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Study 

Effects of Increased 
Wind Loads on Tall 
Buildings 

Long-term global warming 
and climate change may 
increase wind loads, which 
may have negative effects on 
the performance of existing 
tall structures. 

MASOUD SANAYEI, LEWIS EDGERS, 

JOSEPH ALONGE & PAUL KIRSHEN 

Arecent report accepted by most nations 
of the world, and supported by most 
scientists in the United States, stated 

that "emissions of greenhouse gases and 
aerosols due to human activities continue to 
alter the atmosphere in ways that are expected 
to affect the climate."1 In Boston, Massachu
setts, the average annual temperature could 
increase by as much as 6 to 10°F by 2090. The 
lower limit increase in annual average tem
perature would make Boston's climate similar 
to that of present-day Richmond, Virginia. The 
higher temperature increase would make 
Boston's average temperature more like that 
of Atlanta, Georgia.2 Other expected changes 

in metropolitan Boston's climate due to this 
warming are increased precipitation and a 
continued rise in sea level. The likelihood and 
speed of extreme winds may also increase 
and, thus, wind loadings on tall structures 
may also be increased. 

To analyze the possible effects of increased 
wind loads due to climate change on tall 
buildings in Boston, a finite-element building 
model was used. This model represented an 
idealized representation of a fifty-story tall, 
slender structure on a shallow continuous 
concrete mat foundation. The frame was 
assumed to be a moment resisting steel frame 
with concentric bracing at the core for lateral 
resistance to wind forces. The assumed sub
surface conditions, typical of the original colo
nial Boston peninsula, consisted of dense gla
cial till capable of supporting the large loads 
of a tall structure. 

Introduction 
Metropolitan Boston has experienced a num
ber of periods of active construction and 
expansion over the past three hundred years, 
each producing some unique elements of 
urban infrastructure. Johnson notes that some 
of the buildings that have survived from the 
1700s were built on solid ground and were 
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TABLE 1. 
A Comparison of the Model Fifty-Story Frame to Existing Structures 

Australia: 
Melbourne 

Criteria Central 

Height (ft) 692 

Stories 54 

Levels Below Grade 3 

Frame Material Steel with 
concrete core 

Typical Live Load (psf) 80 

Basic Wind Velocity (mph) 112 

Allowable Lateral Deflection (ft) 0.33 

Foundation Type Combined mat 
& footings 

Story Height (ft) 13 

Beam Span (ft) 38 

Beam Depth (in) 21 

Beam Spacing (ft) 10 

Slab (in) 4.75 

probably supported on granite footings. 3 

Other buildings, such as Faneuil Hall and 
Quincy Market, had to be supported on tim
ber pilings driven through fill and underlying 
mud. The Back Bay was filled during the sec
ond half of the nineteenth century and experi
enced the construction of many three- to six
story townhouses as well as some large public 
buildings such as Trinity Church, Horticultur
al Hall and the Copley Square Library. Most of 
these structures were founded on untreated 
timber piles that were driven through shallow 
fill and organic layers to underlying sands and 
clays. The twentieth century brought little 
major new urban construction until the 1960s. 
The construction of the Prudential Center at 
about this time began a period of active con
struction that has continued to this day. 
Currently, the tallest building in Boston is the 
788-foot-high, sixty-story John Hancock 
Building, which was built in 1969.3 

A structure of the size and foundation type 
selected for this study, a fifty-story office 
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Japan: Boston: Fifty-
Hamamatsu Texas: Four Story Frame 
ACT Tower Allen Center Model 

695 691 600 

47 50 50 

2 2 2 

Steel Steel Steel 

100 50 77 

67 92 90 

3.5 (or H/200) 1 .7 (or H/400) 1.2 

Piles Mat Mat 

10 13 12 

33 40 25 

27.5 25 31.7 

10 15 25 

7 3.25 4 

tower founded on a concrete mat, must be 
supported on very strong soil or rock. The 
glacial till in Boston is capable of supporting 
loads from such large structures, with allow
able bearing pressures as large as 10 tons per 
square foot (tsf).4 Several different types of 
framing systems are associated with tall 
structures. Braced frames rely on the axial 
stiffness of the framing members to resist lat
eral loads. The geometry of these systems is 
often governed by the specific needs for 
access and openings in a structure. Moment 
resisting frames consist of rigidly connected 
beams and columns. The resistance to lateral 
loads in these framing systems comes from . 
the flexural stiffness of the framing members. 
Although moment resisting frames are bene
ficial for architectural purposes, they become 
inefficient for structures exceeding twenty to 
thirty stories in height due to the quantity of 
material necessary to obtain adequate stiff
ness.5 In order to achieve adequate lateral 
resistance to loads brought on by wind or 



seismic activity, braced moment resisting 
frames are commonly used in forty- to fifty
story buildings.5 For this study, a moment 
resisting steel frame with concentric bracing 
at the core was used. This combined system 
provided sufficient lateral stiffness for the 
fifty-story building model. Table 1 summa
rizes the features of this structural model and 
shows that it is characteristic of some exist
ing structures around the world as described 
by Kowalczyk.5 

Boston lies in a region susceptible to hurri
canes, which are tropical storms with. 
Saffir /Simpson Hurricane Scale Category 1 
winds ranging from 74 to 95 miles per hour 
(mph) and Category5 winds greater than·155 
mph. The highest sustained 1-minute wind 
speed ever recorded from a hurricane in New 
England was 121 mph; the highest gust was 
186 mph. Both of these were measured during 
the 1938 Great New England Hurricane at the 
Blue Hill Observatory in Milton, Massachu
setts, located on a 627-foot-high mountain 
about 10 miles south of Boston.6 Because of 
the inability to accurately model hurricanes in 
climate change models (Generalized Circula
tion Models, or GCMs), it is not possible to 
state with certainty how hurricane formation 
and associated wind speeds will change in the 
future. One of the most recent international 
panels of climate experts stated that there is 
not a consensus on changes in the intensities 
of tropical storms under climate change.7 An 
earlier summary in 2000 stated that there is the 
possibly of increased intensities but not 
enough knowledge to state if the increases are 
unlikely, likely or very likely.8 One experimen
tal model study "YOrking under a scenario of a 
1 percent annual increase in CO2 reported that 
by approximately 2095 maximum hurricane 
surface wind speed in the northwestern tropi
cal Atlantic region could increase by 3.3 to 5.0 
percent.9 

For this study, sensitivity analysis was used 
on wind velocities to determine if there should 
be concern for the integrity of tall buildings 
due to changing wind loads in the future. 
Because there is great uncertainty on how 
wind loads on tall buildings in Boston may 
change in the future, a wide range of possible 
wind speed increases of 10, 20, and 30 percent 

FIGURE 1. Computer model of the fifty-story 
building with a mat foundation on soil. 

in design wind speeds were used in the sensi~ 
tivity analysis. 

Modelin$ 
The finite element software selected for mod
eling this structure was ANSYS, a general
purpose finite element code. The models built 
in ANSYS were verified by comparison with 
published theoretical solutions and with 
another finite element code, PLAXIS.10 The soil 
was represented by plane strain elements, 
while the building was represented by frame 
elements. Figure 1 shows the finite element 
model of the fifty-story building, foundation 
mat and soil. The structural system consisted 
of steel framing with core bracing similar to 
that of a Pratt brace. The floor height was 
assumed to be 12 feet, the framing material to 
be steel and the flooring system to be metal 
decking with a concrete slab 4 inches thick. 
The foundation system was an 8-foot-thick 
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TABLE 2. 
Material Properties for the ANSYS Model 

Material Property Full Values (U.S; Units) Scaled Values (U.S. Units) 
Concrete Beams 'Y 150 pcf 6 pcf 

in Basement V 0.15 0.15 

E 580,000,000 psf 23,200,000 psf 

Steel Beams 'Y 490 pcf 19.6 pcf 

& Columns V 0.30 0.30 

E 4,176,000,000 psf 167,040,000 psf 

Concrete Beams 'Y 150 pcf 6 pcf 
in Basement V 0.15 0.15 

E 580,000,000 psf 23,200,000 psf 

Concrete 'Y 150 pcf 150 pcf 
Mat Foundation V 0.15 0.15 

E 580,000,000 psf 580,000,000 psf 

Soil 'Y 130 pcf 130 pcf 

V 0.25 0.25 

E 10,000,000 psf 10,000,000 psf 

reinforced concrete mat. This combined soil, 
foundation and structural model was created 
to study the soil-structure interaction for vari
ous wind speeds. It allowed for more realistic 
response calculations since it took into 
account the flexibility of the foundations and 
the supporting soil. The soil-structure interac
tion model also influenced the structural dis
placements and internal forces. 

