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Editorial 

The Hub of Engineering 

This issue of Civil Engineering Practice: Journal of the Boston Society of Civil Engineers Sec
tion/ASCE has been specially prepared for the 1998 ASCE National Convention in Boston. 
It also commemorates the 150-year anniversary of BSCES. Convention attendees with full 

registration will receive a copy of this issue compliments of BSCES. 
Boston and the New England region have a long history of civil engineering achievements. 

Many of these are celebrated in the convention's series of History and Heritage seminars. BSCES 
is proud to sponsor the designations of two National Historic Civil Engineering Landmarks: the 
Canton Viaduct, a stone masonry railroad trestle south of Boston, and the Moseley Wrought Iron 
Bridge, located on the campus of Merrimack College north of the city. 

In planning for the convention, the Boston Local Organizing Committee (BLOC) chose not just 
to celebrate the past, but to examine the present and look forward to the future. Recently, the Bos
ton area has been graced by several huge projects. The multi-billion dollar Central Artery /Tunnel 
Project features just about every type of civil engineering analysis, design and construction. This 
Massachusetts Highway Department/Massachusetts Turnpike project includes miles of cut-and
cover tunnels, two immersed tube tunnels, a cable-stayed bridge, large steel and concrete via
ducts, underpinning, new subway construction and stations, and many other features. MASS
PORT has the Logan modernization program, a large billion dollar plus ongoing project to recon
figure Logan Airport. The Massachusetts Water Resources Authority has sponsored multi-billion 
dollar projects to rebuild the Boston area's water supply and transmission, and wastewater treat
ment facilities, including a deep underwater outfall tunnel into Boston Harbor and a massive new 
wastewater treatment plant at Deer Island. The Massachusetts Bay Transit Authority (MBTA) has 
many current and future projects of its own, including the construction of a multi-modal "Super 
Station" at North Station for transit and commuter rail, and a future Rail Link tunnel connecting 
North and South stations. As a group, these projects represent an impressive, comprehensive con
tribution to the work of civil engineering analysis, design and construction. Bostonians are not 
shy about their perceived status in the order of things. The city's nickname is the "Hub," as in the 
"Hub of the Universe." For the 1998 ASCE Convention, we consider ourselves to be the Hub of the 
Civil Engineering Universe as well. 

Aspects of some of these local projects are described, in part, in this issue of Civil Engineering . 
Practice. Cranston Rogers writes about the merger of BSCE and ASCE, and about the construction 
of the original Central Artery expressway viaduct. Paul Harrington describes the existing artery's 
current underpinning efforts prior to tunnel excavation below it. Clay Schofield contributes a pa
per about the history of mass transit in Boston, and on current and future MBTA projects. A retro
spective and still timely paper by Karl Terzaghi on engineering practice is reprinted from an ear
lier Journal issue. Trent Parkhill contributes a retrospective about the development of geotechnical 
engineering, a discipline that to an extent originated in Boston. Katherine Weeks writes about 
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James B. Francis, a pre-eminent hydraulics engineer of the nineteenth century. Irene Woodfall de
scribes the inventive methods used to renovate a part of Boston's water/ sewer line infrastructure. 
A.J. Powderham explores ways to best apply the observational method on construction projects. 
Finally, Steve Benz examines the great changes introduced by computer-aided civil engineering. 
Together, these papers present some of the details of Boston civil engineering practice: past, pres
ent and future. 

Civil Engineering Practice is prepared under the guidance, and with the constributions, of its 
Editorial Board. Many thanks are due to its members. Special thanks are given to Elizabeth Lewis, 
who coordinated this issue, and Cindy Chabot, who serves as the chair of the Board's Committee 
for Editorial Affairs. Also, the Society owes its gratitude to its Editor, Gian Lombardo, who is 
largely responsible for the document's excellent standards and quality. 

Thanks are also due to the following members of BLOC for their work in planning the 1998 
ASCE Convention: Jack Henderson, Chair, Charles Brackett, Anni H. Autio, Daniel P. Bisson, 
Brian Brenner, Gary S. Brierly, Robin B. Dill, Sar Wadia-Fascetti, Bill Galbraith, Abbie Goodman, 
Charles Kalauskas, Michael Oakland, Ed Nazaretian and Dennis Tewksbury. 

For our visitors, on behalf of BSCES, welcome to the Hub. We hope you enjoy this issue and 
your stay. 
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Technology Overview 

Geotechnical Design & 
Construction From 
1848 to 1998 

Developm~nts in underground 
engineering and construction 
have been driven by the 
combination of advances in 
science, new materials and 
sources of power, and societal 
demands. 

S. TRENT PARKHILL 

S ince the founding of the Boston Society of 
Civil Engineers (BSCE) 150 years ago, the 
United States has progressed from a col

lection of rural farm-based communities to an ur
ban industrialized society. Rapid population 
growth and the concentration of people in urban 
areas created demands for expanded transporta
tion systems, taller buildings and construction 
over poorer subsurface conditions. These de
mands helped to transform underground design 

. and construction from an art practiced by con
tractors, architects and a few early civil engineers 
to a profession practiced by geotechnical engi
neers and geotechnical specialty contractors. En
gineers working in Massachusetts (many of 

whom were members of BSC:E) played a major 
role in these developments. 

Evolution of Materials & 
Sources of Power 
The industrial revolution began in England in 
the second half of the eighteenth century and 
was stimulated by the introduction of efficient 
methods for the mass production of iron and by 
James Watt's development of an efficient steam 
engine. While the first steam-powered rolling 
mills had begun to produce wrought iron by 
the end of the eighteenth century, iron had seen 
very limited use in building and bridge con
struction by that time. It was not until the 1850s 
that iron-framed construction - in the form of 
glass-roofed train sheds - began to appear. By 
this time, concrete - a material first used by 
the Romans - had been rediscovered. 

The second half of the ninete.enth century 
.saw the use of reinforcement in concrete and, 
following the development of the Bessemer 
process in 1856 and the development of cold 
rolling mills in the 1870s, mass-produced steel 
became readily available as a building mate
rial. As the twentieth century began, elastic the
ory was applied to reinforced concrete design 
and the use of concrete rapidly expanded. 
Eventually, steam, human and animal power 
were replaced by the electric motor (invented 
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in 1889), the diesel engine (invented in 1893) 
and reliable gasoline engines (in use in 1908). 
As described by George Morrison, a prominent 
American civil engineer at the beginning of the 
twentieth century, industrialized nations were 
no longer limited to the use of wind and water 
for power; they could produce energy "where 
it is needed and when it is needed."1 These new 
sources of energy became the power plants for 
new, more powerful and efficient construction 
equipment. 

The introduction of these new materials and 
power sources greatly changed both the building 
and foundation design process, as well as the se
lection of foundation types. With the added com
plexity of the new materials and equipment, it 
was more difficult for the architect and the field
educated master craftsman to continue to pro
vide for the technical aspects of building design 
and construction. Thus, civil engineering, which 
first had appeared as a profession in the eight
eenth century, expanded from the construction of 
canals and railroads to the design and construc
tion of buildings. In building construction, the 
"architect/ master craftsman" model of building 
design and construction was converted into an 
"architect/ engineer" model. 

Changes in building materials also resulted 
in changes in loads and, thus, in new demands 
and opportunities for advances in foundation 
systems. Eventually, the new materials were 
used to create new types of piles and footings. 

Technologies Delayed & 
Rediscovered 
The history of underground engineering and 
construction has been marked by many dra
matic advances in materials, sources of power 
and design methods. While some of these ad
vances resulted in rapid and enduring changes, 
other advances were lost for years, only to be 
rediscovered at a later time. Examples of de
layed underground technology include: 

• Concrete was developed and used by the 
Romans in applications ranging from the 
underwater placement of bridge piers to 
the construction of a 560-foot diameter 
mat for the Colosseum (A.D. 75 to 80). 
However, concrete almost completely dis
appeared from use until the early 1800s, 
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when Joseph Aspdin invented Portland 
Cement in 1824. Despite this rediscovery, 
it was not until the late 1870s that concrete 
would reappear as a foundation material. 

• The steam shovel was invented in 1835 by 
William Otis. However, for at least the 
next 20 years only two shovels were used 
in the United States, and it was not until 
1876 that the first steam shovels were 
made outside the United States.2 Even 
such major projects as the Transcontinen
tal Railway (completed in 1869)-which 
required the leveling of 1,800 iniles of rail 
bed -were built primarily with the use of 
hand labor. Despite the steam shovel's 
ability to replace between 60 and 100 la
borers, the low cost of labor delayed sig
nificant use of the steam shovel. Human 
muscle and animal power were gradually 
replaced by steam-pow~red equipment 
during the beginning of the twentieth cen
tury, 80 to 90 years after the invention of 
the steam shovel. 

• Preloading was used on a 55-foot thick 
clay layer in 1809 by British engineer Tho
mas Telford "for the purpose of squeezing 
out the water and consolidating the 
rri.ud."3 This practice was also used in Bel
gium, the Netherlands and Luxembourg 
in the early 1800s to reduce post-construc
tion settlements. However, preloading 
was obviously not well understood since 
it did not appear to continue or to expand 
to other countries. Understanding of pre
loading and the rediscovery of its benefits 
would have to wait for more than 100 
years, until Karl Terzaghi's explanation of 
consolidation theory in 1925. 

The delays experienced in the use of new 
materials, equipment and design methods 
were often the consequence of fluctuations in 
labor and material costs, the lack of circulation 
of information, or the inability of practitioners 
to discern correct interpretations of soil behav
ior from the many incorrect theories. 

The Stage Is Set: · 
Influences Prior to 1848 
Although there were significant engineering 
projects in the United States at the end of the 



Exploration Milestones 

1862 Diamond core drilling begins by Leschot 
(Paris, France). 

After 1880 Diamond drill is used worldwide. 

1903 J.R. Worcester presents summary of Boston 
test borings to BSCE, beginning a BSCE tradition. 

1905 Wash borings are used in the United States. 
The technique is believed to have originated between 
1820 and 1860. 

1920s First vane shear apparatus by J. Olsson, of the 
Swedish Geotechnical Commission; perfected by 
about 1948. 

1925-1936 A. Casagrande demonstrates the impor
tance of sample disturbance, spurring interest in the 
United States in undisturbed sampling techniques (in 
Cambridge, Mass.). 

1926 Gow pipe sampler, the predecessor of the split 
. spoon sampler, was developed by Gow Company of 

Boston at the request of K. Terzaghi to get intact sam
ples in wash borings. This begins the practice of tak
ing intact samples in test borings. 

1927 Dutch cone apparatus is developed by the 
Danish Railways. 

1927 H.A. Mohr, of the Gow Company in Boston, 
suggests counting the blows required to drive a sam
pler into the ground. This method develops into the 
Standard Penetration Test. 

c. 1930 First pressuremeter introduced by Kogler 
and Scheidig. 

1936 Thin-walled Shelby tube sampler is intro
duced by H.A. Mohr at request of A. Casagrande to 
obtain large undisturbed samples (in Boston, Mass.). 

1937 Sprague and Henwood develop a split spoon 
sampler. 

1937 The pneumatic piezometer is used in U.S. Bu
reau of Reclamation dams. 

1940 The Denison sampler is developed at Denison 
Dam, Texas, for the undisturbed sampling of cohe
sionless soils. 

1941 First piston sampler with thin-walled tube by 
Hvorslev. 

During World War II Double-tube core barrel is 
developed, allowing for the sampling of weathered 
rock zones. 

Prior to 1950 Mosttest borings are advanced by wash 
boring methods from a simple tripod or four-legged der
rick. Casing is driven with a drop hammer. The hole is 
advanced by pumping (hand or power pumps) water 
through the rods and chopping bit, which are raised and 
dropped, thus cutting and washing away the soil. Sam
ples are collected at a wash tub from the return water. 

1950s Air photo interpretation develops. 

c. 1952 The friction-sleeve is added to the cone 
penetrometer. 

1956-1957 The pressuremeter is developed into a 
practical device by L. Menard while he is a student in 
France and the United States. 

After 1960 Most test borings are advanced by rotary 
drill rigs. 

Wash boring is conducted from a tripod in 
Boston in 1902. 

Test boring is conductedwith a modern rotary 
drill rig (1997) . 
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A steam-powered A-frame derrick using a clamshell bucket excavates a new channel for Ale- . 
wife Brook, Arlington, Mass., in.1910. · 

eighteenth century, American underground 
engineering had its real beginnings around 
1815. With the end of the War of 1812, the 
United States turned its attention to westward 
expansion. The demands caused by this expan
sion created a need for canals, establishing the 
United States's first major period of public 
works projects. These projects educated and 
trained North America's first significant group 
of underground engineers, providing a foun
dation for the mid-century development Of 
civil engineering as a profession. 

The American Military Academy at West 
Point graduated its first "civilian engineer" in 
1818 and, by 1835, a few small schools with en
gineering courses were graduating about 60 
civil engineers each year.4 However, despite 
the expansion of engineering schools and at
tempts to import engineers from Europe, most 
of the underground engineers· of the early 
1800s were educated in the field. When New 
York State began construction of the Erie Canal 
in 1817, the demand for engineers far out
paced the supply. The lack of engineers was 
solved by recruiting engineers from members 
of survey crews. The typical chief engineer of 
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the day began first as an axeman or rodman, 
progressing to transitman, assistant engineer, 
resident engineer and finally chief engineer. As 
other states began canal and other transporta
tion projects, they recruited heavily from the 
New York canal engineers.4 

In addition to creating a supply of engineers, 
the public works projects of the early 1800s 
stimulated the development of construction 
equipment and exposed many engineers to the 
underground engineering practices of the time, 
including pile driving, cofferdams, the use of 
steam engines and stabilization of slopes. 

Machines & the New Profession: 
1848 to 1879 
In 1848, both the United States and the civil en
gineering profession were experiencing major 
changes. With the end of the Mexican War, the 
United States gained vast lands in the West, es
sentially completing the acquisition of territory 
for the continental United States. Almost si
multaneously, gold was discovered in Califor
nia, creating a wave of westward migration 
and demands for improved transportation 
routes to the West. These demands would 



eventually drive major transportation projects 
including the Pan~ma Canal and the Transcon
tinental Railroad. Expansion in the East and 
Midwest helped to stimulate the construction 
of more than 4,500 miles of canals between 1850 
and 1879. Technological advances such as the 

· invention of the elevator (in 1847) and the Bes
semer process (in 1856), and a mid-century 
surge in immigration sowed the seeds of what 
would be a late-nineteenth-century boom in 
urban construction and the birth of the sky
scraper. Against this backdrop, on July 3, 1848, 
BSCE held its first meeting, creating the first 
engineering society in the United States. 

Professional Status. The 1850 census lists 512 
civil engineers, with the largest number residing 
in Massachusetts. While their numbers were 
small, they had reached the critical mass neces
sary to initiate the professionalization of civil en
gineering in the nation. The engineering societies 
began with BSCE and expanded to include the 
American Society of Civil Engineers and Archi
tects in New York (founded in 1852) and the Civil 
Engineers Club of the Northwest in Chicago 
(founded in 1869). These societies provided a fo
rum for engineers to exchange ideas and experi
ence, and helped to establish a common vision 
for the development of the new profession. 

As noted above, discoveries in underground 
engineering were often lost, primarily due to 
the lack of distribution of the new ideas and ob-· 
servations. Textbooks, such as Rankine's Ap
plied Mechanics (published in 1858) and the 
many handbooks and encyclopedias of engi
neering published during the period helped to 
reduce this problem by spreading information 
about advances in design, construction meth
ods and equipment. However, given the rapid 
pace of progress, the newly created engineer
ing journals and magazines soon became the 
primary forum for information exchange. In 
publications such as Van Nostrand's Eclectic En
gineering Magazine and · the American Engineer 
technical writing from local sources in both 
Europe and America was summarized and 
made available to a much wider audience. With 
these books, journals and magazines, engi
neers now had the means to quickly learn 
about new equipment and methods. 

· By the end of this period, America's popula
tion had doubled, while the number of civil en-

gineers had increased at a rate eight times the 
rate of population growth.1 Growing techno
logical complexity was changing construction 
practices and creating a continually increasing 
demand for civil engineers. With this expan
sion, civil engineering experienced its first 
phase of specialization, subdividing into the 
disciplines of civil, mechanical and mining en
gineering. 

Advances in Technology. Some of the most sig
nificant technological advances of this period 
included the development of reinforced con
crete, Bessemer steel, the elevator, dynamite, 
the pneumatic caisson and compressed air 
drills. Advances in structural design, such as 
the iron truss, allowed for the creation of the 
first roof span to exceed that of the Pantheon 

· (A.O. 118-128) and the first building with a 
structural iron frame. While the truss allowed 
for much longer spans, the elevator allowed 
structures to be built taller; with the introduc
tion of Otis's "safety lift," the height of a build
ing was no longer limited by the number of 
stairs a person was willing to climb. 

Annual construction of railroads grew by 
more than 2,800 percent between 1847 and 
their peak in 1872. By 1872, railroad beds were 
being leveled at a rate of more than 7,400 miles 
per year.5 As with the construction of canals 
during the early nineteenth century, railroad 
construction created growth and new demands 
for underground engineering. This growth 
trained a new group of underground engi
neers, focused on large-scale excavation, stabil
ity of cuts, the construction of large embank
ments, tunneling and the construction of deep 
foundations for bridge crossings. 

Typical Building Foundation Practices. In 1848, 
building foundation design and construction 
had advanced little past that of the fifteenth 
century. While there had been experimentation 
and several significant discoveries in founda
tion design in the late eighteenth and early 
nineteenth centuries, most of the discoveries 
were unknown to the foundation design practi
tioners of the day. Those who made building 
foundation design decisions during this period 
could choose to support structures either on 
footings or wood piles. This decision was based 
on local experience, with an occasional test pit 
for the more important buildings. 
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First steam shovel, the "Yankee Geologi!,t." 

Hand excavation with shovels into horse
drawn "tip-carts" (1906). 

A loaded, horse-drawn wheeled scraper (1903). 

Custom, steam-powered backhoe loads soil 
into horse-drawn wagons (1913). 
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Excavation Milestones 

1836 The first steam shovel, the "Yankee Geolo
gist," is built by William Otis of Canton, Mass. This 
rail-mounted shovel claims an excavation volume of 
1,000 cubic yards per day at $0.03 per yard. Seven 
are built and the first unit is used for 70 years. Otis 
was 21 years old in 1836. 

- - - - - - - - - - - - - - - - - 1848 - - - - - - - - - - - - - - - - - - - - -

1852 The Osgood Land Excavator is produced. 
Similar to the Otis steam shovel, it uses two horses on 
a treadmill to provide the power. 

1870s The horse-drawn elevating-grader is devel
oped. It excavates soil and deposits it by conveyor 
into wagons or onto roadside embankments. 

19th & early 20th century Two-wheeled tip carts 
are used to haul soil short distances. With its open 
back, it was quick to load, but more costly in longer 
hauls than the horse-drawn wagon. Pick and shovel 
loading of carts was typically done at 10 to 15 cubic 
yards per 12-hour man-day. 

1875 First steam shovel is placed on the market. 

1877 The first practical wheeled scraper is devel
oped by an earthwork contractor (later· named the 
Western Wheeled Scraper Co.). On 600- tci 1 ,400-
foot hauls, the 16 cubic foot horse-drawn scraper 
moved earth at half the cost of a wagon. 

1877 First production four-wheeled road grader is 
introduced. "The American Champion" by Samuel 
Pennock, leveled soil often loosened by plows. 

1880s Fifty years after its introduction, the rail
mounted steam shovel is put into use on large proj
ects. 

1882 The Fresno scraper is patented. This 4.6 cubic 
yard horse-drawn scraper quadruples productivity for 
a man and team, as compared with shoveling into a 
cart. Very popular in the western U.S., they were used 
as late as the 1930s for road building. 

1882-1914 Steam shovels used on the Panama Ca
nal have buckets as large as 5 cubic yards and exca
vate up to 4,465 cubic yards per day. Units are so rug
ged they survive burial in rock slides. 342 million 
cubic yards are excavated. 

1890s Farmers eager to get produce to rapidly 
growing cities and bicycle enthusiasts begin a road re
form movement that leads to state aid for imp(oved 
roads. 

1893 Diesel engine is patented by Rudolf Diesel. 
First successful engine is constructed in 1897. 

1894 Up to 97 steam shovels, at one time, are used 
forthe Manchester Ship Canal, England. Peak excava
tion rate for one unit was 2,500 cubic yards of soil per 
day. 

1895 Thew introduces a steam shovel with a revolv
ing base. 

1905 First gas-powered dump trucks are introduced 
by Mack. 

1906 First steam-powered crawler tractor is manu
factured for construction by Holt. 



Excavation Milestones (cont.) 

1908 First gasoline-powered crawler tractors are 
built by Holt. 

1910 Gasoline and steam tractors begin to replace 
horses for pulling construction equipment. However, 
horse-drawn wagons are common into the early 
1930s. 

1911 First pneumatic truck tires are made by U.S. 
Rubber Co., helping to stimulate the expansion of 
truck construction. 

1914 First gasoline-powered shovel. 

1915 First factory-built horse-drawn bulldozer is 
built by the Western Wheeled Scraper Co. A tiltable 
blade is mounted on the front of a long beam, with 
wheels and a seat on the back end; the team was se

. cured behind the blade. 

c. 1919 Caterpillar type tracks are added to the 
power shovel. 

1920s Steam-powered construction equipment 
gives.way to gasoline-powered engines and tractor
pu I led graders have largely replaced horse-drawn 
graders. 

1923 First self-propelled scraper by LeTourneau. 

1923 Bulldozer blade is added to crawler tractors 
by LaPlant-Chote Mfg. Co. 

1925 Caterpillar Tractor Company formed from the 
merger of Holt and Best. 

1926 First cable and winch controlled bulldozer by 
LeTourneau. Bulldozer blade can now be efficiently 
raised and lowered. 

1928 First diesel power shovels. 

1931 First diesel-powered caterpillar tractor. 

1930 Firestone Company develops low-pre~sure 
pneumatic tires, leading to the development of self
propelled, wheeled construction equipment. 

1930s Rubber tires and diesel engines are added to 
construction equipment. 

1938 LeTourneau's Tournapull is developed. The 
self-propel led scraper travels at 15 mph on giant rub
ber tires. By 1939, the Tournapull hauls more than 30 
cubic yards per haul. 

1946 · The Gradall excavator, inspired by a labor 
shortage, is introduced by Ray Ferwerda, a Cleveland 
road contractor. 

1950s Wheeled loaders are introduced. 

By 1953 Elevating scrapers pulled by tractors are 
capable of moving 1,000 to 1,500 cubic yards per 
day. 

1951 Contracts are awarded for 54,650 miles of 
highway in United States. 

1969 91.4 million cubic yards of soil is excavated, 
moved and placed by hand in 80 days for the Kiangsu 
Canal, China. 

1973 Largest single earth fill structure in modern 
times, Tarbela Dam, Pakistan, is constructed by plac
ing 186 million cubic yards at rates up to 8,000 cubic 
yards per hour. 

11;,buihfotl\llli\l"'d~chci ..... rshro"'f"'i.l>ovor11""1o•rr 
du"';> .,,""1: .,.,_ ,- ll••d. TN r<'"'" n t,,llorJ tht 
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Horse-drawn Russell "Bull Dozer" (1917). 

Tractor-mounted steam shovel loads soil into 
a horse-drawn wagon (1925). 

LeTourneau's popular "Tournapull" (1941). 

Diesel-powered, hydraulic-controlled exca
vator loads soil into a dump truck (1997). 
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Mortared granite block footings and pile caps were used to spread out column loads prior to 
the introduction of grillages and reinforced concrete. The footing shown here was constructed 
in B'oston in 1897. 

Footings. Footings were typically con
structed of mortared stone or brick, with the 
wall footings usually proportioned to about 
two to three times the width of the wall. Col
umns were supported on either single stone 
blocks, or layers of mortared blocks in a py
ramidal shape. The first significant progress in 
footing design to receive attention occurred 
d.uring the rebuilding of Chicago, after the 
"Great Chicago Fire" of 1871. During this boom 
in "tall" building construction, Chicago archi
tect Frederick Baumann suggested that foot
ings should be sized in proportion to their load 
and the soil conditions. Baumann's work and 
the observations of others, led to the develop
ment of the "allowable bearing pressure" con
cept during the 1870s. In this approach, allow
able bearing pressures for a given soil type 
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were set locally, based on observations of dis
tress in buildings supported at various bearing · 
values. 

Use of allowable bearing pressures and the 
introduction of plate load tests reduced the oc
currences of excessive building settlement. 
Nevertheless, many buildings still experienced 
unacceptable settlement, since design practices 
did not consider the impact of footings on the 
soils below their bearing level. Engineers such 
as John Roy and Randall Hunt had observed in 
1852 and 1888, respectively, that larger settle
ments appeared to occur at constant bearing 
pressure when the size of the footing in
creased. 6 However, with the lack of informa
tion about subsurface conditions and soil prop
erties, foundation designers did not even have 
the means to develop empirical rules relating 



to conditions below the bearing level. It was of
ten assumed that buildings that experienced 
excessive settlement had done so due to incor
rect identification of the soil type. The concept 
of settlement being dependent on net bearing 
pressure had been suggested by the English en
gineer John Rennie and the German engineer 
G. Hagen by that time. However, this concept 
had not become a part of foundation design 
practice. 

By 1878, with ever taller buildings, the stone 
pyramid footings had become so large that 
they were beginning to take up most of the 
basement space, leaving little room for the 
larger heating plants that were also required 
for these buildings. To address this problem, 
the Chicago architectural firm of Burnham and 
Root designed the first spread footings con
structed of concrete and steel. These footings, 
referred to as grillages, consisted of alternating 
layers of steel rails embedded in concrete. With 
these grillages, it was possible to spread the col- · 
umn load out as much as 10 feet beyond the col
umn with a footing depth of only 3 to 4 feet. Use 
of grillage footings spreadrapidly to other cit
ies. 

Piles. When experience suggested that the 
settlement of footings would be excessive, 
buildings were founded on wood piles. While 
cast-iron and wrought-iron screw piles existed 
as an alternative to wood piles, they were typi
cally used in limited waterfront construction, 
and primarily in Europe. Since the time of the 
Roinans, wood piles had been driven, using 
human, water or animal power to raise and 
drop a weight. By 1841 steam power was being 
used with some drop hammers and, in 1845, 
the first steam hammer was designed and used 
by James Nasmyth. Despite the development 
of the steam pile hammer, most of the piles 
driven between 1848 and 1879 appear to have 
been driven with a steam-raised drop ).lammer. 

The typical pile driving rig in Boston in 1879 
lifted a relatively light hammer with "nippers" 
to the top of the "gin," where a man squeezed 
the nippers to release the hammer. At this time, 
some pile rigs were still raising the hammer 
with animal or human power. As with footings, 
the design of pile foundations was heavily de
pendent on local practice. In Boston, wood 
piles were typically considered to have a 10-ton 

capacity. However, with the introduction of the 
first "pile formula" in about 1820, some engi
neers were beginning to consider a more quan
titative approach to design. 

The Beginnings of Underground 
Science: 1880 to 1924 
The period from 1880 to 1924 was a time of tre
mendous economic expansion in the United 
States, referred to by some as• the country's 
second Industrial Revolution. Steel production 
grew by 3,500 percent,5 replacing cast and 
wrought iron, and electric and gasoline power 
began to replace the steam engine. Population 
more than doubled during this 45-year period, 
with half of the growth coming from immigra
tion. With this ready supply of labor and the ex
pansion of new machines and power sources, 
the value of goods produced by the average 
person increased by more than 500 percent.5 

In Massachusetts, population growth and 
industrialization exceeded the national aver
ages, making Massachusetts the second most 
densely populated state. Boston and the adja
cent communities continued the filling of mud 
flats, increasing available land area by about 
2,000 acres? approximately half of Boston's 
filled land was created during this period. The 
new land, combined with the expansion of the 
street cars and commuter railroad lines and the 
creation of a subway system, spread the grow
ing population away from the core of the city. 
This movement of population created a boom 
of new construction in the newly filled lands. 
Buildings in Boston, which had originally been 
built on the dense glacial soils of the original 
Boston peninsula, were now being built over 
loose fill, organic soils and thick deposits of 
compressible clay. This change - repeated to a 
lesser degree in other cities such as Chicago, 
Cleveland and New York - would, in time, 
help to make Boston one of the centers for the 
twentieth century development of under
ground engineering. 

Advances in Technology. The technological 
advances of the time that heavily influenced 
the development of underground engineering 
include the development of reinforced con
crete, the subway, the automobile, the electric 
motor and the skyscraper. In the 1880s, rapid 
urban population growth resulted in an in-
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Wakefield or triple-lap timber sheet piling (1887). 

b) 

c) 

d) 

Early forms of sheet piling: channel and I
beam to Lackawanna (1899-1908). 

Lifting and dropping a heavy wood device to 
drive wood sheeting (1912). 

Computer-controlled slurry wall rig main
tains alignment of <1 inch at 100 feet (1997). 

16 CIVIL ENGINEERING PRACTICE FALL/WINTER 1998 

Lateral Support Milestones 

1857 Rankine publishes On the Stability of Loose 
Earth. 
1862 First use of ground freezing, South Wales. 

1887 Wakefield sheeting is patented and used in the 
western United States. It consists of three planks 
bolted together with the center plank offset, forming a 
heavy tongue-and-groove wood sheet piling .. 
1899 L. Friestedt experiments with steel sheet pil
ing, becoming the primary pioneer of sheet piling in 
United States. 
1902 Concrete sheet piling (precast sheet piles 6 
inches wide, 2 inches thick and 8 feet long) is driven 
for the Blue Line subway in Boston. 

Prior to 1908 Early forms of steel sheet piling are 
made with channel sections bolted to I-beams. See a) in 
the figure to the left. 

1908 Lackawanna steel sheet piling is developed -
the first steel sheet piling where both flanges of the pile 
are alike. Lackawanna piling becomes one of the most 
common types of early steel sheet piling. Seed) in the 
figure to the left. 

1910 First circular-celled cofferdam is constructed 
with Lackawanna piling for the raising of the battle
ship Maine. 

1912 Lackawanna steel sheet piles are used for the 
Boston subway. 

Just before World War I Soldier pile and lagging 
wal Is are developed with steel I-beams, 8 to 1 0 feet 
apart, and horizontal wood sheeting or lagging for the 
Berlin subway, Germany. 

1920s Soldier pile and lagging walls are used for the 
New York City subway. This method becomes com
mon in the country with the introduction of wide
flange steel beams for bearing piles. 
late 1930s The Soi I Conservation Service experi
ments with the use of plants for stabilization of slopes. 
1943 Ralph Peck publishes "Earth Pressure Meas
urements in Open Cuts, Chicago Subway." 
1950 First use of slurry walls, Santa Maria Dam, It
aly. 
After 1950 Large hollow-stem auger and other drill 
rigs are adapted for installation of tiebacks. Tiebacks 
begin to be used for temporary lateral earth support. 
1958 Roof-first construction is used on the Milan 
subway, Italy. 

Early 1960's Secant walls are developed for lateral sup
port; soon after caisson drill rigs are commonly available. 

1962 First use of slurry walls in United States, World 
Trade Center, New York City. 

late 1960s "Reinforced Earth" by Vidal, France. 

1972 Reinforced earth is introduced to the United 
States for the construction of Road 39, California. 

1976 Approximately five geotextiles are available 
in the United States. By 1987, more than 250 are 
available, over 400 worldwide. 
1990s Bioengineering emerges as practitioners find 
ways to include live materials in geotextile strength
ened slopes. 



crease in urban land costs. Combined with the 
invention of the elevator, increased land costs 
created interest in taller buildings, where the 
land and foundation costs could be spread out 
over the larger structure. Chicago's interest in 
taller buildings was prompted by a 690 percent 
increase in land costs between 1880 and 18908 

and a building boom spurred by the 1871 Chi
cago fire. In 1885, these forces led William Le
Baron Jenney to design the ten-story Chicago 
Home Insurance Building - an iron-framed 
building that would later be recognized as the 
world's first skyscraper. The introduction of 
high-speed electric elevators and the expanded 
availability of steel resulted in continuing in
creases in building heights up to the 50-story 
Woolworth Building, built in 1912 in New York 
City. 

This period began with the rapid growth of 
the railroads and ended with a surge of road 
and highway growth. The introduction of the 
first gasoline taxes in 1919, and the federal aid 
authorized between 1912 and 1921 for road 
construction, resulted in more than 10,000 
miles of new roads in 1922 alone. By 1924, new 
highway standards for grade and site distance 
meant that roads could not always pass around 
obstacles; as in earlier canal and railroad con
struction, these requirements would mean 
larger cuts, embankments and tunnels, stimu
lating demand for improved excavation and 
earth-moving equipment, methods of compac
tion and a better understanding of slope stabil
ity. 

America's response to World War I resulted 
in both the manufacture of many trucks and the 
development of reliable gasoline-powered 
tractor units. Following the war, the availabil
ity of surplus military trucks helped to begin 
the transition in construction from horse
drawn wagons to trucks. Still, many contrac
tors were not eager to experiment with the new 
powered equipment and continued to use 
horse-drawn units; it took the development of 
the bulldozer and the LeTourneau scrapers to 
show the construction business the competi
tive advantages of the new equipment. 

Science & Experimentation. Throughout this 
period, experimentation continued and the re
sults were published. Yet little progress in un
derground design was made. Boussinesq's the-

ory of the distribution of stress (published in 
1885) and field observations led a few engi
neers by 1891 to be concerned about the con
struction of footings on competent strata over
lying softer soils.6 In 1896, E.C. Shankland was 
plotting time-settlement curves and had sug
gested that building loads could squeeze water 
out of clay and, thus, cause settlement.3 How
ever, without methods for obtaining undis
turbed samples below the foundation level and 
testing their properties, a reliable quantitative 
approach to such problems could not be estab~ 
lished. In 1916, Karl Terzaghi began a nine-year 
period of experimentation and research in 
Constantinople, and the campus of the Massa
chusetts Institute of Technology (MIT) began 
its move across the river from Boston to Cam
bridge. By the fall of 1925, these events would 
bring Terzaghi to the United States and lead to 
Boston's role as one of the centers of the new 
field of soil mechanics. 

The Influence of Geology. Due primarily to 
slope failures in the construction of the Panama 
Canal and several dramatic failures at dam 
projects, civil engineers in the 1920s began to 
appreciate the importance of understanding 
the geologic conditions at a site. In Boston, the 
value of geology to underground projects be
gan to be recognized during the late 1800s. In 
1893, William Otis Crosby, a professor at MIT, 
began the first continuing courses in engineer~ 
ing geology.9 While teaching at MIT, Crosby 
also became a consulting geologist for most of 
the major Massachusetts public works projects 
of the time and was the first consulting geolo
gist for the Bureau of Reclamation and the U.S. 
War Department. Crosby's career, which ended 
with his death in 1925, created an appreciation 
in the local engineering community for the im
portance of geology to underground projects, 
an appreciation that helped to prepare Boston's 
engineering community for Karl Terzaghi' s ar
rival in 1925. 

The early emphasis on the application of ge
ology to engineering projects meant that Bos
ton area geology had been heavily mapped 
prior to 1924. This understanding of the local 
geology, along with the trem.endous variety in 
subsurface conditions, made Boston an excel
lent laboratory for the development of under
ground engineering.10 
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The filling of Boston from 1630 to 1879. 

Typical Building Foundation Practices. Despite 
advances in science, the significant changes in 
building foundation practice came primarily 
from the application of new materials and 
equipment. Foundation design practices con
tinued to be based on experience, with practi
tioners attempting to draw rational conclu
sions and design approaches from their 
experience. However, since design was not 
grounded in science, the designers were often 
confronted with events that did not match the 
empirical rules and understanding. 

Boston Foundation Options. In 1880, there 
were two primary choices for foundations in 
Boston:· footings or piles, with most of the 
buildings supported on footings. With the rise 
in building heights and the expansion into ar
eas with poorer soil conditions, footings were 
gradually replaced as the predominant foun
dation type by piles and caissons. In the por
tions of Boston that lay above the original high
tide shoreline, natural inorganic soils existed at 
the surface so that most buildings could typi-
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cally be supported with footings bearing di
rectly on the ground. Beyond the high-tide 
shoreline lay the tidal mud flats that contained 
compressible organic soils, which were often· 
underlain by the more compressible clay de
posits. For buildings constructed near the 
shoreline, excavations could be made through 
the organic soils, during low tide, to construct 
footings on the first natural inorganic soils en
countered. Since dewatering was typically not 
cost effective, footings bearing directly on the 
soil were not practical when buildings were 
constructed in the filled land well beyond the 
shoreline. In these areas, the "footings" were 
supported on wood piles. As buildings became 
taller and heavier, some of the buildings con
structed within the original shoreline were also 
founded on piles. By 1924, Gow caissons and 
many types of concrete and steel piles had been 
added as foundation options in Boston. 

