor for this 
project was the Cardi Corporation. Project team 



FIGURE 25. The new Providence River Bridge during the load-out operation. 

members (subcontractors for construction and 
erection of the arch) included: Fabricator -
National Eastern; Erector - Northeast Steel; 
Specialty Heavy Transport Contractor - MAM
MOET; and Temporary Works Engineer - CME 
Associates, Inc. The project was let by the Rhode 
Island DOT and was funded by the state of Rhode 
Island and the Federal Highway Administration 
(FHWA). CME Associates, Inc., was retained by 
Cardi Corporation to perform the necessary calcu
lations required to gain acceptance of the proposed 
methods through the Rhode Island DOT. This 
charge eventually evolved into CME providing 
engineering for all aspects of the arch erection, 
Quonset Pier load analysis and the entire load-out 
system while the bridge was on land. Once the 
structure was loaded onto the barges, MAM
MOET was responsible for the stability of the load
out, ballasting of the barges and transport to the 
site. The strand jack detail shown in Figure 6 is 
courtesy of the Fagioli Group. Figure 16 is courtesy 
of the Rhode Island DOT. The patented system first 
proposed to raise the bridge prior to transfer to the 
barge is called the Titan Bridge Lift System, devel"' 
oped by MAMMO ET. MAMMO ET also provided 

information that was used to determine the k-value 
of the support springs. 

BRYAN L. BUSCH is a Civil Engineer 
with over 13 years of specialization in 
structural engineering. He earned 
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years working in the State Bridge Design Unit at 
Connecticut Department of Transportation. His 
career started just after the collapse of the Mianus 
River Bridge and continued through Connecticut's 
ambitious bridge program of the 1980s and 1990s. 
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of Transportation and Structures. He has extensive 
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roadway and railroad bridges, bridge rehabilita
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Awards 

Recognizing Engineering 
Excellence 

Spreading the word about best 
practices and projects as widely 
as possible ensures that these 
practices and projects will be 
emulated, and that even the 
envelope will be pushed. 

Compiled by BRIAN BRENNER 

The American Council of Engineering 
Companies of Massachusetts (ACEC/ 
MA) Engineering Excellence Awards 

(EEA) competition recognizes firms and proj
ects that have made outstanding contributions 
to the engineering profession and society 
through technical excellence and innovation. 
The competition pays tribute, not only to these 
exemplary projects and firms, but also to the 
engineering industry at large and its profound 
contribution to the built environment and 
society in general. 

Process 
Each entrant prepares a project notebook, 
which was reviewed by a panel of judges. For 
the 2007 awards, eleven projects completed the 
requirements. The judges narrowed the field to 
the top five entries, and after listening to oral 

presentations and interviewing the finalists, 
selected the winners of Gold Awards, the Plat
inum Award and the Grand Conceptor Award. 
These five finalists were eligible to compete in 
the national ACEC EEA Competition in 
Washington, D.C. Both written and oral pre
sentations were evaluated based on: 

• Original or innovative application of new 
or existing techniques; 

• Future value to the engineering profes
sion and perception by the public; 

• Complexity of the project; 
• Exceeding the owner's and the client's 

needs; and, 
• Social, economic and sustainable design 

considerations. 

The engine behind the process was the 
ACEC/MA EEA Committee. In 2007, Com
mittee members included: Steve O'Neill, co
chair, Meridian Associates; Joel Goodrnonson, 
co-chair, Architectural Engineers; Gene 
Bolinger, Weston & Sampson Engineers; Bruce 
Conklin, CDM; Peter Piattoni, FST; Tom 
Spearin, Metcalf & Eddy; Terry Tolosko, SEA 
Consultants; Colleen Moore, [then] ACEC/ 
MA's Deputy Executive Director; and Jim 
Pappas of Stantec, the committee's liaison to 
the ACEC/MA Board. 

The panel of judges was comprised of high
ly respected professionals from the architec-
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tural community, the construction industry, 
the public sector, academia and the field of 
communications and public relations. The 
judges took on the daunting task of reviewing 
and eyaluating all of the notebooks submitted 
in the competition, carefully deliberating the 
merits of each, selecting the five finalists who 
made oral presentations and ultimately select
ing this years' winners from a very deep and 
competitive field of entrants. Judges included: 

• Brian Brenner, a Professor of Practice at 
Tufts University Department of Civil and 
Environmental Engineering and Amer
ican Society of Civil Engineer's Chair of 
Committee on the Performance of Struc
tures during Construction. 

• John Carroll, the long-standing General 
Manager for the Town of Norwood, con
sidered by many to be the dean of Massa
chusetts Town Administrators, and mem
ber of the Massachusetts Water Resources 
Authority Board of Directors. 

• Tony Miliote, a Project Executive with 
Shawmut Design and Construction, a 
·Boston-based general contracting and 
. construction management firm. 

• Daniel Perruzzi, a principal at Margulies 
& Associates, an award-winning architec
tural and interior design firm serving the 
corporate, real estate and institutional 
communities. He is also a member of the 
Boston Society of Architects Board of 
Directors. 

Finalists 
After reviewing all notebooks, engaging in 
provocative discussion and deliberating 
thoughtfully, the judges narrowed the field, 
selecting the Silver Award winners and five 
finalists for the Gold, Platinum and Grand 
Conceptor awards. On March 7, 2007, 
ACEC/MA honored all of the firms that par
ticipated in the competition. The Silver Award 
winners were: 

• Rotch Playground Rehabilitation Project 
Presented by: CDM 
Client: Emerson College and the Boston 
Parks and Recreation Department 
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• HDD Utility Tunnel to Peddocks Island/Fort 
Andrews 
Presented by: Environmental Partners 
Group 
Client: The Island Alliance 

• Revitalization of the Cape Cod Rail Trail 
Presented by: Fay Spofford & Thorndike 
Client: Massachusetts Department of 
Conservation and Recreation 

• Project InfoFiscal Management and Project 
Tracking Data Management Systems 
Presented by: Geonetics, Inc. 
Client: Massachusetts Highway 
Department 

• The Jewett City Water Pollution Control 
Plant Replacement Project 
Presented by: Metcalf & Eddy, Inc. 
Client: Jewett City, Connecticut, 
Department of Public Utilities 

• 2006 MassHighway Project Development & 
Design Guide 
Presented by: Vanasse Hangen Brustlin, Inc. 
Client: Massachusetts Highway 
Department 

The five top awards were represented by 
three categories: Gold, Platinum and Grand 
Conceptor. The Gold Award winners were: 

• Runway 14-32 and Associated Taxiways at 
Logan International Airport 
Presented by: HNTB Corporation 
Client: Massport 

• Creation of an Innovative Infrastructure 
Management System 
Presented by: SEA Consultants, Inc. 
Client: Town of Framingham, 
Massachusetts, Department of Public 
Works 

• Providence College Fitness Center Field & 
Underground Parking Garage 
Presented by: Symmes Maini & McKee 
Associates and JJA Sports 
Client: Providence College 

The Platinum Award winner was: 

• Overhead Coverage Systems Program, Iraq 
Presented by: Tetra Tech 
Client: U.S. Army Corps of Engineers -
Transatlantic Programs Center 



And the Grand Conceptor Award winner 
was: 

• Meadow Creek Regional Stormwater 
Management Plan 
Presented by: Nitsch Engineering, Inc. 
Client: University of Virginia 

These five finalists competed among over 
170 projects in the national competition. In a 
ceremony on May 8, 2007, in Washington, 
D.C., the ACEC/MA Grand Conceptor Award 
winner - the Meadow Creek Regional 
Stormwater Management Plan- won an 
Hono.r Award at the national level. 

Runway 14-32 & Associated Taxiways 

Presented by: HNTB CORPORATION 
Client: MASSPORT 

For more than 84 years, Logan International 
Airport has been Boston's premier center 

for aviation and a gateway to New England. 
Today, Logan is the largest passenger airport 
in New England, the nineteenth busiest air
port in the country and thirty-seventh busiest 
in the world. Built in 1923, Logan is New 
England's largest transportation center, 
accommodating more than 27million passen
gers annually. As an origination and destina
tion (O&D) type facility, Logan experiences 
significant amounts of passengers (93 percent) 
that either begin or end their trip there, rather 
than travelers looking to transfer to another 
aircraft. As such, to enhance the passenger's 
experience in Boston, it is imperative that all 
airport facilities remain congestion-free. 

As Logan continues to function as the 
region's principal long-haul and international 
gateway hub, passenger volume is expected to 
significantly increase. In light of this increase 
and the ever-changing New England weather, 
improvements were needed to reduce delays 
by separating smaller aircraft arrival streams 
from larger jet arrival streams, as well as to 
improve aircraft taxiing operations. 