Structural response to wind loads is ordi
narily performed in the direction of the princi
pal axes of buildings with rectangular foot
prints. The building was transformed into two 
dimensions for gravity and wind analysis, and 
the spacing of one bay was assumed to be 25 
feet for the purpose of this transformation. 
Structural properties and loadings were 
adjusted to represent a unit two-dimensional 
slice of the three-dimensional structure. The 
unit slice of the fifty-story building model did 
not require any scaling for continuous compo
nents (e.g., mat foundation and soil) and dis
tributed loadings in the third direction. 
However, · properties of discrete components 
(e.g., beams and columns) and concentrated 
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loadings required scaling by the inverse of the 
spacing used in the third direction. The stiff
ness of beams and columns was based on elas
tic modulus (E) and area (A) for axial loading 
and elastic modulus and moment of inertia (I) 
for bending. The stiffness of the building's 
beams and columns, located at the 25-foot bay 
spacing, were scaled by reducing by a factor of 
1/25 the one common stiffness parameter, the 
elastic modulus. Doing so automatically 
reduced the bending stiffness (EI) and axial 
stiffness (EA) without adjusting the moment 
of inertia or cross-sectional area of each mem
ber. Also, the material density for the discrete 
members was scaled by the same 1/25 factor 
so that full self-weight was applied consistent 
with the scaling performed over each 25-foot 
bay. Table 2 summarizes the assumptions 
made for the material properties. 

Loading conditions were based on the 1997 
Massachusetts Building Code.4 The loads used 
in this analysis included dead, live and wind. 
Seismic loads were not considered in order to 
simplify the analysis and to focus on the 
effects of increased wind loads. Dead load 



TABLE 3. 
Summary of Dead & Live Loads 

Dead Loads (psf) Live Loads (psf) 

Floor 50 Offices 50 

Ceiling/Mechanical 10 Lobbies 100 

Partition 20 Corridors 80 

Steel 16 Average 77 

Total Applied 96 Total Applied 77 

Total Dead & Live Load Applied= 96 + 77 = 173 psf 

included the weight of the framing, flooring, 
ceiling and mechanical, and partition load 
(assumed to be office space). The live load was 
taken directly from the Massachusetts 
Building Code (Table 1606.1) and was 
assumed to be representative of the typical 
loads found in offices, office lobbies and corri
dors. The dead and live loads applied to the 
structure, as uniformly distributed loads, are 
summarized in Table 3. These loads were not 
scaled for the two-dimensional transforma
tion because they were continuous. 

For wind loads, the Massachusetts Building 
Code separates the state geographically into 
three zones of exposure with the Boston metro
politan area falling into Zone 3. The code fur
ther separates these zones into three exposure 
categories. They include Exposure A (for the 
centers of large cities), Exposure B (for towns 
and cities) and Exposure C (for open, level ter
rain). These wind load zones are based on a 
"fastest-mile" wind velocity at 30 feet above the 
ground surface as described in Section 1611.3 in 
the Massachusetts Building Code. The "fastest
mile" wind velocity is based on statistical data 
for each region of the United States. 

The reference wind loads, unaffected by 
global climate change, were calculated from the 
Massachusetts Building Code (Table 1611.4) 
assuming Zone 3 for the Boston metropolitan 
area, and Exposure B for towns and cities as 
may be typical for design of a structure of this 
type. The wind loads were calculated by multi
plying the Massachusetts code wind pressures 
by the area exposed to wind (a typical floor 
height of 12 feet by one bay [or 25 feet]). The 

resulting point loads were scaled by 1/25 to 
transform for the two-dimensional analysis 
and applied to the corresponding floors. 

Three climate change scenarios were ana
lyzed by increasing the wind velocity. Current 
Massachusetts building code defines values of 
wind pressure based on a reference wind 
velocity (V30) of 90 mph. This parametric 
study considered the effects of increased wind 
pressures based on increased wind speeds of 
10, 20 and 30 percent. While there is some 
uncertainty about the magnitude of any 
changes in wind speeds due to long-ter:r;n cli
mate change, this range of wind velocities was 
chosen to determine if there should be concern 
for the integrity of tallbuildings due to chang
ing wind loads in the future. Since the 
Massachusetts code does not offer a relation
ship between wind velocity (V) and pressure 
(p), the general design equation was used:11 

p = CV2 1 

In Equation 1, C is an empirical coefficient. 
Figure 2 on the next page. graphs this equa
tion. Table 4 (on page 11) summarizes the 
wind loads calculated by the 1997 
Massachusetts Building Code and the 
increased corresponding values using 
Equation 1. One twenty-fifth of these values 
were applied to the unit slice model of the 
fifty-story building. 

Method of Analysis 
The complete structure, foundation and soil 
model is shown in Figure 1. Boundary condi-
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FIGURE 2. Wind pressure and velocity relationship. 

tions at the lateral extents of the model per
mitted vertical soil movement. The bottom 
boundary condition prevented horizontal and 
vertical soil movements. A detailed section of 
the lower levels and foundation system of the 
ANSYS model is shown in Figure 3. It illus
trates the areas of interest in the lower floors 
of the· structure, basement garage, mat foun
dation and the supporting soil that potentially 
may experience · higher stresses as the wind 
speed increases. 

The method of analysis approximately 
modeled the stress state in the ground, begin
ning with initial geostatic stresses, followed by 
the stress changes caused by the construction 
of the foundation walls, excavation of soil, con
struction of the foundation mat and building, 
and application of the wind loads. Initially, the 
building elements were deactivated and all 
materials properties of the concrete mat were 
set equal to soil. Proceeding in this way helped 
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model the pre-construction condition to gener
ate the initial, or geostatic, stresses in the soil. 
This initial phase (to generate geostatic stress
es in the soil) was followed by six more stages 
of excavation and construction: 

• Phase 1: Activate the right foundation 
wall. 

• Phase 2: Activate the left foundation wall. 
• Phase 3: Excavate the soil between the 

walls. 
• Phase 4: Activate the concrete mat. 
• Phase 5: Activate structural members, 

dead and live loads. 
• Phase 6: Activate wind loads on structure. 

Phases 1 and 2 changed the material prop
erties of the elements representing the right 
and left foundation walls from soil to concrete. 
Phase 3 deactivated the soil elements between 
the walls to simulate a soil excavation. Phase 4 



Wind Speed 
Scenarios 

Floors/Units 

1-8 

9-12 

13-16 

17-21 

22-26 

27-34 

35-42 

43-49 

50-R.oofGets Half 

TABLE 4. 
Applied Wind Loads for Massachusetts Building Code 

Base Values & Increased Wind Speeds 

Code Wind Increased Wind Speeds 
Speeds 10% 20% 

(lb) (kN) (lb) (kN) (lb) (kN) 

252 1.12 305 1.36 363 1 .61 

312 1.39 378 1.68 449 2.00 

360 1.60 436 1.94 518 2.30 

408 1 .81 494 2.20 588 2.62 

444 1.98 537 2.39 639 2.84 

492 2.19 595 2.65 708 3.15 

552. 2.46 668 2.97 795 3.54 

612 2.72 741 3.30 881 3.92 

306 1.36 370 1.65 440 1.96 

30% 

(lb) (kN) 

426 1.89 

527 2.34 

608 2.71 

690 3.07 

750 3.34 

831 3.70 

932 4.15 

1,034 4.60 

517 2.30 

FIGURE 3. Detail section of the ANSYS foundation model and lower floors of the structure. 
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FIGURE 4. The effect of increased wind loads on vertical contact stresses. 

reactivated the soil elements in the vicinity of 
the building's mat foundation and changed 
their material properties to concrete. Phases 1 
through 4 neglected excavation support issues 
and used a linear elastic soil model in order to 
simplify the analyses. The foundation walls 
and mat were "wished" into place. Phase 5 
activated the building elements and applied 
the dead and live loads. The final phase 
(Phase 6) applied the wind loads to the struc
ture. Note that the effects of increased soil 
stresses and deformations due to climate 
induced wind load changes must be further 
evaluated by additional studies (which are 
beyond the scope of this research) that incor
porate inelastic soil models. 