Boston Practice With Footings. In 1880, most of 
the footings in Boston were still being con
structed with mortared stone. However, dur-



ing the 1880s and 1890s, concrete and steel gril
lages were also being used. By 1903, a few 
Boston engineers were experimenting with re
inforced concrete footings, constructing them 
with square twisted steel bars. Between 1903 
and 1914, concrete almost completely replaced 
granite blocks, except where footings were ex
posed to sea water. This· change was slowed 
somewhat by Boston building laws that al
lowed concrete to be used in" footings" but not 
in "foundations"~ i.e., not placed directly on 
the soil. As a result, and because concrete and 

· granite block costs were about the same in 
1903, granite blocks were often used for all but 
the top two feet. 

Interest in the "allowable bearing pressure" 
concept had reached Boston by 1903. However, 
despite the formation of the Boston Building De
partment in 1871, allowable bearing pressures 
had not been codified. Considerable variation 
existed in the bearing pressures used by engi
neers of the day. Some used rather aggressive 
pressures such as 36 tons per square foot (tsf) on 
rock, 10 tsf on glacial till and 6 tsf on stiff clay. 
Others were more conservative, using 1 to 2.5 tsf 
on the clay and 6 tsf on the glacial till. The most 
common bearing pressure in the sandy soils 
above the original shoreline was 5 tsf. 

Boston Practice With Piles. Wood piles were 
the only available pile type in 1880, and the 
most common pile well into the twentieth cen
tury. Typical practice in 1903 consisted of driv
ing wood piles either as end bearing piles in the 
stiff clay crust or overlying sand stratum, or as 
friction piles into the softer portions of the Bos
ton Blue Clay. End-bearing piles were also oc
casionally driven into the denser glacial soils. 
The most common piles were 20- to SO-foot 
long spruce piles driven 24 inches on center or 
75- to 80-foot long pine piles driven 30 inches 
on center. While some designers still used the 
traditional 10-ton capacity, use of the Engineer
ing News Formula became common by 1914. By 
1903, it was known that settlementof piles and 
footings could be caused by pumping water 
from deep excavations, and that wood piles 
could rot when lowered groundwater levels 
exposed the tops of the piles. 

While no pile deterioration had been ob
served up to 3 feet above mean sea level, typical 
pile cut-off level in Boston was at mean sea 

Floating pile driving rig and wood piles on 
the Charles River, Boston, in 1914. 

level. With the introduction of concrete and 
mass-produced steel more than a dozen new 
pile types were developed between 1896 and 
1924. By 1917, concrete piles used in Boston 
consisted of precast concrete piles, Raymond 
piles, Simplex piles and the MacArthur, or ped
estal, piles. 

While the steam hammer was invented in 
1845, most pile driving rigs in 1924 still used 
drop hammers. The steam hammer had a 
greater driving speed. However, since about 90 
percent of the typical pile driving day con
sisted of non-driving activities, such as moving 
the rig, the greater weight of the steam hammer 
rig often resulted in a slower production rate.11 

By 1924, the typical pile rig used a steam engine 
with a rope on a friction drum to raise the ham
mer. The addition of the friction drum resulted 
in a decrease in hammer drop height, a heavier 
hammer and a decrease in pile breakage. 

Caisson Practice in Boston. In 1904, Charles 
Gow, originally an engineer with the Boston 
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First steam hammer for driving piles - in
vented by N asmyth in 1845. 

Sixty tons of pig iron are used to load test 
three wood piles (circa 1897). 
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Pile Driving Milestones 

c. 1820 First pile driving formula is proposed. 

1839 Possibly the first full-scale pile load test in 
United States by J.B. Jarvis at the Croton Aqueduct, 
Harlem River, New York. 
By 1841 Pile driving rigs begin to use steam power 
to raise the drop-weight. 

1845 First steam hammer for driving piles invented 
by Nasmyth and used to drive piles for the Devonport 
Dock, England . 

. - - - - - - - - - - - - - - - - - - - 1848 - - - - - - - - - - - - - - - - - - - - -

1865 First creosoted piles in United States are made 
in Somerset, Mass. 
1888 Engineering News pile driving formula is pro
posed. 
1893 The first double-acting steam pile hammer is 
built by McKiernan-Terry. 

1896 First precast piles by Hennebique, France. 
1896 First cast-in-place pile in United States - the 
Raymond pile-is invented by A.A. Raymond. A col
lapsible mandrel drives a tapered sheet metal shell 
that is later filled with concrete. A corrugated shell 
was used about 1915. The first rig used a drop ham
mer raised by a horse. 
1896 Jacked-in pipe piles are used in New York City 
for underpinning; 12-inch pipe is jacked into the 
ground in sections and soil is washed from center, 
which is filled with concrete. 
1899 First use of steel I-beam sections for piling. 
Used to support bridges in the West, to penetrate 
dense gravels and sands, and to provide lateral 
strength against scour and ice jams. 

1899 12-inch steel pipe piles, driven with pneu
matic hammers, are cleaned out with an air-lift and 
filled with concrete. 

1900 Drop-hammer on the Raymond pile rig is now 
raised with a steam engine. 
1903 First Simplex pile. A pre-cast tip is driven with 
a drive tube. The drive tube is then filled with con
crete and withdrawn. 
1904 First Chenoweth pile-a tapered precastpile. 
1908 The Corrugated pile- a tapered precast pile, 
jetted into place, with longitudinal corrugations to in
crease surface area and to provide channels for return 
of jetted water. 

1908 Introduction of the rolled H-beam by Bethle
hem Steel Co. H-beams replace I-beams in pile appli
cations. 
1909 First pedestal pile - a conical-tipped solid 
plunger is driven with a steel shell around its circumfer
ence, concrete is placed as the plunger is withdrawn. 
1910 Steel leads replace wood leads on Raymond 
pile rigs; first steam-raised steel rig with a turntable. 

c. 1910 First Giant pile, a square precast concrete 
pile with an oversized steel point. A temporary iron 
frame surrounds the pile during driving, transferring 
all force to the tip. 

c. 1910 First Bignall pile - a precast concrete pile 
with two jet tubes. 



Pile Driving Milestones (cont.) 

c. 1915 First Peerless pile. Precast concrete shell 
sections are inserted into the ground by driving a steel 
tube and shoe, driving stresses are carried by the steel 
tube, the shoe is left in the ground and the shell is 
filled with concrete. 

1913 First Compressol pile. A weight is dropped, 
creating an open shaft, then concrete is placed and a 
weight is dropped to create a bulb; lastly, the shaft is 
then filled with concrete. 

1914 Shipworms are noticed in San Francisco Harbor. 

1915 Typical Boston steam-driven drop hammer 
has 3,300-pound hammer with a 10-foot fall, operat
ing at 30 blows per minute. 

1916 The Raymond standard pile driver is introduced. 
It is the first steam-raised steel rig with a turn-table. 

1917 Typical precast piles are 12 to 24 inches 
square. Typically, 28 to 30 days of curing is required, 
seven days with steam curing. 

1917 First Frankignoul pile. Telescoping tubes are 
driven into the ground with a weight that strikes the 
tip, dragging tlie tubes down and "stretching out the 
telescope." 

1918 One pile crew drives 220, 65-foot-long wood 
piles in a 9-hour shift near Philadelphia, a record at 
that time. 

1922 Marine borers become active in Boston Harbor. 

c. 1928 First Monotube piles - tapered, fluted col
umns driven without a mandrel and the necessarily 
larger pile rig. 

1933 Use of H- and I-section piles becomes wide
spread. After 30 years of H-piles supporting bridges, lack 
of significant corrosion spurs broad interest in H-piles. 

1935 First Franki piles by Franki Compressed Pile 
Co., Ltd. 

By 1937 It has been observed that pollution in some 
harbors has stopped marine borer activity in wood 
piles. 

1939 First prestressed precast concrete piles are 
used in Sweden. 

1939 Raymond introduces first crawler-mounted 
rig designed only for pile driving - an oil-fired, 
steam-powered rig. 

1948 Wave Equation Analysis is presented by the 
Raymond Company at an internal IBM seminar. 

1952 First diesel hammer in United States is dis
played by U.S. Navy. 

c. 1960 Texas Dept. of Transportation funds first 
public domain pile wave equation program (at Texas 
A&M). Also, force and acceleration are measured dur
ing pile driving by the Michigan Highway Dept. 

1961 First vibratory pile hammer built in United States. 

1963 French vibratory hammer is introduced into 
United States. 

1968 The first pile driving analyzer (PDA) is devel
oped by the Case Project; pile capacity predictions 
are made by 1970. 

1990s With the clean-up of many harbors, wood 
borer activity increases. 

Steam-raised drop hammer on a skid pile is 
moved about a site on rollers (1906). 

Steam hammer on a standard skid rig drives a 
steel pile (1913). · 
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Transit Authority, developed a hand-excavated 
caisson method that would become a staple of 
Boston foundation construction for more than 
60 years. Boston's Gow caisson was started by 
pushing or driving 8- to 16-foot long steel cylin
ders or shells into the ground. Soil was then 
hand excavated from within. If needed, subse
quent cylinders, each 2 inches less in diameter, 
were installed to extend the depth. The cylin
ders were usually removed while the concrete 
was poured. Typical Gow caisson depths 
ranged from 20 to 40 feet. 

Soil Mechanics & 
New Construction Methods: 
1925 to 1945 
The booming turn-of-the-century economy be
gan to unravel for Massachusetts in the 1920s, 
with more than 150,000 jobs lost during this pe
riod? Industries moved to the South and to 
other regions to be closer to raw materials, and 
to avoid the unions and social-service laws that 
had developed in Massachusetts. 

With the stock market crash of 1929, and the 
Great Depression that followed it, construction 
throughout most of the United States rapidly 
came to a halt. In 1933, the federal government 
attempted to stimulate the economy by creat~ 
ing several agencies charged with initiating 
and managing new infrastructure construction 
projects. Agencies such as the Public Works 
Administration (PWA), the Civilian Conserva
tion Corps (CCC) and the Tennessee Valley 
Authority (TVA) began the construction of 
thousands of buildings, bridges and dams. 
With the economy still stagnant in 1935, the 
federal government formed the Works Pro
gress Administration (WPA). During the fol
lowing nine years, $11 billion was spent on 
WPA projects, creating more than 650,000 miles 
of roads, 125,000 public buildings, 57,000 
bridges and 800 airports.12 While private 
building construction was drastically reduced 
during the depression, the WP A's focus on con
struction projects created federal support for 
the continued development of soil mechanics 
and underground construction. Funding from 
agencies such as the Bureau of Public Roads 
supported Karl Terzaghi, Arthur·Casagrande 
and many others, and thus accelerated the de
velopment of this new field. 
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Demand for improved underground de
sign, methods and equipment was given an ad
ditional boost in 1942, with the entry of the 
United States into World War II; the unusual 
demands and short schedules associated with 
wartime construction created great interest in 
new approaches to underground problems. 

Technological Refinements. While this period 
did not see the fundamental advances in mate
rials and power sources that had been experi
enced in previous periods, there were many 
smaller advances in technology that had a dra
matic impact on underground construction. 
These advances included the development of a 
reliable submersible pump in 1925, which 
helped to expand underground construction 
options, and the introduction in 1930 of low
pressure pneumatic tires for off-road equip
ment. The latter development, along with im
provements in caterpillar tractors, made it pos
sible for equipment to quickly move around 
construction sites. This new flexibility boosted 
the productivity of equipment to a level that fi
nally brought an end to the use of animal 
power and large-scale hand labor in construc
tion. 

Science & Experimentation. In 1916, Terzaghi 
began his work in Constantinople and MIT 
moved into its new campus in Cambridge. 
Within its first year of occupancy, buildings in · 
the new campus had settled as much as 2 
inches and by 1925, the maximum settlements 
had reached 7.5 inches.13 The rate of settlement 
and the magnitude of the differential settle
ments had become a topic of concern. 

The research conducted by Terzaghi in Con
stantinople between 1916 and 1925 led to the 
publishing of Erdbaumechanik (Soil Mechanics) 
in 1925, the event marked by many as the birth 
of soil mechanics. Ongoing concern about MIT 
building settlements and interest in Terzaghi' s 
book resulted in an invitation for Terzaghi to 
come to MIT as a lecturer in the fall of 1925. By 
the end of the year, Terzaghi's concepts had 
been widely distributed in English, with the 
publishing of several articles in Engineering 
News-Record and a paper in the Journal of the 
BSCE. 

With funding from the Bureau of Public 
Roads, Arthur Casagrande, Terzaghi and oth
ers began to refine laboratory equipment and 



conduct careful tests on both disturbed and un
disturbed soil samples. By 1932, Casagrande 
had published the results of these tests, demon
strating the changes in clay properties caused 
by disturbance and clearly showing, by theory 
and field measurements, how the behavior of 
clay could be predicted. His conclusions rein
forced Terzaghi' s work, both challenging es-

. tablished foundation engineering practices 
and providing explanations for previously 
mysterious behavior. Casagrande showed that 
piles should be stopped in the sands or stiff clay 
at the top of the Boston Blue Clay, not driven 
into the lower soft clay. He also explained why 
plate load tests, pile load tests and "allowable 
bearing pressures" could never be sufficient for 
design, and demonstrated how settlement 
could be prevented by removing soil equal to 
the weight of the building. 

To conduct his research, Terzaghi needed in
tact soil samples. However, in the 1920s, test 
borings were usually conducted by wash bor
ing methods, with samples collected from the 
wash water. At Terzaghi's request, a Boston 
area foundation contractor, the Gow Company, 
experimented with driving an open sampling 
tube in wash borings to obtain intact samples. 
Realizing the potential benefit, the Gow Com
pany continued this practice and introduced 
the Gow pipe sampler, a predecessor of the 
split spoon sampler, in 1926. By the following 
year, Henry Mohr of the Gow Company had 
begun the practice of counting the blows re
quired to drive the sampler into the soil and re
cording the blows on the test boring log. By 
1936, observations of the effects of disturbance 
on clay properties led Casagrande to request 
that the Gow Company develop a method of 
obtaining undisturbed soil samples. Henry 
Mohr responded by introducing the thin
walled Shelby tube sampler. 

In 1929, Terzaghi established a soil classifi
cation system for the Bureau of Public Roads. 
The common soil descriptions that resulted 
from this development allowed designers to 
apply both research and field experience to 
new projects around the country. With Ter
zaghi' s unifying concepts and terminology, a 
soil classification system and the ability to ob
tain undisturbed samples for testing, soil me
chanics and foundation design research would 

Wellpoints lower the groundwater level for 
an excavation and the subsequent construc
tion of Gow caissons in Cambridge, Mass., in 
1931. 

flourish during this period. Rational design 
could now begin to replace the pre-1925 em
pirical rules and observations and previously 
inexplicable soil behavior could now be ex
plained. As described by Lazarus White, the 
eminent underpinning contractor of the day: 14 

"I was brought up in the old classical 
school of 'Rankine.' Rankine was the engi
neer's bible. After graduating I was put un
derground, and I have remained under
ground ever since. It wasn't long before I 
found that the classical theories didn't apply 
at all. Contractors with no knowledge of 
Rankine were doing things that were utterly 
impossible if one really believed in Rankine. 
After being an engineer for fifteen years or 
so I became a contractor and started doing 
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Hand excavation of a Gow caisson (1931). 

.\, t:tl'?co ,)'I,& 
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DEMPSTER MOUNTED WELL AUGER 
Fig. 1122. No. J 

Horse-powered bucket-auger well drilling 
rig (1906). 
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Caisson Milestones 

1851 First pneumatic caissons, Rochester, England. 

1867-1873 First major use of pneumatic caissons in 
the United States (Eads Bridge, St. Louis, Missouri). 

1892-1894 Chicago caisson. First application of 
caissons to building foundations (Stock Exchange 
Building, Chicago). A hand-dug shaft, 5 feet in diame
ter, lined with 4- to 6-foot vertical wood staves, 
braced with steel rings that are wedged into place. 
Each next lower section is smaller. Depths are up to 
150 feet. Final hole is filled with concrete. 

1893 First use of pneumatic caissons in building 
construction in the United States (Manhattan Life 
Building, New York). 

c. 1899 Caissons are first used under entire build
ings as opposed to use as underpinning or to prevent . 
pile driving vibrations for column lines adjacent to ex
isting buildings. 

1904 Boston's Gow caisson - 8- to 16-foot long 
steel shells are pushed or driven in. Soil is hand
excavated from within. If needed, subsequent cylin
ders, each 2 inches less in diameter, are installed to 
extend the depth. The cylinders are typically removed 
while the concrete is poured. Developed by Charles 
Gow, of the Gow Foundation Co. (later part of the 
Raymond Concrete Pile Co). 

1912 First caisson load test in Chicago. By 1914, a 
load test was conducted on a Gow caisson in 
Charlestown, Mass. 

1920s Willard Simpson, Sr., an engineer, and Ed 
Duderstadt, a contractor, adapt a bucket-auger well 
drilling rig to create machine-excavated caissons (San 
Antonio,Texas). A rotating platform on a Dempster 
Mill Mfg. Co. drill rig was first turned by hand and 
then later by horse (see the figure to the bottom left). 

1920s Electric-powered bucket-type auger is 
m_ounted on a crane's crawler tractor (Gow Company, 
New York). The hole created by the 4-foot diameter 
drill bucket was enlarged with "reaming knives" up to 
7 feet. Bells were hand excavated with ai t spades. A 
120-foot caisson took about 10 hours. 

c. 1938 Steam-powered caisson drill rig- a power 
unit from a steam shovel is added to the Dempster 
bucket-auger rig. 

World War II Demand for many light buildings for 
the armed services drives a rapid increase in caisson 
use. Utility company "post-hole machines" drill 18-
inch diameter, shallow uncased holes. The demand 
creates many caisson contractors. Some grow and de
velop new tools and machines. 

After World War II Several different types of caisson 
· drill rigs appear, especially in Texas and California. 

and caissons replace piles in certain areas of the 
United States - for example, Houston and Denver. 

1954 Chicago's first machine-drilled rock caissons. 

1960s Increased torque in caisson drilling machines 
ends the use of hand-dug caissons in Chicago, except 
where a machine cannot access the site. 

1960s A nationwide drilled shaft industry develops. 

Early 1960s Bentonite slurry is used to allow un
cased caisson construction in water-bearing and 
sandy soils. 



those impossible things myself. They were 
impossible to Rankine, but they are not to 
Dr. Terzaghi." 

New Foundation Practices. Prior to 1925, 
when soil conditions were poor, buildings 
were typically supported on wood piles. Ad
vances in equipment during this period com
bined with the new understanding of soil be
havior to produce another approach to poor 
soil conditions: soil improvement. In the 1930s 
alone, vibroflotation, vertical sand drains, wick 
drains and rubber-tired rollers were devel
oped, and research into vibratory plate com
pactors began. While some forms of soil im
provement had been used thousands of years 
earlier, their use was limited by a lack of under
standing of how these methods worked. 

Boston Practice With Footings. Advances in 
both material and equipment changed footing 
design practice in Boston. For example, ad
vances in pump design leµ to the introduction 
of deep wells and wellpoints to the United 
States, allowing shallow foundations to be con
structed where the bearing strata were below 
the water table. These new pumps also led to an 
increase in construction of basement levels be
low the water table and, thus, more interest in 
waterproofing and drainage. 

Boston Practice With Deep Foundations. Be
tween 1925 and 1945, the new science was ap
plied to pile design. Settlement was considered 
in friction pile design, and with each passing 
year, fewer designers felt compelled to drive 
piles through competent strata into softer un-
derlying clays. · 

By 1922, marine borers had become active in 
Boston Harbor. In 1925, 55 percent of the oak 
piles at Commonwealth Pier No. 5 had been at
tacked and, by 1934, this number had increased 
to 92 percent.15 Serious wood pile damage 
from the lowering of groundwater levels had 
also been observed in several areas of the city, 
including the Copley Square area. Given these 
dramatic experiences and continuing advances 
in materials and field methods, interest in other 
pile types grew. In the late 1920s, the Union 
Metal Manufacturing Company converted 
their fluted street light pole into the Monotube 
pile, Raymond expanded their line with the in
troduction of the Raymond step-tapered pile 

and the Franki Compressed Pile Company in
troduced the Franki pile. 

Despite these new pile types, the major ad
vance during this period was in the introduc
tion of the first sturdy and mobile pile rigs. 
Prior to 1925, pile rigs were moved on construc
tion sites using railroad tracks or by rolling 
them on logs (see the top photo on page 21). In 
the early 1930s Raymond converted several 
steam shovels into crawler-mounted pile driv
ers, and by 1939 they had produced the first 
crawler-mounted rigs designed exclusively for 
pile driving.16 With these improvements, the 
steam hammer was finally able to come into 
common use; since machinery now moved the 
rig, hammer weight was not a significant con
straint. 

Gow caissons continued to be commonly 
used, and between 1929 and 1932, compressed
air caissons were introduced in Boston for the 
Custom House Tower. Difficulties experienced 
in this work resulted in the use of precast piles 
for the second phase of the foundations, and 
helped to discourage the future use of 
compressed-air caissons in Boston. 

A Post-War Boom in Underground 
Design & Construction: 1946 to 1960 
As World War II ended, the conversion of the 
United States's massive wartime industrial 
base helped to create a period of rapid eco
nomic ~xpansion. In this 15-year period alone, 
the country's gross national product, adjusted 
for inflation, more than doubled.5 With this 
growth in prosperity and the pent-up demand 
from the depression and war, Americans 
rushed to buy cars; automobile registrations 
between 1946 and 1960 increased by approxi
mately 240 percent. 5 The road construction that 
ensued prompted research into soil improve
ment and helped to stimulate the development 
of many consulting firms specializing in soil 
mechanics and foundation engineering. 

With the resulting increased mobility, and a 
GI Bill to fund new home construction, apart
ment dwellers began to leave the city, in a 
movement that created the modern American 
suburb. This migration, which began in 1947 in 
Levittown, New York, created demands for 
newer roads and would, by 1960, begin to draw 
manufacturing plants out of many cities. As 

CIVIL ENGINEERING PRACTICE FALL/WINTER 1998 25 



manufacturing firms left urban areas, service
based industries began to take their place, 
changing typical urban construction from 
short manufacturing plants to taller office 
buildings. Stimulated by population growth 
and a shift in the cities from manufacturing to 
service-based jobs, the United States began a 
second great age of high-rise building con
struction. Advances such as glass skins, syn
thetic rubber sealants, aluminum window 
frames, air conditioning, fluorescent lighting 
and low energy costs combined to create a new 
generation of tall buildings. As taller buildings 
were erected and the number of cars increased, 
the ensuing demand for parking space resulted 
in an increase in the typical number of base
ment levels in these buildings. By 1960, these 
changes had helped to stimulate developments 
in deep temporary lateral support systems and 
higher capacity piles and caissons. 

Science & Experimentation. By 1948, soil me
chanics had acquired considerable momentum 
with both research and practice solidly estab
lished around the world. The Second Interna
tional Conference on Soil Mechanics and Foun
dation Engineering at Rotterdam was held that 
year and two important textbooks were pub
lished: Soil Mechanics in Engineering Practice by 
Terzaghi and Fundamentals of Soil Mechanics by 
Donald Taylor. 

By 1945, Terzaghi's Bureau of Public Roads 
classification system (which he had devised in 
1929) had evolved to essentially match today's 
AASHTO system and, in 1948, the Unified Soil 
Classification system was proposed by Arthur 
Casagrande. The standardization of soil classi
fication gave engineers a common language 
and, thus, was a critical element in the develop
ment of underground engineering. 

Boston Practice With Piles. While wood piles, 
driven by drop hammers, continued to be used 
in Boston, concrete and steel piles became more 
common during this period as the average 
building height continued to rise. In 1946, 
based on the recommendation of Arthur 
Casagrande, the new John Hancock Building 
on Berkeley Street became what is believed to 
be the first major urban structure in the United 
States to be supported on steel H-piles. By 1960, 
when deep foundations were required, cais
sons or wood piles were often used for struc-
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Cutter teeth for a low-overhead, computer
guided slurry wall trench cutter used on the 
Central Artery/Tunnel Project in Boston. 

tures up to 12 stories, with heavier structures 
often supported on end-bearing pipe piles. · 

Caisson Practice in Boston. After World War II, 
machine-drilled caissons were developed in 
Texas and California and, by 1960, they were 
rapidly replacing hand-dug caissons in Boston. 
However, in areas with headroom and work 
area restrictions, hand-excavated Gow cais
sons continued to be used throughout the peri
od. The quicker excavation of the machine
drilled caissons reduced the required stand-up 
time, thus allowing for larger bell sizes in 
poorer soils and somewhat less difficulty with 
water. In 1959, "drilled-in caissons," were used 
in Boston to support portions of the Prudential 
Center; 30-inch pipes were driven to rock and 
then advanced into the rock with a large star 
drill.17 

Comimters, Underground 
Liability & Environmental Factors: 
1961 to 1998 
Technological Advances. The dominant techno
logical advance of this period was the develop
ment of the computer. The iterative calcula
tions made possible by computers resulted in 
many advances in underground design, in
cluding the development of the pile wave 
equation, more rigorous methods of slope sta
bility analysis and the finite element method of 
analysis. By 1972, despite the lack of on-site 
computers, computer analyses - primarily 
slope stability analyses - were being con
ducted by about 65 perc~nt of geotechnical con-



suiting firms. 18 With the advent of the low-cost 
personal computer (PC), computer analyses 
rapidly expanded in the 1980s. By the end of 
the 1980s, the more complex computer analysis 
methods had migrated to powerful PCs, help
ing to introduce these forms of analysis into 
mainstream geotechnical practice. For exam
ple, the finite element method of analysis be
gan to be used as a design tool, allowing con
sideration of soil-structure interaction in 
design. By the 1990s, computers were begin
ning to appear in construction equipment, in
creasing precision in such operations as tunnel
ing and slurry wall construction. 

Liability. Prior to the development of soil me
chanics, foundation failures were often consid
ered "Acts of God" rather than design failures. 
As the science developed and the use of sub
surface explorations became more common, 
expectations of successful underground design 
and construction rose. Nevertheless, despite 
the increase in subsurface investigations, un
certainties regarding . subsurface conditions 
and properties continued, and unexpected 
conditions were still encountered during con
struction. The contrast between the persistent 
uncertainties in underground design and the 
rising expectations of those outside the practice 
created a serious gap in understanding. 

As the gap between expectation and reality 
grew, construction claims associated with sub
surface conditions spiraled out of control. By 
1968, liability problems for geotechnical engi
neers exceeded all other professions and con
ventional professional liability insurance was 
not available.19 To address this problem, the 
Association of Soil and Foundation Engineers 
(ASFE) was formed in 1969. ASFE created edu
cation and peer review programs aimed at im
proving communication with clients regarding 
underground design and construction. 
Through these improvements, ASFE member 
firms went from being uninsurable in 1969 to 
being the least liability-prone members of the 
design professions by 1980.19 

The Advent of Environmental Investigation & 
Remediation. The expansion of federal and state 
environmental laws and regulations in the 
early 1980s created a demand for environ
mental investigation and clean-up activities. 
As geotechnical consulting firms already had 

expertise in conducting subsurface investiga
tions and evaluating groundwater flow, they 
soon began providing environmental services. 
By the end of the 1980s, environmental services 
had become a major service area in many firms 
and environmental considerations began to af
fect the choice of underground construction 
methods. Foundation systems that did not re
quire removal of soil from the site became more 
common in many urban areas. 

Boston Practice With Piles. Approximately 70 
percent of the pile-supported buildings con
structed during this period were supported on 
end-bearing piles. Prior to the energy crisis of 
the mid-1970s, the most common end-bearing 
pile was a concrete-filled steel pipe pile. In 
1974, the energy crisis drove up the cost of 
structural steel shapes at a rate almost five 
times that of concrete,5 a trend that helped the 
precast-prestressed concrete pile replace the 
steel pipe pile in the area. 

Caisson Practice in Boston. During the 1960s, 
machine-excavated caissons began to replace 
hand-dug caissons. However, despite the use 
of rock-socketed caissons at the Prudential 
Center Project, during the 1960s and 1970s few 
caissons were supported on rock. The caissons 
that were founded in rock were designed pri
marily for end-bearing support. Driven by in
creased demand for high-rise buildings in 
downtown Boston during the 1980s, rock
socketed caissons became more common. With 
this increase in experience and an improved 
understanding of load transfer within rock
socketed caissons, side friction within the rock 
socket became a more significant factor in cais
son design. As designers began to count less on 
the end-bearing component of a caisson's ca
pacity, slurry construction techniques began to 
be used. This change transformed the typical 
Boston caisson from a deep foundation unit 
where the bottom was hand excavated to a unit 
where the condition of the bottom is often not 
observed. 

Slum; Wall Practice in Boston. Advances in 
underground construction practice during this 
period included developments in slurry wall 
construction and the introduction of these 
practices into the United States. Slurry wall 
construction was introduced to Boston with 
projects such as Sixty State Street in 1976, four-

CIVIL ENGINEERING PRACTICE FALL/WINTER 1998 27 



teen years after its use on New York City's 
World Trade Center. Sixty State Street was the 
first building in the area to use a tied-back 
slurry wall, a practice that became common 
during the 1980s. In 1985, "up-down" construc
tion was used on the Rowes Wharf project to al
low the building's superstructure _to be con
structed simultaneously with the excavation 
and construction of the basement levels. Col
umns were supported on slurry walls and 
belled caisson foundations were installed prior 
to excavation of the basement. While up-down 
construction had been used 27 years earlier on 
the Milan subway, Rowes Wharf marked its 
first use in the Eastern United States, paving 
the way for its use on Boston's Central Ar
tery /Tunnel Project. 

In 1986, isolated slurry wall panels or "load
bearing elements" (LBEs) were introduced to 
Boston on the 125 Summer Street Project. Using 
LBEs, the interior columns could be con
structed without mobilizing an additional rig 
for deep foundation construction. Today, LBE 
construction is being used on the Central Ar
tery /Tunnel Project to support columns lo
cated in areas where low-headroom con-· 
straints prevent the use of conventional caisson 
or pile support. 

Summary· 
The evolution of geotechnical engineering and 
construction has been shaped by the interac
tion between changes in demand, advances in 
science, and the development of new materials 
and sources of power. The demands and op
portunities created by these changes have led 
to the creation of rational methods of design 
and a separate branch of civil engineering. 
Throughout the 150-year history of BSCE, 
many of these developments occurred on proj
ects in the Boston area in which the society's 
members played major roles. 
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History 

Mass Transit in Boston: 
A Brief History of the 
Fixed Guideway Systems 

Ever since the settlement of 
Boston, mass transit has played 
a significant role in the 
development of the area and in 
its viability as an economic and 
cultural center. 

CLAY SCHOFIELD 

0 ver one million passengers are carried 
every weekday on Boston's mass 
transit system. Governed by the Mas

sachusetts Bay Transportation Authority 
(MBTA), the nation's sixth-largest and oldest 
transit system includes bus, trackless trolley, 
ferry, light rail and heavy rail transit, as well as 
commuter rail. In addition to its historical sig
nificance as a provider of transportation, the 
MBTA has had a major influence on the devel
opment of both transportation and the devel
opment of communities around Boston and 
Eastern Massachusetts. 

Mass Transit for the Colony 
Mass transit history in the Boston area can be 

traced to 1630 when the Massachusetts Court 
of Assistants issued what was probably the 
first "request for proposals" for public trans
portation services in North America. Thomas 
Williams was granted a charter and began op
eration of a ferry from Chelsea to Charlestown 
(service was extended to Boston a year later). 
This 3-mile ferry service operated for almost 
200 years and tackled many of the same issues 
the MBTA faces today: government subsidies, 
changing ridership and, later, competition with 
highways across the harbor. This old ferry serv
ice returns periodically and today includes 
service from Charlestown to Boston. 

When the ferry service was introduced in 
1631, Boston was quite different physically 
than it is today. The city was a small peninsula 
connected to the mainland by a narrow strip of 
land located in what is now the South End. 
Since there were no bridges and only limited 
access to the mainland, transporting freight by 
ox cart from Winnismet (now Chelsea) to Bos
ton was a two-day journey through Malden, 
Cambridge, Brighton and Roxbury. Beginning 
shortly after gaining independence from Eng
land, Boston's demand for transportation mir
rored the city's growth, both in population and 
in geography as many of new areas around the 
original landscape were created by filling in 
Boston Harbor and the Charles River. 
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As Boston grew, the city's street pattern also 
developed in what appears to be a disorderly 
fashion. The most common explanation for this 
"disorder" is that the roads were based on cow 
paths and Indian trails. However, that asser
tion does not have much veracity; the roadway 
system developed to fit, or accommodate, the 
geography of the area. Charles Street, for exam
ple, exists where the south bank of the river 
once was. (In fact, the portion of Charles Street 
along the Boston Common is where British 
troops embarked for Lexington and Concord to 
begin the War for Independence.) 

The Transit Revolution 
The end of the War for Independence saw a 
Boston that had grown to a size where people 
could no longer easily walk from one area to 
another. Communities around Boston (sub
urbs) began developing. Thes~ new communi
ties created more transportation demands for 
links to Boston, which was the hub of com
merce for the area. In 1793, the first stagecoach 
began operating between Boston and Cam
bridge over the West Boston Bridge (renamed 
the Longfellow Bridge in 1906- it now carries 
the Red Line subway across the Charles 
River). Stagecoach service quickly expanded 
to link New England communities to Boston. · 
In 1835, there were over 80 scheduled stage
coach routes to Boston, with most trips taking 
usually a day or less. Many of these original 
routes exist today, now served by the exten
sive intercity bus services that operate out of 
South Station. 

In the 1820s a more urban forin of transpor
tation evolved in Boston called the omnibus. A 
horse-drawn version of the street car, the omni
bus was longer than a stagecoach. Seating was. 
arranged along the sides in a fashion similar to 
what is used in transit vehicles today. Around 
the same time, New York City was experiment
ing with a similar type of transit vehicle that 
ran on wooden rails. Running on rails made for 
a smoother ride and allowed horses to pull 
heavier loads. Due to reluctance by the general 
public, Boston did not invest in that technology 
until just before the Civil War. Boston's first 
"street railway" began service on March 26, 
1856, between Central Square in Cambridge 
and Bowdoin Square in Boston over the West 
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Boston Bridge. The street railway service was 
extremely successful and the population in the 
"streetcar suburbs" around Boston grew from 
fewer than 75,000 in 1850 to more than 440,000 
in 1900. However, service providers jumped 
into the market in a very unorganized way, 
which led to the duplication of service as well 
as fierce competition for customers. This chaos 
resulted in the West End Consolidation Act of 
1887 that combined all of the competing serv
ices into one operation with the creation of the 
West End Street Railway. This consolidation of 
services under one operator was to play an im
portant role in the development of Boston's 
transit system. 

Electrification of Boston's Railway 
The West End Street Railway was successful in 
solving some transportation problems, but it 
was burdened by attempting to maintain a bal
ance between its motive power (horses) and the 
associated emissions (while the emissions are 
different today, it is still a dilemma that mod
ern transportation engineering faces). The 
problem was the care and feeding of the thou
sands of horses required for service. Other cit
ies were encountering similar problems and 
were turningto innovative technologies. One 
popular source of motive power was the pul
ley system that drives San Francisco's cable 
cars. Although this system was adopted by 
several large cities in the late 1800s, it did not 
appear to be the answer in Boston. High costs 
to build and maintain the cable systems and 
questions about reliability during the harsh 
New England winters did not foster their use 
in Boston. 

Meanwhile, Richmond, Virginia, had 
adopted another form of motive power: elec
tricity. Representatives of the West End Street 
Railway Company were so impressed with the 
Richmond system that the decision to electrify 
all of the Boston routes was made during their 
visit to Richmond. Conversion began in earnest 
upon their return and the first electric service 
started on January 1, 1889, with the existing 
Green Line transit service on Beacon Street in 
Brookline being the first application. Other ma
jor cities soon followed suit and converted to 
electrification, based on the success seen in 
Boston. 



Boston's electric streetcar system was off 
and running. Bankers and developers saw an 
opportunity to develop suburbs and provide 
new housing a short trolley ride from Boston. 
This growing interurban system was consoli
dated into the Bay State Railway Company, 
which at its peak (around 1911) provided serv
ice as far north as Nashua, New Hampshire, 
and as far south as Newport, Rhode Island. 

Passenger Rail Service 
. Boston is a city of transportation firsts - one of 
the claims is that Boston was the site of North 
America's first railroad. As described earlier, 
much of the geography that is now Boston was 
created by filling in Boston Harbor and the 
Charles River. The Back Bay area of Boston was 
filled in by lowering Beacon Hill. Excavated 
materials were transported by a wooden tram
way down what is now Pickney Street around 
1799. 

The first scheduled commuter rail service 
for Boston was developed 35 years later be
tween Boston and Newton by the Boston and 
Worcester Railroad. Planning for intercity rail
roads by the Massachusetts Legislature began 
in 1827 when a proposal for a canal between 
Boston and Albany was considered to be too 
expensive. However, the legislature was still 
unwilling to fund railroad construction and 
therefore granted the first railroad charters to 
private companies for service to Providence, 
Albany, Brattleboro and Lowell in 1830. 