In 2005, Logan was ranked the fourth high
est U.S. airport in terms of aircraft arrival 
delays. A significant portion of Logan's delays 
is caused by the reduction in operational capac
ity during periods of strong northwest winds. 
In this situation, landing and departing opera
tions are limited to one runway. On a normal 
day, Logan can accommodate up to 120 aircraft 
operations (landings and take-offs) per hour on 

three runways. On days with strong northwest 
winds, the operational capacity is reduced to 
60 operations per hour. With the addition of 
Runway 14-32 - a 5,000-foot bituminous con
crete, uni-directional runway, along with its 
associated taxiways - delays will be reduced 
by shifting the arrival of smaller aircraft to the 
new runway, thus correcting the operational 
deficiency in the runway system and rectifying 
inefficiencies and bottlenecks in the airfield's 
taxiway system. 

Complexity 
This project involved numerous factors that 
pqsed challenges during design and construc
tion. Some of these factors included sophisti
cated construction phasing, imposed height 
limitations for construction equipment adja
cent to three active runways, potential inter
ference to Federal Aviation Administration 
(FAA) low-visibility instrument landing sys
tems (ILS) and extensive dynamic airport 
security requirements. 

An analysis of the runway's CFR Part 77 
clear 7:1 transitional surface to the 20:1 visual 
approach surfaces indicated that the "7:1 tran
sitional" surface for Runway 32 landings was 
penetrated by the FAA's airport surveillance 
radar (ASR-9) antenna located near Gover
nor's Island. 

Additional studies indicated that there was 
a line-of-site issue between the air traffic con
trol tower's (ATCT) view of the proposed 
Taxiway J leading onto the Runway 32 end, 
and cargo buildings located between the 
ATCT and Runway 14-32. Since site grading 
was restricted due to existing conditions, a 
different solution was needed. 
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The FAA's low-visibility ILS consists of two 
primary components: a localizer antennae 
array and a glide slope antenna. A localizer 
provides aircraft with longitudinal direction 
(left/right of runway centerline) and.a glide 
slope provides aircraft with vertical direction 
(vertical approach angle) to the runway. Each 
of these electronic systems · has well defined 
"protection zones" that must remain clear of 
materials and equipment in order not to dis
tort their electronic signals to the approaching 
aircraft. 

The airport's Perimeter Road becomes a 
safety concern whenever the runway is open 
for use. A significant portion of the road is 
located within Runway 14-32's safety area; 
therefore, a warning system needed to be 
devised to ensure that no vehicles would tra
verse this portion of the Perimeter Road dur
ing those periods when Runway 14-32 is open 
to aircraft operation. Such an intrusion would 
be considered a "runway incursion" by the 
FAA. 

During data collection efforts, it became 
apparent that temporary utilities incorporated 
into the construction of the portion of the Ted 
Williams Tunnel (TWT) within the proposed 
Runway 14-32 limit of work had not been 
removed after construction of the TWT. 

Due to stringent grading requirements 
required by the FAA's Advisory Circulars (the 
FAA's design standards) with respect to run
way and associated taxiway elevations, as 
well as vertical intersection requirements and 
the inherently flat elevations of airports in 
general, it was a significant challenge to cap
ture stormwater runoff and to facilitate treat
ment of this runoff prior to discharge into 
Boston Harbor. Design efforts included con
sideration to minimize air, noise and light 
emissions and other impacts to the surround
ing community. 

Two taxiway routes had to be maintained to 
and from Runway 9-27 as well as to the low
visibility Category Illa Runway 4R at all 
times. The challenge was to maintain access to 
both of these runways while at the same time 
demolishing portions of existing adjacent taxi
ways that served these runways, Another 
major challenge was the need to provide the 
contractor with large enough work areas to be 
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productive while maintaining minimal or no 
impact to airport operations. 

Original or Innovative Application 
of New & Existing Techniques 
Runway 14-32 is the first wind-restricted uni
directional runway in the country, making it 
both original and innovative. In an effort to 
significantly reduce delays, while addressing 
community concerns regarding noise, air pol
lution and quality of life, Massport negotiated 
an effective solution with the FAA and 
Community Advisory Council. They agreed 
that the new runway would be used only 
when northwest or southeast winds reach 10 
knots or greater, and for emergencies. The 
wind-restricted runway will increase efficien
cy during adverse weather conditions and 
help mitigate wind-related delays. 

Currently, Runway 14-32 intersects at the 
approach of two major runways and the end 
of a third, one being a Category Ila low-visi
bility runway. By making the runway unidi
rectional (which is unique to New England), 
aircraft may only land on Runway 32, arriving 
over Boston Harbor, or departing on Runway 
14 over Boston Harbor. 

ASR-9 Obstruction to Approach Surface of 
Runway 32. A review of the original alignment 
of the new runway with respect to the imagi
nary approach surfaces revealed that holding 
the Runway 14 end in place and rotating the 
Runway 32 end a matter of 20 feet(±) would 
eliminate the ASR-9 penetration of the 
approach surface. This geometric re-align
ment was accomplished and approved by the 
FAA for final design. 

Line-of-Sight Conflict. After performing the 
line-of-sight study, the design team proposed 
the installation of a closed circuit television 
(CCTV) camera near the intersection of 
Taxiway J and the Runway 14 departure end. 
The design team presented this solution to the 
Technical Advisory Committee, who recom
mended the solution for submission to the 
FAA. After discussions with FAA air traffic 
controllers and New England Regional staff, 
this solution was incorporated into the design 
documents. FAA staff were trained on the use 
of the pan/tilt/zoom operational parameters 
of this CCTV camera and agreed to its use.· 



FAA ILS Equipment Protection. Construction 
was phased using scheduled runway shut
downs and taking advantage of favorable wind 
conditions in the field, which enabled the con
tractor to perform its desired work with no sig
nal degradation to the arriving' aircraft. The 
existing Runway 27 localizer originally in the 
area of the proposed relocated Taxiway B safety 
area (TSA) was relocated and upgraded to a 
MARK 10 14-element antennae array. Addition
ally, the Runway 22L localizer antennae array 
equipment was relocated outside of Runway 14-
32' s 400-foot-wide safety area also in order to 
meet FAA NAVAID siting requirements. 

New Utility Conflicts With Ted Williams Tunnel 
Temporary Utilities. Although some of the con
flicts were discovered during the data collection 
stage, the majority of these conflicts were not 
identified until contractor personnel attempted 
to install new utilities near the underground 
TWT site area. In order to expedite solutions to 
this problem, a continuous survey watchdog 
service was provided that allowed work crews 
to continue installations in a timely manner. 
One such conflict was resolved by insulating an 
existing water supply line that, due to the new 
grading requirements, would end up above the 
local frost line. This solution eliminated the 
need to intercept the water supply to a large 
portion of Harborside Drive, to lay down a new 
water line below the frost line and saved con
struction costs and time. 

Perimeter Roads Penetration of the Runway 14-
32 Safety Area (RSA) While Runway Active. In 
order to comply with FAA regulations to 
remain clear of the RSA whenever the runway 
is active, a sophisticated system of visual 
warning signals was developed to warn all 
vehicles approaching the RSA. Through 
research and discussions with air traffic con
trollers, airport operations staff and various 
equipment suppliers, it was determined that 
the strategic siting of variable message signs 
(VMS) would greatly improve the ability of 
the airport to eliminate the potential for run
way incursions. When the runway is active, 
Massport operations staff will clear the 
Perimeter Road of all men and equipment and 
contact their staff in the ATCT Operations 
Center. Once declared open, the VMS displays 
a message that Runway 14~32 is open and that 

no traffic is to pass by the VMS site. 
Additional safety initiatives were incorporat
ed such as installing runway guard lights 
(alternately flashing red lights facing oncom
ing vehicular traffic with adjacent "hard 
panel" signs with the same pronouncement as 
the VMS). At strategic points prior to the actu
al points of potential incursion, additional 
strobe lights, runway guard lights and signs 
were installed to prevent traffic from even 
entering the Vehicle Service Road leading to 
the Perimeter Road. It is believed that this 
type of incursion prevention system is the first 
such system in use in the country. 

Stormwater Treatment Solutions. The FAA's 
grading requirements made it impossible to 
install standard closed-system collection sys
tems in various locations within the project 
site, particularly in the vicinity of the Perimeter 
Road. Sand filter trenches were installed along . 
much of this road in order to intercept runoff 
prior to overland flow over the paved surfaces 
into the harbor. This system included a perfo
rated pipe collection system underlying a 
stone filled intrusion surface. The design also 
incorporated the use of low-flow water quality 
devices at strategic locations that increased the 
amount of airport runoff that receives treat
ment. These devices provide for a first flush 
treatment of runoff and achieve a high degree 
of removal and storage of the first flush of sus
pended solids and flotables. 

Noise Impacts. Noise impacts depend not 
only on the number of arriving and departing 
aircraft, but also on the flight paths that aircraft 
follow. With the addition of Runway 14-32, 
additional flight paths are created with arrivals 
to Runway 32 coming from the harbor over 
water, while departures from Runway 14 turn 
to climb out over the water. Runway 14-32 will 
shift approximately 25,000 flights annually 
from over land to over water, avoiding the use 
of airspace over the residential area known as 
Jeffries Point in East Boston. The addition of 
this unidirectional runway will reduce noise 
impacts for the most severely affected popula
tions in East Boston, South Boston, Revere and 
Winthrop. Additionally, noise mitigation 
measures were incorporated into the contract 
documents. Items such as restricting the con
tractor to the use of updated Central 
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Artery /Tunnel-approved noise mitigated 
equipment and prohibiting "tail gate slam
ming" were major requirements in this area. 