Results 
Vertical stress distributions 1 foot below the 
mat foundation are shown in Figure 4. The x
axis shows the horizontal distance under the 
mat as measured from the windward edge of 
the building. The stress concentrations at the 
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25-, 50- and 75-foot markers coincided with 
the building's column locations. For all wind 
loading cases, the soil contact stresses were 
greater on the leeward (toe) side of the build
ing than the windward (heel) side of the build
ing. The increased wind loads increased the 
difference in vertical soil pressures from the 
windward to leeward side of the building. In 
the central region of the building, the soil 
stresses changed by less than 5 percent due to 
the 30 percent wind load increase over the 
from the Massachusetts Code reference val
ues. In the exterior bays, the corresponding 
soil stresses changed by about 20 percent ( or 
2000 psf). The stress increases on the leeward 
side of the building were not large enough to 
overload the very strong foundation soils, 
which had allowable bearing capacities as 
large as 8 to 10 tsf by the Massachusetts 
Building Code (Table 1201). The decreased 
stresses on the windward side of the building 
were still positive (compressive) so that there 
was no dangerous uplift condition. 
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FIGURE 5. The effect of increased wind loads on vertical displacements. 

Figure 5 shows the foundation displace
ments due to two phases prior to the addition 
of the wind loads. The displacements were all 
referenced to the initial geostatic stress condi
tion due to the self-weight of the soil. The 
addition of the building weight, dead load 
and live load caused a uniform 1-inch vertical 
displacement (settlement). Finally, the code, 
10, 20 and 30 percent wind loads changed the 
settlement distribution. The code wind loads 
changed the settlements by about 15 percent, 
with the settlements decreasing on the wind
ward side to a minimum of about 0.9 inches 
and increasing on the leeward side to a maxi
mum of about 1.2 inches. The 30 percent 
increase of the code wind values further 
changed the foundation settlements so that 
they varied from a minimum of 0.8 inches 
(windward) to a maximum of about 1.3 inches 
(leeward). This increased tilting of the founda
tion mat provided a secondary contribution to 
the building's structural response, especially 
building sway. 

Figure 6 compares the computed lateral 
deflections (sway) caused by the different 
wind load cases. The 30 percent increased 
winds produced a large sway deflection with 

a maximum value of 2.3 feet, which is almost 
double the sway calculated using the wind 
pressures given by Massachusetts Code that 
resulted in a maximum sway of 1.2 feet. These 
large wind-induced sways potentially could 
cause human discomfort and costly architec
tural damage. They could also cause cracking 
and spalling of fire protection materials from 
the surface of steel structural members lead
ing to a reduction in protection against fire. 

Figure 7 shows the bending moments in 
beams and columns of the first and second 
floors computed for each of the wind load 
cases. (The key inside Figure 7 shows the 
members of the frame selected for the presen
tation and discussion of building structural 
effects.) The moments in the columns 
increased by a maximum of 10 percent on the 
leeward side and decreased by a similar 
amount on the windward side as the wind 
loads increased. These changes were within 
the structural capacity of the columns. The 
changes in the beams' bending moments on 
the first floor were small and within the struc
tural capacity of the beams. However, the 
greatest changes occurred in the second floor 
beams in Bay 4, where the bending moments 
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FIGURE 6. Lateral deflection of building center line for increased wind loads. 

increased by about 30 percent as the wind 
loads increased, which represents a large 
reduction in the reserve capacity of the lee
ward beam elements and is cause for concern. 

Conclusions 
This study investigated the effects of increased 
wind loads due to· climate change on a fifty
story building typical of large structures in the 
Boston metropolitan area. The effects of a 30 
percent increase in design wind velocities over 
present Massachusetts Building Code require
ments were evaluated. The increases of soil 
bearing stresses on the leeward side of the 
building were not large enough to overload 
the very strong foundation soils. The 
decreased soil bearing stresses on the wind
ward side of the building were still compres~ 
sive so that there was no dangerous uplift con
dition. This increased tilting of the foundation 
mat due to the wind load increases provided a 
secondary contribution to the building struc
tural response, especially building sway. 

The effects of a 30 percent increase in design 
wind velocities on building columns were 
small but bending moments incre.ased signifi
cantly in the lower floors of the building, result-
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ing in a large reduction in the reserve capacity 
of the leeward beam elements, which is cause 
for concern. The greatest effect of the increased 
wind load was an almost doubling of lateral 
deflections (sway) of the building. These large 
wind-induced sways potentially could cause 
human discomfort and costly architectural 
damage. They could also cause cracking a:µd 
spalling of fire protection materials from the 
surface of steel structural members leading to a 
reduction in protection against fire. The struc
ture might also experience increased cracking 
of non-structural architectural finishes, leading 
to increased maintenance costs. 

These analyses in no way relate to an 
existing structure. Although a 30 percent 
wind speed increase significantly impacts 
the serviceability of the model building, the 
possible effects of climate change on wind 
speed may not produce changes that would 
be of this magnitude. In fact, some research 
indicates that there may be only a 3 to 5 per
cent wind speed increase in 2095.9 On the 
other hand, this research presents initial con
clusions that suggest these types of analyses 
will become important with changing cli
mate conditions. 
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FIGURE 7. Bending moments in the first and second floors. 
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Study 

Management & Control 
of Diffuse Urban 
Snowmelt Pollution 

Current snow and ice removal 
practices have made travel 
safer, but these practices 
have serious environmental 
consequences that need to be 
properly managed. 

VLADIMIR NOVOTNY, DANIEL W. SMITH 
& DAVID A. KUEMMEL 

Maintaining population mobility by 
automobile and air traffic during 
winter requires special and expen

sive snow and ice removal practices in the 
snowbelts of North America and other parts of 
the world (see Figure 1). Modern snow 
removal and deicing techniques have 
improved traffic safety and mobility to the 
point that differences between winter and off
winter non-storm traffic are minimal. 
However, providing bare pavements during 
winter requires massive applications of deic
ing and anti-icing chemicals that commonly 
threaten the environment and urban infra
structure (e.g., road pavements, buildings). In 

the Northeastern U.S., snow may be acidic, 
which increases its corrosiveness, causing 
damage to infrastructure as well as increasing 
the elutriation of toxic metals. 

Deicing Compounds 
Currently, several deicing and anti-icing com
pounds are used by governmental agencies 
and private companies to maintain bare pave
ments. during and after winter storms. 
According to how they impact water quality . 
and the ecology, they can be divided into two 
categories: 

• inorganic chloride salts with or without 
additives; and, 

• organic compounds. 

The former category exhibits toxic effects on 
biota residing in receiving water bodies and 
may also adversely impact roadside soils and 
vegetation. The latter category imposes a high 
biochemical oxygen demand (BOD) on the 
receiving waters and some compounds can 
also be toxic. Natural sands and other abra
sives are also used to maintain safe winter 
driving conditions. 