In that era, prior to the development of the 
electric street car, the commuter rail system 
was primarily responsible for the development 
of the suburbs around Boston. Passenger serv
ice developed the area approximately 15 miles 
from Boston and a trip cost about as much as an 
omnibus trip within Boston. By 1854, ridership 
had reached 30,000 trips a day on the eight lines 
to Boston. By 1870, Massachusetts had more 
miles of railroad per square mile than any other 
sti3-te or foreign country. 

To regulate the rapidly growing freight and 
passenger rail industry, the Massachusetts 
Railroad Commission was established in 1869 
with broad powers to order service changes. 
The commission was responsible for many of 
the changes that made the commuter system 
successful, The most significant change came 

in 1885 with the beginning of the consolidation 
of the eight different railroads. Competition in 
the saturated market around Boston made the 
consolidation necessary. The current north and 
south terminal stations in Boston are a result of 
this consolidation effort. 

Commuter rail ridership reached a tempo
rary peak in 1893 with 174,000 trips a day (com
pared to the current MBTA commuter rail rid
ership of 100,000 trips a day). Ridership began 
to fall for the next eight years due to competi
tion with the electric trolley system and a reces
sion. However, as the suburbs continued to 
grow and spread, ridership began to grow 
again and average trip lengths increased to 
reach the emerging suburbs. In 1920, 240,000 
trips a day were made to and from Boston. That 
ridership number has never been exceeded. 

Auto ownership in the 1920s was on the rise 
and became the biggest competition for rider
ship on public transportation (as it is today). 
Massachusetts auto ownership went from 
233,000 cars in 1920 to 549,000 in 1925. Rider
ship on commuter rail dropped by 30 percent 
during the period. 

The Great Depression had a severe effect on 
the railroads, which caused many of them to 
declare bankruptcy. In July 1938, 88 stations 
and 65 trains were discontinued in Southeast
ern Massachusetts. However, World War II, 
and the associated gas rationing, dramatically 
increased ridership and wartime profits on 
freight brought some railroads out of bank
ruptcy. After the war, ridership fell again and, 
as the highway system developed, the com
muter rail market virtually disappeared. 

In 1959, commuter rail ridership to Boston 
was at an all-time low. That year the Mass 
Transportation Commission (MTC) of the 
Commonwealth of Massachusetts was formed. 
The MTC recom.mended that a system of subsi
dies be provided by an expanded Metropolitan 
Transit Authority (MTA). (Founded in August 
1947, the MTA later became the MBTA on 
August 3, 1964.) The MBTAcontinued to subsi
dize some services and eventually began to 
purchase railroads. The first purchase was 145 
miles of Penn Central in 1973 and then 250 
miles of Boston and Maine (B&M) track (in
cluding rolling stock) and the Boston Engine 
terminal in 1976. 
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FIGURE 1. Streetcars on Tremont Street (Boston's most congested) in April 1895, looking to
ward Boylston Street from the intersection of Tremont and Park streets. It was said at the time 
that it was quicker to walk on the roofs of stalled streetcars than to ride inside. 

MBTA's commuter rail service operations 
began to expand, with B&M running the sys
tem as a sole operator under contract to the 
MBTA in 1977. This expansion of service, along 
with the purchase of new equipment that year, 
started the modernization of the MBTA com
muter rail system. The service is now operated 
through a contract with Amtrak. 

Planning for the Twentieth Century 
In the late nineteenth century, Boston was still 
growing and downtown congestion was se
vere (see Figure 1). The congestion - consist
ing of pedestrians and street cars - begged for 
solution. Two alternatives became apparent: 
going under the streets or going over them. 

The Rapid Transit Commission. The history of 
the MBTA includes numerous commissions, 
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companies, and operating entities. The Rapid 
Transit Commission, appointed by the Gover
norand theMayorofBostononJune 18, 1891 (a 
· precursor to the MBTA), was entrusted with 
the task of solving Boston's traffic congestion 
problem. The Rapid Transit Commission 
formed two entities that were created to ex
plore transit underground and transit above 
ground solutions: 

• The Boston Elevated Railway Company 
(BERY) was created on July 2, 1894, to ad
dress the alternatives recommended by 
the Rapid Transit Commission for ele
vated railway lines. (The BERY eventually 
became the MTA on August 29, 1947.) The 
BERY was authorized by the Massachu
setts Legislature to be privately owned 
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FIGURE 2. The Tremont Street subway compared to other contemporaneous projects. 

and to concentrate on the development of 
a system of elevated suburban railway 
lines. 

• The Boston Transit Commission was to be 
a governmental agency responsible for 
the development of subway lines. 

The Boston Elevated Railway Company. The de
velopment of the elevated lines in Boston be
gan with the construction of an elevated rail
way from Sullivan Square to Dudley Street. 
That line opened on June 10, 1901, and con
nected to the Tremont Street subway between 
North Station and Boylston Street. The ele
vated line was extended further from Dudley 
Square to Forest Hills in 1909 and eventually 
became the Orange Line (which was revamped 
by the Southwest Corridor Project 70 years 
later). The BERY was responsible for develop
ment of the existing Lechmere viaduct, the At
lantic Avenue Loop and several other elevated 
structures and stations that have disappeared 
or will soon disappear ( due to the current Cen
tral Artery /Tunnel highway project in Boston). 

The Boston Transit Commission. In 1844, Rob
ert Gourlay proposed a grand plan for the Back 
Bay area of Boston that included a network of 
suburban railway lines that would travel 

through the city in subways. Gourlay's plan in
cluded subways and a subterranean hub called 
the Centre Platform below the recently com
pleted Bulfinch State House (foreshadowing 
the existing Park Street Station, which would 
be built near the same location more than 50 
years later). America's oldest subway was fi
nally realized conceptually on April 6, 1892, 
with the recommendation by the new Rapid 
Transit Commission that a trolley subway be 
built under Tremont Street and the Boston 
Common. Construction began on March 28, 
1895, and the first segment was completed on 
September 1, 1897 (see Figures 2 to 5). This s~g
ment ran between the Boylston Street and Park 
Street stations (the American Society of Civil 
Engineers designated it as a National Historic 
Civil Engineering Landmark in 1978). Both sta
tions are still operating and the original granite 
head houses stand generally as they did 100 
years ago. The second phase between Pleasant 
Street and Park Street was opened a month 
later and the extension under Beacon Hill from 
Park Street to Haymarket, Adams Square, 
Scollay Square, and North Station was opened 
on September 3, 1898. 

The Boston Transit Commission continued 
to develop the subway system and built the 
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FIGURE 3. Miscellaneous construction and station details for the Tremont Street subway. 

FIGURE 4. Construction along the Tremont Street side of Boston Common on June 2, 1896. 

36 CIVIL ENGINEERING PRACTICE FALL/WINTER 1998 



:FIGURE 5. Traffic on Tremont Street, August 1899, looking toward Boylston Street along Bos
ton Common from the intersection of Tremont and Park streets. The streetcar tracks on the for
merly gridlocked Tremont Street had been removed, leaving a wide-open boulevard for pedes
trians and horse carts. 

United States's first sub-aqueous transit tunnel 
under Boston Harbor. This tunnel opened on 
December 30, 1904, and ran from Court Street 
in Boston to Maverick Square in East Boston (it 
is still in operation as part of the existing Blue 
Line subway).· Tunnel construction continued 
and a large portion of the current subway sys
tem was constructed in the period from 1898 to 
1925. 

Commission on Metropolitan Improvements. 
The transit system was growing and the rail
road system had become a major mode of 
transportation for the general public as well as 
for the transportation of freight. The Commis
sion on Metropolitan Improvements was ap
pointed by the Governor of Massachusetts and 
the Mayor of Boston in 1907 to: 

"[I]nvestigate and report as to the advis
ability of any public works in the metropoli
tan district which in its opinion will tend to 
the convenience of the people, the develop
ment of local business, the beautifying of the 
district, or the improvement of the same as a 
place of residence. It shall consider the es
tablishment of a systematic method of inter
nal communication by highways, the con
trol or direction of traffic and transportation, 
and the location of such docks and terminals 
as the interests of the district may demand." 

The enabling legislation called for the commis
sion to be voluntary but authorized $25,000 for 
expenses to be born by the Metropolitan Parks 
District. 
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The 1909 report Public Improvements for the 
Metropolitan District was a comprehensive and 
visionary work that defined a wide range of 
transportation and highway projects. The re
port included the suggestion of public/ private 
partnerships and recommended that tax ex
empt bonds be made available and be guaran
teed by the Commonwealth of Massachusetts. 
Transportation projects envisioned· by the re
port included: 

• A Comprehensive Terminal Inprovement 
Plan for freight and passenger facilities. In 
recommending that a series of civic cen
ters be built at the terminals, the report 
may have been instrumental in the con
struction of North Station, along with the 
Boston Garden sports facility (which be
gan much later, in 1927). The develop
ment of North Station and the Boston Gar
d en occurred through a series of 
agreements and concessions between the 
city, the Boston and Maine Railroad, and 
the Boston Madison Square Garden Cor
poration. 

• The development of a tunnel between 
East Boston and Boston. This tunnel was 
proposed to serve the Boston, Revere 
Beach and Lynn railroads and, ultimately, 
was built as the Callahan/Sumner high
way tunnel. 

• The development of a connection between 
North and South stations. The report called 
for a four-track tunnel that would allow 45 
second head ways, would accommodate 
320 trains per hour and would serve 
184,000 passengers an hour. Presently, the 
MBTA and Amtrak have developed a ma
jor investment study that includes a four
track connection between North and South 
stations,·but the current study falls short of 
the capacity expected in 1909. This connec
tion was also envisioned in the median of 
the Central Artery /Tunnel Project as it was 
proposed in 1974. 

• Increasing the size of North and South 
stations to accommodate the growth an
ticipated in passenger traffic. The plan 
included double-decking South Station, 
since trains would soon all be electric 
and that would eliminate the need for a 
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large shed to dissipate smoke. (The 
MBTA expects to reach terminal capac
ity at both North and South stations in 
the near future and is seeking solutions 
through operational and schedule im
provements.) 

The 1945 Coolidge Commision Report. The 
Coolidge Commission was developed in 1943 
to study rapid transit in the Boston metropoli
tan area (see Figure 6). This report addressed 
the urban sprawl that Boston was experiencing 
beyond what was served by the existing rapid 
transit facilities. The report described the Bos
ton metropolitan area as "the twenty-nine cit
ies and towns which are contained within the 
arc of the twelve mile radius of the center of the 
city." Currently, the Boston metropolitan re
gion has grown to 101 cities and towns, with 
the MBTA district serving 78 cities and towns 
with ba~ic transit services and serving more 
with commuter rail. The report recommended 
long extensions of the rapid transit system 
along the existing railroad rights of way. These 
extensions included the following transit 
lines: 

• Braintree to Arlington Heights. This project 
consisted of the Braintree branch of the ex
isting Red Line with an extension from 
Alewife to Arlington Heights. 

• Dedham to Reading. This project consisted 
of the current Orange Line extended from 
Forest Hills to Dedham to the south and 
from Sullivan Square to Reading to the 
north (this portion of the extension exists 
as far as Oak Grove in Malden). 

• Needham and Riverside to Park Street Loop. 
This segment exists as the Riverside 
Green Line branch. The Needham branch 
was to join the Riverside Line at Newton 
Highlands. The Needham commuter rail 
serves all but one of the stops contem
plated by the proposed service. 

• Riverside to Woburn via the Tremont Street 
Subway. This segment would have been 
an extension of the existing Riverside 
Green Line branch north of North Station 
along the Lowell Commuter Rail (which 
currently serves the proposed market be
tween Woburn and North Station). 



THE COMMONWEAL TH OF MASSACHUSETTS 
METROPOLlrAN TRANSIT RECESS COMMISSION 

PROPOSED ALTERATIONS TO TREMONT ST. SUBWAY 
PARIA- BOYLSTON STATIONS 

FIGURE 6. A proposed change from the Coolidge report to the Tremont Street subway. 

• Lynn to Bowdoin Square. This segment is an 
extension of the existing Blue Line north 
from Revere to Lynn. It is interesting to 
note thatthe current TEA-21 federal trans
portation bill has earmarked $50 million 
for an extension of the Blue Line to Lynn 
and beyond to Beverly. 

The Boston Transportation Planning Review 
(BTPR). The BTPR was established by Gover
nor Francis Sargent in 1970 to advise him on a 
number of major transportation issues within 
Route 128, the beltway around the Boston re
gion. 

Highway planning in the 1940s and 1950s 
included expressways into Boston such as 1-95, 
Route 2 and the Innerbelt. The feeling in Bos
ton, as in many other cities in the 1970s, was 
anti-highway and the BTPR was to find a solu
tion to the transportation problems evolving in 
Boston that included a more moderate high
way component. The BTPR created a public 

process that incorporated the concerns of met
ropolitan area communities and a process for 
considering intermodal alternatives other than 
highways. The BTPR principles were incorpo
rated into the formation of the Intermodal Sur
face Transportation Enhancement Act (ISTEA) 
and the current TEA-21 transportation legisla
tion. 

The BTPR plan included the concept of the 
current Central Artery /Tunnel Project, with its 
third harbor crossing. The study stopped the 
extension of Route 2 into Boston at Alewife and 
proposed the extension of the Red Line subway 
to meet Route 2. It also stopped the innerbelt 
highway and proposed the Urban Ring Project 
(currently the subject of a major investment 

· study that is considering using the right-of-
way obtained for the highway for portions of 
the alignment). The 1973 final report even in
cluded a provision that "right-of-way will also 
be reserved for high speed ground transporta
tion between Boston and New York City," a vi-
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sion that will be realized in 1999 with the elec
trification of the Amtrak line from New Haven, 
Connecticut, to Boston. 

The most significant recommendation that 
became reality was the replacement of the 
highway extensions into Boston with transit 
solutions. That shift announced the first flexing 
of highway funding to mass transit, and the 
birth of one of the key elements in the ISTEA 
legislation - "flexible" funding that could be 
used at the discretion of the local metropolitan 
planning organizations. 

Expansion in the Modern Era 
Boston's mass transit system continued to de
velop in the 1950s and 1960s, butthe next major 
era of subway construction would not begin 
until 1966 with the construction of the Orange 
Line extension from Haymarket north through 
Somerville, Medford and Malden. The Hay
market Project was completed in 1977 and was 
followed by groundbreaking for the Southwest 
Corridor Project on January 16, 1978. The $740 
million Southwest Corridor Project was the 
first transit project to be funded with highway 
money. This project consolidated the Orange 
Line mass transit, the commuter rail system 
and the existing Massachusetts Turnpike into 
an intermodal corridor. The Southwest Corri
dor Project relocated the elevated portion of the 
Orange Line along Washington Street and con
solidated the transportation corridor with the 
existing Boston and Albany rail lines and the 
Massachusetts Turnpike. (This project won the 
1988 ASCE award for Outstanding Civil Engi
neering Achievement.) The groundbreaking 
for the extension of the Red Line subway from 
Harvard Square to the Cambridge/ Arlington 
city boundary at Route 2 (including the Ale
wife Garage) was held one week after the initia
tion of the Southw:est Corridor Project. The ex
tension of the Red Line south from Quincy to 
Braintree also began that year. 

Old Colony Railroad. More recently, the 
MBTAhas focused on the expansion of the sub
urban commuter rail system. The Old Colony 
line was opened in late 1997 and includes the 
Middleboro and the Kingston/Plymouth lines. 
A third line known as the Greenbush Line is 
currently in design. Historically, the Old Col
ony service began operations in 1845 but it was 
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discontinued in 1959 when the Southeast Ex
pressway (Route 3) was completed and rider
ship declined. 

Worcester Commuter Rail. The extension of 
commuter rail service to Worcester from Fram
ingham was opened in 1996. The existing route 
is mostly single track shared with Conrail. The 
construction of a second track is underway and 
four additional stations are currently being de~ 
signed. 

Boston Engine Terminal. The newest Boston 
Engine Terminal (BET) was opened in 1997 to 
replace the "new" BET built in 1930 that re
placed the "old" terminal dating frbm the nine
teenth century and that was rebuilt in 1918. The 
newest BET was built to keep up with the 
growing commuter rail fleet and is designed to 
service the MBTA's 600 coaches and 83 locomo
tives. The newest BET was built on the site of 
the "old new" BET in Somerville. 

Current Projects 
The South Boston Piers Transitway. The South 
Boston Piers Transitway is under construction 
and the first segments are being built in con
junction with the Central Artery /Tunnel Pro
ject in Dewey Square at South Station. The tran
sitway will be an underground busway that 
will be upgradable to light rail running from 
the South Station Transportation Center to the 
new Federal Courthouse and the World Trade 
Center in South Boston. The buses will travel 
from South Boston and serve the emerging Sea
port District, including the recently proposed 
Convention Center, via surface routes. Con
struction is expected to be finished in 2002. 

Massport is planning an additional route for 
the transitway. This route is called the Airport In
termodal Transit Connector (AITC) and would 
run through the Transitway and serve Logan Air
port via the new Ted Williams Tunnel (the third 
Boston Harbor tunnel crossing constructed un
der the Central Artery /Tunnel Project). 

Newburyport Extension. The extension of 
commuter rail service from Ipswich to New
buryport will be complete in October 1998. The 
project includes two new stations and restores 
service that existed on the eastern route in the 
nineteenth century. 

Blue Line Modernization. The majority of the 
Blue Line stations can only accommodate four-



car trains. The system is at capacity and the 
project will expand station capacity for the en
tire line to handle six-car trains. Completion of 
this project is expected in 2004. 

North Station "Super Station." The Orange 
Line and the Green Line serve North Station in 
a variety of ways with elevated, subway and 
surface lines. This project will combine all three 
modes into one and allow passengers coming 
inbound to access both the Orange and the 
Green lines from one platform. The two lines 
essentially rtin parallel to each other through 
the downtown core, and inbound passengers 
to the downtown area will be able to take the 
first available line with out much difference in 
the time to their destinations. 

The project will also eliminate one of the last 
elevated structures in Boston over Causeway 
Street and is expected to improve the urban 
streetscape of this portion of the historic Bul
finch Triangle. Construction is expected to be 
completed in the year 2000. 

Projects on the Horizon 
The Silverline. The Southwest Corridor Project 
relocated the elevated Orange Line from 
Washington Street to the current subway loca
tion. The Washington Street corridor still has a 
very high demand for service and additional 
capacity options are limited. The new low
floor light rail vehicles require platforms for 
accessability. Right-of-way limitations pre
clude building platforms in the corridor. The 
Silverline will be a limited-stop low-floor ar
ticulated bus service that will serve the corri
dor. Planned features include stations with in
telligent transportation system (ITS) 
amenities (instead of stops) and a design ap
proach that integrates the service with the 
concurrent urban design and reconstruction 
of the street. This project is expected to be op~ 
erational by the year 2000. 

Transitway II. The second phase of the South 
Boston Piers Transitway Project would extend 
the Transitway from South Station to the vicin
ity of Boylston Street Station. The current plan
ning includes integration of the Silverline serv
ice that would allow the articulated vehicles to 
enter a portal at Boylston Street and proceed 
through the Transitway to South Boston and 
Logan Airport. 

North/South Rail Link. First proposed in the 
1909 report Public Improvements for the Metro
politan District, this project would link the two 
MBTAcommuter rail systems into one regional 
system. It would also allow the extension of 
Amtrak's Northeast Corridor north of Boston 
and allow the Portland to Boston service ex
pected in 1999 to continue south. Currently, a 
major investment study and draft environ
mental documents are being worked on for this 
project. 

Urban Ring. The Urban Ring is a circumfer
ential transit project around the outskirts of the 
Boston urban core. The project will provide ac
cess to areas currently not well served by mass 
transit. The project goal is to cut down on the 
number of connections transit riders currently 
use to travel cross town. The Urban Ring is in 
the major investment study stage, which it is 
expected to complete in early 1999. 

Boston Transit: Some Attractions 
There are numerous locations withiri the Bos
ton area that are suitable for observing notable 
transportation projects. Among these sites are: 

• The Tremont Street Subway. 11 America's 
Oldest Subway" is on the Green Line sub
way between Boylston and Park Street 
stations. When in the Boylston Street Sta
tion's below ground (or underground) 
platform, note the outside tracks emerg
ing from underneath. Those tracks are a 
remnant of an old abandoned trolley line. 
Boston has a whole system of unused tun
nels and stations such as these. 

• The Mattapan High-Speed Line. This service 
is at the end of the Ashmont Red Line 
Branch and still uses Presidential Confer
ence Cars (PC Cs) from the 1940s. Re
cently, the MBTA has decided to preserve 
this fleet for economic and historical rea
sons rather than scrap them for a more 
modern vehicle. 

• Fields Corner. While heading down the 
Ashmont Branch of the Red Line to see the 
PCCs, travelers will pass through Fields 
Corner Station. This multilevel intermo
dal facility needs some work but it is a 
very interesting station architecturally. 
The nearby Dudley Street Station, an in-
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teresting bus facility, is also worth 
viewing. 

• South Station. This station is 100 years old 
this year. South Station was reconstructed 
in the 1980s and is now an intermodal cen
ter for local bus, intercity bus, commuter 
rail, Amtrak, the Red Line and, soon, the 
Transitway. The station is in the midst of 
the Central Artery /Tunnel Project con
struction and a trip to the top of the bus 
terminal provides great views of the 
nearby construction. 

• North Station. While the demolition of the 
old Boston Garden should be complete, 
the Central Artery construction, the Super 
Station construction and the Green Lin:e 
viaduct may be of some interest. The new 
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North Station Railroad Terminal and the 
Fleet Center are also worthy of note. 

• Ferry Service. There is no cheaper way to 
get a Boston Harbor cruise. Try the 1631 
service from Rowes Wharf to Charles
town for a sense of colonial history. 

CLAY SCHOFIELD is currently Deputy
1 
Director of 

Planning at the Massachusetts Bay Transportation 
Authority and a member of the BSCE Transporta" 
tion Technical Group. He started his 19-year trans
portation career in San Francisco working for the 
California Department of Transportation (Cal
trans). He then worked for various West Coast con
sulting firms designing and building highways. He 
is a graduate in Civil Engineering from the Univer-
sity of Lowell. · 



Perspective 

A Tribute to the Journal 
of the Boston Society of 
Civil Engineers: 
1914 to the Present 

The advancement of any 
profession requires the exchange 
of practical information in a 
timely, interesting, concise and 
knowledgeable manner. 

ANNI H. AUTIO 

The value of the Journal of the Boston Soci
ety of Civil Engineers (BSCE) to civil en
gineers worldwide is immeasurable. 

The Journal, published continuously since 
1914, has been circulated to BSCE members 
and to more than 40 countries by annual sub
scription. Thousands of peer-reviewed papers 
have been published since its origin, pro
viding an insightful look into the achieve
ments of BSCE's members as well as from 
worldwide contributors. These papers collec
tively document the advances that have been 
made in civil engineering practke during this 
century. 

Journal articles involve local, national and 
international projects, and include discussions 
on design and construction techniques as well 
as articles on the use of leading-edge technolo
gies. Among other things, the Journal also: 

• Hosts discussions on professional prac
tice issues involving education, licensing 
and ethics; 

• Provides compilations of collected soil 
boring data for the Greater Boston area; 

• Documents civil engineering history and 
heritage through local historians; and, 

· • Publishes memoirs on prominent BSCE 
members. 

Contributing authors from the past include 
many noteworthy civil engineers such as John 
M. Biggs, Thomas R. Camp, Clemens Herschel, 
Ernest A. Herzog, Karl R. Kennison and Karl 
Terzaghi. 

The content in some Journal articles pub
lished decades ago is timeless. Articles were 
originally prepared as presentations to BSCE 
members. Of these, one noteworthy example is 
from the October 23, 1957, Student Night pres-
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entation that Dr. Karl Terzaghi made to a joint 
meeting of members from both BSCE and the 
Massachusetts Section of the American Soci
ety of Civil Engineers (ASCE). His presenta
tion was published as the article entitled 
"Consultants, Clients and Contractors," in the 
January 1958 issue of the Journal (Vol. 45, No. 
1). In that article, which is reprinted here in its 
entirety on pages 46-54, Dr. Terzaghi describes 
his professional experiences working as a con
sultant to engineering organizations on large 
earthwork operations across five continents. 
Forty years later, this article is a testament of 
the strength of the civil engineering legacy 
that was left to us by those who practiced civil 
engineering many years before. It also re
mains timely and useful to current civil engi
neering practice. 

An added bonus to Terzaghi's 1958 paper 
are the follow-up discussion papers written by 
sixteen prominent engineers. These discus
sions were also published in the Journal. Some 
examples of the comments Dr. Terzaghi re
ceived on his paper are: 

Arthur Casagrande (Professor of Soil Me
chanics and Foundation Engineering at Har
vard University) wrote that"too many vari
ables [are] involved in the relationships 
between consultants, clients and contractors 
to permit hard and fast rules in order to as
sure that consultants will be used to the best 
interest of a project." 

D.J. Bleifuss (of Bleifuss, Hostetter & As
sociates, Consulting Engineers, Sacramento, 
California) wrote: "Our trouble with an en
gineer's performance is this: if his job is well 
done, the work goes smoothly, and client 
and contractor alike are apt to consider that 
the money spent on engineering has been 
wasted; if the work does not go smoothly, 
they are apt to place the blame on incompe
tent engineering." 

Ralph Peck (Professor of Soil Mechanics, 
University of Illinois) wrote that "no two 
consultants would have identical views 
about the relations among consultants, cli
ents and contractors." His discussion con
tinues on, addressing the special opportu
nities and problems of the professor-
consultant. · 
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Frank A. Marston (Partner at Metcalf & 
Eddy, Engineers) wrote what has been an all 
too familiar line: "Inexperienced officials are 
sometimes led to select ari engineer for a 
project because of a proposed low fee, rather 
than on the basis of qualifications." 

And finally, H.J.B. Harding (Consulting 
Engineer, London) provided a British per
spective on the subject. He wrote: 'iin Great 
Britain independent consultants are often 
professors in engineering colleges who un
dertake consultation and research in order to 
widen their field and improve the value of 
their teaching. The relation between client 
and consultant is set out in a most interesting 
way. A consultant will find himself a more 
pppular figure when he is called in after trou
ble has arisen than in the early stages when 
his warning may be unwelcome in the pre
vailing atmosphere ... This led me to say ... at 
a meeting of the Institution of Civil Engineers 
that' among Civil Engineers wishful thinking 
amounts to an occupational disease.'" 

In July 1958, Dr. Terzaghi published a clos
ing response that recognized the contribu
tions, thoughts, observations and experience 
records of the discussers. Today, this collection 
of articles shows proof of how little time has 
changed the manner in which civil engineers 
still practice and the challenges that we con
tinue to face. 

Many more examples of timeless and his
torically rich articles can be found in the Jour
nal. A few examples include: 

• A March 1932 article on "George Wash
ington, Engineer" by Edward Grossman 
(Vol. 19, No. 3); · 

• "Notes on the Design of Earth Dams" by 
Arthur Casagrande in October 1950 (Vol. 
37, No. 4); and 

• "Hurricane Protection in New England" 
by John B .. McAleer and Peter J.A. Scott in 
April 1958 (Vol. 45, No. 2). 

Also, many distinguished authors can be 
found in the Journal - such as Major General 
Emerson C. Itschner, former Chief of Engi
neers, U.S. Army. His paper entitled "Engi
neering for National Security" was published 



in July 1959 (Vol. 46, No. 3) following a presen
tation to a joint meeting of BSCE and the Boston 
Post of the Society of Military Engineers. 

In 1983, BSCES weighed the future of the 
Journal very deliberately. After much study, 
BSCES endorsed "a major restructuring of the 
entire Journal effort." Today, the Journal's suc
cessor, Civil Engineering Practice: Journal of the 
Boston Society of Civil Engineers Section/ASCE, 
carries on the tradition of providing a forum of 
exchange for the furtherance of the civil engi
neering profession. Since its first issue in 1986, 
Civil Engineering Practice has sought, as stated 
in its charter, "to capture the spirit and sub
stance of contemporary civil engineering prac
tice through articles that emphasize techniques 
now being applied successfully in the analysis, 
justification, design, construction, operation 
and maintenance of civil engineering works." 
Special issues of Civil Engineering Practice have 
featured: 

• Boston Geology (Spring 1989, Vol. 4, No. 
1); 

• The Boston Harbor Project (Spring/Sum
mer 1994, Vol. 9, No. l); 

• The Central Artery /Tunnel Project 
(Spring/Summer 1996, Vol. 11, No. l); 
and, 

• The Yangtze River Three Gorges Dam 
Project (Spring/Summer 1997, Vol. 12, 
No. l). 

A complete series ofBSCES's Journal is avail
able for on-site use at The Engineering Center 
library (1 Walnut St., Boston, MA 02108-3616). 
Several local university libraries (such as the 
Massachusetts Institute of Technology, North
eastern University and others) also have a se
ries of BSCES' s Journal in their civil engineering 

reference department. Internationally, the In
stitution of Civil Engineers in London main
tains a collection in its library. (Back issues of 
more recent issues are also available for pur
chase through The Engineering Center.) 

Information on the Journal is on the World 
Wide .Web at www.quale.com/cep/cephome.html. A 
linked index of articles that have appeared in 
Civil Engineering Practice from 1986 to the pres
ent is at www.engineers.org/bsces. Work is in 
progress to expand the Journal index on 
BSCES's web site to extend back to 1914. 
BSCES's Journal Editorial Board is working to
ward a goal of enabling worldwide access to 
our publication, on-line search capability and 
electronic reprint and subscription requests. 

ANNI H. AUTIO, P.E., is the imme
diate past President of the Boston So
ciety of Civil Engineers Section of the 
American Society of Civil Engineers. 
She received her B.S. in Civil Engi

neering and her M.S. in Environmental Engineer
ing from Worcester Polytechnic Institute. She is a 
Project Manager at Camp Dresser & McKee, Inc., 
in Cambridge, Mass., and has been working on the 
Central Artery/Tunnel Project since 1990. Her as
signments on this project have included conducting 
environmental audits of more than 80 structures 
throughout Boston. Currently she is managing, as a 
representative for the Massachusetts Bay Transpor
tation Authority, environmental construction work 
at three subway stations that are being affected by 
Central Artery/Tunnel Project construction. In this 
role she is responsible for building audits, site char
acterization, contaminated soil area delineations, 
design and construction phase services for the re
moval and disposal of materials that were identified 
to be of environmental concern. She is a licensed pro
fessional engineer in Massachusetts. 
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Issues 

Consultants, Clients & 
Contractors 

l 

This timeless article, reprinted 
from the January 1958 issue of 
the BSCE Journal and written 
by a pioneer in soil mechanics, 
shows what it truly takes to 
excel at engineering practice. 

KARL TERZAGHI 

In t.his paper the writer describes some of his 
experiences as a consultant to engineering 
organizations on five continents, on projects 

involving large earthwork operations. Special 
emphasis is given to the factors which may lead 
to partial or complete failure of a project in spite 
of sound advice rendered by the consultant. 

Introduction 
A consultant is a person who is supposed to 
know more about a subject under considera
tion than his client. Once an engineer has ac
quired a reputation for superior knowledge 
and discovers that there is a demand for his 
services, his future career depends upon what 
he expects to get out of life. If he longs for finan
cial success and social prestige, he will find that 
his aims can hardly be satisfied without the as
sistance of an engineering organization. Once 
the organization exists he becomes a slave to it. 

46 CIVIL ENGINEERING PRACTICE FALL/WINTER 1998 

His income increases, but so do his worries. 
Sometimes he has sleepless nights because he 
does not know how to handle all the orders 
which have rained into his lap, and at other 
times, because his overhead charges begin to 
exceed his income. In any event, the Tax Col
lector sees to it that his income does not assume 
staggering proportions. He may still believe 
that he is a consultant, but in reality he has 
turned into a business man and executive 
equipped with all the prerequisites for stomach 
ulcers. 

On the other hand, if he derives his principal 
satisfaction from practicing the art of engineer
ing, he will desist from establishing an organi
zation and concentrate all his efforts on broad
ening his knowledge in the field of his choice. 
In order to be successful in this pursuit he must 
be not only willing but eager to spend at least 
half of his time on unprofitable occupations 
such as research or the digest of his observa
tional data. Therefore, his money-making ca
pacity remains limited, but in exchange he has 
fewer worries and retains his freedom of ac
tion. That is the type of occupation which 
turned out to agree with my disposition. 

Initiation Into the 
Consulting Fraternity 
I never felt tempted to make a blueprint for my 
professional career, except inasmuch as I al
ways considered the performance of work for 
the mere sake of earning money a waste of time 



and acted accordingly, quite often on the spur 
of the moment. Therefore, I did not join the con
sulting fraternity deliberately. I was dragged 
into it by accident and discovered afterwards 
that it was amazingly congenial. This hap
pened about thirty-five years ago. 

I was then forty years old and I was teaching 
applied mechanics and related subjects at the 
American Robert College in Istanbul. How
ever, I spent most of my time on research con
cerning the physical properties of sedimentary 
deposits such as sand and clay. My interest in 
this field had been acquired in earlier years, 
while I was still engaged in the practice of 
earthwork engineering. During those years I 
became more and more impressed by our inca
pacity to predict the performance of soils under 
field conditions, and my affiliation with Robert 
College gave me a welcome opportunity to 
search for a remedy. 

My research activities had no relation to my 
duties as a teacher, and they yielded no finan
cial compensation. Yet I felt perfectly happy be
cause I earned enough to live on and my ven
tqre into the unknown was so exhilarating that 
I felt no desire to exchange it for a more profit
able occupation. 

At the time referred to, I was engaged in di
gesting the results of my investigations concern
ing the consolidation of clay strata. In connec
tion with this occupation I visited an industrial 
plant located at the head of the drowned portion 
of a valley in the proximity of Istanbul, because I 
was told that· an open excavation was being 
made at the site of the .plant. From the general 
geology of the region I knew that the subsoil of 
the plant consists of a deposit of soft silt and clay, 
with a maximum depth of several hundred feet, 
and I wanted to collect some specimens_ to be 
tested in my make-shift laboratory. 

When I arrived at the site, I found, in addi
tion to the excavation, a heap of precast rein
forced concrete piles and the setup for a pile 
loading test. This fact aroused my interest, be
cause I knew that the predecessors to.the new 
structure rested on mat foundations. Therefore, 
I called on the general manager of the plant, 
whom I had met socially, and asked him to ex
plain the project to me. 

According to the construction drawings 
which I was shown, one-half of the proposed 

structure would have rested on point-bearing 
piles and the other half on friction piles embed
ded in soft clay. I was shocked and explained to 
the manager that the piles would do more 
harm than good. The portion resting on point
bearing piles is rigidly supported, whereas the 
portion on friction piles would settle at least 
several inches, whereupon the pile-supported 
foundation would fail like an overloaded canti
lever beam by bending. Therefore, I suggested 
that the Company should sell the piles or throw 
them into the Bosporus. 

After lengthy discussions, the manager be
gan to realize the weight of my arguments but, 
he added, he would never succeed in inducing 
the design department of his organization, 
with headquarters in France, to accept my un
conventional proposal. Therefore, he invited 
me to make a trip to France and try it myself. At 
the headquarters of the organization I, an ob
scure teacher, faced engineers with well 
established reputations, full of confidence in 
the soundness of their judgment. My argu
ments were received with utmost skepticism. 
The pile loading test had already shown that 
the settlement of the friction piles under the de
sign load was negligible and, as a consequence, 
my pessimistic settlement forecast was consid
ered to be wrong. Nevertheless, the mere exis
tence of arguments in favor of the gloomy pre
diction made the designers of the foundation 
somewhat uneasy. Therefore, a compromise 
solution was proposed and accepted. The piles 
were retained as part of the foundation, but the 
site of the building was shifted away from the 
slope, whereupon all the piles assumed the 
function of friction piles. 

I left France with the conviction that the 
structure would settle as if the piles had not 
been driven, whereas my clients believed that · 
the results of the settlement observations 
would demonstrate the absurdity of my settle
ment estimate. The preceding controversies 
were very instructive and suited my tastes to 
perfection. Thus I had discovered an interest
ing field for the practical application of the re
sults of my research activities and I wished to 
get more assignments of a similar kind. 

I did not have to wait very long, because as 
soon as the structure under consideration was 
completed, it started to settle approximately at 
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the rate predicted by me, whereupon confi
dence in my judgment was established and the 
usefulness of my professional services was rec
ognized. 

A few months after I had returned to Istan
bul, the manager of the plant showed me the 
settlement record of the older portion of the 
plant. The structures were at that time about 
twenty years old and all of them rested on rein
forced concrete mats. According to the settle
ment forecast of the designers, based on the re
sults of surface loading tests, the foundations 
should have settled by amounts not in excess of 
half an inch. In reality the settlement of the 
structures had reached a value of 16 inches. 
That was the reason why it was intended to es
tablish the new building on a pile foundation. 
Yet the performance of the new structure 
showed that piles had practically no influence 
on the settlement of structures resting on the 
subsoil of the plant. 