Air Quality. In past years, runway delays 
have not only become an inconvenience to the 
traveling public, but also increased air pollu
tion. Implementation of this runway and asso
ciated taxiways will reduce emissions and 
improve ambient air quality by reducing 
delays. These benefits reflect improved air
field efficiency and shorter delay periods. By 
directing flights over Boston Harbor rather 
than the city, this project also reduces smog by 
letting planes land immediately rather than 
circle the airport waiting for a landing slot. 
· Light Emissions. By restricting the direction 
of temporary lighting plants used during off
peak hour construction, the work was accom
plished without any light emission complaints 

· from the nearby communities or pilots. 
Traffic Mitigation. To minimize truck traffic 

impacts, construction vehicles accessed the 
airport on designated haul routes via the TWT 
or Route lA to avoid impacting local residen
tial streets. No traffic complaints were 
received in nearly two years of construction. 

Safety During Construction. The construction 
of Runway 14-32 was the first project con
structed at Logan using the International Civil 
Aviation Organization's (ICAO) "Engine Out" 
Takeoff Surfaces. These height restrictions for 
objects, including construction equipment, are 
much more demanding than the FAA's imagi
nary and approach surfaces. In order to com
ply with this requirement, ICAO surface dia
grams were developed for project-affected 
runways. In turn, these diagrams were used 
by the engineering consultant, contractor and 
Massport's operations staff to determine 
height limitations based on their location on 
the work site. The charts were also used by the 
operations department as a reference to base 
their decisions on whether the work could 
proceed in certain areas of the project that day. 

Sophisticated Phasing. Due to the critical 
nature and safety issues involved with airside 
construction, construction during off-peak 
hours was incorporated into the design. Work 
requiring the closure of existing runways 
required that the contractor work either on a 
consecutive 24-hour basis until completion or 
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perform work on a nightly basis from 11:00 
P.M. to 6:00 A.M. The actual staged construc
tion phasing required multiple phases to be 
completed in an orderly fashion in order to 
meet the operational parameters required of 
the project. In order to maintain taxiing access 
to Runways 27 and 4R at all times, a portion of 
the new Runway 14-32 was completed and 
then temporarily converted into temporary 
Taxiway B. This move allowed construction of 
a new relocated Taxiway B, which provided a 
continuous second access to both Runway 9-
27 and Runway 4R-22L. Once the aircraft were 
using temporary Taxiway B, the contactor had 
access to demolish and relocate the original 
Taxiway B. Similar hopscotch-type work area 
shifts allowed the work to progress with no 
delays to the airport's operations. 

Cost-Saving Measures. To decrease costs, 
instead of building a full parallel taxiway, a 
turnaround was designed at the end of Run
way 32 allowing aborted departures from 
Runway 14 to turn around and return to the 
terminal or hangar facilities. As work pro
gressed, the contractor ran into better than 
expected sub-grade materials. To take advan
tage of the unforeseen site conditions, a direc
tive was issued for the contractor to change 
the excavation and earthwork operations and 
leave this material in place. The pavement sec-· 
tion was revised from a 39-inch pavement box 
section to a 30-inch box section, thus saving 
importation of 9 inches of P-154 aggregate 
sub-base course (gravel) over a large portion 

\ of the runway area, resulting in a significant 
savings to the project 

Technical Value to the 
Engineering Profession 
Delays at Logan primarily result from two 
causes. One of these causes is due to the num
ber and alignment of Logan's runways. The 
airport has five runways, of which four are 
capable of handling large aircraft. Of those 
four, only three may be used concurrently. In 
good weather, this runway configuration has a 
capacity of approximately 120 flight opera
tions per hour. Ho_wever, during times of 
strong northwest winds, which occur approx
imately one-third of the time at Logan, the 
number of operational runways is often 



reduced to two, and sometimes one, runway, 
resulting in a dramatic reduction in the air
port's operational capacity from 120 to as few 
as 60 operations per hour. This reduction in 
capacity is one reason for the increasing num
ber of delays. The addition of Runway 14-32 
will help to alleviate the problem and repre
sents an effective solution that may be applied 
at other airports across the country. The unidi
rectional Runway 14-32 is 5,000 feet ong by 
100 feet wide, with 35-foot paved shoulders 
and additional paved safety areas at each end. 
This runway will help alleviate the reduction 
in operational capacity during adverse weath
er conditions and help mitigate weather-relat.
ed delays. The runway will not increase air
port capacity as its use is restricted by both 
runway length and environmental mandate, 
but its use during periods of strong northwest 
winds will help reduce delays not only at 
Logan but also nationwide, since a delayed 
flight at Logan typically causes chain-reaction 
delays to all connecting airports. 

The second cause of delays at Logan is due 
to FAA regulations stating that there needs to 
be a greater distance between large and small 
aircraft during take-off and landing. With 
strong northwest winds, however, smaller air
craft are often forced to share the only avail
able runway with larger aircraft, which 
increases delays. Runway 14-32 will allow air 
traffic controllers to separate these large and 
small aircraft from the approach streams to 
Logan during northwesterly winds. The 
smaller aircraft will land on Runway 32, while 
larger aircraft will land on Runway 33L. This 
configuration will significantly alleviate 
delays by separating the aircraft streams. 
Without Runway 14-32, Logan would have 
relied more heavily on the north-south run
ways, creating an unfair burden on the com
munities affected by this runway configura
tion. By providing an alternative and a solu
tion to Logan, as well as other airports strug
gling with the same problems (insufficient 
operational efficiency, airfield safety, delays, 
growth in aviation activity), this project adds 
technical value to the engineering profession. 

Social & Economic Considerations 
Handling more than 27 million passengers 

annually and supporting more than 100,000 
jobs, Logan plays a critical role by contribut
ing more than $7 billion to New England's 
economy. Yet, to prevent costly flight delays, 
capacity issues at the airport needed to be 
addressed. In past years, commercial aviation 
delays have resulted in more than $9 billion in 
negative economic effects on the U.S. econo
my and have cost commercial airlines more 
than $3 billion. Studies on the impact of civil 
aviation have also shown that if there were no 
new investments in airport construction or in 
the air traffic system, delays could potentially 
cost the economy $13.5 billion in 2007 and 
$17.2 billion in 2012. By improving airside 
operating conditions, the amount of time that 
aircraft are delayed in the air and on· the 
ground will be reduced. These improvements 
to Logan will also reduce air emissions from 
aircraft into the community environment. 

Public Opinion 
Throughout this process special efforts were 
also made to include the surrounding commu
nity and increase public participation. As part 
of the public outreach, technical assistance 
was given to the Community Advisory 
Council. Numerous community meetings 
took place to address the concerns of neigh
boring communities and to achieve consensus 
as to the restrictions for the new runway. 
These restrictions include: 

• Arrivals to Runway 32 and departures 
from Runway 14 only; 

• Wind restrictions of 10 knots or greater; 
• Wind has to be within 275 degrees to 005 

degrees for Runway 32 arrivals; and 
• Wind has to be within 095 degrees to 185 

degrees for Runway 14 departures. 

Design of the runway portion of the assign
ment was completed in September 2004 and 
bid results ($45M) came in approximately 10 
percent under the engineer's estimate. 
Construction commenced in March 2005 and 

· current cost closeout projections indicat€ that 
Runway 14-32 will come in under the author
ized budget. Runway 14-32 now has the abil
ity to reduce delays up to 90 percent on north
west wind days, 45 to 55 percent in good 
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weather and 20 to 30 percent annually. It will 
now also allow 75,000 flights per year (more 
than double the number today) to take off and 
land over the water. The benefits to the airport 
and surrounding community include: 

• Reduction of overall delays by up to 30 
percent; 

• Directing more than 75,000 flights a year 

over Boston Harbor and away from 
Boston-area neighborhoods; 

• Greater in-air and on-ground flexibility 
to air traffic controllers; 

• Improvement in air quality as aircraft 
will spend less time idling on taxiways 
and circling overhead; and, 

• Reduction of noise pollution for sur
rounding communities 

Creation of an Innovative 
Infrastructure Management System 
for the Town of Framingham 

Presented by: SEA CONSULTANTS, INC. 
Client: TOWN OF FRAMINGHAM, 
MASSACHUSETTS, DEPARTMENT OF 
PUBLIC WORKS 

Ageographic information system (GIS) and 
a risk assessment system were developed 

for the Town of Framingham' s Department of 
Public Works to prepare a town-wide Com
prehensive Wastewater Management Plan 
(CWMP) to evaluate the town's aging sewer
age system. Major tasks included GIS map-

. ping and inventory of the entire sewer system; 
conditional assessment of 230 miles of sewers 
and fifty pumping stations; hydraulic model
ing; preparation of a prioritized capital 
improvement plan (CIP); and development of 
a Work Order Management System. 