Chloride Salt. Before 1960, salt was used in 
very small amounts and only as an anti-freez-
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FIGURE 1. A map delineating snowbelt areas in the United States. 

ing additive to abrasives. Since the 1960s, the 
use of chemicals, primarily salt, has increased 
in the United States to more than 10 million 
tons per year. To maintain safe driving in win
ter, agencies currently use rock salt (primarily 
sodium chloride), calcium chloride or abra
sives mixed with salts, albeit in different pro
portions and application rates. The typical 
chemical composition of rock salt is given in 
Table 1. Table 2 presents the usage of chloride 
salt in some U.S. snowbelt communities. A 
typical application rate of sodium chloride salt 
is about 90 kilograms per lane kilometer per 
storm (320 pounds per lane mile per storm). 
Massachusetts and New York State have the 
highest road salt usage in the Northeast.2 To 
prevent caking, sodium ferrocyanide - also 
known as yellow prussiate of soda (YPS) - is 
added to the salt. In its original form, YPS is 
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harmless. However, upon photo-decomposi
tion in snowpack and snowmelt and other 
aquatic environments, very toxic hydrogen 
cyanide (HCN) can be released.3

•
4 

About half of the agencies responsible for 
maintaining population mobility use calcium 
chloride at lower temperatures, either as a liq
uid or as a dry mixture with salt (NaCl). This 
compound has a lower freezing point and is 
often applied when temperatures range from 
-25 to 0°C (-13 to +32°F). The faster action and 
better efficacy at lower temperatures than 
NaCl salt is attributed to the higher solubility 
of CaC12 and better hygroscopic properties. 
Magnesium chloride (MgC12) is very similar to 
calcium chloride and has the same deicing 
properties. Massachusetts uses a 4:1 NaCl and 
CaC12 mixture for deicing and snow melting 
on roads. 



TABLE 1. 
Chemical Composition of Rock Salt Used on Highways & Streets 

Content by Weight 

Water Insolubles (%) 0.2-2.5 

Calcium Sulphate, CaSO4 (%) 0.5-0.9 

Calcium Chloride, CaCl2 (%) 0.02-0.07 

Magnesium Chloride, MgCl2 (%) 

Sodium Chloride, NaCl (%) 96.4-98.2 
Chloride (Ci-) (%) 58.6-59.7 

Anticaking Additives (Sodium or Ferric Ferrocyanide) (µgig) 75-120 

Nitrates (µgig) 

Chromium (µgig) 

Copper (µgig) 

Lead (µgig) 

Zinc (µgig) 

Note: Data From Ref 5. 

Rock salt, when added at typical distribu~ 
tion rates to snow and ice, is effective to down 
to temperature of about -'-9°C (l6°F). In a typi
cal application during colder temperatures, 
the added salt softens the ice and may melt 
only about 10 percent of the total water con
tent of the snow and ice layer of the treated 
surface. The additional impact of traffic con
verts snow to liquid slush. 

Calcium. chloride and magnesium. chloride 
are applied as granules or as a liquid. The liq
uid form. provides for a more efficient use of 
the deicing com.pound since less is needed on 
a given stretch of road. Therefore, when liquid 
CaC12 or MgC12 is used the overall cost of 
maintaining road safety during winter m.ay be 
about the same or even less com.pared with 
rock salt. Also, cyanide additives used with 
rock salt to prevent caking do not need to be 
present in the liquid deicers. Calcium. and 
magnesium. ions in the deicing com.pounds 
buffer, to some degree, the adverse effects of 
the acid precipitation. They also reduce the 
toxicity of toxic metals elutriated into 
snowm.elt from. the infrastructure (e.g., copper 
and zinc gutters) and deposited by traffic on 
the roads. Calcium. and magnesium. improve 
soil characteristics because the adverse impact 

<50 

2.1-3.1 

2.8-4.2 

4.9-6.6 

3.4-4.2 

on soil fertility is proportional to the 
Na:(Ca+Mg) ratio. 

Organic Compounds. Several organic com.
pounds have been developed in the last ten to 
fifteen years as a substitute for chloride salt or 
as a salt additive to reduce salt application 
rates. The most widely used com.pounds are 
calcium. magnesium. acetate (CMA), an agri
culturally derived com.pound and glycols. 
CMA and the agriculturally derived com.
pound are used on roads and parking lots; 
glycols are used for airport and aircraft deic
ing and anti-icing. (Use of glycols and airport 
snowm.elt pollution, although significant, will 
not be discussed.here.) 

CMA is a m.an-m.ade powdered mixture of 
dolomite lime and acetic acid. Field studies 
have shown that the capability of CMA to melt 
ice is as good as salt at lower application rates. 
CMA is far less corrosive than salt and is 
biodegradable. However, the price of CMA is 
approximately twenty times the average price 
of salt. 

CMA works well when mixed with sand, 
which helps to improve adhesion of the chem
ical to the road surface until melting action 
begins. It also adheres better to snow and ice 
than salt. It has performed acceptably as a 

CIVIL ENGINEERING PRACTICE FALL/WINTER 2003 19 



TABLE 2. 
Reported Winter Highway Deicer Usage in 

Selected North American Metro Areas 

State DOT in 
Metro Central City County Metro District 
Area Deicer Total Rate/Lane km Total Rate/Lane km Total Rate/Lane km 

Buffalo (NY) Salt NA NA 60,000 t 15 t 112,000 t 20 t 
CaCl2 NA NA NA 20 m' 3.76 lit 

Cleveland (OH) Salt 57,200 t 11.9 t 5,720 t 64.4 t 78,863 t 26.3 t 
CaCl2 5.5 t 0.001 t NA NA 671 m' 227 lit 

Detroit (Ml) Salt 36,330 t 7.2 t 62,060 t 4.85 t 127,325 t 16.2 t 
CaCl2 NA NA 9.18 m' 0.71 lit NA NA 

Duluth (MN) -Salt NA NA 11,800 t 2.1 t 22,485 t 6.8 t 
CaCl2 NA NA 7.56 m3 1 .42 lit NA NA 

Edmonton (ALB) Salt 1.24 t' b b b b 

Abras 13,741 t' 13.3 t 
CaCl2 141,394 t 5.5 lit 

59.15 m' 

Milwaukee (WI) Salt 58,187 t 4.57 t 58,078 t 23.54 t ' ' 
CaCl2 320.5 m' 28 lit 637.7 m3 258.3 lit ' ' 
CaCl2 274.2 t 0.11 t ' ' 

Other Wisconsin 

Brookfield Salt 3,632 t' 4.12 t NA NA NA NA 

Madison Salt 7,349 t 2.23 t NA NA NA NA 

Syracuse (NY)d Salt 31,820 t 24.75 t 45,455 t 39.0 t 71,040 t 18.80 t 
CaCl2 73 m' 19.3 lit 

Abras 37,808 t 10.0 t 

Toronto (ONT) Salt NA NA 42,906 t' 12 t' . 91,502 t' 10.9 t' 

Massachusetts NaCl2; NA NA NA NA NA 11.2 t 
CaCl2 

Mix 

New York State Salt NA NA NA NA NA 9.3 t 

Notes: a. Generally mixed with a substantial portion of abrasives. 
b. City performs maintenance on all highways. 
c. Included partly.in Milwaukee County total. 
d. Syracuse from 1996-1997. 
e. Metro Transportation for area. 
f. Provincial district in Toronto. 
Units in this table are SI. To convert to their U.S. equivalents multiply SI tons to U.S. tons by 1.1, liters to gallons by 0.26, area SI tons/km to 
U.S. tons/mile by 1.77, and liters/km to gallons/mile by 0.42. 
NA= not available. 
Data from Ref 5. 

deicer, although not in the same manner or 
quite as effectively or consistently as salt. 
Compared to salt, it is slower acting and less 
effective in freezing rain, drier snowstorms 
and light traffic conditions. Because of its 
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lower density and greater volume require
ments, it requires greater truck capacity and 
more enclosed storage space than salt. CMA is 
well suited for being used in a liquid form 
during anti-icing treatments.8 



CMA is highly biodegradable and exhibits 
high BOD. The total theoretical BOD1 (or COD) 
is 0.9 grams of 0 2 per gram of CMA or 1.08 
grams of 0 2 per gram of acetate, which may 
result in a BOD5 of about 0.6 to 0.7 grams 0 2 per 
gram of CMA. CMA is less mobile in soil and is 
unlikely to reach groundwater. It will degrade 
in soil where it will have an effective half-life of 
about two days at a temperature of 7°C (45°F). 
Unlike sodium chloride that degrades soil by 
replacing calcium in soil/ clay minerals with 
sodium, the calcium and magnesium cations 
derived from CMA have high affinities for 
cation exchange sites on soil particles and may 
actually restore soil properties that could have 
been damaged by sodium from previous salt 
(NaCl) discharges. CMA improves the pH 
buffering capacity of soil receiving acid inputs 
and, over time, improves the metal retention 
capacity of soil. This pHbuffering capacity may 
be important, considering the fact that urban 
precipitation in the Northeast could be acidic. 
The University of Massachusetts has been 
investigating the efficacy and applicability of 
CMA and other evolving deicing compounds to 
the state highways and conditions. 