At the time when the new building was 
started the rate of settlement of the older ones 
had already become insignificant. However, 
while the new plant was under construction 
the rate of settlement of the existing structures 
increased again to several inches per year, and I 
was asked to investigate the causes of this sur
prising development. Upon inquiry, I found 
out that the rate of settlement of the old struc
tures had started to increase at almost exactly 
the time when the sinking of a nearby caisson 
well was completed and pumping operations 
were started. The water was drawn from a 
gravel stratum located between the clay stra
tum and the surface of the underlying bedrock. 
At the time of the inquiry I already had a dear 
conception of the mechanics of the consolida
tion of clay strata and there was no doubt in my 
mind that the increase of the rate of settlement 
was due to the reduction of the porewater pres
sure in the gravel stratum, produced by the 
pumping operations. Therefore, I had no diffi
culty in persuading the management to plug 
the well. As soon as this was done, the rate of 
settlement again became inconsequential. 

Immediately after the well was plugged, the 
foundation of the crane .rail of a revolving der
rick located at the waterfront of the plant site 
started to settle unequally, at an alarming rate, 
although the settlement of the rail had previ-
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ously been too small to be noticed. The crane 
rail was mounted on a semi-circular platform, 
resting on untreated timber piles acting as fric
tion piles embedded in soft clay. The space be
tween the original ground surface, a few feet 
below low tide level, and the base of the plat
form, about seven feet above this level, con
sisted of an uncompacted cinder fill. 

At the time the settlement started, the man
ager of the plant was already fully aware of the 
undesirable properties of the clay deposit un
derlying his plant. Therefore, he blamed the 
performance of the derrick foundation on the 
clay and asked me to remedy the situation by 
underpinning, or some other suitable proce
dure. However, the history of the settlement of 
the derrick foundation appeared to me to be in
compatible with the consolidation characteris
tics of the clay. Therefore, I started my investi
gations at the platform. A single test pit 
excavated at the edge of the platform through 
the fill to the original ground surface sufficed to 
show that the clay was innocent, and the culprit 
was the teredo. Above low tide level, portions 
of the piles, with a diameter of 14 to 16 inches, 
were almost completely destroyed by the ma
rine borers. After the fill was removed, some of 
the piles could even be knocked over by the la
borers. Yet below the teredo-infested top sec
tion the piles were perfectly sound. Therefore, 
the reconstruction of the derrick foundation 
was performed by cutting the piles below low 
tide level and establishing the reinforced con
crete rail support on the intact portion of the 
piles. · 

Important Consequences 
of Casual Observations 
The assignments described under the preced
ing heading are typical of many others I had to 
handle during the following decades in vari
ous parts of Europe, the United States and 
North Africa. However, quite often the most es
sential services I rendered to my clients had no 
relationship to the original assignment. They 
grew out of casual observations I made while 
inspecting the site. The observations at the site 
of a multiple-arch dam are an example. 

One of the buttresses of the dam had cracked 
and I was asked to make proposals for protect
ing it against further damage. At the time of my 



arrival at the sHe the reservoir was still empty. I 
found that the outer parts of the base of the but
tress rested on sandstone and the middle part 
on shale. The cracks were produced by the 
compression of the shale and further damage 
could be prevented by a simple underpinning 
operation. 

As a by-product of my visit to the site I no
ticed the following facts which had previously 
not received any attention. The shale bed re
sponsible for the unequal settlement of the but
tress formed part of a stratified formation com
posed of practically impervious layers of shale 
and intensely jointed beds of hard sandstone. 
The strike of the bedding planes intersected the 
direction of the crest of the dam at approxi
mately right angles and the dip was approxi
mately equal to that of the dip slope of the val
ley at the site of the dam. 

A few hundred feet upstream from the left 
abutment, the left-hand slope of the valley cut 
across the sandstone strata, providing free 
communication between the water in the reser
voir and the joint system in the sandstone, 
whereas downstream from the dam the upper
most sandstone stratum was covered by a shale 
bed. Hence, while the reservoir was being filled 
the hydrostatic pressure on the base of the slop
ing shale bed would increase, and before the 
reservoir was full, the shale bed would be lifted 
off its seat and the dam would fail. 

As a result of this discovery, the settlement 
of the buttress became a minor issue and the 
center of gravity of the problem shifted to the 
hydrostatic pressure conditions prevailing in 
the joint system of the rock strata underlying 
the site. By similar casual observations during 
construction, which had no direct connection 
with my assignments, I also prevented the fail
ure of three major dams of the earth and rock
fill type. 

Design Assumptions & 
Field Conditions 
The assignments referred to under the preced
ing headings have one essential feature in com
mon. In each case an engineering organization 
was in serious trouble and therefore willing to 
accept the consultant's recommendations. If 
the consultant is invited to cooperate on a proj
ect before unanticipated difficulties have been 

encountered, conditions may be radically dif
ferent. This is due to the fact that some engi
neering organizations are subdivided into 
three independent compartments - the sur
vey, design, and construction departments -
or else they assign the supervision of construc
tion to inspectors who have neither the duty 
nor the qualifications to judge whether or not 
the design assumptions are compatible with 
the field conditions. 

The survey department is in charge of the 
topographic survey and the subsoil explora,.. 
tion by borings. The results of their labors are 
represented in a set of drawings which are 
turned over to the design department. The en
gineer in charge of the design may have visited 
the site of the proposed structure a couple of 
times, but the principal source of his informa
tion concerning the subsoil conditions is the 
boring records. These are accepted at face 
value, sometimes even without any inquiries 
concerning the qualifications of the personnel 
engaged in the boring operations. The drafts
men who prepare the construction drawings 
have not even seen the site. After the drawings 
are completed, "checked" and approved, they 
are transmitted, together with a set of specifica
tions, to the construction department, where
upon the association of the design department 
with the project is practically terminated. The 
construction department receives orders to 
erect the structure in accordance with draw
ings and specifications, and has no obligation 
to make any inquiries concerning the design. 
Similar conditions prevail if the functions of 
the construction department are assigned to a 
group of inspectors who have not been con
nected with the design of the project. 

In connection with structural engineering 
this administrative set-up is perfectly satisfac
tory, provided the engineers in charge of de
sign are reasonably familiar with the methods 
of construction. On the other hand, in the realm 
of earthwork and foundation engineering the 
absence of continuous and well organized con
tacts between the design department and the 
men in charge of the supervision of the con
struction operations is always objectionable 
and can even be disastrous. This is due to the 
fact that boring records always leave a wide 
margin for interpretation. If the site for a pro-
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posed structure is located on a deposit with an 
erratic pattern of stratification, such as a mar
ginal glacial deposit, the boring records may 
not disclose a single· one of the vital subsoil 
characteristics, and the real subsoil conditions 
may be radically different from what the de
signer believed them to be. Therefore, the de
sign assumptions may be utterly at variance 
with reality. 

The consequences .of these conditions de
pend on the qualifications of the personnel en
gaged in the supervision of the construction 
operations. If the supervision is in the hands of 
a construction department it also depends to a 
large extent on whether or not design and con
struction. departments are on friendly terms 
with each other. More often than not the two 
departments despise each other sincerely, 
because their members have different back
grounds and different mentalities. The con
struction men blame the design personnel for 
paying no attention to the construction angle of 
their projects, but they are blissfully unaware 
of their own shortcomings. The design engi
neers claim that the construction men have no 
conception of the reasoning behind their de
sign, but they forget that the same end in de
sign can be achieved by various means, some of 
which can be easily realized in the field, 
whereas others may be almost impracticable. If 
none of the men in charge of design has previ
ously been engaged in construction, the design 
may be unnecessarily awkward from a con
struction point of view. In any event, the con
struction men have no incentive to find out 
whether or not the design assumptions are in 
accordance with what they experience in the 
field during construction, and serious discrep
ancies may pass unnoticed. If conditions are 
encountered which require local modifications 
of the original design, the construction engi
neer may make these changes in accordance 
with his own judgment, which he believes is 
sound, although it may be very poor. Impor
tant changes of this kind have even been made 
on the job without indicating the change on the 
field set of construction drawings. 

Furthermore, the layout of temporary instal
lations is commonly left to the discretion of the 
superintendent of construction. The drainage 
provisions for unwatering the site for an earth 
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dam and those for the disposal of the water com
ing out of a wet tunnel belong to this category. 

The drainage provisions for unwatering the 
site for an earth dam prior to the beginning of 
the filling operations may introduce an element 
of serious weakness into the structure without 
the superintendent of construction suspecting 
it. In one instance the box drains leading to the 
sumps at the site for an earth dam were laid out 
in. such a manner that the completed structure 
would have failed by piping through the drains. 
When I arrived at. the slte the drains were al
ready buried beneath fill material and no record 
was kept of the location of the drains. Fortu
nately, the thickness of the layer of fill located 
above the drains was still moderate. After I re
constructed the layout of the drains on the basis 
of the results of cross-examination, it was not yet 
too late to eliminate the sources of weakness 
represented by the drains. 

On another project the excavation for a pow
erhouse was being made at the foot of a forest
covered talus slope. The talus consisted of a 
mixture of rubble and the sandy and silty prod
ucts of rock weathering. The slope rose at the 
angle of repose of the talus material to the exit 
of a wet tunnel at an elevation of about one 
thousand feet. The water coming out of the tun
nel was allowed to flow into the uppermost 
portion of the accumulation of talus, where 
most of it disappeared into the voids of the ma
terial. When the quantity of discharge reached 
a value of about 3 cfs a talus slide occurred. The 
slide removed the forest cover of the slope, 
killed two men who were working in the exca
vation and filled the excavation with a mix
ture of rocks and trees. Subsequent investiga
tion showed that neither the resident engineer 
representing the construction department, nor 
the contractor's superintendent of construc
tion had suspected that the flow of water into 
the uppermost part of the talus slope could 
have disastrous consequences. 

Such can be the qualification of the men who 
are placed in responsible charge of erecting a 
structure "in accordance with drawings and 
specifications." If the field conditions are radi
cally different from the design assumptions 
they may not even notice it. The following ex
ample illustrates the possible consequences of 
the failure of a field inspector to pay any atten-



tion to the design assumptions. The project in
volved the construction of a tall reinforced
concrete structure. The site was located above a 
steep rock slope which was subsequently bur
ied in succession under a blanket of gravel, a 
layer of soft clay, a peat deposit and artificial 
fill. The site was explored by borings spaced 50 
feet both ways. According to the soil profile 
which was constructed on the basis of the bor
ing records, the surface of contact between the 
gravel structure and the overlying soft and 
highly compressible sediments was well de
fined and fairly even. Therefore, the design de
partment decided to establish the structure on 
spread footings supported to point-bearing 
piles to be driven through the soft sediments to 
refusal in the gravel blanket. 

When the piles were driven, the total depth 
.of penetration varied within each cluster by 
amounts up to 16 feet. Yet the superintendent 
did not notice that this fact is incompatible with 
the design assumption. After all the piles were 
driven and the structure almost completed, the 
structure started to settle unequally by 
amounts up to one inch per month. It was not 
until then that the abnormal performance of 
the piles was brought to the attention of the de
sign department. Subsequent investigation 
showed that the thickness of the gravel stratum 
was very much greater than the original bor
ings indicated and that it contained thick lenses 
of soft clay. The bearing capacity of the individ
ual piles was much greater than the design 
load, and the settlement was exclusively due to 
the consolidation of clay lenses. Some of the 
piles had met refusal in the gravel above 'a clay 
lens and others went through several clay 

· lenses into the lower portion of the gravel stra
tum. This was the reason for the erratic varia
tion in the total depth of penetration of the 
piles. If this variation had been brought to the 
attention of the design department as soon as it 

;was observed, the causes would have been in
vestigated and the pile-driving procedure 
modified in such a manner that all the piles 
could be driven to bedrock. 

Performance by the Contractor 
If a job is carried out on a contract basis, one 
more element of uncertainty enters into the op
eration. It is the attitude of the contractor to-

wards his work. The contractor cannot be ex
pected to be interested, or even aware of, the 
reasoning behind the design. His sole aim is to 
perform the work covered by the contract at a 
minimum expense. (Occasional discrete de
partures from the specifications reduce the 
cost quite considerably.) The inspectors, too, 
may be inclined to consider uncomfortable 
ite:ni.s in the specifications as superfluous re
finements, conceived in the hothouse atmos
phere of the design department. Such an atti
tude is not conducive to rigorous inspection. 
Therefore, a consultant can never be sure how 
a structure was built unless he maintains con
tinuous contact with the construction opera
tions. To illustrate this statement the writer 
adds an account of some observations he 
made during the construction of a dam resting 
on decomposed rock. 

The dam was a clay dam with internal drain
age supplemented by a row of filter wells 
which were drilled through the decomposed 
rock into sound, jointed rock at a depth ranging 
between 40 and 90 feet. In order to coordinate 
the construction operations with the time 
schedule, the upstream portion of the embank
ment was constructed before the filling opera
tions on the downstream side of the base of the 
dam were started. 

The dam was built by a contractor with con-
. siderable experience in the field of earth dam 
construction. Yet every one of the memorandaI 
wrote describing my findings at the site after 
returning from my inspection trips contained 
passages like the following: 

"At the site of the dam, the cutoff trench 
was already backfilled. Along the west slope 
of the first installment of the fill, the new fill 
was placed against older, dried out and un
compacted material. The gradient of the sur
face of the new fill was such that the next 
rainstorm will produce a pool in the north
east corner of the new fill. The pumping 
equipment is inadequate. Although the job 
calls for a large amount of hand tamping, the 
contractor has made no provisions for tamp
ing equipment. On the upper level, in the 
upstream portion of the dam, filling opera
tions should be discontinued because the 
water content of the borrow pit material is at 
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present too low and the contractor has made 
no provisions for sprinkling. 

"At the southeast corner the contractor 
has blocked the exit for the accumulating 
rainwater by a pile of waste material. Origi
naliy the lowest point of the saddle south
east of the site was 505. Now it is already 
508.5 and the diversion of the rainwater to
wards the southeast will require a substan
tial amount of excavation which could have 
been avoided by intelligent planning. 

"In my last memorandum I requested 
that the north end of the cutoff trench should 
be excavated down to decomposed rock. 
The inspector assured me that he has passed 
this request on to the contractors. Neverthe
less, I found that the fill was placed against 
the pocket of very .permeable alluvial mate~ 
rials. 

"If the contractors continue to disregard 
the elementary rules for the construction of 
earth dams and to ignore the instructions of 
the inspector wherever they can, the result
ing structure will be unsafe in spite of con
servative design." 

Consultants or Scapegoats 
Conditions like those described under the pre
ceding heading prevailed on many of the proj
ects with which I was associated in the course 
of my professional career. In some instances 
they were considerably worse. Hence it is evi
dent that the success of large-scale earthwork 
operations depends on many factors other than 
the adequacy of the original design. This fact 
introduces serious complications into the rela
tionship between the client and a consultant 
who is_ retained in an advisory capacity in the 
design stage of a project. 

The incentive for retaining a consultant 
commonly grows out of the fact that the func
tions of most engineering organizations cover a 
very broad field, including earthwork, struc
tural, hydraulic, mechanical, and electrical en.,. 
gineering. Few, if any, of the members of such 
an organization have the time and the opportu
nity to specialize. Hence, if a new project as
signed to such an organization involves design 
problems of an unusual character, a consultant 
is retained who is expected to cooperate in the 
solution of the problems. 
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In engineering organizations with a water
tight partition between designers and the per
sonnel engaged in construction, the consultant 
is quite obviously placed at the disposal of the 
design department. After the design is com
pleted his service period on the project, like 
that of the design department, is considered 
terminated. He has no control over what the in
spectors and the contractor chose to make out 
of the drawings and specifications, and he can
not even know whether or not the men on the 
job are competent enough to notice significant 
differences between design assumptions and 
field conditions. If the engineering firm does 
not maintain a construction department, or if 
the owner reserves the right to supervise con
struction, conditions may be even worse. The 
consequences depend on the type of service the 
consultant was asked· to render, as shown by 
the following examples: 

(a) The client requests the consultant to 
participate in the design of a structure and in 
the drafting of the specifications. He has the 
sincere intention of acting in accordance 
with the consultant's recommendations, but 
the service period of the consultant ends as 
soon as construction starts. The consultant's 
advice cannot be sounder than his knowl
edge of the subsoil conditions at the time 
when the advice was rendered. If these con
ditions are radically different from what the 
boring records indicated - which is by no 
means uncommon- the structure may fail 
in spite of conscientious adherence to the 
consultant's advice. 

(b) The client invites the consultant to 
make proposals concerning design and con
struction, but he reserves - or assumes -
the right to deviate from the recommenda
tions as he deems fit, without informing the 
consultant about the final decision concern
ing the design. If this decision is the result of 
misjudgment or ignorance, the consultant is 
unable to prevent its consequences. 

(c) The consultant gets the assignment of 
participating in the design of a small portion 
of a large unit; e.g., the design of the core for 
an earth dam which has been designed by 
others. If the structure fails on account of 
conditions which have no bearing on the 



performance of the portion investigated by 
the consultant, this portion goes with it, and 
after failure it may be impracticable to find 
out which part failed first. 

(d) The consultant is asked to express an 
opinion concerning the design of a structure 
without being given an opportunity to make 
a thorough investigation of all those field 
conditions which determine the perform
ance and safety of the structure. The consult
ant's opinion may be sound or unwar
ranted, depending on circumstances 
unknown to all the parties involved. 

(e) An engineering firm requests a con
sultant to participate in the preliminary 
stage of a large project merely for the pur
pose of using his name as window dressing. 
If and when the firm gets the job, the consult
ant is shelved and remains in his state of re
tirement unless something goes wrong. Af
ter the shortcomings of the design have 
become noticeable it may be too late to cor
rect the mistakes. 

In each one of these five cases the name of 
the consultant remains permanently associated 
with the project. Proceeding from case (a) to 
case (e) the hazards to the good reputation of 
the consultant increase. In any event, if the 
project ends in disaster the consultant will find 
himself in the front row of scapegoats, because 
he was introduced to the owner as the foremost 
authority among the persons who participated 
in the design. 

Conclusions 
On account of the hazards involved in the lack 
of contact between design and construction de
partments on jobs involving large earthwork 
operations, progressive and competent engi
neering organizations maintain a soil mechan
ics department. During the design period this 
department supervises the boring operations 
and performs the soil tests. During the subse
quent construction period it has the function of 
testing intermittently the materials derived 
from the borrow pits, supervising the compac
tion procedure and adapting it to changes in 
the character of the borrow pit materials. It has 
the additional function of comparing the de
sign assumption concerning subsoil conditions 

with the conditions encountered in the field 
and, if necessary, modifying the design in ac
cordance with the findings, requesting the de
sign department to make the required changes. 
The importance of the services of the soil me
chanics department is particularly notable on 
projects involving the design and construction 
of earth dams, because most of the favorable 
dam sites have already been utilized and soil 
conditions at the remaining· ones may be so 
complex that the design assumptions based on 
the results of the subsoil exploration preceding 
the design stage are utterly at variance with 
those encountered during construction. 

If a consultant is retained by an engineering 
organization in which. the soil mechanics de
partment maintains a continuous and intimate 
contact between design department and the job 
during the construction period, the coopera
tion between consultant and client is com
monly frictionless and satisfactory,· provided 
the members of the soil mechanics department 
are well trained and competent. Furthermore, 
the consultant can render a maximum of serv
ice in a minimum amount of time, because the 
soil mechanics department keeps him in
formed on whatever differences between de
sign assumptions and field conditions are de
tected during the construction operations, and 
the department can be expected to take care 
that his instn,.1.ctions will be carried out on the 
job. 

However, in most engineering organiza
tions, design and supervision of construction 
are still divorced, though this fact may be cam
ouflaged by a small soil mechanics department 
with no function other than providing the de
sign department with the basic data for design. 
If a consultant is invited by an engineering or
ganization with such an administrative setup 
to cooperate on a project in the design stage, he 
should watch his step. First of all, he should 
turn down the assignment unless it involves 
the duty to remain in active contact with the 
project until the end of the period of construc
tion, and to inspect the job whenever he consid
ers it necessary. In order to be able to perform 
his duty he must get detailed weekly reports 
informing him of all those observational facts 
which have a significant bearing on the validity 
of the design assumptions. Such a report can be 
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prepared only by a competent soils engineer, 
who stays on the job permanently. Second, if 
the consultant accepts the assignment, he 
should find out as soon as possible whether or 
not the inspection of the construction opera
tions on the job is satisfactory. If he arrives at 
the conclusion that the inspection is inadequate 
and his efforts to ameliorate the condition are 
unsuccessful, he should submit his resignation, 
leaving no doubt concerning the reasons which . 
compelled him to do so. 

The subject of this paper is of vital interest to 
consultants as well as to their clients and to the 
persons who furnish the capital for realizing 
their projects. The need for expert advice on 
difficult projects is universally recognized. 
However, the cooperation of consultants of 
high standing on such projects creates an un
warranted feeling of security, unless full ad
vantage is taken of the services they are able to 
render. A satisfactory formula for accomplish
ing this purpose has not yet been established. 

The preceding suggestions are based on my 
personal experiences and observations, the 
scope of which is inevitably limited. Therefore, 
other consultants and engineering firms em
ploying consultants could render a valuable 
service to the engineering profession by pre
senting in the discussions to this paper some of 
their experiences and opinions concerning the 
relationship between consultants and clients. 
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NOTE -A reprint (photocopy) of the original fac
simile paper and all of the discussions is available for 
$25.00 from BSCES, The Engineering Center, 1 

54 CIVIL ENGINEERING PRACTICE FALL/WINTER 1998 

Walnut St., Boston, MA 02108-3616, (617) 227-
5551. 

KARL TERZAGHI, founder of soil 
mechanics and a renowned civil engi
neer, was born in Austria in 1883. He 
received a conventional education at a 
military school in Hungary. In 1904, 

he received his engineering degree from the Techni
cal University of Graz. Two years later, he returned 
to the university/or another year of study, chiefly in 
geology. Terzaghi began practicing civil engineer
ing as a superintendent of construction in various 
parts of the Austrian Empire and in czarist Russia. 
In January 1912, after receiving his doctorate from 
the Technical University in Graz, Terzaghi traveled 
to the United States in the hopes of obtaining insight 
into fundamental principles by means of a system
atic study of the relation between foundation condi
tions. Returning to Austria in 1913, Terzaghi was 
convinced of the inadequacy of case studies, sup
ported only by theoretical insight, into the behavior . 
of soils under conditions imposed by civil engineer
ing operations. He embarked on a program of experi
mental and theoretical research designed to provide 
the required fundamental knowledge. Five years 
later, the results were presented in a book, Erdbau
mechanik auf bodenphysikalischer Grund
lage, published in Vienna. In 1925, Terzaghi re
ceived an invitation to lecture at the Massachusetts 
Institute of Technology (MIT). In 1929, Terzaghi 
left MIT to accept a professorship at the Technical 
University of Vienna. Terzaghi returned to Cam
bridge in 1938 to accept a part-time lectureship at 
Harvard University, which appointed him Profes
sor of the Practice of Civil Engineering in 1946. Af
ter retiring in 1956, he continued to lecture for sev
eral more years as a professor emeritus on 
engineering geology. During the last three years of 
his life, Terzaghi wrote six important papers, a large 
number of illuminating discussions, and several re
ports on projects with which he had been intimately 
and actively connected. He died in 1963. 



History 

The Merger·of Two 
Professional Engineering 
Organizations 

Bringing together the Boston 
Society of Civil Engineers and 
the American Society of Civil 
Engineers has strengthened and 
streamlined the voice of civil 
engineering in the Northeast. 

CRANSTON R. ROGERS 

In order to appreciate the importance and to 
understand the significance of the merger 
of the . Boston Society of Civil Engineers 

(BSCE) and the American Society of Civil Engi
neers (ASCE), one must begin by examining the 
history of activities of civil engineers at the local 
level. Local associations of ASCE (later changed 
to local sections) did not formally exist until 
1905 when the San Francisco and Kansas City 
Associations were formed. By 1915, 17 local sec
tions had been formed and by 1920 there were 
30 sections, including the Rhode Island and 
Connecticut sections. The Northeastern Section, 
which included the four northern New England 
states, was founded in 1921 and eventually be
came the Massachusetts Section in 1960 as the 
other three New England states formed sepa-

rate sections. In the early years of dual existence, 
the merger of BSCE and the ASCE local section 
was considered by some members. However, it 
was not seriously discussed by the leadership of 
either group until 1952. Prior to that time, dual 
membership seemed to satisfy those that be
lieved in any advantage of a merger of the two 
professional societies. 

In 1952, Oscar Bray, President of the North
eastern Section of ASCE (eventually 1972 Na
tional President), appointed a committee to in
vestigate the possibility of merger. It should be 
noted that at that time: 

• The majority of the leadership of both . 
ASCE and BSCE were dual members. 

• By informal agreement, the ASCE section 
would not form technical groups and 
would keep meeting topics to general en
gineering subjects so as not to compete 
with.BSCE Technical Group meetings. 

• BSCE was focused totally on technical en
gineering matters. 

• Every effort was made to coordinate 
meeting dates. 

For BSCE, the disadvantages of merger with 
ASCE would be the loss of identity and histori
cal position that seemed to outweigh the ad
vantage of effectiveness of one professional 
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civil engineering organization speaking for 
metropolitan Boston. In any case, it was a full 
decade before local interest peaked to the ex
tent that negotiations on merging would begin 
in earnest in the early 1970s. 

The concept that brought the possibility of 
merger forward again was that of replacing the 
Massachusetts Section with the Boston Society 
of Civil Engineers as the local ASCE section. 
This move was logical since the majority (about 
80 percent) of the members and virtually all the 
leadership of BSCE were members of ASCE. 
Paradoxically, the major sticking point of 
merger was the fact that about 10 percent of the 
BSCE membership could not join ASCE since 
they were sub-professionals without degrees. 
BSCE by-laws permitted them membership 
but ASCE rules precluded their joining. An
other contentious point was the ASCE require
ment that all local section members must be 
members of ASCE national. This requirement 
presented two dilemmas: 

• What would be the disposition at merger 
of the current non-qualified BSCE mem
bers? 

• Would ASCE permit these non-qualified 
BSCE members to remain as local section 
members if they were not members of 
ASCE? 

"Merger" of the two organizations was first 
introduced informally to the national ASCE 
Board of Directors at their spring meeting of 
1972 in Cleveland with Oscar Bray presiding as 
President and the author as the District Two Di
rector. We introduced the request for consid
eration. This first discussion was to examine 
the ASCE board's concerns and determine the 
range of issues that needed resolution in order 
to bring about the merger. The options were 
subsequently discussed with the BSCE Board 
of Government and the Massachusetts Section 
board members. Discussion results were then 
brought to the ASCE board at their October 
1972 meeting in Houston, where agreement 
was reached on the terms of the merger. The fi
nal agreement allowed all BSCE members to re
main as members of the BSCE Section, whether 
eligible or not for ASCE membership, without 

56 CIVIL ENGINEERING PRACTICE FALL/WINTER 1998 

joining ASCE until they resigned, retired or de
ceased. New members of the BSCE Section 
were required to be members of ASCE in accor
dance with the membership requirements in 
effect. While the ASCE Board of Direction gave 
final approval of the merger at the 1972 annual 
meeting, the merger could not become final un
til the BSCE membership ratified the change 
and the Secretary of the Commonwealth of 
Massachusetts approved the name change. A 
letter ballot was taken of BSCE members on 
June 28, 1973. The merger was approved by a 
count of 472 for and 93 against. Final merger 
was approved and the Boston Society of Civil 
Engineers became the Boston Society of Civil 
Engineers Section of the American Society of 
Civil Engineers on April 17, 1974. 

The Massachusetts Section ceased to exist at 
the time of the approved merger and the fol
lowing BSCE officers became the first officers 
of the BSCE Section: President - Max D. So
rota; Vice Presidents - Peter S. Eagleson and 
Charles A. Parthum; Secretary-JosephF. Wil
lard; Treasurer - Robert T. Colburn; Directors 
- Charles C. Ladd, Charl~s H. Flavin, Arthur 
R. Barnes, Jr., and Stephen E. Dore, Jr. 

It should be noted that the officers of the 
Massachusetts Section readily accepted this 
fate as an inevitable step in the process of 
merger. Now, 24 years later and at the 150th an
niversary of BSCE, one is witness to the great 
strength of the BSCES and civil engineering in 
the Boston area due to the synergism created by 
the merger, which in tum resulted in the estab
lishment of The Engineering Center and the 
synergism that institution brings with its com
bined association of the American Consulting 
Engineers Council/Massachusetts, the Massa
chusetts Association of Land Surveyors and 
Civil Engineers, and the Boston Society of Civil 
Engineers Section of ASCE. 

CRANSTON R. ROGERS has served 
in many posts with ASCE: President
Massachusetts Section, Chairman
New England Council, District Two 
Director, Vice-President Zone I, 

Chairman PAC, COSP and Rev. of Manual 45. He 
has also served on numerous national ASCE and lo
cal section committees, starting in 1952. 



History 

Planning the First 
Central Artery in Boston 

First conceived as part of the 
rail system, Boston's Central 
Artery shifted to being the key 
link in an area-wide system of 
highways. 

CRANSTON R. ROGERS 

Most people today would find it hard 
to believe that the planning of Bos
ton's Central Artery actually started 

within 20 years of the invention of the automo
bile - well before widespread use of motor ve
hicles could have been predicted. The first 
mention of a "Central Artery" in Boston was in 
1912. However, at that time, the name applied 
to the railroad connections through Boston. It 
was not long thereafter that it was realized that, 
due to the geographical configuration of the 
harbor ( with water acting as a barrier), in order 
to go from the north shore area to the south 
shore area of metropolitan Boston, you must go 
through the already built-up downtown area. 

Just after World War I, planners began to 
think in terms of putting through traffic in 
downtown Boston on a level one story above 
ground. Public transit (the Tremont Street Sub
way, Red Line, Orange Line, and Blue Line) 
would be placed one story under ground, and 

local circulation (pedestrians, horse-drawn ve
hicles, automobiles and trucks) would use the 
surface streets, along with the railroad connec
tion from North Station to South Station on At
lantic Ave. The surface railroad was used only 
at night after World War II due to the heavy 
traffic use of the street during the daytime. It 
should also be noted that an elevated transit 
line along Essex Street connected the Boylston 
Street transit station with South Station and 
then proceeded along Atlantic Avenue to 
North Station. (This elevated transit line was 
removed during World War II due to lack of use 
and the need for scrap steel.) 

Making Room for Automobiles 
During the 1920s, the Boston Planning Board 
turned its attention to planning street improve
ments to accommodate the growing use of 
automobiles and trucks. That board recom
mended many improvements taken for 
granted today- such as placing several of the 
transit stations underground (such as the Ken
more and Copley stations). These recommen
dations became the forerunner of a major trans
portation study by the Boston Planning Board. 
This report, begun in 1927 and released in 1930, 
was a classic for its day, was entitled, "Report 
on a Thoroughfare Plan for Boston," and was 
written by Robert Whitten, an engineering con
sultant. The report was extremely comprehen
sive. It made use of planning analyses 20 years 
before their time. The report recommended a 
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system of arterial streets or thoroughfares that 
were actually forerunners of the limited access 
systems planned 20 and 30 years later for many 
of the urban centers of the United States. The 
"Central Artery" was the centerpiece of this 
system. It was called that because most of the 
roads were arranged as arterials radiating from 
the center city to enhance access to downtown 
Boston. 

Except for the Charlestown portion, the 
Central Artery was constructed 25 years later 
in almost the exact location as projected in the 
Whitten Report. Furthermore, many of that re
port's recommendations were implemented 
during the 1930s, 1950s and 1960s. World War II 
caused the complete shut-down of all infra
structure improvements for the duration. 
These projects included the work underway on 
the construction (and design) of Route 128 as a 
limited-access highway in the Peabody /Dan
vers area. 

The Advent of the Interstate Sy'stem 
After the war and along with the proliferation 
of the use of the automobile, the various state 
highway departments began the planning, de
sign and construction of highway systems to 
improve access to the urban centers of the 
United States. Every urban center in this coun
try had highway systems of some form under 
construction by 1956, the start-up of the Fed
eral Interstate Program. 

In 1946, the Massachusetts Legislature 
authorized the preparation of a master plan for 
a highway system for Metropolitan Boston. 
That report, after two years in preparation, was 
presented in 1948 as "The Master Plan for the 
Metropolitan Boston Area." This master plan 
recommended a series of eight radial express
ways extending from the outer suburbs (most 
beyond Route 128) into downtown Boston, ter
minating at a ring expressway called the "Inner 
Belt," of which the "Central Artery" was to be 
the downtown component. Route 128, and 
many of the 1930 Whitten report recommenda
tions, were included in this master plan. 

By 1948, two major highway projects were 
begun in order to alleviate significant conges
tion at two locations that were identified in the 
master plan as areas requiring immediate at
tention. These projects were the Mystic River 
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Bridge and the East Boston Expressway - the 
latter being the Logan Airport connection to. 
the Sumner Tunnel. Both projects commenced 
design in 1947 and were completed in 1950 and 
1951. Another major project in planning and 
design by the Metropolitian District Commis
sion (MDC) during this period was Embank
ment Road (now Storrow Drive), which the leg
islature mandated be connected to the Central 
Artery at the time the MDC project was author
ized. This decision would later become detri
mental to the design of the artery since it 
caused two major interchanges to be located 
within 500 feet of each other, thereby resulting 
in insufficient weaving distance for the effec
tive operation of the two interchanges. 

Initial Design Issues 
The legislature accepted the 1948 master plan 
and immediately authorized the design of the 
Central Artery as its first project. The engineer-· 
ing consultant was selected for the design and 
that effort began in the summer of 1949 with Dr. 
John B. Wilbur of the Massachusetts Institute of 
Technology as the Project Director. The first 
construction contract was let in October 1950, 
with 16 additional contracts let through May 
1952 - extending from a connection to the 
Mystic River Bridge in Charlestown to Fort Hill 
Square (now One International Place) and in
cluding the Storrow Drive Connection. This 
portion of the Central Artery was an elevated 
highway designed in accordance with the 1948 
master plan at a cost of $35 million for construc
tion. It is now affectionately referred to as the 
"Green Monster." With design completed to 
Fort Hill Square, the joint venture design team 
was de-activated at the end of February 1952, 
pending resolution of a disagreement between 
the City of Boston and the Massachusetts De
partment of Public Works (DPW) regarding the 
route of the Central Artery as it passed South 
Station and crossed Kneeland Street. The City 
of Boston engaged a consultant to develop a re
port indicating that it was less expensive in 
construction and right-of-way costs to follow 
Atlantic Avenue into the railroads yards rather 
than the route favored by the DPW through the 
downtown Leather and Chinatown districts. 

Discussions between the Massachusetts 
DPW and the City of Boston started in the fall of 



1953 and continued through the spring of 1954. 
DPW Commissioner John A.Volpe referred 
the issue of location to a consultant in Febru
ary 1954. The consultant recommended 
keeping the route the DPW had wanted. 
However, the consultant recommended that 
the highway be put underground through 
that area! An estimate was prepared indicat
ing an additional cost of $10 to $12 million to 
place about 3,000 feet in a cut-and-cover tun
nel. Commissioner Volpe believed that extra 
cost was acceptable for the added value of 
resolving the disagreement and keeping the 
city linked together. 

The design team was mobilized in May 1954 
and contracts for the construction of transitions 
of the highway from elevated structure to 
grade were awarded in the fall of 1954 and the 
tunnel contracts awarded in the fall of 1955 at a 
total cost of $18.4 million. (It should be noted 
that this was the first limited access highway 
placed underground in the United States.) 

Design of the Central Artery continued as a 
viaduct parallel to Albany Street and thence 
into an interchange in the South Bay area for 
the future connection to the Inner Belt and the 
Southeast Expressway. The design and con
struction juncture with the Southeast Express
way was just east of Southampton Street. De
sign was completed in the summer of 1957. The 
construction cost from Broadway to South
ampton Street was $23.6 million, including a 
bonus to the contractor to accelerate the com
pletion of the interchange so that it could be 
opened by July 1, 1959. 

The Building of the Arteries 
The first section of the Central Artery opened 
for traffic on October 29, 1954, from 
Charlestown (Mystic River Bridge) to North 
Street (Sumner Tunnel) and the balance of the 
elevated artery opened in the fall of 1956. 

The Southeast Expressway design was 
awarded in 1952 to two consultants and the 
Northeast Expressway design was awarded in 
October 1953. TheentireCentralArteryand the 
Southeast Expressway from Hingham to Bos
ton opened on July 1,1959, to coincide with the 
cessation of all commuter rail operations on the 
New York, New Haven & Hartford Railroad 
the day before. The Northeast Expressway was 

designed to the Saugus River, constructed to 
the Route 60 Circle in Revere and opened in the 
fall of 1957 to Route 60 where it connects to 
Route 1 in Saugus. The Massachusetts Turn
pike was designed and built during the period 
1956 to 1960 from Route 128 west to the New 
York state line to connect with the New York 
State Thruway. The turnpike extension into 
Boston was designed and built from 1962 to 
1965. The turnpike extension, in effect, re
placed the Western Expressway of the 1948 
master plan. The Northern Expressway (which 
later became 1-93) from Charlestown to New 
Hampshire was designed and built from 1962 
to 1970 as part of the interstate highway sys
tem. Route 2 from Route 128 to Alewife Brook 
Parkway was designed and built from 1962 to 
1967. 