As documented in the International Infra
structure Management Manual (published by a 
consortium of public and private organiza
tions in Australia and New Zealand), risk 
management is utilized in the field of infra
structure asset management because it pro
vides the context to save money by strategi
cally identifying and prioritizing work activ
ity and capital projects. The challenge of risk 
management for sanitary sewer systems is 
that no standardized method exists to assess 
risk. Therefore, to realize the benefits of risk 
management, this project required innova
tion to develop an intuitive, usable and 
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repeatable method to assess risk in a manner 
consistent with its definition in the emerging 
field of infrastructure asset management. 
Since most authoritative publications in the 
field define risk as the product of the conse
quence of failure and the probability of fail
ure, the project team based the risk assess
ment methodology on this principle. Conse
quences of failure are normally defined in a 
manner that reflects the values of the com
munity and stakeholders. Examples of conse
quences include environmental damage, 
health and safety, and disruption to the com
munity. Probability of failure can be meas
ured for a number of failure modes including 
condition, age, capacity, efficiency, inflow/ 
infiltration (1/1) and sulfide levels in a sewer 
system. To thoroughly assess risk with con
sideration to all these variables, the asset 
management software was configured to 
identify the consequences, assign weights 
and ratings, and establish a matrix of conse
quences and failure probabilities to produce 
a utility risk factor (URF) for each pipe, struc
ture and pump station within the town's 
wastewater system. With these features built 
in, the software allows the user to analyze the 
sewer system against any of the variables that 
contribute to the URF as well as the overall 
URF score. Results of the analysis can then be 
viewed on a GIS map, used in reports and/or 
used in the software's capital planning mod-



ule to formulate budgets and prioritize when 
and where investments should take place. 

Future Value to the 
Engineering Profession & 
Perception by the Public 
Over the past century, the United States and 
other developed countries have made sub
stantial investments in wastewater collection 
systems that have had fundamental benefits to 
the health and welfare of modern society. 
Today, however, the country faces a challenge 
to sustain its aging infrastructure. According 
to the American Water Works Association, 
U.S. water and wastewater systems are enter
ing a replacement era that calls for different 
management techniques focused on sustain
ing the level of service these systems provide. 
The transportation industry has been dealing 
with similar issues for the past thirty or more 
years and has formulated universal standards 

. for pavement management and bridge ratings 
that can be used to quantify and rate the sever
ity of deterioration. Because of these standard
ized techniques, the transportation industry is 
able to quantify and compare the needs across 
the country with a uniformed approach. In 
comparison, the wastewater industry has only 
recently started to create similar methods and 
remains a long way from standardization. 

The methodologies developed for this proj
ect may be used as a major step toward bring
ing standardized methods to the industry 
using a holistic approach that considers multi
ple failure modes within a framework of 
accepted practices of asset management. 
Moving toward standardization is crucial for 
the engineering profession since it will allow 
faster determination of needs and will elimi
nate the time-consuming process of develop
ing new methodologies. The public stands to 
benefit by knowing how their system com
pares with others. Standardization will also 
enable the use of information and fee struc
tures so that the public can better determine 
how well their system is being managed. Even 
without standardization, the residents of 
Framingham will benefit from this program 
because they now have the tools to benchmark 
their system over ttme and to see that their 
user fees are being put to use strategically in a 

way that would not have been possible with
out this program in place. 

Complexity of the Project 
The goal of this project was to develop a pri
oritized CIP for the entirety of Framingham's 
wastewater collection system. The system had 
received only a few upgrades over the last 
twenty years, and substantial reinvestment 
was required to return the system to an 
acceptable level of service. This reinvestment 
needed to be focused and prioritized on the 
most "critical and urgent needs" of the sys
tem. The CIP also needed to prioritize 
improvements based on ways in which the 
system "fails" and not solely on the age of 
assets. Among the ways that the wastewater 
collection system can fail are: excessive infil
tration and inflow, high sulfide, inadequate 
capacity, age and inefficiency. In addition, 
other factors associated with each asset -
such as location, use, safety, cost and regulato
ry compliance - needed to be factored into 
the CIP since they affect the consequence of 
failure. Prioritization would determine, for 
example, that an old and leaky 8-inch side 
street lateral sewer is in less need of rehabili
tation than a thirty-year-old interceptor pass
ing through a critical intersection with insuffi
cient hydraulic capacity and elevated sulfide. 

This project took the probability of failure 
(capacity, 1/1, sulfide, conditi:on, efficiency and 
age) and factored them against the conse
quence of failure (environmental impact, 
health and safety, cost to operate, cost to 
repair, loss of service, property damage, pub
lic relations, regulatory impact and disruption 
to community). The product of these two fac
tors results in a URF score. This score was 
used to a~sist in developing the CIP, which 
encompassed over 20,000 different assets in 
the sewer system alone. 

This project was complicated by several 
additional factors. The tools developed to 
assist in the analysis had to take into account 
that the various assets provide very different 
functions in the collection system and are of 
different life spans and construction/ rehabili
tation methods. The types of assets analyzed 
included all types of sewer infrastructure: 
gravity sewers and manholes as well as force 
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mains, siphons and pumping stations. All of 
these assets require different types of analyses, 
but with over 225 miles of sewer pipe and fifty 
pumping stations, the overall program needed 

· to effectively compare these diverse assets to 
develop a single prioritized CIP. The project 
included the flexibility to expand the analysis 
to other types of assets. The tools created for 
this project provide the ability to assess other 
types of infrastructure within the community, 
including: water distribution systems, storm 
drain systems and roadway networks in order 
to develop a comprehensive town-wide CIP. 

Lastly, as with most large comprehensive 
plans, the project needed to satisfy many dif
ferent stakeholders. The unique difference 
was that the CIP developed from this tool 
acknowledges the requirements of the regula
tory agencies: the Massachusetts Department 
of Environmental Protection (MADEP) and its 
monitoring of sewer system overflows (SSOs); 
the Massachusetts Water Resource Authority 
(MWRA) and its focus on sulfide; the plan
ning, development and desire for smart 
growth and multi-use development; the need 
to manage the costs of a large-scale CIP; and 

. the desire to protect open space. The formula
tion of the analyses tools took these factors 
into consideration _in the development of the 
CIP without giving preferential attention to 
any single group. The analytical data generat
ed by the asset management system took all of 
these factors into consideration and provided 
the fact-based, real-time information on which · 
the strategic and focused CIP was based. 

Exceeding Client's/Owner's Needs 
The Town of Framingham's vision for this 
project was to transform its old, out-dated 
paper plan system to an electronically-based, 
web-enabled updatable program for its sewer
age system. The town's expectations have 
been far exceeded by the creation of this spe
cific asset management application. With the 
successful development of this tool for the 
municipal wastewater collection system, the 
town decided to expand its use to the water 
and stormsewer systems. The town has also 
seen extended use in its Department of Public 
Works (DPW), where field personnel routine
ly use the software in their daily operations. 
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Managers, operation personnel, GIS and infor
mation technology departments are also now 
fully dependent on the use of the asset man
agement system. Even the town's Financial 
Department (where its GASB 34 system is 
being set up using VUEWorks) depends on it. 
Now, the town's annual report can be done 
automatically as opposed to its current more 
labor-intensive manual method. 

This powerful planning and management 
tool is vital in helping the town's DPW better 
manage and maintain a very large municipal 
infrastructure system - one of the leading 
challenges in many cities and towns through
out the United States. This efficiency and 
improved effectiveness has translated into 
tangible savings to the town in terms of time, 
dollars and labor. 

Social, Economic & Sustainable 
Design Considerations 
Wastewater collection systems are fundamen
tal to the social and economic health and wel
fare of modern society. But, as these systems 
age and the population grows, this fundamen
tal infrastructure is becoming increasingly 
vulnerable and, if left alone, could threaten 
our modern lifestyle. At the same time, the 
amount of federal money available for main
taining these systems has declined substan
tially, leaving utilities and local governments 
with a greater responsibility to sustain these 
systems through water fees and local taxes. 
Sustain is the key word since it implies that the 
system must be able to maintain a target "level 
of service" as determined by a number of fac
tors, including: the number of sewer over
flows per year; the number of inspections 
required; how inspections are performed 
(video, visual, etc.); length of pipe cleaned; 
condition ratings or URF score; capacity lim
its; sulfide limits; 1/1 limits; pump station 
costs; the number of unscheduled mainte
nance calls; regulatory compliance; the num
ber of customer complaints; and more. The 
asset management program placed in 
Framingham is designed to track all of these 
factors so that progress can be measured 
against targeted levels of service. The risk 
assessment measures provide the means to 
weigh social and economic considerations 



such as health and safety, cost to operate and 
environmental impact - each of which carries 
value to modern society. To address sustain
ability, the software's multi-year budget plan
ning features are used to forecast the amount 
of capital expenditures required to achieve 
target goals. The town utilizes this informa
tion to forecast revenue needs with enough 

time to prepare customers for fee adjustments, 
implement them over time and provide infor
mation to explain how the fee structure is 
required for sustainability (thereby increasing 
the likelihood of customer understanding and 
support). The GIS-based VUEWorks applica
tion also helps garner public support by illus
trating areas of need on a map of the town. 