The agriculturally derived compound is a 
liquid byproduct produced from various 
sources.8 It is a concentrated liquid residue of 
the fermentation and distillation of alcohol 
(ethanol) made from various raw materials 
such as cane or beet sugar syrup, com or barley. 
It has an appearance and consistency similar to 
molasses. Similar to CMA, this compound can 
be applied either alone or in a . mixture with 
chloride salts. When used as an additive to salt, 
about 25 to 42 liters of the compound is mixed 
with 1 ton of salt (6 to 10 gallons per U.S. ton). 
Doing so improves the deicing capability of salt 
and enables the reduction of salt application 
rates to 42 to 60 kilograms of salt per com
pound mixture per lane kilometer per storm 
(150 to 200 pounds per lane mile per storm), 
which is about one-half of the application rate 
of rock salt alone. When used alone, the appli
cation rate is about 3 liters per 100 square 
meters (0.9 ounces per square yard) of treated 
surface (e.g., parking lot). 

Table 3 shows the approximate chemical 
composition of this compound. One can 
immediately recognize that it contains several 

TABLE 3. 
Approximate Composition of the 

Agriculturally Derived Compound 

Specific Gravity 1.23 

Dissolved Solids 42-52 percent 

BODs 0.5 g of O,jg of fluid = 
407 g of O,JL of fluid 

Phosphorus 10,000 mg/L (0.83 %) 

Cyanide 0.15 mg/L (0.12 ppm) 

Copper 0.8 mg/L (0.65 ppm) 

Zinc 55 mg/L (45 ppm) 

Notes: Data From Ref 8. 

constituents that may be potentially harmful 
to the ecology of receiving water. High phos
phorus, cyanide and zinc content measured 
during a Wisconsin DOT study are potentially 
troublesome.8 Phosphorus is a nutrient that 
stimulates the growth of algae and cyanide 
can be potentially toxic. The distributors and 
manufacturers claim that phosphorus is most
ly (approximately 90 percent) in a form not 
directly available to algae; however, it does 
leave some phosphate (about 10 percent) 
available to algal growths. 

Snowmelt Pollution 
In northern climates, some of the highest 
urban runoff pollutant concentrations occur 
during winter and early spring when urban 
managers are least able to implement effective 
pollution controls. Winter snowmelt runoff 
from urban areas has serious impacts on U.S. 
waterways. The snowmelt ruri.off is laden with 
solids, oxygen-demanding substances, 
cyanides, nutrients, metals, polyaromatic 
hydrocarbons (PAHs) and other toxic chemi
cals that periodically shock the receiving 
waterways with the highest pollutant load
ings of the entire year. A major contributor to 
the winter runoff problem is the use of deicing 
chemicals and abrasive/ sand mixtures on 
urban streets. To complicate the problem, 
municipalities and commercial and industrial 
entities have limited abilities to manage this 
runoff because conventional urban best man-
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TABLE 4. 
Concentrations of Pollutants in Lincoln Creek (Milwaukee), 

30th Ave. Storm Sewer Outfall (Edmonton) & Syracuse 

Snowmelt Total Total Nitrite & Total 
Sampling Suspended Dissolved COD Phosphorus TKN Nitrate Cyanide 
Location Solids (mg/L) Solids (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (µg/L) 

Lincoln Creek Mean 46 2,874 57 0.43 1.1 0.97 31 
(Milwaukee) 

Range 6-173 732-5,650 14-213 0.19-0.62 0.3-2.35 0.57-1.46 ND-45 

30th Ave. Mean 259 655* 167 1.08 4.3 1.19 ,;;;5 

Sewer 
(Edmonton) Range 16-1,322 180-3,980* 41-715 0.26-9.7 0.8-12 0.13-4.1 ND-7 

Syracuse - Creeks 

Meadow Mean 33 2,453 20 0.38 0.53 0.81 48 
Brook (mostly 

Range 3-9 252-6,000 5-50 0.06-1.38 0.2-1.2 0.55-1.55 <2-167 residential) 

Ley Creek Mean 7.6 1,180 37 0.25 0.7 0.61 8 
(urban) 

Range 1-22 610-1,830 21-60 0.034-0.96 0.5--0.8 0.51-0.67 <2-24 

Nine Mile Mean 20 497 9.2 0.10 0.48 1.18 ,;;;2 
Creek (rural) 

Range 2-99 252-662 3-22 0.04-0.386 0.2-1.2 1.0-1.55 <2-2 

Syracuse - Storm Sewers 

Meadow Mean 28 10,527 69 0.117 0.65 1.0 Not 
Brook Basin Measured 

Range 4-52 5,240-17,000 39-98 0.06-0.183 0.5-0.9 0.82-1.52 

LeMoyne Ave. Mean 216 9,946 85 0.23 0.76 0.9 
Outlet in Ley 

Range 14-434 2,510-28,700 55-165 0.114-0.34 0.3-1.0 0.84-0.89 Creek Basin 

Industrial in Mean 37 808 15 
Nine Mile 
Creek Basin Range 5-139 558-1,270 3-46 

Notes:* Estimated from measured specific conductivity. 
TKN = Total Kjeldahl Nitrogen = Total ammonium + organic nitrogen 

agement practices (BMPs) either do not func
tion or have reduced efficiency during winter 
snow and ice conditions. 

Comprehensive research on snowmelt pol
lution and its abatement sponsored by the 
Water Environment Research Foundation was 
conducted in Milwaukee; Edmonton, Canada; 
and Syracuse, New York.9 Highway and city 
street maintenance agencies in Milwaukee 
and Syracuse use salt for deicing and the city 
of Edmonton relies on abrasives that consist of 
a mixture of sand and salt. Table 4 presents the 
measured concentrations of pollutants in 
snowmelt in the three investigated communi
ties. 

The following concerns related to the 
impact of winter urban road/highway snow-
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0.15 0.3 1.04 

0.03-0.6 0.1-0.4 0.65-1.50 

melt on the integrity of urban receiving waters 
were outlined in that report and derived pub
lications: direct effects of elevated salt concen
trations in snowmelt discharges on receiving 
waters, cyanides, greater concentrations of 
pollutants, increased toxicity of metals, 
enrichment and "first flush" effects, and the 
linear increase of accumulated solids on 
impervious surfaces.9

,
10 

Direct Effects of Elevated Salt Concentrations 
in Snowmelt Discharges on Receiving Waters. 
Both salinity and chloride concentrations are 
regulated by the states. Massachusetts has 
respective water quality standards of 250 mil
ligrams per liter (mg/L) for chlorides and 500 
mg/L for salinity for Class A waters. How
ever, salt and chloride concentrations of 



snowmelt runoff after the use of highway 
deicing salts during winter to maintain bare 
pavements were measured in thousands 
mg/L in the receiving waters studied in 
Wisconsin and New York State. Salinity con
centrations of urban snowmelt generated 
flows in streams and sewer outlets as high as 
17,000 mg/L were observed in Syracuse and 
about 5,600 mg/L in Milwaukee.5

,
9 These 

results represent a salinity increase of two to 
three orders of magnitude over typical non
winter urban runoff, These transient high 
salinity concentrations could create toxic 
shock to the biota (fish and macroinverte
brates) residing in urban receiving waters. 
Since Massachusetts relies on surface waters 
for water supply, reduced salt usage in water
sheds providing (unfiltered) drinking water is 
crucial. Concerns with chloride and salinity 
loads in the New York City water supply 
reservoirs were expressed by Wegner and 
Yaggi.2 

Cyanides. Commercial salts used for deicing 
contain mildly toxic ferrocyanide compounds 
that are anticaking agents. However, these 
complex cyanide compounds may degrade by 
photo-decomposition in snowmelt and/or 
receiving waters and become toxic free 
cyanides (HCN). The quantity of the cyanide, 
though very small (about 0.01 percent by dry 
weight in salt), may be viewed as a water qual
ity problem in water bodies receiving large 
flows of salt-induced snowmelt runoff without 
sufficient dilution. Cyanide in either free form 
(HCN) or measured as total cyanide is regulat
ed by federal and state water quality criteria 
and standards. For example, chronic toxicity 
(Criterion Continuous Concentrations) 
cyanide criteria are 5 micrograms per liter 
(µ,g/L) for fresh waters and 1 µ,g/L for marine 
waters, respectively. These limits can be 
exceeded during snowmelt events. 