A Change in Public Priorities 
A very compelling story unfolds when consid
ering the adverse impact of the consequence of 
not building portions of the 1948 master plan 
on those elements that were built. This story be
gins with the wave of significant opposition to 
the construction of the interstate system in 
some urban areas of the United States, particu
larly in Boston during the early 1970s. This op
position was manifested by Governor Sar
gent's administration, which cancelled the 
remaining unbuilt portions of the system and 
substituting improvements and extensions of 
rail transit facilities. This substitution (inter
state highways for mass transit facilities) be
came known: in Washington, D.C., as the Inter
state Transfer Program and was proposed by 
Massachusetts' first Secretary of Transporta
tion, Alan Altshuler. 

The Effects of Change 
The components of the 1948 master plan that 
were cancelled or, in some cases, simply aban
doned were: 

• The Inner Belt; 
• The Southwest Expressway (1-95 South of 

Boston); 
• The Northeast Expressway from Route 60 

to Route 128 (1-95 North of Boston); 
• Route 2 from Alewife arook Parkway to 

Storrow Drive; and, 
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• The Route 3 extension to a connection to 
Route 2. 

The elimination of components of the larger in
tegrated system was done arbitrarily without 
regard to the consequential impact of eliminat
ing those elements on the system that had been 
constructed. The impacts reverberated 
through the system and the most significant of 
these impacts is the gross traffic volume over
load on the Central Artery. This impact is being 
addressed in the current Central Artery /Tun
nel Project by: 

• Extending the Massachusetts Turnpike (I-
90) direct to LoganAirport; 

• Widening the Central Artery to four lanes 
in each direction; 

• Eliminating the severe conflicts of the in
adequate weaving distances at North Sta
tion (already eliminated by the temporary 
ramps in Charlestown); and, 

• Reducing the number of ramp access 
points to the artery. 

So, indeed, the current Central Ar
tery /Tunnel Project will contribute greatly to 
improve the effectiveness of the entire metro
politan Boston highway system, continue to 
enhance the region's network of multi-modal 
public transit through committed state/ federal 
capital investment and create a great potential 
for urban development opportunities for Bos
ton by eliminating the unsightly "Green Mon
ster." 

NOTES -A joint venture of Charles A. Maguire & 
Associates, DeLeuw, Cather & Co., and J.E. Greiner 
Co. drew up "The Master Plan for The Metropolitan 
Boston Area." The joint venture of Charles A. Ma
guire & Associates and Fay, Spofford and Thorn
dike, Inc., was selected for the design of the original 
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Central Artery. The City of Boston engaged Clark
son Engineering Co. to develop a report on the siting 
of the Central Artery following Atlantic Avenue. 
DPW Commissioner John A. Volpe referred the is
sue of location to Parsons Brinkerhoff Quade & 
Douglas, of New York City, in February 1954. The 
Southeast Expressway design was awarded in 1952 
to two consultants: Edwards & Kelcey for the 
Neponset Circle to Southampton Street section 
(northern) and Clarkson Engineering for the 
Neponset to Hingham ·section (southern). The 
Northeast Expressway design was awarded in Oc
tober 1953 to Parsons Brinkerhoff Quade & Doug
las for the section from the Mystic River Bridge in 
Chelsea to Route 60 in Revere. 

CRANSTON R. ROGERS was edu
cated at The Citadel and received his 
SlvtCE from the Massachusetts Insti
tute of Technology. He worked on the 
design of the original Central Artery 

viaduct and was Chief Structural Engineer on the 
Dewey Square Tunnel and viaduct through South 
Bay. He worked as Project Manager on six major 
sections of interstate highway, three river bridges, 
three heavy transit tunnel sections and many Bos
ton area. infrastructure projects. He was recently 
Project Manager of the $750 million D009A Section 
of the current Central Artery/Tunnel Project. He is 
an Honorary Member of BSCES and was awarded 
the Wheeler Medal by SAME. Currently, he is Vice
President with the Maguire Group and Manager of 
Transportation Design. 
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History 

The Legacy of James B. 
Francis, Engineer 

Not relying on ncut and try" 
methods, Francis brought a 
scientific mind to bear on a 
variety of problems in 
hydraulics and structural 
engineering. 

KATHERINE R. WEEKS 

A legend in New England's Merrimack 
River Valley, James B. Francis was a 
structural engineer, mechanical engi

neer, hydraulic engineer and a scientific con
tributor in the fields of hydraulics and hydrol
ogy. His contributions of safe, efficient and 
effective water power and mill structures were 
vital to the prosperity of the New England tex
tile industry of the 1800s. 

Francis the· Engineer 
Francis was born in 1815 in Oxfordshire, Eng
land. At age 14 he apprenticed under his father 
in Wales in railway and canal construction. The 
young Francis then immigrated to New York in 
1833 with a dream to pursue engineering in the 
New World. He was hired by Major George 
Washington Whistler to work on a new rail sys
tem linking New York to Boston. When Whistler 
was appointed a year later as the chief engineer 

for the Proprietors of Locks and Canals (PLC); a 
very large company that built and managed the 
textile industry in Lowell, Massachusetts, he 
took Francis with him as his assistant. 

By that time, Francis had established himself 
as a skilled surveyor, draftsman and project 
manager. Also, Whistler appreciated his ability 
to work with people at all levels to get the job 
done. In his first job for Whistler, Francis built 
steam locomotives to provide transport for the 
textiles produced by the Lowell mills. To engi
neer the parts, he stripped down a locomotive 
imported from England and made detailed 
drawings of all the parts. His staff members 
created new parts from his drawings, using , 
only chisels and files, and successfully recon
structed the locomotive. 

At the time, Lowell's canal system consisted 
· of the Pawtucket Canal and three subsidiary 
canals that served six textile .mills. During 
Francis' tenure as assistant to Whistler, three 
more subsidiary canals were built to serve an
other four mills. Francis also assisted in the lay
out of building sites, designing foundations, 
wheel pits, water wheels, belting, shafts and 
support beams/columns for the mills. When 
Whistler was hired away in 1837 to supervise a 
railway project in Russia, Francis replaced him 
as the chief engineer for the PLC. In 1845, he 
took on an expanded role as Engineer for the 
Corporations at Lowell. 

As chief engineer, Francis oversaw many 
large-scale projects in the effort to provide 
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greater water power more consistently to the 
large mills. He rebuilt the Pawtucket Falls Dam, 
this time providing an area for the impound
ment of river water in times of drought. He also 
created a new Northern Canal to feed three tex
tile mills and allow two new mills to be built 
along the existing canals. This new canal had a 
gate house and guard dam, which served to con
trol the flow and provide safety from flooding to 
the town and the mills. The canal system as it ap
peared in 1848 can be seen in Figure 1. 

Perhaps Francis' most famous construction 
was the Francis Gate Complex, built in 1850. 
Originally dubbed the "Francis Folly" because 
of its size and cost, the gate is most notable for 
saving hundreds of lives and potential property 
damage in Lowell during severe flooding two 
years after it was constructed, and again in 1936. 
The gate as it appeared in the 1936 flood (note . 
the sandbags upstream) can be seen in Figure 2. 
The Boston Daily Advertiser published a com
mentary after the first flood praising Francis' 
decision to "take measures to guard against 
what every one considered a useless expendi
ture of money. Without the Francis Gate, every 
vestige of the old guard gates would have been 
carried away, and a mighty and uncontrollable 
river would have swept through the heart of 
Lowell, destroying everything in its course." 

Efficiency, power and safety were important 
goals of Francis' superintendence of the Lowell 
mills. With Uriah A. Boyden, he developed 
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what is now known as the Francis turbine. This 
mixed-flow turbine boosted power efficiency 
by changing the flow of water to move inward 
and downward through the turbine, thus mini
mizing friction and turbulence .. 

Francis also designed a 2-million gallon res
ervoir in an elevated section of Lowell, and laid 
a 6,000-foot, 12-inch main pipe to the city 
proper to deliver sufficient water to fight up to 
two mill fires at once. Once this reservoir was 
operational, Francis further designed and in
stalled a sprinkler system to furnish up to 400 
gallons per minute to the roofs of the mills. This 
innovation was so successful that insurance 
companies began requiring sprinkler systems 
in all fire-prone areas of industrial buildings. 

Francis the Scientist 
Francis continually sought to improve his un-

. derstanding of engineering and the natural sys
tems in the world around him. Even though he 
had little formal schooling, he was an avid 
reader of theoretical texts, among which in
cluded J. R. Young's Mathematics and Fourney
ron's work on outward flow reaction turbines. 
As a result of this reading and of his own experi
ments, Francis wrote the Lowell Hydraulic Experi
ments in 1855, which remains an engineering 
classic on the design and testing of turbines. 

The relatively dry New England summers 
and early falls often forced the mills to shut 
down due to the lack of water. Collaborating 
with Charles Storrow (who was Engineer for 
the canal system in Lawrence, Massachusetts), 
Francis gained a greater understanding of the 
hydrologic cycle for the Merrimack River wa
tershed. This watershed of 4,600 square miles 
includes not only the northeastern Massachu
setts area, but also southern New Hampshire 
and the New Hampshire Lakes Region. To
gether, the two engineers conducted surveys to 
determine lake volume, fluctuations in dis
charge and even impacts from swampy areas. 
They collected and codified many hydrologic 
measurements including maximum, minimum 
and mean discharges, measured rainfall, 
evaporation and surface runoff at several dif
ferent sites in the Merrimack River watershed. 
As a result of their study, the engineers de
signed and created natural reservoirs in many 
locations and then installed several control 
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FIGURE 1. The Lowell canal system in 1848. 

gates. Power to the Lowell and Lawrence mills 
during the dry months thus dramatically in
creased. 

Francis conducted exhaustive experiments 
to create accurate formulas for calculating wa
ter flow over weirs. One experiment included 
measuring gauges, a marine chronometer and 
electrical signaling devices. This level of instru
mentation allowed a number of observers to si- . 
multaneously and sequentially record water 
flow in different locations along the Pawtucket 
Canal. The results of these experiments led to a 
better understanding of water flow, not only 
over weirs and but also as discharged into and 
out of canals, which served to improve the effi
ciency of power production. 

Not limiting himself to hydraulic engineering, 
Francis built a facility to test the strength of iron 
and wooden beams and industrial support col
umns. Based on the results of his tests, he modi
fied construction tables for these materials to in
clude larger safety factors. He then wrote On the 
Strength of Cast-Iron Pillars in 1865 with tables for 
the use of engineers, architects and builders. 

Francis the Visionary 
Francis saw that understanding the complete 

hydrologic system would help engineers create 
water systems that could feed multiple mill sites 
in two major cities. Not content to settle for mills 
with less than full-time production capability, 
he discovered ways to harness and regulate wa
ter s.ources to control the flow of available water 
into the mill complex throughout the year. 

Francis also knew that it was important to un
derstand all facets of hydraulic systems, from hy
drology to hydraulics to mechanical transforma
tion. With this understanding, Francis was able to 
successfully implement his theories to optimize 
the water power available for mill operation. This 
ability to conceptualize, design and build large 
systems led to his reputation as "America's fore
most hydraulic engineer" of his time. 

Recognizing that the next generation needed 
training and mentoring, Francis enlisted many 
engineers to follow in his footsteps, including 
Paul Hill (Hoosac Tunnel) and James B. Emer
son (Holyoke Testing Flume, a national labora
tory for testing turbines). Francis was known far 
and wide as a team player and a great leader in 
working on the many projects for the Lowell 
mills. He knew that working together with 
other engineers was vital to the successful com
pletion of large-scale projects. This knowledge 
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FIGURE 2. A photo of Francis Gate complex in 1936. 

led to his becoming a founding member of both 
the Boston Society of Civil Engineers (BSCE) in 
1848 and the American Society of Civil Engi
neers (ASCE) in 1852. The acknowledgement 
by his peers of his engineering and leadership 
skills was evidenced by his elevation to presi
dent of both organizations, in which he re
mained active until his death in 1892. James B. 
Francis, a man of leadership, science, and prac
ticality was truly a great engineer. 

NOTE- Francis' leadership in the field of engineer
ing and his dedication to building his community has 
always inspired the Univ. of Massachusetts at Lowell 
in the pursuit of its goal to "support and enhance the 
development of a sustainable, vigorous industrial 
economic sector" in northeastern Massachusetts. To 
perpetuate his memory, in 1989 the faculty and staff 
voted to name the university's College of Engineering 
after him, recognizing the tradition of engineering 
excellence associated with his name. 
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Design Considerations 

The Challenges of 
Underpinning the 
Central Artery 

Through careful planning and 
modeling, actual structural 
behavior can be accurately 
predicted for a project that has 
to maintain an existing 
structure during construction. 

PAUL F. HARRINGTON 

The proposed alignment of the D017 A 
Section of the Central Artery /Tunnel 
(CA/T) Project (Interstate 93) runs be

low the corridor of the existing Central Artery 
viaduct in downtown Boston between Congress 
and North streets (see Figure 1). The construc
tion of the proposed eight- to ten-lane, cut-and
cover tunnel requires the removal of the existing 
Central Artery foundations, thus necessitating 
the underpinning of the existing elevated struc
ture. The primary objective of the underpinning 
system was to maintain the structural integrity 
of the existing structure, while clearing the corri
dor for the construction of the new tunnel be
low. In order to properly assess the condition of 
the underpinned structure, the analysis em
ployed the following design philosophies: 

• Computer models to integrate the exist
ing structure with the proposed under
pinning system; 

• Step-wise incremental analysis to model 
the jacking forces induced into the under
pinning frame; and, 

• Analysis to account for the sequence by 
which the underpinning is installed and 
the loads are transferred. 

A critical component of Massachusetts 
Highway Department's (MHD) Central Ar
tery /Tunnel Project is the continued service of 
the existing elevated artery while the proposed 
tunnel is being constructed below. The pro
posed cut-and-cover tunnel will feature soldier 
pile tremie concrete (SPTC) slurry walls to act 
as both the excavation support walls and the 
permanent tunnel walls. A 14- to 18-foot thick 
cast-in-place concrete base slab will house the 
fresh air ducts and resist buoyancy forces. The 
tunnel roof will be comprised of composite 
steel plate girders framing to the flanges of the 
W36 steel soldier piles spaced approximately 6 
feet on center (see Figure 2) along the SPTC 
slurry wall. Typically, the soil profile through
out the alignment consists of fill, clay and gla
cial till overburden with the top of bedrock lo
cated between 75 and 100 feet below the 
existing grade. 
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FIGURE 1. An aerial view of Boston's existing Central Artery and the ongoing Central Ar
tery/Tunnel construction adjacent to Quincy Market. 

Directly above the tunnel construction, the 
existing Central Artery viaduct will continue to 
service an average of 190,000 vehicles per day, 
placing it among the busiest roadways in the na
tion. The viaduct was constructed in the early 
1950s when it was considered to be a state-of
the-art project that was designed to accommo
date an average of 90,000 vehicles per day. The 
existing structure was designed for HS-20 vehi
cle loading in accordance with the 1949 Ameri
can Association of State Highway Transporta
tion Officials (AASHTO) specifications. 

The superstructure of the existing Central 
Artery consists of a concrete deck slab sup
ported by steel stringers, floor beams and lon
gitudinal girders framed to transverse bent 
girders. The transverse girders are rigidly con
nected to the three steel support columns to 
create the bents' moment frame (see Figure 3). 
The columns are either individual steel WF 
shapes or composite steel members consisting 
of three WF sections riveted together. Most of 
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the existing columns are silicon steel, which 
has a yield strength of 45 kips per square inch. 

In plan, a framing unit of the existing via
duct structure consists of a two-span continu
ous superstructure supported by three trans
verse bents spaced approximately 75 feet on 
center. The two end bents are detailed to ac
commodate longitudinal expansion. Expan
sion bents consist of a pair of identical bents 
from adjacent framing units that share com
mon foundations. The interior, or "anchor," 
bents were designed to resist all longitudinal 

· forces within the three-bent unit. 
The existing viaduct columns rest on 6-foot 

thick concrete pile caps. The piles consist of ei
ther Raymond step-taper cast-in-place concrete 
piles or steel H-piles. Selected columns that are 
located in the old Fort Hill area (where the gla
cial till deposits are close to the surface) are 
founded .on concrete spread footings. Figure 4 
shows a typical cross section of the proposed 
tunnel superimposed onto the existing artery. 



FIGURE 2. A view of the tunnel roof and the SPTC slurry wall showing their relationship with 
an existing Central Artery column and foundation. 
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FIGURE 4. The relationship between the existing viaduct and the proposed tunnel. 

Underpinning Scheme 
During preliminary design performed by 
MHD's management consultant, various con
ceptual underpinning arrangements were stud
ied. Numerous physical and operational con
straints were considered and contributed to the 
selection of the chosen underpinning scheme. 

Construction mitigation and traffic mainte
nance requirements, which are vital to the con
struction in this sensitive urban area, were in
strumental in choosing the underpinning 
scheme. In addition to safely supporting the ex
isting elevated artery, the surface streets be
neath the viaduct need to remain operational 
during tunnel construction. Consequently, the 
underpinning scheme requires that the main 
transverse support beams (herein referred to as 
grade beams) be located below the temporary 
roadway decking to provide the traffic engi
neers maximum flexibility in the management 
of the surface artery traffic and construction ac
cess. 

The steel grade beams will be isolated from 
the surface artery's temporary precast concrete 
deck. The benefits of isolating these two fram
ing systems is two-fold: 

• The stress redistribution within the exist
ing structure is minimized; and, 
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• Live load deflections attributable to sur
face artery traffic will not be imposed on 
the Central Artery viaduct. 

The tunnels' SPTC slurry walls (which are 
founded in competent bedrock or glacial till to 
satisfy the settlement-controlled bearing crite
ria) are the foundation for the steel underpin
ning frame. The underpinning frame sits on 
cap beams situated between the soldier piles so 
that the underpinning can co-exist with the fi
nal tunnel girders. This coordination mini
mizes the amount of closure construction that 
will be required after the old Central Artery is 
removed. Load bearing elements (LBEs) are 
also being utilized for vertical support when
ever the tunnels' cast-in-place concrete walls 
coincide with underpinning support needs. 

The typical underpinning frame is shown in 
Figure 5 and consists of twin pairs of steel 
grade beams. These grade beams (between 4 
and 6 feet deep) are built-up plate girders 
spaced 21 feet on center and span up to 100 feet 
between slurry walls. Above the grade beam, 
the existing structure is underpinned by either 
a "low pick-up" needle beam assembly or a 
"high pick-up frame" needle beam assembly. 
Low pick-up needle beams (see Figure 6) are 
positioned to straddle the existing columns, 
and bear directly on the grade beams to sup-
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FIGURE 5. The proposed underpinning system for the Central Artery. 

port the existing artery columns via built-up 
steel channels attached to the existing columns 
with Type 2, slip-critical, A325 bolts. High pick-up 
frames (see Figure 7) consist of a frame or tower 
that places the needle beam in direct contact with 
the bottom flange of the existing bent girder. The 
existing bent girder is stiffened to accommodate 
the bearing requirements that enable the girders 
to receive the direct bearing needle beams. 

Generally, low pick-up connections were 
utilized. High pick-up frames were required at 
locations where the existing column and pile 
caps interfered with a section of the slurry wall 
located between the underpinning grade 
beams. These infill panels, referred to as post 
underpinning panels, are installed after the via
duct is underpinned. The high pick-up frames 
were specified to accommodate the construe-

FIGURE 6. Low pick-up underpinning con
nection to an existing column (connection 
channels and needle beam). 
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FIGURE 7. A high pick-up underpinning con
nection to an existing bent girder (35-C). 

tion of these slurry wall panels. In addition, if 
analysis indicated that the underpinned column 
stress levels would be unacceptable with a low 
pick-up connection, high pick-up frames were 
specified as a means to bypass the entire column. 

The schematic diagram in Figure 8 illus
trates a suggested jacking and load transfer 
procedure and highlights the installation se
quence of the underpinning: 

1. Install steel grade beams and needle 
beams. 

2. Attach connection channels to the exist
ing viaduct columns. 

3. Install jacking frame. 
4. Incrementally jack the column load into 

the needle beams. 
5. Shim between the connection channels 

and needle beams and complete the channel 
to needle beam connection. 

6. Incrementally cut the existing column 
by symmetrically removing ~mall coupons. 
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Pile Foundation 

FIGURE 8. A schematic diagram of the load 
transfer procedures. 

Underpinning Analysis 

The principal challenge of the underpinning 
analysis is to properly account for the jacking 
and load transfer procedures, in order to limit 
underpinning related stress redistribution 
within the existing structure. The proposed un
derpinning system essentially replaces the ex
isting "rigid" pile foundations with "flexible" 
grade beams. Any effects of this replacement 
are compounded by the fact that the relative 
underpinning II stiffness" at each column varies 
based on its position along the grade beam 
span. 

The following key technical issues were fac
tors in choosing the analytical procedure: 

• The existing Central Artery's dead load, 
which represents approximately two
thirds of the total vertical design load, will 
be jacked into the underpinning frame 
prior to load transfer. 



• The jacking operation is de
signed to transfer the vertical 
load only. At low pick-up 
connections, the majority of 
the internal dead load 
stresses in the columns con
sist of axial stresses. How
ever, due to frame action, 
there are internal shear and 
moment stress components 
that will be present at the 
column pick-up points. It is 
not practical to jack these 
internal shear and moment 
stresses into the underpin
ning frame via a conven
tional jacking operation. 
Consequently, these resid-
ual stresses must be redis-
tributed during the gradual 
load transfer (i.e., column 
cutting) operation. 
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• The live load will not be jacked 
into the underpinning frame. 
Live loads that are acting on 
the viaduct after the under
pinning is active will be dis
tributed, based on the stiff
ness matrix of the 
underpinned structure. This 
load distribution will differ FIGURE 9. Schematics of the space frame computer models. 

from the distribution of the 
dead load that is jacked into the underpin
ning frame. Complete AASHTO group 
loadings must be applied to the under
pinned structure. 

The inherent non-linear behavior associated 
with changing an active structures' boundary 
condition created the need for a sequential 
analysis. A structural analysis and design pro
gram was used to perform a linear displacement 
analysis of the proposed underpinning. The 
computer model was developed to account for 
the jacking and load transfer procedures, while 
simultaneously providing an accurate assess
ment of the impacts to the existing bent frames. 

Generating accurate structural analysis 
models requires careful use of modeling tech
niques and program commands. The struc
tures' stiffness matrix is defined by structure 

geometry, member properties and the connec
tivity of the structure. These parameters, along 
with the commands to account for the jacking 
operation, were utilized to provide an accurate 
representation of the underpinning system. 

Combining results of the first two space 
frame models described below ( and in Figure 
9) led to the creation of a single comprehensive 
model (Model 3), enabling the existing struc
ture to be analyzed simultaneously with the 
underpinning frame: 

• Model 1. The existing artery bent on rigid 
foundations is analyzed to calculate the 
dead load reactions (jacking forces) at the 
underpinning pick-up locations. 

• Model 2. The proposed underpinning 
frame is pre-loaded with the jacking 
forces generated in Model 1 to determine 
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Models 1 and 2 provide the jacking 
loads and estimated deflections re
quired for the jacking operation. 
Model 3 provides results to design 
the underpinning elements and to 
check the existing members against 
allowable stress limits. 

A critical component of the analy
sis was the ability to model the jack
ing operation, which was achieved by 
coupling the existing structures' dead 
load with the structural analysis 
program's loading function entitled 
"member distortion// (see Figure 10). 

FIG URE 10. Schematic of the member distortion function. The member distortion function is a 

the jacking induced deflections at the col
umn/ underpinning connection nodes 
prior to load transfer. 

• Model 3. The underpinned structure is 
analyzed for all load combinations in ac
cordance with applicable CA/T Project 
and AASHTO loading requirements. 
Jacking-induced deflection and load 
transfer operations are accounted for w;ith 
the use of the structural analysis 
program's "member distortion" function. 

zero stress initial strain loading con
dition developed for the analysis program to ac
count for the initial state conditions of members. 

Within Model 3, the member distortion load 
is coupled with the dead load forces. The results 
coincide with the jacking intent and its limita
tions of only jacking the axial component ( as de
scribed above). The vertical position of the exist
ing viaduct is essentially maintained after the 
dead load is transferred, while the shear and 
moment stresses at column cut locations get re
distributed within the underpinning frame. 

FIGURE 11. Example of an external jacking frame assembly. 
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FIGURE 12. An integral jacking assembly that utilizes flat jacks. 

At this point, all applicable live loads can be 
applied and combined with the dead load 
within the same model. This feature becomes 
extremely valuable, considering the number of 
.group loadings that must be considered in the 
design of the underpinning and in the assess
ment of the existing Central Artery members. 

J a eking & Load Transfer 
The jacking operation enables the transfer of 
support to occur without adversely impacting 
the existing structure. It is common practice to 
use the existing foundation or superstructure as 
a reaction block for the jacking. Jacking assem
blies can be designed as external, removable 
frames or they can be designed as an integral 
component of the permanent underpinning sys
tem. Figures 11 and 12 show two examples of 
jacking assemblies that were successfully util
ized on the Central Artery underpinning. 

The external jacking frame shown in Figure 
11 utilizes temporary channels bolted to the 
high pick-up columns. Hydraulic jacks are po
sitioned between. the channels and the grade 
beams. As the jacks are pressurized, separation 
occurs between the high pick-up column base 

plates and the top flange of the grade beams. 
Once the desired jacking load is obtained, the 
gap is shimmed and the final connection is 
made. Whenever feasible, the use of tapered 
shims is preferred, since they can be driven into 
position so that there is a noticeable reduction 
in the jack pressure. This type of shim will en
sure that the load is transferred from the jacks 
to the shims without a significant loss of pre
load resulting from a loose shim pack. 

The flat jack assembly shown in Figure 12 is 
an example of an integral jacking assembly that 
has been incorporated into the final underpin
ning connection. This jacking assembly pro
vides a full and uniform bearing surface and 
eliminates the additional step of transferring 
the jacked load to a shim stack. The jacks, ini
tially inflated with a hydraulic fluid, get trans
fused under pressure with a high-strength ep
oxy to create the completed connection. 

All the jacking schemes implemented to 
date have proven to be successful. The jacking 
is typically carried out in four equal load incre
ments. At the end of each 25 percent load incre
ment, key reference points along the existing 
structure and the underpinning frame are sur-
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TABLE 1. 
Jacking Loads & Resultant Displacements for Column 35-C 

Jacking load Dial Gauge Predicted 
Bent Column Connection Type (kips) Reading (in.)* Displacement (in.)** 

34 A High .Pick-up 310 0.9750 0.94 
34 B Low Pick-up (East)*** 722 0.7970 0.78 
·34 B Low Pick-up (West) 722 0.9915 0.92 
34 C High Pick-up 251 0.3340 0.27 
35 A Low Pick-up (East) 265 0.5060 0.60 
35 A Low Pick-up (West) 265 0.4515 0.50 
35 B Low Pick-up (East) 616 0.6690 0.76 
35 B Low Pick-up (West) 616 0.7730 0.84 
35 C High Pick-up 330 0.4075§ 0.17 

Notes: 
'The· readings are based on dial gauges positioned to measure the throw (or stroke) of the flat jacks. Consequently, these measurements include upward 
movement of the reaction block (i.e., superstructure) as well as the downward movement of the underpinning frame. 
"The predicted displacements tabulated above coincide with the position of the jacks and dial gauges. The estimated displacements published in the 
contract documents are given for the connection node, where the underpinning connects to the existing structure. 
*"The EastJ\,Vest designations indicate the relative position of the two needle beams that straddle the existing column. The differences in displacement 
between the needle beams is a function of their respective position along the deflection curve Of the grade beam: 
§Due to surface artery traffic requirements, the high pick up frame at Column 35-C was positioned 8 feet west of the column it replaced. The effect of this 
offset skews the values presented above. See Table 2 for additional information. 

veyed. The survey is then reviewed against the 
predicted displacements by the engineer prior 
to proceeding with the next jacking increment. 

As previously described, the estimated dis
placements are generated from a computer 
model that utilizes the jacking load as an input 
parameter. This fact, coupled with the potential 
for seating losses at connections, dictates that 
the jacking load is recognized as the governing 
criterion for this underpinning operation. The 
estimated displacements are published and util
ized as a cross check to verify that the system is 
behaving as predicted. The initial results have 
been excellent and indicate that the models have 
accurately predicted the structures' behavior. 
Jacking results for two bents recently under
pinned with flat jacks are presented in Table 1. 

The example illustrated in Figure 13 and Ta
ble 2 highlights the need to understand and ac
count for the methods used to jack load into the 
system. Unlike the high pick-up frames, jacking 
at low pick-up connections has a negligible 
component of induced upward deflection of the 
existing structure, which can be attributed to the 
fact that, at low pick-up connections, the bent 
girders span is not changed and, secondly, the 
unloaded segment of the existing column is 
relatively short. 
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Column Cutting 
The objective of the column cutting operation is 
to provide a smooth transfer of the residual in
ternal column stresses. As discussed earlier, the 
existing column internal shear and moment 
stresses are not jacked into the underpinning 
frame. In addition, any live load stress (for ex
ample, traffic, temperature, wind, etc.) must 
also be transferred into the underpinning dur
ing the column cutting operation. The column 
cutting is scheduled to occur at night when low 
traffic volumes enable the traffic on the viaduct 
to be reduced to one lane in each direction. 

The column cutting (see Figure 14) is done in 
a symmetrical sequence, starting at the extreme 
edges of the column flange and is completed 
when the center coupon of the columns web is 
removed. This progressive removal of material 
allows the residual column stresses to get ab
sorbed into the new structure gradually. 

On the whole, survey results have indicated 
that the viaduct has maintained its vertical po
sition after the columns have been cut. Hori
zontal translation (both transverse and longi
tudinal) of the unloaded section of the existing 
columns has been detected, specifically at the 
high pick-up locations. The release of the inter-



FIGURE 13. A view of column 35-C being jacked. 

nal moment stress at the top of the column re
sults in a fixed-free column condition. Once the 
column is released from the rigid frame, it ro
tates to a tangent profile from the fixed base, re
sulting in horizontal translation in the trans
verse direction. Longitudinal translation, 
which is noticeable at the expansion bents, is a 
function of the temperature differential be
tween the original erection temperature and 
the temperature at time the column is cut. 

Conclusions 
In developing the analysis and design proce
dures for underpinning on the CA/T Project, it 
was considered essential that the existing artery 
be modeled integrally with the new underpin
ning frame. A complete, staged analysis model 
was required to accurately assess the redistrib
uted stresses within the existing structure. 

The following items summarize the process 
by which the analysis procedure was devel
oped: 

• Identified the underpinning system as a 
deflection controlled design. 

TABLE 2. 
Breakdown of Displacements 

at Column 35-C 

Dial Gauge Readil.'lg: 0.4075 inches 

Survey Results (converted to inches): 
a. Bent Girder (up): 0.18 inches 
b. Needle Beam (down): 0.24 inches 
c. Total Stroke at Jack: 0.42 inches 

Predicted/Calculated Movements: 
a. Bent Girder Deflection (up): 0.09 inches 

Unloading of Column (up):- 0.04 inches 
Compression of bearing pad: 0.04 inches 

b. Underpinning Frame Deflection 
from Model (down): 0.17 inches 

c. Summation of Estimated 
Movements at Jack: 

Delta: 
Dial Gauge Reading 

vs. Predicted: 

0.34 inches 

~1/16 inch 
(16%) 
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FIGURE 14. Cutting pattern for a column at a high pick-up location. 

• Developed the general underpinning 
scheme and installation sequence. 

• Performed comparative studies with vari
ous modeling assumptions to determine 
the sensitivity of the underpinning system. 

• Developed techniques to account for jacking 
the dead load into the underpinning frame. 

• Created a complete model to analyze the 
stress redistribution in the existing frame 
while providing design values for the new 
underpinning frame. 

Early results indicate that the analysis and 
modeling techniques described herein have 
successfully and accurately predicted structure 
behavior. 
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tural analysis and design program GTSTRUDL 
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of the proposed underpinning. Parties involved with 
external jacking frame (shown in Figure 11) were: 
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Venture - contractor. 
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Case Study 

The Planning & 
Implementation of 
Trenchless Technologies 
to Restore the St. James 
Avenue, Boston, 
Interceptor 

Using a variety of construction 
methods reduced negative 
impacts on groundwater levels, 
abutters, maintaining service, 
and vehicular and pedestrian 
traffic. 

EDWARD W. DUGGAN, HOWARD GOLDBERG, 
IRENE MCSWEENEY WOODFALL & 
DENNIS J. DOHERTY 

The New St. James Avenue Interceptor 
Project, with a construction cost of $15.6 
million, utilized a combination of vari

ous types of trenchless technology applications 
for the installation or replacement of the sani-

tary, storm drain and combined sewer systems 
located within the St. James Avenue area in the 
historic Back Bay district of Boston. The project 
commenced in May 1995 and was completed in 
December 1996. 

History & Purrose of the Project: 
A Summary o Planning Studies & 
Data Collection 
In the spring of 1990, after more than sixty 
years of continuous and repetitive mainte
nance problems associated with the St. James 
Avenue sewer system, the Boston Water and 
Sewer Commission (BWSC), contracted with 
an engineering consultant to prepare a compre
hensive design study report for the restoration 
of that sewer system (see Figure 1). The St. 
James Avenue system is a complex network of 
interconnected sanitary sewers, storm drains, 
combined sewers and underdrains between 
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FIGURE 1. Project area map. 

Copley and Park squares. The Massachusetts 
Bay Transportation Authority's (MBTA) Green 
Line and Orange Line subway systems and the 
Massachusetts Turnpike border this area and 
provided significant constraints to the design 
of the project and, as well, restrict groundwater 
movement within it. The primary objective of 
the study was to review the physical conditions 
of the St. James Avenue sewer system and to 
identify an economically, environmentally and 
socially acceptable solution for the rehabilita
tion and/ or replacement of the system. 

The project area was a former tidal estuary 
that was subsequently filled between 1836 
and 1871. The soils consist of sandy gravel ma
terial deposited without significant compac
tion. As a result, the soils are of an unconsoli
dated nature and are not suitable for extensive 
loads. The oldest pipe in the study area was 
built in 1847; however, most of the sanitary 
and storm systems were installed in the early 
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1900s to improve an original system of 
wooden box conduits. The existing sanitary 
sewer of varying sizes carried approximately 
1.75 million gallons of flow per day and was, 
on average, 20 feet below street grade. The 
project area included the old and new John 
Hancock Insurance buildings, numerous ho
tels, substantial office developments and re
tail establishments, as well as historic estab
lishments such as the Trinity Church and the 
first Boston Public Library. 

As part of the design phase, an extensive 
groundwater study was performed to deter
mine areas of groundwater depletion caused 
by infiltration into the system and to under
stand the relationship of groundwater flows 
and groundwater depletion rates. Many of the 
older buildings within the area - including 
Trinity Church and the Boston Public Library, 
which were built between 1876 and 1912, 
respectively - were constructed with wood 



pile foundations.The tops of most of the piles 
were cut off at, or driven below, elevation 5.0± 
Boston City Base (BCB) Datum. When ground
water is lowered below the tops of the wood 
piles, exposing the piles to air, the piles begin to 
decay. If the piles are exposed to air, underpin
ning is usually required to restore bearing ca
pacity for the buildings' foundations. To ensure 
that the system did not cause groundwater to 
fall below elevation 5.0 (BCB), the city of Bos
ton installed a dam to maintain the flow within 
the system at or above that elevation. Unfortu
nately, the invert elevation of the sanitary 
sewer system was well below the dam eleva
tion, which resulted in extensive maintenance 
and hydraulic problems with the system. 

During the study, the sewers and storm 
drains were evaluated by using a video inspec~ 
tion system where feasible and from-previous 
video and physical investigations. Since the 
system was continually degrading, and pres
ent-day inspection was not feasible in certain 
areas, the older video inspection tapes became 
an important source of information for the 
planning of the course of replacement or repair. 
Overall, the system was found to be in a dete
riorated condition both physically and hydrau
lically. This degraded state was a combination 
of several issues, including consolidation of the 
underlying soils that caused non-uniform set
tlement of the pipe, sags and structural defi
ciencies, surcharging in the system and exten
sive groundwater infiltration. 

The lowering of the groundwater from infil
tration, which impacted the foundations 
and/ or the piles of adjacent buildings, resulted 
in the installation of a man-made dam in 1933 
at a downstream manhole to prevent the lower
ing of the groundwater in the area. However, 
the dam, while alleviating infiltration prob
lems and groundwater issues, aggravated sedi
ment and organic grease build-up in the sys
tem due to the creation of the surcharged 
condition. As a result of the grease and sedi
ment problems, the BWSC was required to un
dertake a weekly maintenance program in the 
area to minimize the adverse impact pf flow re
strictions and the resulting customer com
plaints. 