Providence College Fitness Center Field & 
Underground Parking Garage 
Presented by: SYMMES MAINI & MCKEE 
ASSOCIATES & JJA SPORTS 
Client: PROVIDENCE COLLEGE 

With a land-locked urban campus and 
significant site constraints, Providence 

College urgently needed creative engineering 
solutions to build new athletic fields to meet 
demand associated with fast-growing intra
mural and Title 9 women's athletic programs. 
One of the only available sites was at a small 
hillside parking lot site, burdened by sharply 
sloping terrain, unsuitable soils and layers of 
underground utilities. The design solution 
combined half the new field atop the parking 
structure and half installed at grade. Opened 
in May 2005, this solution is the first success
ful project of its kind in the United States. 

The design consisted of a multipurpose, 
synthetic turf sports field constructed partial
ly over an on-grade condition and partially 
over the structured parking level. This solu
tion required a complex structural system 
above the parking structure, plus an innova
tive, subsurface design for the field to ensure 
a stable, low-maintenance, long-life and cost
efficient combined facility. The key accom
plishment was the design: a synthetic playing 
surface and all-underground support systems 
to create equal field performance on both the 
at-grade and above-deck sides. The solution 
involves a subsurface "transition zone" to 
overcome drainage, waterproofing and stabil
ity problems. Because the existing parking lot 
had to remain in use until the end of the 

spring semester, construction had to occur 
within a short four- to five-month schedule, 
further challenging the design team. Innova
tions included the development of structural 
framing and foundation systems, which 
responded to both environments, while at the 
same time preventing minor differential set
tlement that could potentially bring the field 
out of compliance with both National 
Collegiate Athletic Association (NCAA) and 
International Hockey Federation (FIH) rules. 

Future Value to the 
Engineering Profession & 
Perception by the Public 
The solution of an artificial turf field half on 
grade and half on structure is the first suc
cessful project of its kind in the United States. 
The details for the field system, including the 
multiple drainage systems at both the struc
ture over the parking and on grade (as well as 
within the transition system between the two 
conditions), will serve as a model for similar 
projects in the future. 

The precast form system, although conven
tional, provides a recent successful solution 
for projects in which a custom design to solve 
durability, erection speed and appearance 
issues are critical to success. 

Complexity of Project 
Field hockey synthetic turf fields are regulated 
by NCAA and FIH standards, which require 
that competition fields maintain a level of pla
narity and meet strict requirements for 
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drainage and porosity through the field system. 
Inconsistent subsurface conditions ranging 
from well-drained soils, to highly frost-suscep
tible soils, to the hard concrete slab surface over 
the parking level, created an immense chal
lenge to develop systems that would provide 
consistent subsurface moisture conditions. 

Field on Grade. In order to create a consistent 
subsurface condition and avoid zones of frost 
heave, a membrane liner system was designed 
with a system of low-profile panel drains 
installed in a herring-bone pattern across the 
on grade field. This system was tied into a col
lector drain system around the perimeter of 
the field. A layer of specially designed 
"dynamic stone" (developed for its permeabil
ity and ability to be graded to a tolerance of 
±0.125 inches over a 10-foot straight edge), 
was placed on top of the drainage layer and 
provided the base for an elastic layer shock 
pad and the turf surface. 

Field on Structure. In order to provide drain
age consistent with the on-grade portion of the 
field, the concrete surface of the structured 
level was constructed with compound slopes to 
interior drains. The slopes had to be closely 
coordinated with the field surface to maintain 
consistency with the depth of dynamic stone 
material on top of the slab. In addition, an 
impermeable liner and a unique system of low
profile panel drains installed in a crisscross pat
tern ensured consistent drainage. 

Transition Zone. The transition between the 
structured and on-grade portions of the field 
was critical. A hinged slab, fixed at one end on 
the edge of the structured slab and floating on 
grade at the other end, was the key compo
nent to the transition. A subsurface drainage 
system utilizing components from both the 
structured and on-grade systems was 
installed on top of the slab, and a zone of well
drained material tied into a collector drain 
was installed below the slab. 

Surface Drainage. In addition to the subsur
face drainage system, the top surface of the 
field was sloped at a rate of 0.0625 inches per 
foot to a perimeter trench drain system to pro
vide the required surface drainage. 

Structural System Over the Parking Structure. 
In addition to being strong, stiff (to minimize 
deflections), economical and durable, the fram-
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ing also had to be able to be constructed quick
ly to meet the fast-track construction schedule. 
A framing system was developed that consist
ed of structural steel beams supporting a con
crete slab cast on 2.5-inch-deep precast concrete 
forms that were incorporated into the slab. This 
arrangement resulted in a surface at the under
side of the slab that was not only extremely 
durable but also far more attractive than con
ventional slab-forming systems. 

Site Complexity. The project site was severe
ly limited both horizontally and vertically by 
existing conditions. The field was wedged 
between two buildings along the long axis of 
the field and there was the additional chal
lenge to provide spectator seating along one 
side of the field. In addition, it was critical that 
the elevation of the playing surface be low 
enough to be compatible with the adjacent 
buildings, while at the same time the parking 
level had to be high enough to clear existing 
underground utilities that could not be relocat
ed. When all of the minimum required clear
ances for fire lanes, NCAA and FIH field 
requirements, and ADA access were consid
ered, there was a tolerance of only 3 inches 
between the existing buildings and approxi
mately 8 inches vertically-in which to construct 
the field. This tight tolerance resulted in the 
need to underpin adjacent building founda
tions and in one location (adjacent to an indoor 
pool) provide an elaborate earth retention sys
tem that consisted of a unique system of soil 
anchors supporting a reinforced gunite/ shot
crete liner installed in increments along the 
face of a deep sloped (4:1) excavation. 

Exceeding Client/Owner Needs . 
High Field Utilization. Instead of the traditional 
twenty hours per week of use from a tradi
tional grass field, the synthetic field at 
Providence can provide sixty hours of field 
use due to lower maintenance/recovery time 
and an all-weather playing surface.· 

Land Utilization. By successfully combining 
the parking and the athletic field into one site, 
the program's land footprint was only 2 acres. 
Separate facilities would have required 5 to 7 
acres on this land-starved campus. 

Parking Increase & Containment. The engi~ 
neering solution at Providence College 



increased parking spaces from 100 to 110. The 
inclusion of these spaces helped preserve 
other open space for future buildings or for 
leisure/ green space on the campus. 

Social, Economic & Sustainable 
Design Considerations 
Sustainability. The project design made signifi
cant use of highly recyclable materials such as 
concrete, steel and the shock-absorbing layer 
in the field. The synthetic field reduces water 
consumption by 800,000 gallons per year 
through reduced irrigation, while keeping fer
tilizers and pesticides needed on traditional 
turf out of the stormwater collection and 

municipal sewer systems. Rain water passing 
through the drainage system below the field is 
captured and reused for lawn irrigation else
where on campus. 

Reduced Maintenance Costs. The field 
required only 25 percent of the labor and 
materials cost of a traditional field, a 75 per
cent savings in annual maintenance for the 
college. 

New Public Space. The project has created a 
green space and state-of-the-art facility that 
can be used by all members of the campus 
community. The field meets the client's insti
tutional campus image goals, strengthening 
student recruitment and retention. 

Overhead Coverage System Project, Iraq 

Presented by: TETRA TECH 
Client: U.S. ARMY CORPS OF ENGINEERS -
TRANSATLANTIC PROGRAMS CENTER 

As a result of random and deadly terrorist 
attacks on U.S. bases in Iraq, the U.S. mil

itary faced the task of how to establish safe 
facilities for its troops as quickly and efficient
ly as possible in that war-torn country. As part 
of improving its protective posture, one of the 
military's focuses has been the enhancement 
of high-density locations requiring protection 
from indirect fire attack in Iraq. 

To solve the problem of how best to retrofit 
existing facilities in Iraq to protect troops 
against attack, the military engaged subject 
matter experts from the U.S. Army Corps of 
Engineers' (USACE) Engineer Research and 
Development Center (ERDC) and from the 
USACE Protective Design Center (PDC). A 
solution was required that would provide 
cost-effective and expedient protection and 
that could be implemented with no or minimal 
impact to the operation of existing facilities. 

After much collaboration between the 
ERDC and the PDC, a solution was devel
oped, tested and validated. On behalf of the 
Gulf Region Division in Iraq, the USACE 
Transatlantic Programs Center (TAC) subse
quently initiated the construction project. 

Known as the Overhead Coverage System 
Project, the project was to include the design 
and construction of protective structures at 
multiple facilities in Iraq. 

Original or Innovative Application 
of New or Existing Techniques 
In general, the approach developed by the 
ERDC and the PDC required that a multi-lay
ered protective system be constructed over 
existing facilities. The system, based on innova
tive uses of commercially available materials, 
was developed to intercept and mitigate incom
ing munitions. No as-built documentation 
existed for any of the facilities to be protected. 