Greater Concentrations of Pollutants. Except 
for suspended solids, pollutants in snowmelt 
from highways, urban streets and airports 
occur at higher concentrations than in non
winter runoff. Figures 2 and 3 show a compar
ison of winter and non-winter concentrations 
of pollutants in Lincoln Creek (Milwaukee). 
The creek lies within the confines of the city of 
Milwaukee and its watershed is fully urban-

ized. There are no point sources of pollution 
discharging in the creek. 

Increased Toxicity of Metals. During winter, 
salt laden snowmelt may have a higher pro
portion of dissolved metals. It is known that 
the dissolved divalent ionic form of trace met
als is toxic to the biota, while the adsorbed or 
particulate fraction is considered biologically 
unavailable. Figure 4 shows a relation of the 
partitioning coefficient for metals to the chlo- • 
ride levels calculated from field and laborato
ry samples. The partitioning coefficient, IT (in 
L/ g), relates the particulate concentration of 
the metal, r (in µ,g/ g of solids), to its dissociat
ed (dissolved) fraction, Cd, in µ,g/L: 

r = ITCd 

This equation can be expanded to relate dis
solved concentration, cd, to total pollutant con
centration, Cy: 

where m55 is the concentration of suspended 
solids in g/L. 

As the partition coefficient decreases with 
the increased chloride content, more metal at a 
given concentration of suspended solids is 
converted to the dissociated divalent toxic 
form. Particulate metals tied to solids or pre
cipitated are considered nontoxic. 

Enrichment and "First Flush" Effects. Snow
melt enrichment by ionic contaminants was 
observed by many investigators. This phe
nomenon describes a chemical process occur
ring in the snowpack by which ions are 
rejected from the crystalline lattice of snow 
during repeated cycles of freezing and thaw
ing. These ions stay in the snowpack liquid 
that is always present, albeit in very small 
quantities. Upon melting, these dissolved 
pollutants become available for wash-off 
during the first stage of the snowmelt and 
occur in the first flush at concentrations that 
may significantly exceed the average meas
ured concentrations in the liquified snow
pack This process affects dissolved/ dissoci
ated pollutants such as hydrogen ion content 
(pH), nitrates, total dissolved solids, chlo
rides and COD.11,

12 
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The first flush phenomenon, known to exist 
also during off-winter in combined sewer 
overflows and strormwater runoff, is in winter 
caused by chemically induced flows. These 
flows originate from road surfaces after the 
application of deicing chemicals. The volume 
of these chemically induced flows may not be 
great; however, the concentrations of the pol
lutants are very high. 

Linear Increase of Accumulated Solids on 
Impervious Surfaces. The removal of particles 
from street surfaces by wind does not occur 
when snow piles accumulate along streets 
after plowing and/ or when ice has formed in 
gutters. Furthermore, both street snow piles 
and accumulated unplowed snow are almost 
perfect traps for atmospheric (snow and dry) 
deposition and deposits from other sources 

such as traffic emissions and vehicle corro
sion. In places where snow can remain on the 
ground for weeks or even months, the accu
mulated snow stores pollutants at higher 
quantities than it would during a no-snow 
period. Annual peaks of loads of some pollu
tants to receiving water bodies occur during 
spring snowmelt.13 Figure 5 shows buildup of 
solids on the side of an urban street in 
Milwaukee during the year. A good spring 
sweeping of road sides should be implement
ed. 

Managing Snowmelt 
Pollution & Minimizing 
Adverse Ecological Impacts 
Currently, pressure on highway and city road 
management agencies is increasing to reduce 
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the adverse environmental/ ecological conse-
' quences of road deicing and snow removal 

while continuing to provide safe driving con
ditions. This pressure has led to extensive 
research and to the development of alternative 
deicers/snow removal compounds such as 
CMA, agriculturally derived compounds, as 
well as additives to retard or reduce vehicle 
and highway infrastructure corrosion. 

Research funded by the Water Environment 
Research Foundation has established that the 
source of the pollution problem of snow and 
snowmelt in urban areas and inter-urban 
transportation systems is limited to impervi
ous areas and a strip of pervious land, extend
ing about 10 meters from the road.5 The quali
ty of snow more than 10 meters away from the 
road approaches background levels. The 
spray impact of deicing chemicals does not 
extend significantly beyond the 10-meter dis-
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tance from salted roads unless the snow is 
transported by snow removing machines far 
away from the road. 

Strategy of the Winter Management of Urban 
Pollution. The strategy for winter urban pollu
tion management can be broken down into 
two approaches that should be implemented 
simultaneously:14 

• Reducing the use of deicing compounds, 
selecting more environmentally safe deic
ing and anti-icing chemicals, and better 
snow removal practices. 

• Using best management practices to con
trol residual pollution. 

Both management practices must be consid
ered in the watershed context. 

Recent Developments in the Use of Highway 
Deicing Chemical & Snow Removal Practices. In 



the pre-1990 period, in many older urban 
areas in North America, the typical winter 
road maintenance scenario was to react 
according to the weather forecast for the com
munity, mobilize winter maintenance crews 
and. take action after the beginning of the 
storm. Usually, a road deicing operation was 
undertaken with salt or salt/ abrasive mix
tures based on the forecast with deicing being 
the first operation and plowing resorted to 
when snow accumulated to 5 to 7.5 centime
ters (2 to 3 inches). Often, when forecasts were 
inaccurate, or when unusual conditions 
occurred, snowpack or icepack would occa
sionally develop that was then "burned off" 
with large amounts of salt or calcium chloride, 
depending on the temperature. 

The serious ecological concern created by 
using deicing chemicals is prompting effort$ to 
develop new chemicals, new combinations of 
chemicals and new techniques for using and 
applying these chemicals, either as a deicer or 
anti-icing agents. Much of the impetus for 
changing methods of deicing and making anti
icing an acceptable alternative in the arsenal of 
U.S. winter maintenance practices is coming 
from Europe and Japan. It includes incorporat
ing modern computer technology into both 
weather and pavement temperature forecasts 
as well as using modern equipment spreaders. 

Acceptance of pre-wetting the solid chemi
cals (e.g., salt, abrasive mixtures) or using 
brine instead of solid salt granules has been 
growing in Europe. The objectives ofapplying 
brine instead of dry or pre-wetted salt include 
instant reaction, increased spreading speed, 
reduced consumption rates of salt and faster 
drying of deicing roads. The effects have been 
judged byNorway's Public Road Administra
tion to be very good when brine is applied as 
a preventive action before snowfall or icy con
ditions and after the formation of frost or a 
thin layer of ice. It was estimated that salt use 
could be cut as much as 50 percent if all the 
new technologies, such as a road weather 
information system (RWIS), thermal mapping 
of pavements, spreader equipment develop
ment (ability to use both liquid and solid on 
the same vehicle) and anti-icing take hold in 
the United States. Liquid ice-control chemicals 
have the advantage of offering better control 

and more immediate effectiveness. Conse
quently, smaller amounts can be used. In this 
way, implementation of these new technolo
gies is cost effective. However, liquid chemi
cals should not be used when freezing rain or 
above freezing temperatures with wet snow 
are forecasted because liquid precipitation 
will wash out the chemicals more readily. 
Furthermore, chemicals in liquid brine form 
do not require anticaking agents (cyanides). 