As part of the project, a detailed geotechni
cal boring program was conducted to evaluate 

soil conditions and to identify the geotechnical 
parameters for the design. The boring program 
determined that approximately 20 feet of 
sandy/ gravelly fill with cobbles overlies sandy 
marine deposits, organics and clays for most of 
the project area. One area was also found to be 
heavily contaminated with fuel oil. 

Plans were prepared that depicted the proj
ect area, including all surface and known sub
surface features. Records were researched to 
identify the sizes and types of all utilities, pres
ent and abandoned, as well as all roads, rail
ways and buildings in the project area. The cur
rent and future system hydraulic needs were 
analyzed and a base hydraulic flow model pre
pared. Based on a review of the system and the 
hydraulic requirements, the project limits were 
increased and evolved beyond the initial proj
ect area of St. James Avenue. The adjoining 
pipes that tied into the St. James Avenue sys
tem required replacement or rehabilitation to 
ensure proper hydraulic conditions for the 
area. 

With the project limits defined and all of the 
surface and subsurface constraints identified, 
methods for the rehabilitation and/ or replace
ment of the system had to be selected that 
would solve the sewer system problems. Any 
remediation needed to be done by limiting the 
impact of construction on surface activities, 
abutters and underground utilities. The meth
ods reviewed included conventional open-cut 
construction, jacking, a non-gravity installa
tion, trenchless techniques or a combination of 
these methods. 

An evaluation of each method was per
formed to decide which techniques were prac
tical and cost effective for the construction con
strain ts imposed within the project area. 
Various alternatives were developed and pre
sented to the BWSC. Some of the alternatives, 
such as jacking and extensive open-cut e~cava
tion, were eliminated because of the potential 
impact of lowering the groundwater table for 
an extended period during the construction 
process and for potential surface disruption. 
The non-gravity option, which included the in
stallation of pump stations, was not attractive 
due to the long-term maintenance issues with 
operating a pressure system and the lack of 
suitable locations to install the pump stations. 
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Further review and analysis was performed 
comparing several trenchless technologies 
based on the existing hydraulic condition and 
types of pipes used in the original construction. 
The project was geared to incorporate several 
methods emphasizing the use of trenchless 
technologies for the replacement or rehabilita
tion of the system and to select the specific tech
niques in conjunction with the system charac
teristics and the capabilities of the selected 
methods. 

Existing Flow Characteristics: 
Removal of Infiltration & 
Separation of the System 
The project area has an average dry weather 
flow rate of 1.75 million gallons per day. The 
system within the project area consists of a 
combination of sanitary sewers, storm drains 
and combined sewers that are interconnected 
in several areas to relieve the system during 
peak rainfall events. The project goals were to 
separate the system where economically feasi
ble, provide a sound hydraulic system and re
move groundwater infiltration. In removing 
the groundwater and inflow, significant cost 
savings associated with treatment would be re
alized. The artificial surcharge of the system at 
the downstream end would be eliminated by 
removing the dam once the infiltration was 
controlled. Once the infiltration into the exist- . 
ing system was removed, the groundwater 
should not be influenced by the system within 
the project area, thus providing protection for 
the wood piles. 

In addition to the artificial surcharging of 
the system, the conduits were found to have 
settled in various locations, creating sags that 
resulted in the settlement of solids, the accu
mulation of grease and a decreased hydraulic 
capacity (which caused significant surcharging 

· during peak flow periods). As a result, the com
bined sewer overflows occurred more fre
quently than should have been expected and 
customer complaints regarding backups be
came more numerous. Major separation work 
previously undertaken in the South End dis
trict of Boston, which abuts the Back Bay area, 
was tied in with this project so that there would 
be further separation in the combined sewers 
and reduced combined sewer overflows. 
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Existing Pipe Materials & 
Impact on Construction Techniques 
& Flow Capacity 
In order to evaluate the methods of rehabilita
tion or replacement, the materials, sizes, 
shapes and design capacities of the conduits 
were compiled using a field investigation as 
well as a study of recorded documents. The in
vestigation determined that there were nu
merous types, shapes and sizes of conduits, 
including vitrified clay pipe, cast-in-place 
concrete, formed brick, cast iron, concrete en
cased clay and ductile iron with several por
tions of the conduits being pile supported. 
Given all of these varying pipe materials and 
the need to increase the capacity of parts of the 
existing system, using one specific construc
tion method was not considered to be practi
cal. In order to limit the range of proposed 
pipe sizes and to standardize where possible, 
one size of pipe was primarily selected for 
some of the rehabilitation methods to achieve 
economy of installation. It become apparent 
(as a result of all of the site constraints) that 
this project would require a combination of 
trenchless technologies. 

Trenchless Methods: 
Microtunneling, Pipe Bursting, 
Cured-in-Place Lining & 
Shotcrete Lining 
A number of trenchless methods were evalu
ated against the project conditions and design 
parameters. The results of this evaluation con
cluded that no one method would satisfy all of 
the project objectives. Therefore, it was deter
mined that four main trenchless techniques 
would need to be utilized. 

Microtunneling. Microtunneling was util
ized for the majority of the mainline pipe instal
lation. This method was selected for pipes that 
required replacement where the physical con
dition for rehabilitation was suspect but could 
not be verified due to the field conditions or 
where extensive settlement was known to have 
occurred. During the planning stage, it was dis
covered that in the early 1900s the project area 
contained a major train terminal where. the 
present roadway system exists. Within this 
area there was a high potential to encounter 



abandoned wood piles and granite block foun
dations. As a result, the concept to replace the 
existing system in its existing (in-line) location 
wherever possible was specified to minimize 
the potential for encountering the abandoned 
foundations and wood piles. In-line replace
mement appeared to be the only feasible 
trenchless construction method even though it 
had not been attempted in the United States 
previously. 

In addition, microtunneling was also se
lected where clay pipes existed. The portions of 
the existing system that were encased in- con
crete were not conducive for microtunneling. 
The size of the pipe for microtunneling was 
standardized at 36 inches, even though a 
smaller diameter could have been utilized in 
certain areas. One standard size allowed for the 
mobilization of only one microtunneling ma
chine for the entire project. In order to provide 
greater competition at bid time, both reinforced 
concrete and fiberglass pipes were considered 
as acceptable materials for use with microtun
neling. 

Cured~in-Place. Cured-in-place rehabilita
tion was utilized for the pipes that had cracked 
(thereby allowing groundwater infiltration), 
but had not totally lost their structural integrity 
(as was verified by video inspection). The cir
cular pipe sizes ranged from 10 to 36 inches. Ir
regularly shaped cast-in-place or brick pipes 
ranging from 27 by 27 inches to 42 by 42 inches 
were also rehabilitated in this manner. The ex
isting system was cleaned and active services 
were confirmed by video inspection. The exist
ing, or "host," pipe was then lined with a resin
impregnated structural liner and the services 
reopened by remote controlled cutters. While 
other types of liner systems such as fold and 
form rehabilitation methods were evaluated, 
the shapes, sizes and ovality of the conduits did 
not permit these methods to be utilized. 

Pipe Bursting. For the clay pipes that had lost 
their shape but had maintained a positive gra
dient, and could not be cleaned and inspected 
by video camera, pipe bursting was the 
method chosen for replacement. The major 
benefit of pipe bursting is the ability to increase 
the hydraulic capacity of the system by increas
ing the pipe size where necessary. The project's 
contractor was allowed to utilize either high-

density polyethylene or fiberglass pipe rang
ing from 12 to 24 inches in diameter. The actual 
type of pipe bursting equipment utilized was 
selected by the contractor, which resulted in the 
lengths of runs being maximized and also in
creased competition at bid time. 

Shotcrete Lining. In the largest conduits 
where physical personnel entry was feasible, 
the combined sewers were lined with shotcrete 
and a polyvinyl chloride half-pipe invert was 
installed. This scheme provided a hydrauli
cally efficient means for both low (sanitary 
only) and wet weather (sanitary and storm run
off) flows. 

Ensuring Adequate Experience 
With Trenchless Technologies 
Since numerous trenchless technologies were 
going to be employed on the project and, in 
some instances, were methods that had never 
been used in Boston, the BWSC opted to pre
qualify the contractors for the microtunneling, 
pipe bursting and cured-in-place methods of 
work. The firms that had been determined to 
meet the minimum experience levels were 
listed as prequalified firms in the contract 
documents. The general ·contractor was re
quired to specify at the time of bid which pre
qualified subcontractors would be utilized for 
these specialized areas. 

The BWSC also conducted a value engineer
ing workshop utilizing four outside specialty 
consultants to review the contract documents. 
The purpose of the review was to provide an in
dependent assessment of the methodologies 
selected and the feasibility of the proposed 
methods. The results of the workshop was re
viewed with the panel, BWSC and the project 
designer. The conclusions that they reached 
were incorporated into the contract docu
ments. 

Open Cut Excavation: 
Access Shafts, Service Connections 
& Mainline Replacement 
The pipe bursting and microtunneling meth
ods required 32 access shafts to be excavated in 
order to install the new pipes. These shafts 
were constructed so that they could accommo
date the necessary equipment to install the new 
pipes by either microtunneling or pipe burst-
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ing. These access shaft excavations were gener
ally small, with a surface area of 40 to 45 square 
yards each. The average depth of the sanitary 
sewer system was 20 feet and the average 
depth of the storm drain system was 15 feet. · 
The contractor was' required to pre-excavate 
each of the shafts to. locate utilities. This 
method ensured that both utility and earth 
support systems were properly drained for 
each of the shafts. The shafts were constructed 
sequentially and decked with wood beams and 
then were paved over until needed. The jacking 
and pipe bursting insertion shafts were located 
in such.a manner so that they could limit im
pacts to vehicular traffic movement, while still 
providing building access. Work areas were de
fined in order to reduce the impact on other 
surface activities. The shafts were primarily 
constructed of wood sheeting and soldier piles 
with lagging due to the required configuration 
of the shafts. Many of the shafts had unique 
shapes in order to support utilities or to cir
cumvent the relocation of utilities. 

There were two types of service connections 
that required additional excavations: 

• The first was the excavation and recon
nection of over 100 existing service con
nections that were replaced in their exist
ing locations by either microtunnelling or 
pipe bursting. 

• The second included the extension and re
connection of over 30 existing service con
nections that needed to be reconnected to 
the new microtunneled pipes that were in 
new locatlons from the existing pipes. 

In certain areas, conventional open-cut exca
vation had to be employed to replace the pipe 
because of the need to connect to existing man
holes or to replace pipes that could not be re
placed by one of the trenchless methods. Open
cut excavation was also specified where the 
depth of installation was shallow. Even though 
these shallow installations could have been mi
crotunneled, that method was not preferred 
since it was not the most economic solution. 
Each location on the project initially was ana
lyzed for its hydraulic needs and then the im
pacts of the construction were evaluated to de
termine the best construction method. 
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The contractor utilized wood sheeting with 
wood or steel internal bracing, trench boxes, 
steel (ver.tical) roadway plates, wood lagging 
or a combination thereof to provide the earth 
support system for all open-cut work. 

Existing Utility Networks & 
Utility Relocations Required for 
Open-Cut Components 
As part of the design, a complete utility inven
tory was assembled for the entire project area. 
All surface features were horizontally located 
and plotted on the base survey plans. Rims and 
invert elevations were obtained by a combina
tion of field survey, record information and ac
tual manhole investigations. Record plans of all 
utilities were obtained and added into the base 
plans. These utilities included sanitary sewers, 
storm drains, combined sewers, water mains, 
gas lines, telephone and other telecommunica
tion systems, cable television, steam lines, sub
way traction power, electric, street lighting and 
traffic signals. Private utilities between com
monly owned buildings were also present in the 
project area. In addition to the "active" utilities, 
there were numerous abandoned utilities that 
were identified during the research process. 

The locations for shaft and pipe excavations 
were determined based on the design require
ments of the system and an attempt to mini
mize utility relocations. Due to the cost and 

. time typically associated with relocating elec
tric, communications and steam systems, a 
concerted effort was made to produce a design 
that did not impact these utilities. Water and 
gas lines are generally more easily relocated 
and, where necessary to provide access to the 
excavations, these utilities were specified to be 
relocated outside the shaft construction. There 
was only one "unplanned" relocation of a 20-
inch diameter gas line in one of the microtun
nelling receiving shafts due to the location of 
other existing utilities that prevented the in
stallation of the system. Numerous utilities 
were supported in situ by the contractor within 
the limits of excavation. 

Vehicular & Pedestrian Traffic 
Maintenance & Coordination With 
Abutters 
It was found that approximately 20,000 vehi-



des per day traverse each of the streets in the 
project area's grid-like pattern. Other surface 
activities included an open-air farmers market 
(held during the spring, summer and fall), cul
tural activities such as musical groups playing 
for the public in Copley Square Park, and the 
constant flow of many tourists. A method of 
construction was needed that would limit the 
impact on surface traffic and other surface ac
tivities. 

Roadway occupancy locations for con
struction activities had to be strategically sited 
since an important consideration of the pro
ject's design and construction was to limit the 
project's impact on surface traffic. The differ
ent trenchless construction methods required 
different work zone strategies and the work 
zones were optimized based on several crite
ria, including methods of control for pedes
trian and vehicular traffic movement, build
ing access areas and other impacts. For 
example, the location of an abutters' loading 
dock, as well as entrances to parking areas and 
public access points to the building, had to be 
evaluated. 

Any disruption of business could cause eco
nomic loss not only to that business but also to 
the general public by the loss of tax revenue for 
local and state governments (especially impor
tant in an area with high tourist traffic). As a re
sult of the extensive amount of work being per
formed by Boston's Central Artery /Tunnel 
Project, it was prudent to minimize negative 
impacts on traffic in the project area. One of the 
major benefits of trenchless construction is a re
duction in the surface area required to perform 
the work. 

Numerous project meetings and individual 
meetings were held with building owners and 
abutters in the project area. Each had expressed 
concerns with maintaining public and com
mercial access to their buildings. Most under
stood the need for the project, and were very 
cooperative with the project team during the 
planning, design and construction phases. A 
monthly project update was mailed to all abut
ters, impacted agencies and individuals to pro
vide them with the projected work for the fol
lowing month and the progress to date. 
Individual telephone conversations, letters 
and meetings were held to provide additional 

information. In addition, the construction 
schedule was reviewed and modified to incor
porate the abutter's concerns and needs. How
ever, loading dock deliveries and individual 
tenant and building matters were coordinated 
separately. 

To minimize any other negative impacts on 
abutters, the contract documents also required 
the contractor to provide street sweeping and 
snow removal within the project area. A rodent 
control program was also implemented and 
maintained during the construction phase. 

In addition, the project area was the site for 
two important public events. The finish line for 
the Boston Marathon was adjacent to the proj
ect area and many of the hotels played impor
tant roles in staging the event. Construction 
took place during the 1996 marathon, which 
was the 100th running of the event. The project 
had to have minimal effects on the nearly 
50,000 participants and one million spectators. 
Boston1s First Night Celebration (New Year's 
Eve) also held numerous activities, including 
ice sculptures, in the project area. The impact 
on these activities was minimized through con
tinuous coordination with the organizers of the 
various events, local businesses and the com
munity. 

Groundwater: Existing Conditions 
During Construction & Through 
Project Completion 
The direction of groundwater flow in the.proj
ect area was evaluated during the design 
phase. The groundwater levels were deter
mined with the dam in place and also with the 
dam removed. Areas of the greatest and most 
rapid groundwater lowering were along St. 
James Avenue between Arlington and Ber
keley streets, west of Clarendon Street and the 
area beyond St. James Avenue along Blagdon 
Street towards Exeter Street. The results of this 
exercise confirmed that the groundwater de
pletion in the study area was directly corre
lated to the poor condition of the existing con
duits. 

Based on the results of the groundwater 
study and the location and configuration of the 
wood-pile-supported building foundations, 
the contract documents established the mini
mum groundwater level that the contractor 
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needed to maintain during construction. Dif
ferent groundwater levels were established for 
the Boston Public Library and the Trinity 
Church, two of the more historic and 
groundwater-sensitive structures within the 
project area. 

During the construction phase, groundwa
ter levels were monitored and recharge wells 
were utilized when the water levels dropped 
below those specified. After the project was 
completed and the existing system was aban
doned, the groundwater was still monitored 
and the data compiled and evaluated. In addi
tion, the Boston Public Library and Trinity 
Church continuously monitor the groundwa
ter levels with their respective monitoring sys
tems. Data from those "external" monitors was 
made available to the project team and utilized 
throughout the project duration. 

Maintaining Existing System & 
Service Flows by Sequencing 
Construction 
The contract documents provided the contrac
tor with all existing building and catch basin 
service connections as well as with an overall 
system map that indicated flow directions and 
approximate invert elevations. The project area 
has a significant amount of sewers, drains or 

· combined sewers that allowed the contractor to 
bypass flows by using a combination of pump
ing, temporary pipes and by sequencing the 
construction to take advantage of the "new sys
tem" that could be installed without any flow 
diversion in some areas. 

Obstructions: Contract Document 
Requirements Versus Actual Field 
Conditions 
The one word that raises concern whenever mi
cro tunneling is mentioned is the word 
obstruction. For this project, the contract de
fined an obstruction as an item that stopped the 
forward progress of the tunnelling machine 
and that met other material criteria (such as 
granite piers, a cluster of timber piles or rein
forced concrete). During the design phase, 
various methods for locating and identifying 
potential obstructions were reviewed. These 
methods included borings, probes, test pits, 
historical data research, review of inspector's 
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daily notes from the installation of previous 
utilities and buildings, ground penetration ra
dar and directional drilling of a pilot bore along 
the alignments. 

The data gathered from these methods were 
identified on the contract drawings and helped 
establish an uninterrupted workflow. When an 
obstruction was known to exist, the contract 
documents specified that a shaft or test pit be 
dug in an attempt to remove the obstruction 
without delaying the microtunneling process. 

As noted, the contract documents defined 
what an obstruction was; however, they fur
ther indicated the operating and standby rates 
for any additional equipment required prior to 
commencing work. Since those items were 
already pre-established, the only factor left to 
decide was the actual downtime for the micro
tunneling operation. That downtime would be 
different in each occurrence, and the associated 
costs to remove the obstruction would vary as 
well. 

It is commonly said that there is theory, prac
tice and reality. The reality of the obstruction is
sue on this project was that everyone's fear of 
the isolated piece of granite stopping the ma
chine only occurred twice, once within 20 feet 
of the start of the first drive and then again 30 
feet further. These two instances may have 
been related to an existing steam manholes'. 
foundation, or remnants of granite blocks from 
the construction of the Boston Public Library. 

In the fourteen drives performed on the 
project, the tunneling machine was stopped 
eleven times due to obstructions (granite 
blocks, abandoned piers, steel tiebacks and 
other unknown massive structures). In addi
tion to the two times mentioned above, the ma
chine encountered the remains of granite block 
walls/ foundations eight times and a steel 
strand tieback from a building's subsurface 
earth support system (which was the most 
costly and frustrating obstruction encoun
tered). 

All obstructions were removed by the exca
vation of access pits. During the design it was 
assumed that some of these obstructions could 
be removed by installing a caisson. In actuality, 
the head of the microtunneling machine 
needed to be viewed and the size of the ob
structions needed to be verified and removed 



prior to continuing with the microtunneling, 
thereby making this method impractical. 

The project team spent considerable time re
viewing the procedures used to determine the 
locations of potential obstructions. In one in
stance, a jacking shaft was installed at the loca
tion where an abandoned granite block rail
road abutment was believed to have existed. 
The abutment was found and the contractor 
was asked to probe beyond the shaft sheeting 
with a 6-foot long drill to confirm if all of the 
granite had been removed. A 6-inch horizontal 
and vertical pattern of offset holes were drilled 
and no granite blocks were encountered. The 
contractor also pushed a 12-foot long reinforc
ing bar at a few locations through the sheeting 
without encountering any other granite blocks. 
Prior to launching the microtunnelling ma
chine the contractor cut through the wood 
sheeting and to everyone's surprise found a 5-
inch high, 18-inch wide and 2-foot long granite 
block that was neatly positioned between the . 
probe holes. Luckily, it was easily removed and 
it proved to be the only pi~ce of granite encoun
tered on that drive. 

Excavated Materials: Handling & 
Disposal of Hazardous Waste, 
Sohd Waste & Sediment 
During the preparation of the contract docu
ments a review of the Massachusetts Depart
ment of Environmental Protection's (DEP) rec
ords was made to identify any potentially 
contaminated soil areas. In addition, the soil 
borings were also utilized to classify the char
acteristics of the existing materials that would 
have to be removed by the various types of con
struction. The contractor has excavated, tested 
and disposed of over 38,000 tons of material 
from the various items of work. This material 
was classified into one of eight different bid 
items, ranging from clean non-reusable fill to 
hazardous waste. Once classified, the material 
was appropriately disposed of at various land
fills and processing facilities. 

In addition to the excavated materials, por
tions of the project contained contaminated 
groundwater that required treatment using a 
portable treatment unit that was brought to the 
site. Before anything could be done with the 
water it had to be treated. 

Another area that required disposal of mate
rial was the removal and testing of over 1,500 
tons of conduit, manhole and catch basin sedi
ments. During the design phase, representative 
samples of sediment were obtained, tested and 
the results sent to DEP for review and classifi
cation. This sediment was classified into three 
different types and disposed of accordingly. All 
testing and disposal requirements for. exca
vated material and pipe sediment were indi
cated in the contract documents. 

Summary of Project Features 
The New St. James Avenue Interceptor Project 
provided a cost-effective and sensitive solution 
to a problem that has existed for over 60 years. 
The project has provided the following bene
fits: 

• The BWSC was finaily able to rehabilitate 
The New St. James Avenue Interceptor 
Project area by taking into account all as
pects and impacts of the project with the 
use of trenchless technology. Prior to the 
advent of trenchless technology, the 
BWSC had not undertaken performing 
the work on this project because of the 
negative impacts open-cut excavation 
would have had on groundwater as well 
as on its customers, tourists, workers and 
other utilities. 

• The project area has extensive groundwa
ter concerns. Depletion in the past has 
caused damage to surrounding buildings. 
The project met the goal of minimal 
groundwater drawdown and only minor 
recharging was required. 

• Trenchless technology was utilized to re
duce the construction duration and im
pacts to abutters and their businesses. 
Trenchless technology is reducing the fi
nancial impacts to other utilities includ
ing electric, gas, telephone, steam, etc., by 
avoiding the need to extensively relocate 
or support in place these utilities for the 
extent of a trench that would have been re
quired by open-cut installation of the 
work. 

• The project removed a significant amount 
of groundwater infiltration that previ
ously discharged into the sewer. The 
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elimination of this infiltration translates 
into a reduction in the cost for treatment at 
the Deer Island Wastewater Treatment 
Plant. By the separation of sanitary and 
storm flows, combined sewer overflows 

EDWARD W. DUGGAN is a Senior 
Design Engineer at the Boston Water 
& Sewer Commission. He served as 
Project Manager (Design) for the 
New St. James Ave. Interceptor Pro-

into the Charles River will also be de- ject. 
creased. · 

• The project was a massive utility under
taking in a complex urban environment 
with over 20,000 pedestrian trips per day. 
It provided minimal disruption to this · 
traffic. 

• The project was scheduled around the 
100th running of the Boston Marathon, 
which attracted nearly one million specta
tors as well as a record number of partici
pants. The project caused no disruption to 
the marathon. 

• The project positively demonstrated the 
feasibility of a variety of trenchless tech
nologies to solve infrastructure replace
ment/ rehabilitation in a congested urban 
environment. 
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Project Considerations 

The Observational 
Method - Application 
Through_ Progressive 
Modification 

An incremental approach to 
implementing the observational 
method can overcome technical 
and contractual constraints in 
order to provide cost and time 
savings without sacrificing 
safety. 

A.J. POWDERHAM 

The observational method is a powerful 
technique that can deliver substantial 
cost savings at an acceptable level of 

safety. It also enhances know ledge and under
standing in civil engineering and, yet, is signifi
cantly underused. 

Progressive modification offers a way forward. 
The observational method has specific objec
tives to deliver cost or time savings while main
taining an•acceptable level of safety. Applica
tion of the method was pioneered by Karl 
Terzaghi and the principles were formally set 

down by Peck in his 1969 Rankine lecture.1 He 
provides an excellent basis to understand the 
overall philosophy and essential requirements. 
Peck introduced two broad types of applica
tion: ab initio and "best way out." The former 
are those where use of the observational 
method is envisioned from the start of a project, 
while the latter would be typified by an unex
pected and unacceptable development during 
construction. Peck noted the limitations of the 
method but also asserted that its full potential 
was far from being realized. In 1985 he rein
forced his concern about the misuse of the 
method while, at the same time, identifying it 
as one of the most powerful weapons in the 
civil engineering arsel.)al.2 He presented four 
recent case histories of the observational 
method featuring the development and imple
mentation of the progressive modification ap
proach.3 It is inherently flexible and may apply 
to either type of application that were identi
fied by Peck.1 

Application by progressive modificationen
ables technical or contractual constraints to be 
addressed and allays the concerns of associ
ated risks to all parties involved in the project. 
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Such constraints have prevented wider and 
more frequent application of the observational 
method. Progressive modification thus offers 
the opportunity for greater use of the method 
as illustrated herein by four case histories. 

Peck set out eight steps as ingredients for a 
full application of the observational method.1 

Within these steps he emphasized the impor
tance of geology, the need to assess the most 
probable conditions and the most unfavorable 
conceivable deviations from these conditions. 
Advance planning is essential to deal with 
every foreseeable significant deviation from 
the expected (most probable) conditions. In 
this context careful judgment is required since 
no one has perfect forward vision. In a recent 
paper, Peck cautions about unexpected risks, 
which, in turn, underlines the need for robust
ness and flexibility.4 Progressive modification 
strongly combines both these needs to mini
mize risks and maximize opportunities. 

The observational method requires more de
sign input than the conventional approach 
where a single fixed design is developed. As a 
minimum, a base case design is required along 
with contingent designs to address adverse 
variations identified during construction. 
Peck's base case desi?1; was based on most 
probable conditions. These conditions -
which relate to the nature, pattern and proper
ties of the deposits involved - were carefully 
judged on the most reasonable interpretation 
of the subsurface conditions. In the progressive 
modification approach, all relevant informa
tion is progressively synthesized through a 
feedback loop. Thus, it is the overall perform
ance that is being measured and evaluated, in
cluding soil/ structure interaction, construc
tion methods, communication and teamwork. 
With progressive modification, the objective is 
to sequentially make design changes during 
construction that can result in cost or time sav
ings. Even though this method requires addi
tional design work, itis specifically directed at 
maximizing overall project benefits. 

The design process will involve the evalua
tion of less conservative design parameters 
than normal, including judgment of the less 
quantifiable factors (such as non-linear, three
dimensional and time-dependent effects). The 
assessment of such factors may be usefully 
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aided by powerful analytical tools such as fi
nite element or finite difference methods. 
However, analysis cannot supplant judg
ment.5,6 Possible modes of failure must be as
sessed carefully and appropriately controlled 
- particularly those of a sudden or brittle na
ture, or those that could lead to progressive col
lapse. It is a fundamental element of the obser
vational method to overcome the limitations of 
conventional design by evaluating feedback 
from actual conditions. The actual conditions 
will necessarily embrace the less quantifiable 
factors noted above. 

Although it is essential to assess the poten
tial influence of such factors, to start on-site 
with a design based on any beneficial effect re
lating to those factors may be inappropriate or 
unacceptable. Proposals to make design 
changes, particularly during construction, 
naturally raise concerns. Typically, these 
changes are expressed in terms of factors of 
safety, levels of risk and time requirements. A 
design based on the most probable conditions 
may fuel these concerns and it is usually more 
appropriate to start construction with a more 
conservative design - one that satisfies the 
safety concerns of all parties involved. Doing 
so provides the advantage of applying progres
sive modification, where design changes are· 
introduced sequentially with regard to the ac
tual conditions at the site. 

The assessment of the most probable condi
tions is important since it can reveal the range 
of conservatism a:nd the potential for savings. 
However, since construction and observational 
feedback have yet to occur such an assessment 
must rely on judgment. If the assessment is 
conservative, then greater savings may be 
achievable that progressive modification can 
then realize. If this judgment is unconservative, 
then by starting, as noted, with an acceptably 
conservative design the need to implement 
contingency measures is much less likely and 
more controllable. The progressive modifica
tion approach can operate in either direction 
and it offers optimum savings from sequential 
design changes or minimization or avoidance 
of contingency measures. The fee9-back loop 
from observations ensures that decisions are 
made with a maximum of relevant information 
from actual performance during construction. 



The Progressive 
Modification Approach 
The observational method focuses on design 
changes during construction and establishes a 
framework for the management of the associ
ated risk. Therefore, it is natural for concerns to 
be expressed regarding safety and certainty, 
Modern constructi.on practice emphasizes the 
team approach? There may be significant po
litical factors and environmental issues to be 
considered. To satisfy all relevant parties re
garding safety and to demonstrate project 
maintenance have become prerequisites in de
sign and construction. Safety is essential and a 
high degree of certainty in project performance 
and schedule is generally required. 

It is unfortunate that the observational 
method may be inappropriately associated 
with uncomfortably low safety margins, which 
are coupled with the uncertainty of the cost and 
delay of contingency measures. Such percep
tions may eliminate the opportunity to apply 
the method. Application through progressive 
modification addresses these concerns. The ba
sis of the approach is as follows: 

• Commence construction with a design 
providing an acceptable level of risk to all 
stakeholders; 

• Maintain or improve the acceptable level 
of safety; and, 

• Implement each change from a position of 
established safety through incremental 
steps of monitored and demonstrable ac
ceptable performance. 

This philosophy is idealized in Figure 1. The 
vertical plane at O represents the current state 
of knowledge. A relationship between risk and 
cost is shown by the curve through BAC. The 
line AD1 is a lin~ of constant risk and reducing 
cost that represents an acceptable level of safety 
to all parties. The point C represents a very con
servative/high cost situation, while B repre
sents one of high risk and unacceptable safety. 
For this illustration, point B would be associ
ated with low cost, or the inadequate provision 
of resources. Construction situations some
times occur in the AB zone and need corrective 
actions. These situations are typified by "best 

Increasing 
Knowledge 

Risk 

FIGURE 1. The observational method -
knowledge, risk and cost. 

way out" applications of the observational 
method. The line BD2 would indicate a "best 
way out" application with D2 representing the 
extra cost of correcting the situation. However, 
construction should lie in the AC zone with a 
good potential to save cost. Whether this po
tential can be realized by progressive modifica
tion depends on the quality of observational 
feedback to demonstrate adherence to the ac
ceptable safety level, the flexibility to imple
ment incremental design changes and whether 
the benefits outweigh the additional costs in
curred by implementation of the method. 

Most potential for savings occurs during con
struction and relates to temporary works or se
quencing, although substantial savings may 
also be relevant to permanent construction par
ticularly by avoidance of major protective 
works. 

For three of the case histories presented here 
- the Channel Tunnel, Limehouse Link and the 
Heathrow Cofferdam - progressive modifica
tion delivered savings by design improvements 
(i.e., along a CD1 type line). The principal objec
tive, within a demonstrably safe framework, 
was to introduce design changes to save time 
and costs. The Mansion House case history 
presents a different scenario. Since that case 
represents a "best way out" application, the 
whole focus was on re-establishing the confi
dence of the building owners by a clear control 
of safety. The key requirement was to avoid 
damage to the building. The progressive ap
proach enabled the maintenance of an accept
able level of safety to be demonstrated, with the 
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FIGURE 2. Layout of the Channel Tunnel surface works - Castle Hill East to Sugarloaf Hill. 

ideal being the avoidance of any contingency 
measures. In a "best way out" application, 
these contingencies would constitute design 
modifications. If implemented, they would in
evitably involve cost and time penalties but 
would be necessary to maintain the acceptable 
level of safety. The overall benefit in "best way 
out" situations by progressive modification is to 
avoid implementing design changes too early 
(i.e., without sufficient knowledge). Such prema
ture changes may also adversely affect safety -
the cure being worse than the complaint - or at 
best cause unnecessary cost or delay. 

Channel Tunnel Construction 
The observational method was used to reduce 
the amount of structural steelwork used for 
temporary strutting of the contiguous piled 
walls at three separate locations with similar 
ground conditions. The method was initiated 
at Castle Hill East and proceeded with substan- · 
tially increasing benefits as a progressive modi
fication application at Sugarloaf Hill and then 
at Castle Hill West. 

Geology. The two site areas at Castle Hill 
West and Holywell are located on gently slop-
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ing ground at the base of the escarpment of the 
North Downs. Three short valleys, or coombes, 
cut into the scarp isolating Castle Hill, Round 
Hill and Sugarloaf Hill (see Figure 2). The es
carpment, which has a slope of about 1:3, con
sists of Lower Chalk capped by the harder ba
sal bed of the Middle Chalk. The Lower Chalk, 
the Glauconitic marl and the Gault Clay out
crop in succession below the escarpment. The 
regional dip is about one degree to the 
northeast, although this dip may increase near 
to the escarpment due to stress relief. The Gault 
Clay is heavily over-consolidated and of high 
plasticity. Although this clay is generally very 
stiff or hard, weathering has substantially re
duced its strength at the surface. It has a history 
of instability at outcrops. 

Groundwater levels within the cooml;>e ar
eas are maintained close to ground level by in
filtration from the base of the chalk escarp
ment. Springs occur at the base of the scarp 
along the line of the outcrop of the Glauconitic 
marl. 

The Castle Hill West site lies within a mass of 
displaced Chalk marl underlain by the Gault 
Clay. This clay has a very low sliding resistance 



along pre-sheared surfaces that can exist 
within the stratum due to tectonic action, or as 
a consequence of differential stress relief at the 
base of hills. Such weakness has resulted in a 
landslip failure at Castle Hill West about 10,000 
years ago. The site has been essentially stable in 
modern conditions.8 

Implementation of Strutting Changes. All of the 
vertically retained cut used permanent walls 
formed with contiguous reinforced concrete 
bored piles. Railway alignment and construc
tional requirements created a wide variety of 
geometrical arrangements for these walls. The 
geometry was generally rectilinear but also in
cluded circular shafts to act as reception cham
bers for the tunnel boring machines (TBMs) at 
Sugarloaf Hill. 

The piling subcontract started in May 1988 
at Castle Hill East, followed by Sugarloaf Hill 
and completion at Castle Hill West. Bulk exca
vation and construction of the cut-and-cover 
tunnels followed in the same sequence, starting 
at Castle Hill East in June 1988. Monitoring tri
als to initiate the observational method took 
place at Castle Hill East in July 1988. The last 
phase of the method was started at Castle Hill 
West in May 1989. There were various design 
uncertainties that included: 

• Ground conditions (particularly the Gault 
Clay and its tendency to soften and swell 
during the construction period); 

• Escarpment stability; and, 
• Lateral loading and influence of construc

tion methods and sequences. 

In addition to the above, there were also 
limitations on the depth of piled wall embed
ment to minimize differential settlements af
fecting the railway tolerances, as well as a lack 
of useful case data. 

Castle Hill East. Tunneling that used the New 
Australian Tunneling Method (NATM) was 
conducted through Castle Hill from east to 
west, concentrating construction activity 
through the cut-and-cover portals at Castle Hill 
East. Reduction of temporary strutting to the 
contiguous piled walls offered three advan
tages: material savings, less constricted work
ing space and time savings. The original design 
was implemented at Castle Hill East (see 
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FIGURE 3. Typical arrangement for the strut
ted wall for Castle Hill East. 

Figure 3). The design called for bottom-up con
struction with three levels of temporary strut
ting. Excavation commenced with the service 
· tunnel, which was followed by the south and 
then the north running tunnels. It was not until 
the installation of the temporary strutting for the 
service tunnel piles that the potential for reduc
tion was seriously considered. The implementa
tion of the observational method through pro
gressive modification began with a preliminary 
assessment of the ground conditions and load
ings, which involved the visual inspection of the 
ground during excavation, as well as measure
ments of strut loads and wall deflections. 

To justify reductions in strutting, a less con- . 
servative design was developed. It exploited 
the short-term soil strengths but was kept to a 
simple plane strain analysis. Although extra 
margins of safety would also arise from the 
three-dimensional effects of soil arching, no de
pendence was placed on this. An initial need in 
progressive modification is to establish an ac
ceptable basis to implement the method. This 
evaluation must identify adequate savings 
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while maintaining safety. The first objective 
was to eliminate the bottom row of struts. 
Mixed total and effective stress analysis was 
applied.3 Based on the parameters shown in 
Figure 3, the analysis indicated the possibility 
of eliminating the bottom strut by using the 
short-term passive pressure. With only the top 
strut in place, the factor of safety was only 1.3. 
This factor is very low for mixed analysis, par
ticularly using full passive pressure on short 
embedment lengths (placing the design out
side normal guidelines and practice). 