The overall design for the protective cover 
included a superstructure that generally con
sisted of a steel frame with the primary mem
bers (columns and roof beams) made up of 
welded tapered plate sections with rigid joint 
connections. The secondary members sup
ported by the roof beams were cold-formed Z 
channels. The overall structures were founded 
on reinforced concrete spread footings or con
tinuous footings depending on the individual 
structure and site geotechnical conditions. In 
addition to the blast live load to simulate 
weapons effects, the design also addressed the 
issue of how to prevent the progressive col
lapse of these structures. It was important to 
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ensure that the overhead cover structure itself 
did not become an even larger threat to the 
inhabitants of the facility. This design was 
based on the requirements of the United 
Facilities Criteria (UFC) Manual 4-023-03, which 
was developed by the PDC. Failure was not an 
option in this fast-track project. 

Future Value to Engineering 
Sharing Technqlogy & Know-How. The Iraq Over
head Coverage System Project is unique and 
could provide a model for retrofitting other 
existing structures for force protection. A prop
erly designed overhead cover, combined with 
sidewall protection using simple t-barriers, can 
allow for enhancing the force protection quali
ties of a facility in a short period of time and can 
be applied anywhere in the world. 

Demonstrating the Value of Design/Build. 
This project involved providing overhead pro~ 
tective structures for more than fifty facilities 
at multiple installations in a very aggressive 
timeframe. Most of these facilities have been 
completed and are already in use by the mili
tary with the remaining facilities to be com
pleted within a few months. The success of 
this project demonstrates the value of design/ 
build for this type· of time-critical project. For 
example, the lead design engineer prepared 
separate design packages for the utilities and 
equipment relocation that needed to be per
formed before excavation could begin. This 
package was followed by a separate founda
tion package that allowed field work to begin 
at the earliest possible time. A third package 
was then provided that included the structure 
and all associated building components. At 
the end, an integrated 100 percent design 
package was provided to pull all of the pieces 
together, often after the structure was already 
partially constructed. Without the ability to 
use a design/build fast-track approach and 
perform the design and construction concur
rently, the aggressive schedules could never 
have been achieved. 

Creating a Model for Future Work in Iraq & 
Other Parts of the World. By demonstrating the 
success of a project such as this one, a model 
was created for retrofitting other existing 
structures for force protection in Iraq or in 
other parts of the world. This project has 
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saved the military time and money and, most 
importantly, has contributed to saving lives. 

Complexity of Project 
The project was very complex due to the 
unique challenges it presented. Coordination 
was required with multiple government agen
cies. Significant logistical and technical obsta
cles had to be dealt with. Site survey and geot
echnical investigations had to be conducted in 
remote and hostile environments. 

Need for Coordination Among All Parties. The 
concept for constructing these facilities had 
never been implemented before. Therefore, it 
required intense and careful coordination at 
every step along the way. In .addition to 
demonstrating compliance with the Interna
tional Building Code (IBC), the documenta
tion had to allow the ERDC and the PDC to 
confirm that the designs were fully compliant 
with the force protection criteria and models. 

Significant Logistical & Technical Challenges. 
The initial data-gathering effort required mul
tiple teams, each working 12 hours per day, 7 
days per week in extremely hot weather and 
in remote and hostile areas. In some cases, the 
team performed field work 24 hours a day. 
Hot weather concreting measures were often 
required when daytime temperatures exceed
ed 110°F. Many of the overhead covers were 
provided at remote locations where safety was 
always of utmost concern. Because of the pro
ject's location on the other side of the world, 
team members sometimes found it difficult to 
exchange information· about how the project 
was pro-ceeding. Safety and security were 
always issues, often making it difficult to 
expedite construction. Given the unique 
nature of the new structures, the applicability 
of many code and guide document require
ments were unclear and, in some cases, not 
applicable to the design. These issues had to 
be identified and agreement reached with all 
parties regarding how these issues were to be 
addressed. Even though the structures were 
large enough to be considered substantial in 
typical applications, they were unoccupied 
retrofits built to cover existing structures. This 
condition, and its bearing on the project, had 
to be addressed and concurrence reached and 
factored into the design. 



In all cases, the protective facilities had to 
be constructed over and around an existing 
structure. To minimize cost, the new structure 
was constructed as close as possible to the 
existing structure. This construction method 
resulted in critical interface issues between 
existing and new structures and footings. 
Designs, while first-of-a-kind structures, had 
to utilize simple materials and construction 
techniques. Due to the long-term hostilities in 
Iraq, construction materials, skilled labor and 
special construction equipment were very lim
ited and in many cases nonexistent. The 
designs had to always be based on using easy
to-obtain materials, semiskilled labor and sim
ple equipment. 

Exceeding Client/Owner Needs 
Construction of the first overhead cover began 
in January 2006, less than ninety days after 
notice to proceed. All facilities remained in 
operation during the execution of the work. 
Careful coordination was required at every 
step. The close relationship between all parties 
that developed during the duration of the 
project ensured its success. 

The contract schedule required all facilities 
to be completed by March 1, 2007. Many of 

the structures were delivered ahead of the 
original completion schedule. Most of the 
structures are completed and in use by the 
U.S. Army, with additional structures being 
completed weekly. 

Social, Economic & 
Sustainable Considerations 
The Overhead Coverage System Project is pro
viding vital protection for U.S. personnel in 
Iraq. The protective structures are safeguard
ing the troops every day by assisting to ensure 
that they remain safe from attacks. The struc
tures enable the troops to go about their mis
sion in Iraq with an additional measure of 
safety. In this sense, they are an important step 
toward securing peace and promoting nation
building in Iraq. Also, they provide an impor
tant model that can be used for retrofitting 
more structures for force protection in other 
dangerous areas. This project demonstrated 
how the government and the private sector 
can work together to achieve what initially 
appeared to be an almost impossible task. The 
positive collaboration and teamwork achieved 
by the TAC, ERDC, PDC, contractor and Tetra 
Tech was a small but important component of 
support to U.S.forces. 

University of Virginia Meadow Creek 
Regional Stormwater Management Plan 

Presented by: NITSCH ENGINEERING, INC. 
Client: UNIVERSITY OF VIRGINIA 

The University of Virginia (UVA) faced 
stormwater problems. Rather than man

aging stormwater at each building, which was 
· inefficient and costly, a first-oMts-kind region

al stormwater management plan was devel
oped using natural systems such as created 
wetlands, daylighted streams and feature 
ponds. Water quality was improved, storm
water flow from campus has been reduced 
and beautiful amenities were added. 

The Regional Stormwater Management 
Plan (SWMP) was prepared to develop work-

able solutions to address hydrologic and 
water quality issues, and to relieve the 
stressed stream condition of Meadow Creek, 
while allowing the capacity for numerous 
new campus projects in the watershed area. 
UVA needed effective regional stormwater 
management combined with easy stormwater 
management facility maintenance to enable 
academic and residential development in sup
port of the university's mission. Watershed 
modeling and analyses of existing and pro
posed build-out developments were conduct
ed, and based on these models and analyses 
mitigation solutions were designed for three 
regional facilities. Successful completion of 
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The Dell at the University of Virginia. (Courtesy of Nelson Byrd Woltz Landscape Architects.) 

these projects prepared the watershed for 
future development. 

Storm water management issues for UVA' s 
Meadow Creek posed serious problems. 
During peak storms, the overloaded Meadow 
Creek would overtop its banks. Stormwater 
quantity and quality flowing from the 1,350-
acre campus via Meadow Creek to the 
Rivanna River and Chesapeake Bay created 
serious downstream issues. Addressing 
stormwater issues on a building-by-building 
basis was not cost-effective, and required cost
ly and time-consuming ongoing maintenance. 
All these issues would be compounded by the 
impacts of planned future development of 
projects in a $700-million capital program. 
Finding a campus-wide solution was essential 
forUVA. 

The regional solution avoided reliance on 
traditional engineering solutions; instead, it 
took advantage of the retention and treatment 
capacities of natural systems. The result was a 
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low-impact, natural approach to campus
wide stormwater management. Existing 
streams that were piped underground in cul
verts are now daylighted, creating beautiful 
campus amenities. Biofiltration areas featur
ing natural plants along the streams were 
developed for pretreatment of stormwater. 
The use of biomimicry allows sediments to 
settle and be dispersed throughout the natural 
systems. The sediment dispersion facilitates 
bioaccumulation (the natural process where 
plants absorb nutrients like phosphorus, the 
major pollutant in the project watershed). Oil 
and grease, which had previously flowed 
downstream via the piped stream, are now 
emulsified by the plant stems and broken 
down by sunlight. 

The :regional stormwater mitigation solu
tions in separate reaches of the watershed -
the Dell, the Athletic Precinct Garage site, 
and the Arena site - restored vital sections 
of the Meadow Creek watershed and 



allowed for future development in the water
shed. 

Based on hydrology, the Dell area was 
found to be the most effective site for a region
al stormwater management facility. Once an 
open stream, this section of Meadow Creek in 
the Dell had been culverted. The new 
stormwater management system brought the 
natural stream back to the surface by day
lighting 1,100 iineal feet of it, restoring lost 
flood plain and creating wetlands and a new 
feature pond. 