Use of a RWIS is growing rapidly in the 
United States but the intensity is still lagging 
behind Europe, especially Scandinavia. These 
systems are used for monitoring and collect
ing site-specific pavement and weather infor
mation, using a combination of sensing 
devices, communication equipment, comput
er networks and meteorology. Sensors moni
tor weather information, such as wind speed, 
air temperature, dew point, visibility and pre
cipitation. Vermont is using infrared sensors 
on the bottom of snow plows to measure the 
actual temperature of the roadway as the 
trucks pass over, allowing for a more accurate 
calculation of the amount of salt needed. 
Doing so has reduced the amount of salt 
spread down by 20 to 30 percent. In more 
complex systems, sensors monitor pavement 
temperature and moisture and can estimate 
the amount of chemicals present on the road 
surface. The roadside and pavement monitor
ing equipment is sometimes wired to a remote 
processing unit that provides communication 
to a central processing unit accessible to win
ter maintenance personnel. The use of these 
stations allows agencies to improve dramati
cally the ability to forecast site-specific precip
itation and air and pavement temperatures. 
These documented reductions can be especial
ly significant in low salt use drinking water 
reservoir watersheds in Massachusetts. 

As noted by the federal Transportation 
Research Board (TRB), highway agencies are 
lacking guidance on optimal selection and 
application rates. Research is underway by the 
TRB to prepare such guidelines. Currently, 
there is no computerized expert system avail
able to these agencies for on-line, real-time 
evaluation of the expected snowfall and its 
environmental consequences caused by road 
deicing and snow removal operations. 
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Salinity, cyanide and dissolved metal toxic 
shock to the biota in receiving water bodies 
may not be a problem if sand/ salt abrasives 
are used instead of deicing salt alone. A sand
salt mixture may be a deicer of choice for 
many communities that do not have com
bined sewers or where storm sewer clogging 
is not a problem. Abrasives themselves, how
ever, can be a source of problems. Higher 
phosphorus and COD /BOD concentrations 
have been observed in watersheds where salt
abrasive mixtures are used and the sand 
delivered to the receiving water bodies may 
impair the habitat. In commurlities with storm 
sewers, grass filters and buffers between 
roads, as well as storm inlets could be used to 
prevent the clogging of sewers by grit and 
excessive sediment loads. 

Calcium chloride brine is the most efficient 
anti-icing chemical that also has significant 
environmental benefits (such as a reduction of 
metal toxicity). It has been used widely in 
Europe and tried recently in the United States. 
As pointed out previously, Massachusetts is 
using a 4:1 mixture of sodium chloride with 
calcium chloride for deicing that has both envi
ronmental and economic benefits. However, at 
very low temperatures, abrasives may have to 
be used. Research should continue on the use 
of CMA and agriculturally derived com
pounds when mixed with salt. These types of 
mixtures may reduce the salt application rate 
even further; however, they may have addi
tional environmental consequences such as 
BOD and phosphate enrichment of the receiv
ing waters. CMA may be a deicer of choice in 
areas suffering from the ecological effects of 
acid precipitation because of its pH buffering 
and soil improving capability. However, high 
BOD and its effect on the oxygen resources of 
the receiving water bodies are significant envi
ronmental drawbacks. Also, the higher cost of 
CMA, in comparison to salt and salt/ sand 
mixtures, may be a problem. 

Snowmelt Pollution Management in the 
Watershed Context. Usually combined sewers 
and connected downstream treatment facili
ties have excess capacity to accommodate 
some wet weather flow inputs. Because of 
very slow melting rates, in contrast to 
stormwater runoff, the snowmelt rate is less 
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than the critical rainfall intensity rate that ini
tiates an overflow. Therefore, the pollution 
from snowmelt usually can be handled by a 
treatment plant. If storage is available, almost 
all of the polluted snowmelt can be captured 
and treated. Snowmelt induced by heat can 
also be treated adequately. However, rain 
falling on snowpack may cause an overflow. 

Roads and strips of pervious land up to 10 
meters (30 feet) away from the impervious 
surfaces (usually roadside swales) receive pol
luted snowmelt and are also affected by the 
spraying of deicing chemicals. Management 
relies on infiltration and attenuation of 
snowmelt pollution in roadside grassed 
buffers (filters). 

Many potential BMPs have been developed 
and implemented to control non-winter urban 
and highway runoff, often without consider
ing winter snowmelt pollution. However, the 
management of winter pollution is difficult 
because the majority of BMPs implemented 
for stormwater pollution control are inopera
tive (e.g., street sweeping) and/ or inefficient 
(e.g., common ponds and wetlands) during 
winter. Pollution originates primarily from 
impervious areas. 

Winter problems of conventional urban 
BMPs are due to the following factors: 15 

• The conveyance systems and soils are 
frozen. 

• Particle settling is reduced due to higher 
viscosity or flows at freezing or subfreez
ing (due to salting) temperatures and due 
to increased density. 

• A thick layer of ice inhibits the function
ing of ponds. 

• Winter accumulation of dissolved or dis
sociated pollutants in the snowpack can 
be washed away by a single snowmelt, 
especially if combined with rainfall. 

• Large quantities of particulate pollutants 
are not carried away by snowmelt and 
may remain on the urban surface. They 
are subsequently washed away by spring 
rainfall (storm) runoff. 

• Street sweeping cannot be carried out 
when snow and ice are on streets. 

• Biodecomposition of deposited organics 
is minimal. 



TABLE 5. 
The Effectiveness of Stormwater Ponds in Minnesota & 

Wisconsin in Treating Runoff & Snowmelt 

Pond 
Event TSS vss 

McCarrons (0.97 ha)* Snowmelt 58 58 

Rainfall 91 95 

Lake Ridge (0.37 ha)* Snowmelt 72 63 10 

Rainfall 90 70 

McKnight Basin (2.24 ha)* Snowmelt 85 48 30 

Rainfall 85 67 

Woodbury (0.15 ha)* Snowmelt -60 -46 

Rainfall 46 32 

Monroe Street Detention Snowmelt 50 10 
Pond** 

Rainfall 88 45 42 

Notes:* Minneapolis-St. Paul lakes & ponds (data from Ref 15). 
*' Monroe Street detention pond, Madison (data from Ref 1 7): 

• Due to higher salt contents, the dissolved 
fractions of some pollutants (e.g., metals) 
are higher. 

Table 5 shows the removal efficiencies of 
ponds in Minnesota and Wisconsin during 
winter operation. Of note are negative or neg
ligible efficiencies for nutrients and metals. 
The reason for these poor efficiencies to treat 
metal pollution is the reduction of the parti
tion coefficient by increased salinity, explained 
previously and shown in Figure 4, which may 
release previously (during the preceding non
winter period) accumulated metals and nutri
ents from the sediments. 