In the assessment of the effects of the most 
unfavorable conditions, the magnitude and na
ture of the passive support were critical. The 
magnitude would be dependent on the influ
ence of fissuring and the rate of softening and 
dissipation of negative porewater pressures, 
which was addressed by rapid excavation and 
protection by a concrete mud mat. In highly 
overconsolidated clays, the stress path in verti
cal unloading leads to limiting passive failure. 
Therefore, large lateral wall movements are not 
needed to mobilize high passive support. Brit
tle response had to be avoided, which was ad
dressed by limiting wall deflections to keep soil 
strains low. Measurements of wall movements 
and back-analysis of strut loads indicated aver
age soil strains of less than 0.2 percent. A case 
could also be made for a ductile rather than brit
tle deformation response for the passive sup
port, particularly under very short-term total 
stress conditions. However, there were no bene
ficial secondary aspects. Strict limitations were 
placed on construction times for the excavation 
al,'ld creation of permanent lateral support at for
mation level. To ease the time pressure on con
struction of the base slab, early support was pro
vided by an enhanced mud mat. 

· Progressive failure was avoided by: 

• Tension members placed at the level of the 
top struts to control rotation about the 
mid-height struts; and, 

• The length of a bay during excavation 
open to formation level being limited and 
the mud mat cast sequentially in 5-meter 
lengths. 

Any modification of the design for significant 
adverse deviations from the predicted observa-
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tions called for installing a bottom strut if wall 
movements were greater than expected, and 
extending bay lengths if wall movements were 
less than expected. 

The control criteria were strut loads and wall 
movements, the · latter being considered the 
most critical. Measured strut loads remained 
very low and generally never exceeded 15 
percent of their design capacity. Wall move
ments were monitored by simple, straightfor
ward observations using a tape extensometer 
and theodolite. Measured movements re
mained consistently well below the control 
maximum of 15 millimeters, being generally in 
the range of 3 to 7 millimeters. 

Observations also indicated that it would be 
possible to modify the design by relaxing the 
constraint on bay lengths. However, this bene
fit was not realized at Castle Hill East since con
struction was too advanced before the observa
tional method was introduced. The reduction 
in temporary steelwork achieved was around 
20 percent, or about 250 metric tons (tonnes). 

Sugarloaf Hill. To maximize benefit from the 
observational method at this location, the de
sign of the permanent works was changed 
from bottom-up to top-down construction. 
This change offered two main advantages. 
First, the roof slab eliminated the need for one 
level of struts. Second, and more important, it 
helped to address the problem of the worst
case scenario by providing a moment connec
tion with the walls during the critical excava
tion phase to formation level-essentially con
verting the risk of progressive collapse with 
longer bay lengths to that of limited structural 
overstress. 

The basis of the application of the observa
tional method was similar to that established at 
Castle Hill East. The original three levels of 
steelwork were reduced to one level at mid
height. This level was placed only in the most 
heavily loaded sections of the tunnel, adjacent 
to the circular shafts. A 60 percent reduction in 
the amount of the temporary steelwork was 
achieved, producing combined savings (with 
Castle Hill East) to over 700 tonnes. The success 
was reflected in an increasing rapport between 
the design and construction teams. This rap
port was very evident on-site since the benefits 
were much greater than the basic material sav-



FIGURE 4. Cut-and-cov~r construction at Castle Hill West. 

ing in temporary steelwork. Less steelwork to . 
erect and remove provided clear working 
space, which led to an increased speed of con
struction. Moreover, safer working conditions 
were created since the need to maneuver the 
heavy sections in confined spaces was reduced. 

Castle Hill West. The success of the observa
tional method at Castle Hill East and Sugar 
Loaf Hill emphasized its potential for applica
tion at Castle Hill West. Although top-down 
construction had been incorporated in the 
original design, the amount of temporary strut
ting required was substantial. Its design and in
stallation was complicated by the variable ge
ometry and large spans (see Figure 4). The 
landslip conditions also introduced additional 
soil strength and loading uncertainties. The 
low factor of safety of the slip required careful 
control of ground movements. The landslip 
consisted of an upper mass (in an active state), 
which rested against the passive lower zone 
(see Figures 5 and 6). Normal design criteria for 
the lateral loading of excavations do not cover 
this situation. The estimated landslip loading 
of 200 kN / m2 was more than twice that de
rived from Terzaghi-Peck envelopes for an ex
cavation depth of 15 meters. Moreover, a prin-

cipal factor in the previous applicationi:i of the 
observational method had been the exploita
tion of short-term soil strength by faster con
struction. Although such advantages were not 
eliminated by the landslip, three-dimensional 
effects needed extra consideration. 

Excavation was started in short bay lengths 
(5 meters) in the least-loaded areas at the west 

FIGURE 5. Castle Hill West plan. 
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FIGURE 6. Castle Hill West (Section A-A). 

end of the cut-and-cover. One level of mid
height temporary steel strutting was used ini
tially, similar to the procedure used at Sugar
loaf Hill. Satisfactory observations led to the 
bay length being increased to 10 meters. Work 
was then started in the eastern section adjacent 
to the portals with the bored tunnels. This sec
tion lay in the zone of highest lateral load in the 
landslip. Again, only one level of temporary 
steel strutting was used. With the base slab 
constructed at either end, it was finally possi
ble to complete the large central area with no 
temporary steel strutting. The original require
ment of 2,250 tonnes of temporary steelwork at 
the outline design stage was reduced to a final 
amount of 280 tonnes, 
bringing direct savings in 
materials for the cut-and
cover works overall to about 
2,700 tonnes. 

The Mansion House 
The extension of the Dock
lands Light Railway (DLR) 
from London's Tower Hill to 
Bank Station required a 
range of bored tunneling 
works to be undertaken be
neath the Mansion House .. 
This imposing masonry 
building (see Figure 7) is the 
official residence of the Lord 

I 

I 
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50 

200 300 meters 

historical heritage site. The building in its origi
nal form was built over the period 1735-1753 to 
the design of George Dance the Elder. Since 
then, it has been subject to extensive modifica
tions, including major structural alterations. 
Much of this work related to, or affected, the 
foundations. Construction of tunnels for the 
London Underground Central Line, which 
started in 1901, led to some substantial under
pinning at the northern end of the building. 
The present building, measuring about 60 
meters by 30 meters in plan, consists generally 
of five stories, which includes a vaulted ma
sonry arch basement under the northern two
thirds. 

Mayor of London and an FIGURE 7. Mansion House, north and west elevations. 
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The first phase of the DLR tunnelling had re
quired the construction of a small-diameter 
passenger link tunnel directly beneath the 
building (see Figures 8 to 10). The construction 
of the extension to the DLR required the ap
proval of the City Engineer before tunneling 
within the zone of influence of the Mansion 
House could be started. In mid-1989, concern 
for the risk of unacceptable damage arose 
when the settlement trend above this first tun
nel appeared to be exceeding the long-term 
prediction. All remaining tunneling within the 
zone of influence was halted, pending detailed 
evaluation of the implications to the building. 
Prior to the proposal to use the observational 
method, a wide range of alternative methods 
had been considered to protect the building 
before starting tunneling operations. These al
ternatives could be classed into categories de
pending on the means of protection: 

• Shielding the foundations of the building 
from the imposed settlement trough from 
tunneling by formation of a structural cur
tain wall; 

• Localized foundation strengthening, such 

(' 
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FIGURE 8. Predicted short-term settlement 
contours (in millimeters) for the overrun tun
nel and the step-plate junction. 

as underpinning and ground treatment; 
• Building strengthening, such as a system 

of structural ties; 

113.5 m 

Mansion House 
(1735-1753) k'" m •• :J I :;.; 

·\·· 

Machine Room 

QlOlm 
M~er 

Unused Stair Shaft 

Central Line 
Westbound Platform 

GWL 

82 

m (1

9
900-1912) n.i:. 

North~e 't'orthern Line 
Southbound Running Tunnel Northbound 

Gravel ,:·, 

London Clay 

Running Tunnel 
J, •. ,,m0 (1900) 

. 
- DLR Overrun Tunnel Lower Aquifer 

(1990-1991) . at +50 m 
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FIGURE 10. Mansion House: new tunnels 
within the zone of influence and electrolevels 
on the structure. 

• Elimination of the settlement effects on 
the building by compensation grouting; 
and, 

• Complete underpinning of the building 
combined with a global jacking system to 
compensatefor the imposed settlements. 

All of these preventative methods intro
duced new risks of damage to the building and 
involved substantial cost and delay. At the re
quest of the DLR, a review team was formed to 
undertake an independent assessment. This 
team reported to the project director of the DLR 
and to the City Engineer and his consultants. 
The objective was to develop a solution based 
on the least risk to the building and prevention 
of any unacceptable damage. This assessment 
led to the adoption of the observational 
method using progressive modification. 

Implementation. The application of the obser
vational method guided the overall approach 
to minimize the risk of damage to the Mansion 
House.9 It established a procedural system to 
limit this risk to an acceptably low level. The 
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approach required approval by all parties and 
involved a very low level of risk of damage to 
the building that could be demonstrated and 
controlled. A progressive approach was 
adopted wherein design changes would be im
plemented if necessary to control the level of 
risk. Construction of the DLR tunnels was well 
advanced and, in Peck's terminology, it was a 
"best way out" application. 

However, it was necessary to consider the 
long-term implications as well as short-term ef
fects. Thus, comprehensive assurance of safety 
was required. The observational method was 
implemented. An assessment of the building 
and its foundation conditions was undertaken 
(including a detailed condition survey and a 
comprehensive review of historical records). 
Detailed consultations were made with the 
main contractor to review tunneling methods 
and performance. Particular attention was 
given to the sequence of tunneling and the level 
of risk relating to each of the remaining three 
phases. The potential for realignment was lim
ited to the Central Line passenger link tunnel. 
This tunnel was relocated, leaving only the 
overrun tunnel and the step-plate junction 
within the contractual zone of influence. 

The most probable conditions were rela
tively straightforward to assess for the tunne
ling operations but were far more complex for 
the Mansion House and its foundations. The 
latter assessment was based on historical infor
mation and the current condition of the build
ing. The most unfavorable conceivable devia
tions from these conditions involved higher 
volume losses from tunneling and an undue 
sensitivity of the building to settlement. In par
ticular, deviations would indicate planes of 
weakness developing in the masonry structure 
and a response to settlement being induced in a 
bending rather than shear mode of deforma
tion.10 

Predicted surface settlements were based on 
· greenfield conditions.11 An assessment of the 
behavior of the building anticipated, under the 
most probable conditions indicated, an ac
ceptably low level of risk of damage. The main 
response was expected to be in free-body rota
tion. The response, if any, to deformation in
volving the initiation or development of cracks 
was predicted to be in a shear mode (in accor-



dance with the criteria given by Boscardin and 
Cording10). 

The primary requirement was to monitor 
and record the detailed deformation response 
of the building. The principal system of instru
mentation used to obtain these observations 
was carefully selected arrays of horizontally 
and vertically aligned electrolevels, which 
were supplemented by precise leveling. The 
electrolevels had a range of± 3 degrees, with a 
resolution of one second of arc. They per
formed to a repeatability of 2.5 seconds of arc, 
enabling the system to record slope changes to 
an accuracy of the order of 1 in 80,000. 

In total, 101 electrolevels were attached to 
the building, with 55 in the basement in four · 
horizontal strings. Each of these beam
mounted electrolevels recorded changes in 
slope between adjacent reference pins set about 
3 meters apart. The other 46 electrolevels were 
fixed individually in vertical lines to the exter
nal faces of seven of the principal masonry col
umns at the north end of the building. Subsur
face instrumentation also included horizontal 
and vertical strings of electrolevels installed in 
inclinometer tubes. These instruments moni
tored ground movements and provided a use
ful correlation with any tunneling-induced ef
fects detected in the building. Secondary 
instrumentation included a water-leveling sys
tem and spatial surveys. Details of the instru
mentation, its performance and interpretation 
of the readings are given by Forbes, Bassett and 
Latham12 and Price, Longworth and Sulli
van.13 

The calculation of values for the most unfa
vorable conditions involved higher volume 
losses from tunneling and, therefore, greater 
settlements. The overall soil-structure interac
tion was extremely complex. It was, therefore, 
considered inappropriate to use powerful ana
lytical techniques to model both the ground 
and the building, particularly as a basis for im
plementing protective measures: there were 
too many significant unknowns for such an at
tempt to predict the actual building response to 
be reliable. (Burland et al. provide apt com
ments in this regard.6) It was felt that the se
quential approach to the tunneling operations 
in the zone of influence would create accumu
lative effects. The objective was to maintain the 

risk at an acceptably low level through each 
phase of tunneling. Figure 11 presents an out
line of risks and responses. The overrun tunnel, 
which was the phase presenting the lowest 
risk, was the first undertaken. 

Trigger levels were set to initiate specific 
contingency measures. The two trigger levels 
related to the boundaries marked negligible 
and very slight risk of damage to the building. 
These boundaries were obtained by considera
tion of both angular distortion and horizontal 
tensile strain (see Figure 12). The latter was 
relevant because the building was theoretically 
subjected to a hogging deformation on the limb 
of the settlement trough. With the risk level tak
ing account of both effects, it was considered 
necessary and, indeed, practical to monitor the 
angular d.istortion. Thus, three zones of risk 
levels were established with trigger levels set 
for angular distortions of 1 in 2,000 and 1 in 
1,000. These levels were the set criteria against 
which the performance monitoring and risk as
sessment would be judged, as shown in the 
flow chart in Figure 11. This chart focuses on 
the response of the building to tunneling and 
the associated actions to maintain an accept
able level of safety. The first zone up to the first 
trigger level of a measured deformation of 1 in 
2,000 meant that tunneling could proceed as 
anticipated. The second zone, between the trig
ger levels of 1 in 2,000 and 1 in 1,000, initiated 
performing more frequent reporting and con
dition surveys of the building. If the observa
tions were ~atisfactory, the next phase of tunne
ling could proceed in sequence. The third zone, 
beyond a deformation of 1 in 1,000, meant the 
suspension of the next phase of tunneling, 
pending comprehensive assessment of the ef
fects on the building and the possibility of in
stalling one or more of a range of preventative 
measures. These works comprised various 
forms of underpinning and ground treatment, 
including compensation grouting and struc
tural strengthening. 

In addition to these sequentially invoked 
contingencies, the ability to install emergency 
strengthening in the form of steel ties was as
sessed. Such strengthening had already been 
installed at the southern end of the building 
during Victorian times. Should any preventa
tive works have been required, the instrumen-
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FIGURE 11. Flow chart for risk levels and responses. 

tation would have been used to monitor its in
stallation and performance. 

Results. Tunneling was completed without 
further delay in the sequence proposed. The 
measured settlements remained well within 
predicted values. The deformation of the build
ing was very low, with angular distortion not 
exceeding 1 in 7,000. The maximum recorded 
settlement at the northwest corner of the build
ing ( up to February 1991) was 20 millimeters, of 
which less than half was assessed as attribut
able to short-term tunneling effects. A signifi-
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cant component of the settlement was accom
modated in free-body rotation as predicted. No 
damage to the building associated with the re
maining three phases of tunneling was evident. 
Checks to ascertain whether there · was any 

· damage involved detailed condition surveys, 
including analytical photogrammetry. The lat
ter method was used to detect any effects to the 
barrel-vaulted roof that forms the ceiling of the 
ballroom. Located at the northern end of the 
building, it was likely to be very sensitive to 
differential settlement. Analytical photo-



grammetry would have 
revealed even small ex
tens ions to existing 
cracks. None were noted. b 
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was important in assess-
ing any associated risk to FIGURE 12. The relationship of damage to angular distortion and 
the building. The ongoing horizontal extension strain. 
global settlement trend 
was causing free-body settlement of the Man
sion House and as such did not present a risk of 
damage to the structure or fabric of the build
ing. 

It had been possible - through the applica
tion of the observational method on a progres
sive basis - to show that the risk of damage 
was maintained below acceptable limits and 
that the safety of the building was assured. The 
substantial costs and delays in implementing 
major protective works to the foundations 
were also avoided. The estimate for the curtain 
wall was £3 ($4.9) million, and that for the full 
underpinning scheme was £13 ($21.3) mil
lion.14 

Limehouse Link 
Limehouse Link is a major cut-and-cover high
way tunnel in London's Docklands. For this 
project, the observational method was princi
pally used to eliminate the substantial tempo
rary steel strutting system to the diaphragm 
walls.15 It was used in conjunction with an
other powerful technique- that of value engi
neering. 

The £250 ($410) million project involved 
complex subsurface construction in a con
gested urban site with significant physical, en
vironmental and planning constraints. Work 
started on-site in November 1989 but soon en
countered problems that caused delay and in
creased costs. A change order between the 

owner and the contractor was subsequently ne
gotiated. This agreement included the addition 
of a value engineering clause to the contract in 
March 1991. Value engineering is directed at 
the enhancement of value.16,17 It has been de-
fined as" a creative, organized approach whose 
objective is to optimize cost and/ or perform
ance of a facility or system." Its strong synergy 
with the observational method is evident.18 

The inclusion of the value engineering 
clause facilitated the introduction of the obser-
vational method, thus creating major opportu
nities to introduce design changes that in
creased the speed of construction and provided 
substantial cost savings. Operational safety 
was also enhanced. The principal need was to 
reduce delay to construction. In this sense, it 
was a "best way out" application. However, al
though substantial, the nature of the temporary 
strutting was not unique. The total tonnage 
basically reflected the scale and complexity of 
the project. Case history data for construction 
under such conditions was limited and inade
quate for providing comprehensive confidence 
to start on-site directly with a design based on 
most probable conditions (i.e., with no mid
height struts). The application through pro
gressive modification was similar to that devel
oped for the Channel Tunnel cut-and-cover 
construction and advantageously drew upon 
the progress achieved there. Analogous con
ceptual aspects also applied on this project, 
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FIGURE 13. Limehouse Link cross section (top-down construction). 

particularly those relating to possible failure 
modes, including brittle behavior. 

Ground Conditions. The ground conditions 
were variable and challenging, with a high wa
ter table and the presence of major obstruc
tions. The surficial soils consist of man-made 
fill and alluvium above River Terrace Gravels. 
These overlie the London Clay, Woolwich and 
Reading Beds, and Thanet Sands. The materi
als near the surface are highly variable but es
sentially relatively weak soils. The Terrace 
Gravels are typically medium dense or dense, 
well-graded and sandy. The London Clay is 
over-consolidated and of high plasticity. It is 
firm, becoming stiff to very stiff with depth. 
The Woolwich and Reading Beds are variable. 
They consist primarily of over-consolidated 
silty clays and clayey silts but with some dis
crete more permeable sandy layers. The clays 
vary from low to high plasticity. They also in
clude harder strata and, in places, limestone 
boulders. Groundwater is found about 5 
meters below ground level in the superficial 
soils. At depth, piezometric pressures have 
been affected by under-drainage to the Chalk 
beneath the Thanet Sands. The effect is detect-
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able first in the more permeable strata of the 
Woolwich and Reading Beds. The relative loca
tion bf the tunnel with respect to a typical soil 
profile is shown in Figure 13. There were also 
numerous major obstructions, including mass 
and reinforced concrete and heavy timber pil
ing. Further details of the ground conditions 
are given by Stevenson and De Moor.19 

The observational method was also imple'
mented in an attempt to eliminate the mid
height struts to the deep steel piled cofferdam 
in Limehouse Basin. Success was only partial: 
the requirements for control and level of risk 
for full application of the method were consid
ered too onerous if they were put into practice. 
For this project, the progressive modification 
approach was extended beyond its useful limit, 
although it did prove possible to improve the 
construction sequence and reduce embedment 
depths of the sheet piling by more than 80 
percent. This reduction delivered cost and time 
savings, together with a substantial environ-
mental benefit.15 · 

Implementation. The observational method 
was introduced on a progressive basis through 
a carefully controlled, predetermined sequence 



of operations designed to 
demonstrate and maintain 
an assurance of safety at all 
times. Initial analytical mod
eling indicated the possibil
ity of removing the tempo
rary mid-height struts. The 
next stage was a full-scale 
trial that demonstrated that 
the massive steel tube struts 
(1,200 millimeters in diame
ter and weighing up to 30 
tonnes), as well as the associ
ated waling system, could 
be safely eliminated (see 
Figure 14). Beyond the mate
rial savings, there were the 
advantages of greatly in
creased speed, flexibility 
and safety of construction. 
Excavation, with no struts, 
could be faster and more 
economical with larger ma
chines. Ease of steel-fixing 
and concreting was also en
hanced without having 
struts overhead. Operations FIGURE 14. Strutting trial at Ropemakers Field. 
were safer, since there was 
no longer a requirement to install, dismantle, 
move and re-erect the heavy bracing system in 
the confined space beneath the roof slab. Im
plementation was extended to a total of nine 
excavation fronts along the 1.7-kilometer tun
nel, including two in Limehouse Basin.· 

The feedback from the observations allowed 
the soil-structure model to be refined, 
permitting further modifications to the con-

millimeter thickness, thereby saving excava
tion and concrete. 

The material success at Limehouse Link 
amounted to a saving of nearly 5,000 tonnes. 
This saving comprised 5,400 meters of tempo
rary strutting and 2,700 meters of associated 
walings. Instead of being significantly delayed, 
the project was completed five and a half 
months ahead of schedule. 

struction process. Initially, excavation was Heathrow Cofferdam 
taken forward in short sections of 3 to 4 meters 
per day with an enhanced mud slab 300 
millimeters thick, which was cast in the late af
ternoon. This slab provided an extra safeguard 
in concert with the three-dimensional effects of 
soil arching. Without the struts, excavation 
proceeded faster, thereby increasing the daily 
length of excavation. Observations were com
pared with those of previous sections and 
when the results were found to be satisfactory, 
the modification was adopted. The need for the 
enhanced mud mat was similarly investigated 
and enabled its reduction to a standard 100-

The Heathrow Express (HEX) Rail Link will 
substantially improve connections between 
Heathrow Airport and Central London by 
providing a 15-minute connection from Pad
dington (see Figure 15). HEX is a privately 
owned project funded by BAA. It was fully op-

. erational by mid~1998 and partial service was 
initiated to the periphery of the airport in 
January 1998. 

Collapse of the Central Terminal Area (CTA) 
station tunnels occurred during construction 
on October 21, 1994. Fortunately, there was no 
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loss of life nor were there any injuries, but there 
was substantial damage to the works and cer
tain adjacent structures. The potential delay to 
the project at this stage was estimated 'to be on 
the order of eighteen months. An important 
early decision in the recovery strategy was the 
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· FIGURE 16. Circular cofferdam option. 
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formation of a "Solutions Team," drawn from 
the main stake-holders of the project. 

The task of the Solutions Team was to iden
tify and establish the basis for a recovery solu-

. tion regarding all tunneling work, especially 
that involving sprayed concrete linings (SCL). 
A particular focus for the Solutions Team was 
the CTA where the collapse occurred. The key 
element in the recovery solution for the CTA 
was the large circular cofferdam (see Figures 16 
and 17). The design had to address criteria that 
included substantially disturbed ground, wa
ter filled voids, major obstructions, and signifi
cant spatial and environmental constraints. 
Apart from the collapsed tunnels, other ob
structions were mass and reinforced concrete 
and a large buried construction plant. A clear 
risk management strategy was developed to 
address worst credible ground conditions by 
incorporating appropriate contingency plans. 

Following careful probing and ground stabi
lization measures, 182 secant piles were in
stalled to form the outer ring. These large bored 
piles were 40 meters long and reduce in diame
ter at a depth of 20 meters to continue as indi
vidual ("contiguous") piles. Permanent lateral 
support is provided by reinforced concrete 
rings cast directly against the piles in sequence 
with cycles of excavation. 

The ground and structure were comprehen
sively monitored with a range of instrumenta
tion including electrolevels, piezometers, ex-

tens omete rs, strain 
gauges and precise spa
tial survey. The 255 bored 
piles for the -base slab 
were installed during 
July 1996 and construc
tion of the base slab was 
completed by September 
1996. 

Central to the overall 
design and construction 
strategy was the applica
tion of the observational 
method through progres
sive modification. 

Ground Conditions. The 
ground conditions in this 
area, prior to the tunnel 
collapse, were known to 



FIGURE 17. The cofferdam during construction in April 199~ (parking garage lA in background). 

be relatively uniform with approximately 6 
meters of Terrace Gravels overlying the Lon
don Clay, which has a thickness of around 60 
meters at this location. The London Clay over
lies the Woolwich and Reading Beds which, in 
turn, overlie the Chalk (present at a depth of air
proximately 90 meters below ground level).2 

The available data 
from all the various ex
ploratory borings that 
identified the top of the 
London Clay were col
lated and sorted. The re
sults were geostatically 
kriged to provide the best 
prediction of the surface 
contours on the top of the 
London Clay, before and 
after the collapse. The dif
ference between the two 
kriged surfaces was plot
ted as contours of settle
ment as a result of the col-
lapse (see Figure 18). The 

0 "" . 

dicated that there were four localized areas of 
highly disturbed ground (shown as Zone 4 in . 
Figure 18). In view of the relatively large di
mension of the total collapsed volume (ap
proximately 6,000 cubic meters) and the subse
quent amount of excavation, it was considered 
likely that significant time-dependent soften-

IE -Zone4 IZ Cored Borehole 

[§]] ZoneJ ~ CPT Probe 

~ CCTV Probes 

U line Tunnel 

~ 
~ 

C: 
Downline Tunnel 

~ 
Ill 0 25 m 
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Ill Ill 

results of the investiga
tion, together with the 
above settlement data in-

FIGURE 18. Settlement contours of the London Clay with predicted 
zones of disturbance. 
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TABLE 1. 
London Clay Soil Parameters 

Zone2 Zone 3 Zone 4 

Level MC WC MC WC MC WC 

cu (kPa) 118-108 mTD 50+7 d 30+7 d 30+7 d 0+7 d 0+7 d 10+ 1.5 d 

108-93 mTD 105+3.5 d 85+3.5 d 85+3.5 d 55+3.5 d 55+3.5 d 
(=0.25a'v) 

'YB (kPa) 19.5 19.5 19.5 19 19 16 

c!>' (degree) 25 25 25 25 25 21 

c' (kPa) 10 5 5 0 0 0 

Strain(%) <0.1 0.2 0.2 0.5 1 N/A 

Eu/cu 700 500 500 350 150 150 

kh (m/sec) 1 X 10-8 to 1 X 10·10 1 X 10·7 to 1 X 10·9 1 X 10·3 to 1 X 10·7 

kv (m/sec) Kh X 10·1 kh x 10·1 kh x 1 

Ko (I) 1.0 0.8 · 0.8 0.6 0.6 0.6 

Notes: d = Depth below ground level MC = Moderately Conservative WC= Worst Credible 
Zone 4 extends to +95 T.D. Zone 3 extends to +93 T.D. Below +93 T.D. Zone 2 MC should be used. 

ing of the clay would have to have been initi
ated as a result of the collapse, with a further 
reduction in stresses accompanying the exca
vation of the cofferdam. 

On the basis of the site investigation and pre
dictive numerical analysis, four zones were as
signed within the London Clay as indicated in 
plan Figure 18. Zone 1 was undisturbed intact 
London Clay, but each of Zones 2 to 4 were 
bounded by two sets of properties. The first 
represented "moderately conservative" (MC) 
parameters for the mass behavior of that zone 
on the cofferdam as a whole. The subsidiary set 
were "worst credible" (WC) values represent
ing the local influences that may occur where 
pockets of the most severely disturbed soil in 
that zone could result in adverse loadings on 
the cofferdam ring. These properties are sum
marized in Table l. 

The Cofferdam. ·A range of more conven
tional schemes were considered but by De
cember 1994 a circular cofferdam was selected 
as the preferred option. At 60 meters in diame
ter and 30 meters deep, it offered a dramati
cally simple solution. Larger circular coffer-
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dams had been constructed, but not in such 
disturbed and variable ground conditions or 
utilizing a bored piled wall (see Figure 19). 
The circular cofferdam offered the following 
major advantages: 

• Complete elimination of cross strutting, 
maximizing the available space for con
struction operations. 

• By encompassing the majority of the dis
turbed ground (including most of the ar
eas of greatest settlement), it minimized 
the total volume of excavation. This re
duction was realized because it was possi
ble to arrange permanent ventilation 
shafts to the south in close juxtaposition 
with the cofferdam rather than being con
tained within a rectangular arrangement. 
In comparison with a square cofferdam 
option, there was about 20,000 cubic me
ters less bulk excavation, which was an 
important environmental and project 
benefit since construction in the center of a 
busy airport had potential to adversely af
fect airport operations. 



FIGURE 19. Secant and "contiguous" piles. 

71,600mm 

=i1,000mm 

■ Excavate to Wall Lining 2 
Formation Level 

■ Cast Wall Lining Ring 2 

■ Repeat Same Operation 
Down to Base Slab Level 

FIGURE 20. The construction sequence for the wall lining. 

CIVIL ENGINEERING PRACTICE FALL/WINTER 1998 105 



• tpt. 
O,i,. 

• •goo 
:~• . 

A 

• 
A 

• Wellhead 

Inc Ii nometers 

0 Extensometer 

A Surveying 

• Piezometer 

FIGURE 21. Cofferdam instrumentation. 

• The symmetry of the solution allowed a 
uniformly progressive step-by-step se
quence of construction for the cycles of ex
cavation and the casting of the inner rein
forced concrete Hner supporting the piles 
(see Figure 20), This rhythm importantly 
facilitated the monitoring of ground and 
structural movements so that the associ
ated trends and, in particular, any adverse 
ones could be detected at an early stage. 

This latter aspect was also highly compati
ble with the application of the observational 
method that was part of the overall risk man
agement strategy for the construction of the 
cofferdam and central to achieving further po
tential cost and time savings. In contrast to the 
previous three case histories, the use of the 
method was seen as an important element in 
the whole concept of design and construction 
of the cofferdam. It was, therefore, attractive to 
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develop a design from the start that could be 
modified during construction and one that was 
easy to monitor. 

Implementation, The observational method 
was implemented through progressive modifi
cation. The situation demanded a particularly 
robust design and one that could sustain, with 
appropriate pre-planned contingency meas
ures, the worst credible ground conditions. 

There were three main aspects in this appli
cation of the method. The principal objective 
was to control the risk associated with such a 
major excavation. This goal focused on ground 
movements and wall deflections and, particu
larly, any trends towards adverse conditions. 
The second aspect related to contingency 
measures. The method would allow timely im
plem~ntation of such measures to control 
safety. Since the design was robust, the hope 
was that the method could demonstrate what 
contingencies were not necessary or, at least, 
minimize them to mitigate their effect on time 
and cost. The added benefit of introducing de
sign changes that would save time was the 
third factor. Avoiding contingency measures or 
sequential introduction of design improve-



ments are inherent benefits of the progressive 
modification approach. 

Contingency Measures. The critical quantities 
to be measured were the deflection of the piled 
walls during excavation and the associated 
ground movements. These two factors relate to 
the flexibility of the structure and the simple 
fact that excavation will always initiate ground 
movements. The contingency measures were 
to introduce thicker, stiffer reinforced concrete 
rings in the cofferdam lining and to excavate 
down the sides, only creating a substantial time 
lag before the main central excavation. Con
struction of the reinforced concrete liner rings 

· would then progress significantly ahead of the 
bulk excavation, thus providing early support 
and limiting wall movement. 

Parametric studies indicated that under the 
worst-case scenario, maximum bending mo
ments could develop in the 900-millimeter di
ameter "contiguous" piles with deflections in 
excess of75 millimeters. This deflection was set 
as the limiting condition. The intention was to 
avoid approaching this limit by applying one 
or more of the above contingency measures at a 
sufficiently early stage in the excavation pro
cess. To successfully implement such a process 
(if necessary) would need early and reliable 
identification of deflection trends. While the 
performance of the cofferdam was continu
ously monitored throughout the construction 
process, a detailed review was set for when the 
excavation depth reached 7 meters to assess 
trends. If an adverse trend was detected devel
oping, that would have then led to the imple
mentation of contingency measures but, in ac
tuality, no adverse trends developed. 

The primary instrumentation comprised in
clinometers in the piles and adjacent ground, as 
well as precise leveling. The inclinometers 
were formed from a series of beam-mounted 
electrolevels. Secondary instrumentation in
volved piezometers, extensometers and spatial 
survey (see Figure 21). 

Performance. A summary of the deflections of 
the cofferdam wall is given in Figure 22. The 
observed · values are overall maxima for the 
various stages. It can be seen that the perform
ance was significantly better than the worst
case scenario and, indeed, was better than the 
more optimistic pi:edictions. The average maxi-

FIGURE 23. Early tunnel breakthrough. 

mum deflection of the piled walls was around 
15 millimeters. The control of the lateral 
ground movements achieved compares very 
favorably with other case histories of deep ex
cavations in London Clay.21,22 Average deflec
tions were about 50 percent less than those pre
dicted (which were assessed to be the most 
probable conditions prior to construction). De
flection trends were very evident at the 7-meter 
depth review and they enabled a variety of ad
vantageous design changes to be imple
mented. The first change was to increase the 
depth of excavation and liner ring construction 
from 1 meter to 1.2 meters. This change, which 
speeded the construction, was undertaken af
ter the completion of liner ring 9 since all those 
thereafter were of an increased depth. 

Another significant design change was the 
incorporation of early station tunnel break
throughs (see Figure 23). The original design 
plan was to take the lining sequence com
pletely down to base slab level, thus maintain
ing the rhythm of construction and the ease of 
monitoring. However, with the performance so 
demonstrably robust, it was elected to break 
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through the outer ring of piles with pilot tun
nels entering the cofferdam from the adjacent 
shafts below the current level of excavation. 
These tunnels were then subsequently en
larged to full size and temporarily plugged 
with mass concrete to maintain ring action. 
Early tunnel breakthroughs were thus 
achieved substantially ahead of the completion 
of the excavation within the cofferdam. Apart 
from advancing tunnel construction adjacent 
to the cofferdam, finishing the tunnels allowed 
early progress for track work. 

Contractual Aspects 
The observational method can be viewed as a 
procedural system to manage risk. Levels of 
risk and changes in risk always have contrac
tual implications. Consequentially, contractual 
conditions exert an important, often critical, in
fluence on the implementation of the observa
tional method. Concerns about increased risk 
are usually among the first to be expressed when 
introducing the method is considered. However, 
proper implementation of the method leads to 
increased safety. Proper implementation may be 
fundamental in "best way out" situations, but it 
is also relevant to all applications of the observa
tional method. Increased safety may be achieved, 
for example, by: 

• Converting the worst-case scenario to one 
of lesser risk; 

• Eliminating heavy and constricting tem
porary works and creating freer working 
space; and 

• Focusing awareness on the importance of 
teamwork, good communication, 
planned procedures, control during con
struction and the need for planned contin
gency measures. 

It must be possible to alter the design during 
construction and the design must fully relate to 
specific construction methods. Contractual ar
rangements must facilitate these requirements. 
These arrangements tend to be achieved most 
easily on design-and~construct contracts. Tra
ditional contracts, where a fully developed de
sign is tendered, create a separation between 
the designer and the contractor, which creates a 
barrier to relating design to actual construe-
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tion. This separation can also lead to confronta
tion. Such an environment is highly incompati
ble with the teamwork required for the observa
tional method. Good communication is essen
tial and the proper rapport between design and 
construction teams must be established. "Best 
way out" applications have to generate this 
situation, whatever the original contractual con
ditions. Similarly, for true ab initio applications, 
the appropriate contractual conditions would 
be developed before construction is started. 
Peck notes that "best way out" applications are 
the much more familiar variety.1 

However, proceeding directly with a design 
based on the most probable conditions can 
present too great a leap forward. The associ
ated level of risk perceived by some parties to 
the contract may be too high. If there is no alter
native strategy, implementation of the observa
tional method may not be approved. Con
straints can be imposed by contractual 
conditions or by design safety concerns. Con
cerns may arise from the lack of case history 
data or confidence in the quality ofinformation 
and proposed parameters. For the Channel 
Tunnel cut-and-cover construction and the 
Mansion House major design concerns were 
raised. At Limehouse Link both constraints ap
plied, but the constraints in all three of these 
case histories were overcome by using the ob
servational method through progressive modi
fication. Progressive modification is an inher
ently flexible approach and is applicable to 
either "best way out" or ab initio situations. 

The strong compatibility between the obser
vational method and value engineering was 
demonstrated at Limehouse Link.18 Both are 
oriented toward creating savings in cost or 
time. They also demand an enhanced relation 
of design to construction and require similar 
contractual conditions. The inclusion of a value 
engineering clause in a construction contract 
can facilitate the introduction of the observa
tional method. The Heathrow Express coffer
dam was one application where value engi
neering was combined with the observational 
method.23-25 The cofferdam case could be con
sidered as a true ab initio type, where the obser
vational method was planned right from the 
start at concept stage. Viewed in the contextof 
the Heathrow Express as a whole, however, it 



could be seen as a "best way out" application to 
. get the project back on-line. Either way, it was a 
progressive modification application. Progres
sive modification brought additional comfort 
and control in addressing the variable ground 
conditions and the uncertainties in soil/ structure 
interaction. Contingencies were avoided and a 
range of design improvements were achieved. 