Located near the campus student center, 
the attractive new feature pond is now a pop
ular gathering place for students, faculty and 
visitors. The pond has a sediment forebay 
designed to be drained and maintained, a 
biofiltration island and vegetated filters. The 
dominant pollutant removal mechanism in 
the natural system is sedimentation. The wet 
pond landscape feature at the Dell acts as a 
retention basin, retaining up to 175,500 cubic 
feet of stormwater. During storm events, large 
volumes of stormwater passing through the 
system are retained in the wet pond; pollu
tants settle out there and then the stormwater 
is discharged gradually into the stream chan
nel through a controlled overflow. To avoid 
hydraulic overloading, a diversion around the 
pond was designed to handle flows in excess 
of the system's capacity. 

At the site of the proposed Athletic Precinct 
garage, a stream tributary used to flow in a 
culvert across the site. Rather than designing 
and constructing a new culvert to divert the 
existing stormwater flows around the pro
posed facility, a stream and wetland restora
tion plan were developed, rerouting the 
stream tributary and daylighting 700 lineal 
feet of it. The plan included a culvert under 
the stream to transport approximately 80 per
cent of the stormwater. By splitting the runoff 
between the stream and the culvert, flooding 
was relieved in the culvert and treatment was 
provided at the surface. This daylighted 
stream now flows through stands of trees and 
a native grass and wildflower meadow. 
Wetlands created along the stream banks 
retain and pretreat stormwater, and an in-line 
detention basin is used as a wetland ponding 
area. During large storm events, stormwater 

can flood these two wetland areas, regulating 
the flow rate in Meadow Creek. 

At the John Paul Jones Arena site, culvert 
modifications were designed to create addi
tional stormwater storage. A 200-foot section 
of stream was daylighted. Wetlands were 
enhanced with floodplains, vegetated buffers 
and aquatic benches. The gently sloping flood
plain areas along stream banks now act as a 
buffer between developed areas and water 
resources. The aquatic benches allow various 
depth zones to enable a variety of vegetated 
plants to emerge and to augment pollutant 
removal. 

For the overall system, the low-impact, eco
nomical solutions effectively managed storm
water quantity and quality, provided campus 
amenities and reduced maintenance. Reestab
lishing natural ecological processes provided 
an opportunity for the ecosystem to accommo
date and offset the effects of development. As a 
result of this campus-wide approach, individ
ual site development projects no longer need 
their own stormwater management systems; 
instead, they reap the benefits of the three 
regional facilities installed across the campus. 

The restored natural systems are expected 
to remove greater amounts of pollutants than 
traditional best management practices 
(BMPs). Furthermore, while BMPs tend to 
take up large areas of land within develop~d 
sites, a regional approach enabled developed 
sites to retain large areas of open space that 
can be preserved to enhance the local environ
ment or can be developed for future uses. 

Complexity of Project 
The large UVA campus, with the complex and 
varying hydrology of the Meadow Creek 
watershed, complicated the development of a 
regional plan and required thoughtful study. 
Developing a solution involved reaching 
beyond the expectation of an engineered solu
tion and necessitated being open-minded in 
considering different approaches to solve 
stormwater management issues in a non-tradi
tional way. 

Due to prior campus development, large 
areas of naturally occurring streams had been 
diverted through subsurface storm sewers 
and culverts. 
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The Meadow Creek watershed consists of 
thirteen sub-basins; over half of this area is 
UVA property. A hydrologic study evaluated 
the entire 850-acre watershed, determining the 
rate of runoff in each sub-basin by the slope 
and flow lengths, the soil type and the surface 
cover type. A stormwater hydrology model 
was developed to assess these existing hydro
logic conditions and to analyze the effects of 
future development conditions presented by 
the UV A. Several potential alternative storm
water management applications were evalut
ed to mitigate the impacts while improving 
water quality and reducing flooding and 
downstream flow rates. 

Consensus building was a complex and 
critical issue for this project. The highly com
plex, technical issues needed to be presented 
to stakeholders in understandable terms and 
simple solutions so that individuals from 
UVA's design and facilities management staff 
and from state agencies could see that their 
own interests were represented. 

Future Value to the 
Engineering Profession & 
Perception by the Public 
One great benefit of low-impact, non-engi
neered designs is that they put the solutions in 
front of people rather than underground. 
Beautiful, natural areas become living 
resources for public education about storm
water management and sustainable design. At 
UVA, public acceptance and enjoyment of 
new natural areas adjacent to campus facilities 
are evident in the immediate and sustained 
use of these amenities. 

The UVA SWMP provides lasting value to 
the engineering profession by demonstrating 

, "regional" solutions that could be adapted for 
use at similar sites. This approach embraces 
and epitomizes the overarching goal of creat
ing a more sustainable environment national
ly and worldwide. 

The project resulted in Virginia's Depart
ment of Conservation and Recreation (DCR) 
redefining the use of regional planning. The 
stormwater management measures fulfill the 
obligations of UVA under its regional storm
water management plan to mitigate for future 
development within the watershed. As UVA's 
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projects approach the design stage, they are 
checked for compliance by the DCR with the 
SWMP. Projects consistent with the SWMP are 
considered permitted in accordance with DCR 
regulations for regional facilities. For UVA, the 
regional designation results in reduced 
administrative processes and expedites devel
opment programs. This designation could also 
benefit other colleges, universities and institu
tions in Virginia that have large campus areas. 

. Longer term, the success of this project serves 
as an example of effective regional planning 
that is applicable to programs and require
ments in other states. 

Exceeding Client/Owner Needs 
UVA needed to find a way to solve the prob
lem of managing stormwater for upcoming 
development, while still taking into account 
the very limited campus space available. 
Earlier attempts to address stormwater man
agement issues at individual facilities at UVA 
did not meet UVA's needs, and were costly 
and inefficient. At Scott Stadium, stormwater 
treatmenttraps required significant and costly 
ongoing maintenance. Because these traps col
lected oily runoff from a parking area, it creat
ed an expensive hazardous waste disposal 
issue. In some cases, addressing the stormwa
ter issues on a project-by-project basis was 
completely impossible: UVA needed to build a 
new basketball arena, but the land allocated 
for the project was not large enough to accom
modate the new arena and the huge detention 
basin that would be required to solve 
stormwater problems at the site. UVA needed 
another option. 

Facilities maintenance is always an impor
tant factor. UVA wanted a simple, easy-to
maintain system that did not create additional 
problems or strain the operating budget -
being realistic about ongoing maintenance 
was an important consideration in finding a 
solution. The design's simple solutions to the 
complex issues exceeded UVA's needs, even 
introducing the word pretty to the facilities' 
maintenance staff vocabulary. 

Social, Economic & Sustainable 
Design Considerations 
The total cost of the Meadow Creek stormwa-



ter improvements was estimated to be about 
30 percent of the total net cost if stormwater 
management facilities had been designed and 
built project-by-project. In addition, signifi
cantly less land was used for stormwater man
agement, making that land available for new 
campus facilities like the arena or for addi-
tional open space. · 

Implementation of the stormwater manage
ment plan resulted in an immediate 25 percent 
decrease in stormwater flow to the Charlottes
ville's city system. Furthermore, campus areas 
previously susceptible to flooding have not 
had these problems since the new facilities 
were installed. Once all planned facilities are 
built within the watershed, there will still be 
an additional 10 percent decrease in stormwa
ter discharged to the city, a benefit welcomed 
by Charlottesville. 

The use of "natural systems" such as 
streams, wetlands and ponds exemplified sus
tainability. Natural treatment processes were 
used to cleanse, retain and infiltrate stormwa
ter by mimicking nature. 
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Essay 

What Happened to 
John T. Mongan? 

They say all roads invariably 
lead to Rome (and not 
necessarily to MIT) but 
can all roads lead to a 
capable, qualified engineer? 

BRIAN BRENNER 

This is a tale of two letters. The first was 
sent by the Massachusetts Institute of 
Technology (MIT) admissions office to 

attract high school students to attend the insti
tute. The second letter was a response by one 
of those prospective students, John T. 
Mongan. 

Letter #1 

April 14, 1994 

Mr. John T. Mongan 
123 Main Street 
Smalltown, California 94123-4567 · 

Dear John: 

You've got the grades. You've certainly 
got the PSAT scores. And now you've got a 
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letter from MIT. Maybe you're surprised. 
Most students would be. 

But you're not most students. And that's 
exactly why I urge you to consider careful
ly one of the most selective universities in 
America. 

The level of potential reflected in your 
performance is a powerful indicator that 
you might well be an excellent candidate 
for MIT. It certainly got my attention! 

Engineering's not for you? No problem. 
It may surprise you to learn we offer more 
than 40 major fields of study, from architec
ture to brain and cognitive sciences, from 
economics (perhaps the best program in the 
country) to writing. 

What? Of course, you don't want to be 
bored. Who does? Life here is tough and 
demanding, but it's also fun. MIT students 
are imaginative and creative - inside and 
outside the classroom. 

You're interested in athletics? Great! MIT 
has more varsity teams - 39 - than almost 
any other university, and a tremendous 
intramural program so everybody can par
ticipate. 

You think we're too expensive? Don't be 
too sure. We've got surprises for you there, 
too. · 

Why not send the enclosed Information 
Request to find out more about this unique 
institution? Why not do it right now? 