The New Engineering Contract (NEC), 
adopted for the Heathrow Express, facilitates 
change and the formation of a single-team cul
ture made the conditions very conducive for 
the application of the observational method.26 

Published in 1995, this form of contract seeks to 
establish a fair balance of risk between the par
ties and specifically adopts non-confrontational 
language. It also helpfully brings together re
lated points rather than having them distrib
uted throughout the contract document. 

Conclusions 
The observational method can very success
fully achieve its main objectives: savings in cost 
or time, and/ or the assurance of acceptable 
safety. However, there are important limita
tions. The overall conditions to apply the 
method must be suitable. The key require
ments must be recognized and carefully ap
plied.1 It is important to identify trends and 
separate key construction-induced events from 
background or secondary effects. The rigor de
manded by these requirements is onerous. 
They impose time and cost penalties that need, 
at least, to be balanced by the benefits achieved. 
However, the direct benefits can be very con
siderable. The observational method also pro
motes the following advantages: 

• Stronger connection of design to construc
tion; 

• Increased safety during construction; 
• Improved understanding of soil/ struc

ture interaction; 
• Improvements in the use and perform

ance of instrumentation; 
• High-quality case history data; and, 
• Greater motivation and teamwork. 

Although the observational method has its 
limitations, it is still significantly under-used. 
Traditional contractual conditions can impose 

critical constraints by creating a barrier between 
the designer and the contractor and impeding a 
team approach to the management of risk. 

An incremental approach by progressive 
modification could be more frequently 
adopted to overcome contractual and technical 
constraints. A progressive modification appli
cation offers the opportunity to sequentially 
improve the design, based on feedback from 
the actual conditions, thus maximizing the 
benefits available while maintaining and dem
onstrating the required level of safety. 
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Perspective 

Memoirs of a Future 
Career 

One civil engineer casts 
himself twenty-five years into 
the future to see what directions 
new technologies might take 
the profession. 

STEPHEN M. BENZ 

The inscription on the watch reads, "For 
a Lifetime Achievement in Civil Engi
neering, presented June 15, 2023." It is a 

natural time for me to reminisce about my ca
reer, my life, family and friends as I begin the 
next phase of my life - retirement. Looking 
back today, I realize that I have been very fortu
nate to have been a civil engineer for the last 45 
years. My career spanned what has turned out 
to be the most exciting and significant period in 

, the history of the engineering profession. 
As civil engineers, we do not always get to 

work on high-profile projects. The architects 
are the ones who always get the glory - their 
magnificent structures soar to life from their 
design sketches. But as a member of civil engi
neering profession, we know that their build
ings could not stand up under their own 
weight or serve the needs of their occupants 
without our expertise. I did not enter this pro
fession for the glory, but rather for the satisfac-

tion of knowing that "I did that," and that there 
is something left behind that I have had a hand 
in building, something which will exist for 
many generations after I am gone. 

At the Start 
It seems like yesterday I entered my first posi
tion as a civil engineer, eager to light the world 
on fire. I was going to design structures that 
would outlast me, my children and my grand
children. Knowing that my descendants would 
see a civil engineering legacy left by me and my 
contemporaries made my work that much 
more rewarding. Not that my buHdings, 
bridges and utilities were any better than any
one else's, mind you. We all designed by the 
same codes and worked for similar clients. We 
used the same tools and got similar results. But 
despite the sameness of the projects, leaving a 
mark on the world - that road, bridge or even 
treatment plant that you designed - was the 
reason that I chose to follow in my father's foot
steps. 

My roots were in civil engineering. I remem
ber in the 1960s, traveling around New Eng
land with my father, who was a construction 
engineer, to visit his projects. I was amazed and 
impressed by the activity on the sites: the dance 
of the construction equipment; and the balance 
between man, machine and material that re
sulted in the completion of something that be
gan as an idea expressed on paper. The skills 
and techniques used back then were developed · 
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over a hundred years, and cannot be forgotten 
today. Although the processes we currently use 
to design and construct our infrastructure proj
ects bear little resemblance to the "organized 
chaos" of my father's era, the end goal is the 
same - to create a facility that meets the needs 
of its owner and users. 

The Impact of Change 
I feel fortunate to have worked in the civil engi
neering profession throughout the last few dec
ades, seeing us well into the twenty-first 
century. It has been exciting to see all of the 
technological changes happening around me. 
It also has been inspiring to have had a hand in 
affecting those changes, albeit in minor ways. 
In comparing notes about our own eras, my fa
ther once commented to me that the most excit
ing event in the timeframe of his career was the 
introduction of mylar drawing media! Imagine 
how he would react to how we engineer our 
projects today- three-dimensional computer
aided drawing and simulation, construction 
robots, networked design tools, instant tele
communications and all the other technologi
cal advances we are fortunate to have available 
to us and, perhaps, now take for granted. 

Having all these technological develop
ments available today does not undermine or 
diminish our value as engineers. As technol
ogy has progressed ( and continues to progress) 
we have struggled sometimes as a profession to 
adapt. Surely these technological tools save our 
clients time, money and trouble, but we - as 
design professionals- have traditionally been 
slow to change and embrace them. 

Back in the late 1980s, I remember my boss 
telling me, "There's no way we'll ever use 
CADD!" Despite his obstinance, however, 
when it came to his clients, the firm did what 
the client needed. In the end, the last resistance 
to change crumbled when the client demanded 
that we use a computer-aided design and draft
ing (CADD) system on her project so we could 
provide the plans electronically. In retrospect, 
that period marked the beginning of "The 
Great Change," as I like to think of it, more so 
than President Gates' ele.ction in 2008. Remem
ber, by that year most engineering offices had 
young principals who grew up with technol
ogy. Weaned on computer games and growing 
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up with a personal computer in every home, 
they were unlike us "dinosaurs." They had no 
preconceived aversion to, or phobia about, us
ing computers and new technologies. It was 
natural and easy for these youngsters to em
brace change. After all, they knew no other way 
of doing their engineering. But it was a lot more 
difficult for the "old timers," like myself and 
my associates, to adapt. 

Looking back, I, and my contemporaries, 
felt that any new technology was, in many 
ways, an intruder. I had seen my father design 
and construct his projects using the same basic 
skills and procedures that the great masters like 
da Vinci had themselves used. For example, he 
used a quaint old too.I called a "slide rule" to 
perform mathematical operations. For those 
who do not remember, a slide rule was a tool 
for graphically solving mathematical opera
tions. Many different ones existed to solve a 
whole range of math problems, but their basic 
principle was that it consisted of two gradu
ated scales that revealed approximations of so
lutions when they were slid together. Many 
museums have working examples. 

But I am getting off the point. As a design 
was developed, it was transferred to a trans
parent drawing medium by highly skilled pro
fessionals called drafters. These drafters 
prided themselves on the quality of their art
work and their ability to present highly compli
cated data on the plans. These manually 
drafted plans became the vehicle that a "con
tractor" (a construction company hired by the 
owner) used to construct the finished project. 
You have got to keep in mind that those were the 
days when projects were delivered by separate 
parties - the engineer, owner and contractor. 
The separate nature of these relationships was 
favored over today's "all-one" project delivery 
systems, which can be attributed directly to the 
record number of lawsuits and claims between 
these parties that arose during that period. 

Changes in the Design & 
Construction Processes 
The processes of design and construction have 
not changed much in hundreds of years prior 
to the advent of computers. However, when 
computers came onto the scene, it was natural 
for us to give them to our drafting depart-



ments. We replaced their pens and pencils with 
mice, drawing tablets and touchscreens. These 
systems allowed the drafters to draw plans bet
ter and faster. We found that the drafters could 
effectively use these computer systems and, as 
time progressed, other computer-based tools 
were developed and were further integrated 
into our firms. Before long, designers, engi
neers and even project managers were using 
these tools. 

Speaking of project managers, there was a 
time when few project managers really under
stood how their staff was using these new com
puterized systems to produce designs. None of 
the "more mature" management staff had any 
experience using the methods, techniques and 
tools with which their own staff were working. 
It was not until years later that project manag
ers became fully aware of the implications of 
how computers were affecting their jobs. 

The tools that I refer to are quite unlike the 
systems that we use today. They were kludgy, 
complicated programs that often just refused to 
run, and crashed or froze on a whim. Programs 
- like CADD application software - were 
dominant. Someone figured out that the com
puterized drafting systems that we were al
ready using could also have a place in the de
sign process. An engineer would perform 
calculations, for example, and output the re
sults of those calculations, using the computer, 
to a plan. Instead of having to perform geome
try calculations for a highway layout and plot 
them out for a drafter to trace, he or she could 
push a button and let the CADD system gener
ate the plan that displayed the design informa
tion. As more time passed, around the turn of 
the millennium as I recall, most design engi
neers were using computer tools that gener
ated their output to plans. This process was not 
popular with the drafters, many of whom saw 
their roles threatened. 

As designers, we spend a lot of our time in
terfacing with computers. To date, we have 
mainly automated a traditional plan-design
draft-build process. We may have automated 
the design and drafting to a certain level; but 
the real changes are yet to come. Imagine a 
mysterious device where you can input specifi
cations like "five-story building, 15,000 square 
meters, climate 'northeast,' color grey" and get 

a complete design for the structure out the 
other end in seconds! This "black box" technol
ogy is possible today, and this design process 
might become the standard for the design pro
fessional of the future. The codes, algorithms 
and technologies exist right now. 

Near the turn of the century there was great 
emphasis on the computer-based visualization 
of projects. In those days, hot-shot CADD de
signers amazed everyone by creating animated 
walk-throughs of the facilities they designed. 
In fact, in 1988, I rendered a CADD-based 
model of a building being designed at my firm. 
I recall working all night to set up each frame of 
the "movie" that I was producing. About 24 
hours later, the animated walkthrough was 
complete - which consisted of about 15 sec
onds of movie. 

. Since tpen, CADD-based visualization 
evolved from those crude, time-consuming 
low-colored images to photorealistic animation. 
Now, it is difficult to tell if these state-of-the-art 
images are real photographs or CADD mock
ups. Visualization today is continuing to be
come more realistic, easier to accomplish and 
more sophisticated than ever. Three
dimensional virtual-reality models are com
monplace. Nowadays you can move through 
CADD models at your own pace, stopping per
haps to see how the conference room looks, or 
finding design errors long before a single 
change order could be required because you 
can actually "see" and inhabit the structure 
way before breaking ground. Such virtual
reality CAD seemed so far-fetched not too long 
ago, but it has become indispensable to creat
ing sound design work. 

Revamping & Integrating 
the Work Process 
Up to the 1990s most design teams and clients 
had to meet face-to-face or use telephones. 
Working on a design was often a complicated 
process of trying to schedule meetings and it 
often required a good deal of travel, some of it 
on a world-wide basis. Changes in how design 
professionals communicate while on a project 
greatly influenced productivity and workflow, 
as well as the quality of the work. 

One technology that emerged at the end of 
the last century was key in linking every par-
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ticipant on the design team together. That old 
World Wide Web on the antiquated Internet 
provided a medium upon which design and 
construction team members could share data. 
Project web sites let all team members share 
CADD drawings, issues and documents freely, 
independent of computer type or location. Us
ing the Internet (or as best as it could be used), 
anyone with an Internet access account could 
participate in design and construction collabo-

. ration, regardless of their location - whether 
the job site or design office was located down 
the street or across the country. 

Telecommuting was also in its infancy at 
that time. In some firms, employees started to 
work effectively from their homes, or even on
site, for at least a portion of the week. As our 
telecommunication systems become more so
phisticated, and as the functions of the com
puter, phone, fax and television became more · 
integrated, the "virtual office" developed to al
low project teams to hold productive, cost
effective and less time-consuming (requiring 
less travel as well as less time for information 
exchange) teleconferences. 

When design networking and the virtual of
fice allowed engineers to break the bonds of 
commuting, we then achieved, at last, true de
sign process collaboration. Using virtual
reality CADD, our computer models are dis
played to clients and collaborators. The three
dimensional walkthroughs that we take for 
granted today permit us to simulate every de
tail of the facility we are designing long before 
we commit our design to the construction ro
bots. 

Different Work Ethics 
Technology itself was only one factor affecting 
the change in the way civil engineers per
formed their work. Societal changes also drove 
the need to streamline project delivery sys
tems. Most workers before the turn of the mil
lennium worked 40 or more hours per week, 
sometimes working "around the clock" to fin
ish a project near its deadline, Some workers 
back then actually enjoyed working long 
hours. In most firms, employee compensation 
was tied to the amount of time the employee 
worked on a project. More time spent on a proj
ect translated into higher financial reward for 
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the employee. In addition, before the advent of 
the virtual office, commuting to work raised 
the time commitment required of an employee 
by several hours per week. Our new technol
ogies gave rise to an increase in leisure time -
now we can produce more designs than before, 
and still have more free time. 

Once we realized the value of the services 
we provide for our clients, we could break the 
binds of our time clocks, (For those unfamiliar 
with the term, a time clock is a recording device 
that was used to determine how long employ
ees worked on a project. That system was 
widely used to bill clients for time spent work
ing on a project. There was an old saying: "It 
doesn't matter how long it takes to design 
something, unless you get paid by the hour!") 
We finally managed to convince our clients that 
our designs were worth a set dollar value to 
them, rather than the cost of our time, overhead 
and profit. Today, the time spent to complete a 
project is irrelevant, since clients are billed for the 
value of our services to them. Because we now 
charge our clients for the value of our services 
rather than the time we spend on a project, the 
business of engineering has never been healthier. 
Now we make more money in less time. 

The Power of the Few 
Design offices back then consisted of many em
ployees: managers, engineers, drafters and ad
ministrative staff- all of whom were essential 
to produce a complete design. When computer 
technology arrived, it served to "level the 
field." Small firms could compete with large 
firms by virtue of their new computer-based 
design capacity. Using the computer, the need 
for many people in a design office diminished. 
Many of us struck off on our own. After all, we 
could produce the same amount of work with 
minimal staff and in less time using the tech
nology as it evolved. It was at that point when 
the American Society of Civil Engineers 
(ASCE) experienced .1 rebirth. Our engineering 
resources dried up when we were no longer 
surrounded by our peers and mentors in our 
new, diminutive offices, and ASCE provided 
us with a network and a collegial environment 
with which to share our knowledge with our 
contemporaries, as well as to train successive 
generations. 



The Importance of Timely & 
Effective Communication 
One of the most significant developments in 
our profession centered around the communi
cation network that we now take for granted. It 
was not always so easy to design a facility and 
collaborate with the other members of the team 
as it is today. 

Before the millennium, technology was 
emerging that would ultimately lead to the 
creation of WorldNet. As everyone knows, 
WorldNet is the successor to yesterday's Inter
net. The technology of the communication in
frastructure that carried data over the Internet 
was, indeed, a hundred years old. At the turn of 
the millenium, telephone lines served as the 
backbone of the communication system before 
WorldNet. That network of voice-only hard
wire and switches was originally designed to 
carry analog pulses over copper wire. In the lat
ter half of the twentieth century the owners of 
this network attempted to squeeze data and 
voice into these same 100-year-old wiring sys
tems. Once people started to explore the use of 
data communications on this ancient telephone 
network, the proverbial floodgates opened. Af
ter getting a taste of how sending data to one 
another could streamline the design process, 
most professionals clamored for greater access 
to this method of communication. Data, voice, 
images and video, as well as just about all other 
types of electronic information, were flying 
around the world on the Internet from computer 
to computer in the ancient and decrepit tele
phone infrastructure - until The Crash, that is. 

The Crash underscored the importance of a 
solid communication infrastructure. By end of 
the millennium, the telephone network sys
tem was being pushed far beyond its capacity. 
That system could not handle the deluge of 
data it was expected to carry. A secondary net
work of "broadband" emerged. This broad
band network was designed to carry televi
sion signals (video and audio) and never 
really caught on as a supplemental data net
work. WorldNet, the satellite-based data sys
tem that we use today, was designed and im
plemented specifically as a digital data 
network. When it was implemented after The 
Crash in 2003, WorldNet fulfilled the need for 

a solid, fast and dependable communication 
network that we still use. We would not be 
where we are today without simultaneous 
bidirectional satellite-based data transmis
sions with state-of-the-art fiber-optic ground 
links. 

New Construction Methods 
Construction robots - or "ConBots" as they are 
affectionately called - have taken over the 
construction aspects of our projects. Before the 
millennium, firms specializing in construction 
methods were tasked with building our de
signs. Using the plans we developed, they as
signed personnel, machinery and material re
sources to construct the projects. 

However, acceptance of the technology of 
Con Bots would not have been possible without 
some changes being made to our project deliv
ery systems. When the design and construction 
industries finally realized that working to
gether made a lot more sense than suing each 
other, our computerized design data became 
available for direct use by the constructors of 
the projects. In the old days (when the owner 
hired the designer arid contractor under sepa
rate contracts), the designer had no direct, con
tractual relationship with the contractor. 
Therefore, the designer was unable to partner 
with the contractor for the good of the project. 
Furthermore, the owner often selected the de
signer and contractor.on what was called "low
bid" basis. These factors combined to create 
tension between team members, and it often re
sulted in litigation between parties for lost time 
and profits. (Now, who bothers to spend 
money and time in a court room these days?) 

Con Bot robot technology had its roots in me
chanical engineering. In the 1980s, computer 
numerical control (CNC) was being used in the 
manufacture of machine parts. CNC machines 
received computer code and translated these 
instructions into parts machining operations. 
Thus, a CADD picture of a machined gizmo · 
could be used to actually fabricate the part us
ing CNC manufacturing. ConBots do the same 
thing, only on a grander scale. Design data 
from the virtual-reality CADD system drive 
the operation of the on-site construction robots. 

Construction robotic technologies had been 
developed in the United States at several dem-
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onstration sites back before the millennium, es
pecially as research projects at leading civil en
gineering universities. Back in the 1990s, I 
recall one university was using construction ro
botics technology to drive a backhoe using 
CADD design information that was also linked 
to a global positioning system receiver. An
other had a robot that could build masonry 
walls by receiving instructions from a com
puter that was processing design data. 

The main turning point in construction ro
botics had to be the beginnings of its imple
mentation in the 1990s. My vision of the engi
neering future was rocked back in 1993 when I 
attended a symposium hosted by the Society 
for Computer-Integrated Building Systems. A 
series of presentations were made at the sym
posium regarding interfacing CADD data with 
construction robotics. Several Japanese firms 
were experimenting with automated building 
systems that used robotic technologies. One 
such firm demonstrated an automated build
ing system that used robots to completely erect 
a multi-story building. Robots were being used 
to deliver materials to the site, erect steel, weld 
columns, erect walls and pour concrete. Thero
bots would then climb the newly erected col
umns and weld the next layer of steel framing. 
Once the frames were in place, floor and wall 
panels were erected, and the process was re
peated for each floor of the building. Working 
virtually unattended 24 hours per day, the ro
bots worked tirelessly to construct a complete 
building. Only the finishing work was left to 
human workers. At the time, this demonstra
tion seemed like a revolutionary event to me, 
yet it received suprisingly little reaction from 
the design and construction communities. In 
hindsight, these early systems were the precur
sors to the ConBot systems we take for granted 
today. 

No End to Computing Power 
As designers, over the past 40-plus years, we 
have witnessed some of the· most important 
and revolutionary changes that our industry 
has ever seen. Since computers were intro
duced into the mainstream of our offices, their 
capabilities have continued to grow exponen- . 
tially over brief periods of time. Since the de
velopment of the microprocessor in the early 
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1980s, computing capacity has roughly dou
bled every 18 to 24 months. This rapid growth 
has resulted in the computing power we take 
for granted today. In the late 1990s, the average 
desktop personal computer had more comput-· 
ing power than a mainframe computer from 
the 1960s. On our desks right now are systems 
that rival the power of the mammoth 
supercomputers that once directed space shut
tle flights and the interplanetary explorers 
from the 1990s. Processing speeds and storage 
capacities have skyrocketed. Why even today's 
pocket computer technology bears little resem
blance to the hardware technology available 
before the turn of the millennium. 

Into the Future 
If you are reading this as you begin your career 
(as mine is ending), keep an open mind about 
technology and its ability to affect change in 
your role as an engineer. So many of my early 
compatriots chose to let the technology revolu
tion pass them by and, in hindsight, these peo
ple severely limited their careers. Those who tol
erated change survived intact. Those engineers 
who saw technology as a new and exciting tool 
are the ones who thrived, and who drove the en
gineering profession into the twenty-first cen
tury. These visionaries saw the potential to en
hance the quality of our projects through the use 
of technology, and they made it happen. 

Since the advent of the personal computer, 
there does not seem to be a limit to the consis
tent and predictable growth of computer 
capability. Will this ever-increasing computing 
potential mean that we as engineers will keep 
performing our calculations faster? Or will the 
new computing power allow us to design us
ing methods never before possible? I believe 
the answer is "both." 

The changes in the civil engineering profes
sion at the end of the last millenium were the 
beginning of a very exciting period for us. To
morrow's changes are not driven by what tech
nologies are currently available, but rather by 
the need for the technology itself. If we as de
signers and builders have a need for a 
technology-based solution, it will come. It is 
just a matter of when. 

Where does the future lie? Certainly, no one 
can predict where it will lead us. After seeing 



the changes I have seen in the last 45 years, I be
lieve that the future of the engineering and de
sign professions will be as exciting as ever. It is 
said that technology "evolves." Rather than ac
cept a passive evolution, civil engineers can 
shape, enhance and adapt emerging technol
ogies for their own specific needs. Civil engi
neers should continue to play a leading role in 
shaping future technologies to meet whatever 
needs they have as we prepare to expand past 
the limits of our own universe. 

NOTES - In assembling my "vision" of the future 
for civil engineering, I have tried to extrapolate on 
some recent real-time advancements in the field of 
computers and civil engineering. No one can see the 
future, but the future surely will be forged by some of 
the exciting technological developments happening 
in this present day. As a fan of good science fiction, I 
believe that the best of that genre is based in science 
fact. Although I have used no references to "warp 
drives" or "wormhole transport," I have taken a few 
liberties - maybe a leap of faith or two in this arti
cle. My ConBots, virtual-reality CADD and the 
virtual office are not merely the lunatic ravings of a 
civil engineer dreaming his "what-ifs." Rather, they 

are ideas bounded in today's science fact. Each idea 
presented in this article can and actually may hap
pen. 
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web: www.vhb.com 

Other offices throughout the Eastern 
United States 

Your Single Source 
If you are involved in site selection, design~ construction, or property 
and facility management, PSI is your single source for geotechnical · 
engineering, construction testing, and environmental consulting services .. 
Environmental Consulting 
• Asbestos and Lead-Based Paint 

Management 
• Underground Storage Tank 
• Industrial Hygiene 
• Site Assessments 

Geotechnical Engineering 
• Subsurface Investigations 
• Slope Stability 
• Settlement Analysis 

l •J Information 
~ • ~To Build On 

Engineering • Consulting •. Testing 

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

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

905 Turnpike Street, Suite H • Canton, MA 02021 • 781/821-2355 
124 Heritage Ave., Unit 1 • Portsmouth, NH 03801 • 603/430-8934 
120 Pershing Street • East Providence, RI 02914 • 401/438-7320 

55 State Street • North Haven, CT 064 73 • 203/239-3353 
12 Alfred Street, Suite 300, #35 • Woburn, MA 01801 • 781/933-6259 
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!olvlng Problems Unde~round 
However difficult the ground only Hayward Baker 

has the complete diversity of Ground Modiflcation'm 

techniques to offer the optimum solution to 

your geotechnical problems. 

Offering Solutions Using: 
Chem lcal Grouting, Compaction, 

Cement.Jet and Sollfr;ac•m Grouting; 

Deep Soll Mixing; Dynamic Deep 
Compaction1m; Vlbro Systems; 

Minipiles;Soil and Rock 

Anchors; Injection 
Systems for 
Expansive Soils; 
Slurry Walls 
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laiLEI 

f[ 
l 

•Architects 

•Engineers 

•Planners 
.... ~-···t~: 

'"1; ii, t 
. Built/,ing IJ ,''<:ks ... to continuqlly 

~uild upqn a ·. trengthen the services 
\! weirovi ·· Teach of our clients 

' 

Orlando San Francisco 

Through 
fifty years of ingenuity 
we are 

Redefining 
consulting services lo meet the 
social and technological challenges 
of !he 21 sf century Y' 

1946 

EDWARDS AND KELCEY 

THE SCHRAFFT CENTER 
529 MAIN STREET, SUITE 203 
BOSTON, MASSACHUSETT 



LEADERS IN THE 
PRECAST CONCRETE 

.------ INDUSTRY ----. 
CONSTRUCTION 

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

WATER/WASn WATER 
• Pump Stations • Water Tight Tanks 

HIGHWAY /UTILITY 
• Median Barrier • Box Culvert 

• Light Pole Bases • Manholes 

• Curbing • Handholes 

"SPECIAL ENGINEERED CASTINGS" 
NPCA Certified Plant 

70 E. Brookfield Rd., N. Brookfield, MA 01535 
(508) !;16 7-8312 (800) 242-7314 

OFFICES 

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

Health & Safety 

Waste Containment/ 
Geosynthetic Engineering 

.l(ir; Mctf/i>rtl S/rc<'I, Suite 220(/ 
1/0,/011, Mi\ 02129-1-UJO 
fi>/: li/7.886.7.J(}(} 
rax: 617.886. 7MW 
[111t1il: BOS@l lt1fcy1\ltlric/1.co111 
Wei,: n•wm/111J,,_11t1ltfricl,,co111 

Professionals 
in 

Engineering, 
Science, 

& 
Construction 

CiZ\ 
Construction Monitoring/QC 

Remedial investigations 

Drilling/Sampling 

Wetlands/Permitting/ 
Wastewater 

Solid Waste Management 

Geotechnical & Environmental 
Laboratories 

RCRA Monitoring/Audits 

olnvlronmental, Inc. 
Street, Newton, MA 02464 

Fax: 617.965.7769 www.gza.net 

'RB Toe 
Geotechnical 
Group Inc. 
CONSULTING GEOTECHNICAL ENGINEERS 

• Geotechnical Engineering 
• Geoenvironmental Engineering 

· • Geohydrology 
• Site Remediation Studies 
• Soil Testing Laboratory 

100 CRESCENT ROAD, NEEDHAM, MA 02194 
TelephoD:e 617-449-6450 
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ENGINEERS • PLANNERS• ARCHITECTS • CORROSION 
SPECIALISTS • CONSTRUCTION ENGINEERS & INSPECTORS 

With our subsidiary S. G. Pl1111ey & Associates, l11c. we are 
providi11g the public and private sectors witl, services such 11s: 

Cu11str11ctlnn Englm.!1.wlng t1nd lnspect/nn ♦ 1ruffic & 1'ra11Jpc1riation Engl11oarln,: ♦ /Jridgu & 

S1ruc111ral Rnglnl!C!ring ♦ Struclllral Painting Dusigll and Jrupecllo,r ! Afunlclpal E,,giueering ♦ 

S11noey. Mapping, Aerial PJ,otogrammelf')' ♦ GJSIGPS/1.JS ♦ Diglttrl Fi11ld Duin Col/11c1lon 

Sy.'ili:ms ♦ Prugrum Munu.,cnumr ♦ Highway Design ♦ Cosl Estimates ♦ Llmd Planning c,m/ 

Daal,:n ♦ Purks &: Rerntullonal Design ♦ Htr..urtfous Material Munagtmenl ♦ Envlmumentul 

Scl,mcas ♦ R4!giom,l Plat1tring ♦ Archltecrural Design ♦ Coastal & Marlnf! E11glneerlng ♦ 

Corrosion Conlrol ♦ U11denvater Inspections 

··• .... 
33 BOSTON POST ROAD WEST 

MARLBOROUGH, MA 01752 
508-481-7200 

160 NORTH WASHINGTON STREET 
BOSTON, MA 02114 

617-723-9099 

-om,es-
New York • New Jency •Connecticut• Massachusetts• Vermont• New Hampshl~ 

1/
/,. Pennsyh•anla • Maryland • Norcb C1rollna • Virginia • Florida ~ 

. Loalshma • W11blngton • IJllaoll • Tens • California 
I'// Japan ·, .... '-. 

/J{:;::..---· www.gplnetcom --~:_-:;~~~ 

■sTv Incorporated 
engineers architects planners constructio11 managers 

HIGHWAYS 

BRIDGES 

AIRPORTS 

BUILDINGS 

INFRASTRUCTURE 

ENVIRONMENTAL 

·STUDIES/ ANALYSES 

2 3 0 C o 11 g I e s s S I re e t, 8 o s I o 11 , M A O 2 I I 0 
Tel 617/482-7298 FAX 617/482-1837 

Website: ww11·.stvinc.co111 
Ofli, e Loca/1011.1 1hro11glw111 rhe Co11111rr 

Daylor 
Consulting 
Group 
Inc. SERVICES 

Engineers 

Surveyors 

Scientists 

Planners 
Landscape 
Architects 

Ten Forbes Road 
Braintree/MA 02184 
Tel. 781.849.7070 
Fax. 781.849.0096 
Web. www.daylor.com 

■ Site Design & Engineering 

■ Property & Topographic Survey 

■ Land Use Analysis & Expert Witness Work 

■ Surveying, Mapping, & GIS Services 

■ Project Permitting & Environmental Impact Reports 

■ Regulatory Review/Interpretation 

■ Coastal and Wetland Resource Analysis 

■ Environmental Services 
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Peter E, Murphy 
Vice President 

AMMANN & WHITNEY 

Ammann & Whllney Consulting Engineers (MA), P.C. 
225 Friend Street, 5th Floor 

Boston, MA 02114 
617.523.7190 Fax 617.523.4526 

pmurphy@ammwhlt.com 

ANDERSdN-NICHOLS 
c/~~dltw. 
ESTABLISHED 1922 

ENGINEERS• ENVIRONMENTAL CONSULTANTS• ARCHITECTS 

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

15 CONSTITUTION DRIVE 
BEDFORD, NH 03110 

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

BETA ENGINEERING, INC. 
Engineers/ Planners 

6 Blackstone Valley Place Linco:n, RI 0·2ass 401.333.BETA 

1420 Providence Hgwy, - Suite 117 Norwood. MA 02062 61~.255.1982 

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

CDM 
consulting 

engineering 
construction 

operations 

nJ. 
D-!ILOS 

ENC:ilNEERNC3 
COAPOaATIClN 

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

CHILDS ENGINEERING 
CCRPCRATICN 

\VA 11 Ill l(ON I I NCINI I lllNG 

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

• DESIGN I suPEFiV1s1oi-J 
• DIVING INSPECTION .• 
e CONSUI.TATIQW. 

Professional Services 

~ 
PENNONI ASSOCIATES INC. 

CONSULTING ENGINEERS 

• Civil 
• Structural 

• Traffic 
• Environmental 

Barnes and Jamis Division 
25 Stuart Street, 6th Floor 

Boston, MA 02116 

Tel: 617•542otl521 

Fax: 617•426•7992 

Complete Engineering, Architectural, and 
Management Consulting Services 

'9. 
BLACK & VEATCHLLP 

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

http://www.bv.com 

BSC 
The BSC Group 

Engineers 
Environmental Scientists 

GIS Consultants 
Planners 

Landscape Architects 
Surveyors 

425 Summer Street Boston, MA 02210 617/330 5300 

BRUCE CAMPBELL 

& ASSOCIATES, INC. 
TRANSPORTATION ENGINEERS AND PLANNERS 

~ 
~ 

38 CHAUNCY STREET 
BOSTON, MA 02111 
(617) 542-1199 

COLER& 
COL/lNTONIO~ 

Tel: 781-982-5400 
Fax: 781-982·5490 

101 Accord Park Drive 
Norwell. MA 02061 
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Professional Services 

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

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

Burlington, MA 

Boston, MA 
Bedford, NH 

Newington, CT 
Newark, NJ 

1-800-835-8666, _______ N_ew_Yi_o_rk,_N_Y 

P. GIOIOSO & SONS, Inc. 
~ ~ Su,a 1962 

50 Sprague Street 
Hyde Park, Massachusetts 02136 

(617) 364-5800 

FRANK GIOIOSO 

Survey Englneers-0f Boston• William S. Crocker Co. 

J F. Henness'{ Co./Brookline • New England Survey Service 

GUNTHER ENGINEERING, INC. 
Consulting Civil Engineers and Land SuNeyors 

Gunther Greulich, PLS, PE 

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

268 Summer Street 
Boston, MA 02210 

I: I~ ii =I t:ORPORATION 
50 Milk Street Boston, MA 02109 

(617) 542-6900 - phone (617) 542-6905 -fax www.hntb.com 

Architecture 
Aviation Facilities 
Landscape Architecture 
Planning 
Construction Management 

Structural Engineering 
Transportation Engineering 
Environmental Engineering 
Civil Engineering 
Construction Engineering 

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

Services • Water Pollution Control 

• Transportation & Civil Engineering 

GEOSCIENCES TESTING 
AND RESEARCH, INC. 

Sptrialiling in fynanic and Static 
Tating &Analysis if Deep Foundmions 

55 Muldlt!Sl!X Stred, Mail Box 225 
North O,eJmiford, M4 01863 

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

GUERTIN & ASSOCIATES, INC. 

CA 
Environmental & Transportation 

· Engineers 

91 Montvale Ave., Stoneham, MA 
02180 

tel: 781-279-2288 fax: 781-279-7993 

i.: n1<11I mlo a gL1c1 Im ,1ss\lLl,\lt::-. llllll \\ch \\ \\ \\ guc1Un as"OLl<ilcs ttllll 

spanning 
over two centuries ... 

providing services for fixed and 
movable briages, highways1 rail/transit, 

tunnels, ana special strucrures with 
heavy machinery and electrical controls. 

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

Web page: hardesty-hanover.com 

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

AS IO CI At IS 

Howard/Stein-Hudson Associates, Inc. 
38 Chauncy Street, Boston, Massachusetts 02111 

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

(212) 645-9031 • FAX (212) 645-7940 

A.G. Llcblaisttln & Assodales, lac. 
Comulti,,g &glnun 
4S Eisenhower Drive 

Paramus. New Jersey 076S2 
Tel. (201) 368--0400 
Fax (201) 368-3955 

Web page: http://www.hshassoc.com 

BRIDGES 

HIGHWAl'S 

RAJLW..CY.i 

HISTORIC STRlJCf'URES 

DAMS 
!0£ 

-\I\\ llll',I\ ~,!\\\filth: 1\,.;-\l\\,1\ . 
{OV\I( IICI I 01110 1111\UII\ 



MARINE CIVIL ENGINEERING 

PORT & HARBOR• COASTAL & OCEAN • STRUCTURAL 

JOHN GAYTHWAITE, P.E. 
CONSULTING ENGINEER 

MARITIME ENGINEERING CONSULTANTS, INC. 
155 PINE STREET 

MANCHESTER, MA 01944 
978-526-4071 

Civil Engil'Mlers 
Planrers 
Land SUJVeyOrs 
Ore Applelon Sireet 
Bosloo, fy1A02116 
617-338-0033 
Fax: 617-338-6472 
e-mail: jrei@jrei.oom 
hllp://www.jnei.com 

§:§== PARSONS 
~ § = BRINCKERHOFF 
~~!!R 

The First Name in Transportation 

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

Offices Worldwide 

Asaf A. Qazilbash & Associates 
120 Beacon Streel 
Boston, Massachusetts, 02136·3619 
Tel: (617)-364·5361,4349,4754 
Fax: (617)-364-2295 

Geotechnical . Environmental . Civil . Structural 

Planning . Investigation . Reports • Design . Construction 

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

Site Assessments • Hazardous Wastes . Infrastructure 

Civil Engineering Practice on the Web: 

www.quale.com/ cep / cephome.html 

Professional Services 

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

Norwood 
Engmeertng 

Norwood Engineering Co., Inc. 
Consulting Engineers 
and Surveyors 

Matthew D. Smith, P.E. 
President 

1410 Route One• Norwood, Ma. 02062 • (781) 762-014.l 
9.5 State Road • Box 207 • Sagamore Beach, Ma. 02562 • (508) 888-0088 

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

Professional Stone Deposit Evaluations 
Cost-Effective Subsurface Investigation 

Geotechnical Troubleshooting 
Concise Concrete Petrography 

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

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

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

STEEL DESIGN AND CONSTRUCTION 

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

URSGreiner 
Engineering & Architectural Services 

P.O. BOX 663 
CANTON,,MA. 02021 

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

LEE MARC G. WOLMAN 

CIVIL ENGINEER 

172 CLAFLIN STREET 

BELMONT, MASSACHUSETTS 02178 

(617) 484-3461 
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Professional Services 

· Weston & Sampson Environmental 
Consultants 
since 1899 E N G I N E E R S, I N C. ,x 

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

l~ZALLEN 
ENGINEERING 

1101 Worcester Road 
Framingham, MA 01701 

Tel. 508 I 875-1360 

Investigation of 
Structural Failures 

Investigation of 
Problem Structures 

Consulting in 
Structural Engineering 

Advertisers' Index 
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