Sincerely, 
Michael C. Behnke, 
Director of Admissions 

P.S. - If you'd like a copy of a fun-filled, 
fact-filled brochure, "Insight," just check 
the appropriate box on the form. 

Letter #2 

May 5, 1994 

Michael C. Behnke 
MIT Director of Admissions 
Office of Admissions, Room 3-108 
Cambridge MA 02139-4307 

Dear Michael: 

You've got the reputation. You've certain
ly got the pomposity. And now you've got a 
letter from John Mongan. Maybe you' re sur

. prised. Most universities would be. 
But you're not most universities. And 

that's exactly why I urge you to carefully 
consider one of the most selective students 
in America, so selective that he will choose 
only one of the thousands of accredited uni
versities in the country. 

The level of pomposity and lack of tact 
reflected in your letter is a powerful indica
tor that your august institution might well 
be a possibility for John Mongan's future 
education. It certainly got my attention! 

Don't want Bio-Chem students? No 
problem. It may surprise you to learn that 
my interests cover over 400 fields of study, 
from semantics to limnology, from object
oriented programming (perhaps one of the 
youngest professionals in the country) to 
classical piano. 

What? Of course you don't want egotis
tical jerks. Who does? I am self-indulgent 
and overconfident, but I'm also amusing. 
John Mongan is funny and amusing -
whether you're laughing with him or at 
him. 

You're interested in athletes? Great! John 
Mongan has played more sports - 47 -
than almost any other student, including 
oddball favorites such as Orienteering. 

You think I can pay for your school? 
Don't be too sure. I've got surprises for you 
there, too. 

Why not send a guaranteed admission 
and full scholarship to increase your chance 
of being selected by John Mongan? Why 
not do it right now? 

Sincerely, 
John Mongan 

P.S. - If you'd like a copy of a fun-filled, 
fact-filled brochure, "John Mongan: What a 
Guy!" just ask. 

Copies of these letters have been making the 
rounds on the Internet for years. When I have 
been invited to give presentations to MIT class
es and functions, what better way is there than 
to start a talk by reading them? But I needed to 
know for sure if these letters were real or not. 
Who was John T. Mongan? Some research was 
required. 

A Real Personality 
As far as I can tell, John T. Mongan is a real 
person. Apparently, he did not end up going 
to MIT. He never applied, which is a. pity, 
because it would have been entertaining to see 
how his application would be received. 
Instead, Mongan went to Stanford, where he 
graduated with a Bachelor of Science degree 
in chemistry. He learned some programming 
and worked as a consultant for Autodesk in 
2000. Mongan even co-authored a book, 
Programming Interviews Exposed: Secrets to 
Landing Your Next Job (which has sold over 
30,000 copies). After working at Autodesk, he 
planned to attend medical school, but at this 
point, my research trail went cold and I could 
find no additional information. 

For this discussion, the story of John T. 
Mongan could stop here. We are indebted to 
him, via the Internet, for his unique contribu
tion to the literature of college application let
ters. In reading the documents, it's not clear 
that MIT's admissions officer was serious in 
his original letter to the high school students. 
Some references suggested that the MIT 
admissions office attempted to write the orig
inal letter as "non-stuffy" and off-the-wall 
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way of getting high school students' attention. 
If that is true, then the letter surely must have 
succeeded. In the crowded marketplace of 
bland, wholesome college brochures, Michael 
Behnke's letter used a slightly different 
approach. It certainly got my attention. The 
spin from MIT was that its letter was a parody 
of the admissions solicitation genre, and that 
perhaps Mongan took it a little bit too serious
ly. 

A Twist 
But the sequence of letters from 1994 takes on 
new resonance considering what happened to 
the MIT Dean of Admissions. In 2007, word 
was leaked to the press that the current Dean, 
who had been hired ten years before, had been 
unclear about her qualifications. Apparently, 
she did not attend the colleges that she listed 
on her resume. 

By all accounts, the MIT Dean of Admis
sions was superb at her job. She was a nation
al leader in a reform movement aimed reex
amining the hypercompetitive environment of 
college admissions. Especially for extremely 
selective schools, the college admission 
process had increasingly become an intense, 
nerve-wracking, high-stakes beauty_ pageant. 
Winning candidates needed to have perfect 
SAT scores, varsity letters in six sports and a 
resume full of extra~curricular activities that 
needed to demonstrate increasing levels of 
responsibility and decreasing levels of daily 
sleep. The MIT Dean tried to temper the 
process, adding items to the admissions sheet 
such as a question to students to write about 
what excited them in life. Her goal was to try 
to develop a process that evaluated the whole 
student as a young human being, and not as a 
collection of accolades. 

Credentials, 
Credentials, Credentials 
The Dean's fate was ironic, it that she was 
deposed by a prncess she tried to reform. In 
requiring the Dean's resignation, MIT was 
placed in a tough position and arrived at a dif
ficult, but ultimately correct, decision. Yet the 
process calls into question the meaning, and 
importance, of prerequisites and qualifica
tions. What happened to the MIT Dean pres-
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ents a cautionary tale for the rest of us, partic
ularly engineers. Led by ASCE, civil engineers 
are engaged in a wide-ranging debate about 
what qualifies a person to be an engineer. The 
ASCE Body of Knowledge (BOK) committee 
has taken on the difficult task of defining the 
"Body of Knowledge" - the accumulated 
information - that qualifies an individual to 
be a responsible civil engineer. This task is not 
an easy one because the world is vast and the 
amount of appropriate knowledge is seeming
ly endless. 

To Embody Knowledge 
To practice as a civil engineer depends on 
mastering a complex suite of skills, knowl
edge and background, both technical and non
technical. When analyzing, designing and 
constructing a bridge, for example, engineers 
have to be well-versed in thousands of details 
for analysis, modeling, drawing, communicat
ing with the client, scheduling and estimating, 
as well as many other skills. The engineer 
must also exercise these skills competently in 
a competitive environment where representa
tives of different disciplines and participants 
are vying for limited resources under tight 
constraints. 

Ending up with a good bridge is tough 
enough. But how should society measure 
whether or not one is qualified to be a bridge 
engineer? After the ASCE committee has 
defined BOK, then it has to be validated and 
measured. Engineers have agreed-upon tools 
for doing so, such as the accreditation process 
for university engineering programs, and the 
Engineer in Training (EIT) and Professional 
Engineer (PE) exams. 

However, the accreditation process has 
become more of a performance specification 
and less prescribed over time. In addition, the 
rigid examination process, as represented by 
the EIT and PE exams, is being increasingly 
challenged by those who feel that exams do 
not measure the whole student or that the 
exams have an tnherent bias. In a way, these 
are two sides of the same coin. There is no 
argument on the goal of having experienced, 
capable engineers. Yet no one wants to say, in 
any detail, what are the right means to achieve 
this lofty and beneficial goal. The thinking is 



that as long as the destination is reached, it is 
better to provide as much flexibility as possi
ble for selecting the route and mode of trans
port. But what if people get lost or their vehi
cle breaks down? 

I wondered what John T. Mongan thought 
about all this. How should we measure quali
fications? Should it be prescribed or perform
ance specifications? How do we know for sure 
that an engineer is ready to engineer? John 
would know what to do. 

So I wrote him a letter: 

Dear John, 

You've got the book. You've got the 
knowledge. And now you've got a letter 
from Brian R. Brenner. Maybe you're sur
prised. Most engineers would be. 

But you're not like most engineers. And 
that's exactly why I urge you to consider 
carefully one of the most challenging engi
neering questions of our time: determining 
how to measure and validate qualifications. 

The level of potential reflected in your 
response to MIT as a high school student is 
a powerful indicator that you might well be 
an excellent candidate to interact with 
Brian R. Brenner. It certainly got my atten
tion! 

Civi.l engineering's not for you?. No 
problem. It may surprise you to learn that 
determining engineering · qualifications in · 
our increasingly complex world is impor
tant to more than 40 major fields of study, 

from mechanical engineering to biomed
ical, from economics to such oddball 
favorites as computer programming. 

What? Of course, you don't want to be 
bored. Who does? Figuring out who is qual
ified as an engineer is tough and demand
ing, but it's also fun. Well, maybe it's not 
fun. 

You're interested in athletics? You're an 
engineer? 

You think engineers get paid enough? 
Don't be too sure. We've got surprises for 
you there, too. 

Why not respond to Brian R. Brenner to 
interact with him on this challenging topic? 
Why not do it right now? 

Sincerely, 
Brian R. Brenner, Famous Civil 

Engineering Author and a Legend 
(in his own mind) 

Here is Mr. Mongan's response ... 

BRIAN R. BRENNER is an Associate with Fay, 
Spofford & Thorndike in Burlington, Mass. He also 
teache.s engineering classes at Tufts University. He 
served as Chair of the editorial board for Civil 
Engineering Practice for seven years. 

REFERENCE 

The original Mongan letter can be found in numer
ous places on the World Wide Web. Two such places 
are: www.jr.co.il/humor/mit.txt and www.netfunny 
.com/rhf/jokes/95q4/mongan.html. 
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