BMPs for Winter Snowmelt Pollution Control. 
Although the efficiency of many BMPs, 
including ponds,· is reduced during winter, 
ponds can become a key component of win
ter pollution management programs.14 Ponds 
may be preferable to wetlands because wet
lands are dormant during winter and often 
become a source of pollution. However, typi
cal simple wet and dry ponds and wetlands 
designed for stormwater pollution and vol
ume controls are not efficient for controlling 
snowmelt pollution. To mitigate the prob
lems with the winter performance of ponds, 

Percent Pollutant Removal 

Total P Dissolved P COD TKN NO2 Total Pb 

41 38 50 22 13 40 

78 57 90 88 60 85 

6 - 10 19 18 

61 11 - 50 10 73 

11 - 10 8 59 

48 11 - 31 24 67 

-17 -12 - -27 4 -40 

24 21 - 14 18 42 

22 37 20 10 1 NC 

41 59 38 65 71 NC 

these facilities can be designed with enough 
capacity to allow settling after ice is formed 
and provide some treatment by infiltration. 
One design that would function well under 
wintry conditions is an extended dry pond 
used in stormwater pollution abatement (see 
Figure 6). Such ponds are generally without 
standing water and their porous bottoms are 
relatively dry between snow storms. No ice 
layer would normally be formed during the 
winter period and the flow rates in the ponds 
would be relatively small and in most cases 
would be constituted from the chemically 
induced snowmelt and pavement melt. These 
"first flush" flows could infiltrate through 
the porous bottom and receive treatment by 
filtration. As the volume of the melt increases 
and the flow rate exceeds the capacity of the 
underdrains, the pond volume would fill and 
the pond would function as a wet detention 
pond and store the heavily polluted flows 
until the volume in the pond reaches the ori
fice outlet control device. Existing dry ponds 
could be used for storage and equalization of 
the first flush that can then be diverted for 
treatment (e.g., using excess treatment capac
ity of wastewater treatment works during 
winter). 
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FIGURE 6. Extended dry pond modification for winter operation. Inlets and outlets should 
be submerged to reduce freezing problems. 

Because salt is a conservative pollutant, 
prviding sufficient dilution, providing storage 
during times when dilution is not available 
and, in coastal areas, providing a conveyance 
to the sea can effectively mitigate excess sodi
um and salinity loads. Use of alternate 
biodegradable organic deicing compounds 
and deicing mixtures is a feasible alternative 
in vulnerable watersheds provided that their 
adverse environmental consequences (oxygen 
demand and nutrient content) are considered 
and the loads do not exceed the loading capac
ity of the receiving water bodies. Use of liquid 
mixtures that do not contain cyanide anticak
ing compounds is preferable. Excessive salini
ty and cyanides from salt and dissolved oxy~ 
gen depletion by alternate organic deicers are 
often issues of the total maximum daily load 
(TMDL) process specified and are required by 
the Clean Water Act issues and should be con
sidered as such by the responsible pollution 
control agencies. 

Conclusion 
It is a well-established fact that urban and 
highway snowmelt is polluted and could 
adversely affect the integrity of receiving 
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waters. The magnitude of pollution and its 
character is different from off-winter 
stormwater runoff. Some water quality 
parameters that are very significant during 
winter snowmelt and must be addressed (e.g., 
cyanide and dissolved metals) are often 
insignificant in off-winter stormwater .from 
the same locality. In some urban streams, 
cyanide and metal pollution during winter 
may exceed established water quality stan
dards. Pollution control agencies may respond 
to this not easily traceable problem by apply
ing more stringent point source controls 
instead of focusing on the diffuse sources -
i.e., snowmelt. 

Managing snowmelt pollution is often 
mandated by the stormwater permits for 
northern municipalities. For example, the city 
of Madison permit requires the city to imple
ment a deicing salt reduction program. 
Unfortunately, effective tools to help agencies 
to consider the environmental consequences 
of deicing operations are currently not avail
able. In many cases, a successful winter pollu
tion abatement program will require judicious 
and efficient application of deicing chemicals 
with application rates determined by comput-



erized real-time control incorporated in 
regional RWISs. Less environmentally damag
ing chemicals should be selected and used, 
especially in environmentally sensitive areas. 
Reducing winter pollution from urban areas 
and highways requires the cooperation of 
local and regional pollution abatement agen
cies, transportation departments and airport 
authorities. The management of snowmelt 
pollution must be included in the watershed 
management plans and in vulnerable water
sheds included in TMDL plans. 
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History 

Central Corridor 
Highway Planning in 
Boston, 1900-1950: 
The Long Road to the 
Old Central Artery 

Massive highway projects are 
the result not only of sound 
planning and technological 
achievement but also of 
political will and consensus. 

YANNI TSIPIS 

B
etween 1951 and 1959, the streets of 
downtown Boston reverberated with 
the crash of wrecking balls, the crack of 

pile drivers and the staccato of rivet guns. For 
those eight years, the city lay torn open while 
the urban doctors of the day administered 
their chosen cure for the city's congestive ills. 
When the dust settled and office workers in 
the financial distrid peeled the tape off their 
windows, they looked out on a city w~ose 
very identity had been shaken to the core -
enough to completely redefine the city's 

image for the next half-century. In a city that 
had changed little physically since the turn of 
the twentieth century, here was remarkable 
change - massive, wrenching change on a 
scale not seen in the old city since men named 
Quincy and_ Pierce held court in the Boston 
city offices on School Street. "Boston carried 
its twentieth-century decay with the immense 
dignity of an old dowager in reduced straits," 
reported Architectural Forum in October 1959. 
"But her composure, unshaken by traffic
choked streets, grim elevated railway struc
tures, honky-tonk shopping districts, and 
skid-row squares, has been decisively shak
en."1 Also remarkable was the speed with 
which this change proceeded. Although the 
idea of a new thoroughfare through down
town dated back at least to the first decade of 
the twentieth century, repeated and concerted 
attempts by city officials and private interests 
alike to bring these ideas into meaningful 
fruition had for decades come to naught. 
Beginning in the summer of 1947, however, 
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the long-dormant vision for a radical response 
to the city's traffic ills sprang suddenly to life, 
fueled by a unique and revealing confluence 
of public and private forces. Within the space 
of a few years, that vision passed - or more 
precisely, was pushed with great force - from 
a fuzzy line on a planning map to a hulking 
steel and concrete viaduct pouring through 
the streets of downtown Boston. Why had an 
idea nearly as old as the motorcar itself come 
so suddenly to fruition? 

"Ancient" History 
The troubles in Boston started early. In June 
1639, the English General Court that presided 
over the Colony of Massachusetts Bay fined 
the nascent town of Boston "twenty shillings 
for defective highways." Furthermore, the 
court directed Boston "to repair them, upon · 
penalty of five pounds." In 1665, a British 
Royal Commission visited the town and noted 
that "the streets are crooked, with little decen
cy and no uniformity."2 During the postrevo
lutionary period, as newer American cities 
grew according to grand plans based on recti
linear street grids and comprehensive systems 
of avenues and boulevards, Boston's down
town street network saw remarkably few 
alterations to its original seventeenth century 
street alignments and dimensions - yet at 
that time it continued to serve the city's resi
dents and commercial interests. Until well into 
the city's third century of existence, Boston's 
compact density allowed residents to walk 
from their places of residence to conduct daily 
business and communications. In addition, 
the majority of the city's commercial activity 
took place on and in close proximity to its 
bustling waterfront, requiring little in the way 
of overland transport or the infrastructure to 
support it. Beginning in the 1850s, however, 
shifting demographic trends and advances in 
transportation technology began to lay the 
foundations of obsolescence for the old net
work of downtown streets. 

In March 1856, a horse railway began service 
from Harvard Square in Cambridge to 
Bowdoin Square in Boston near the city's retail 
district. · The service, reported the Boston 
Transcript, "exceeded the most sanguine expec
tations of the proprietors as well as our subur-
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ban friends."3 Within a decade of the introduc
tion of horsecar technology in Boston, service 
had rapidly proliferated to outlying residential 
areas, with rather un-sanguine effects on travel 
conditions in the city's downtown core. 
Because the greatest demand for horsecar serv
ice came from commuters, competing compa
nies initially established line-haul service along 
many of the major radial thoroughfares leading 
into the city's downtown core from outlying 
residential districts such as Cambridge, 
Roxbury and Brookline. These early radial 
routes converged on the city center, but most of 
the tracks stopped just short of the business 
core, leaving crowds of passengers to reach 
their destinations on foot. By 1880, several 
major competing horsecar companies began to 
merge and to realize the efficiency of running 
relay service over routes that passed through 
downtown. The effect of the new through
routes on street traffic in the few major thor
oughfares of the downtown core was swift and 
dramatic. Traffic passing through the central 
district was "gorged and dammed and strug-

. gles slowly through," observed the Rapid 
Transit Commission, which was convened by 
the General Court in 1891 to develop a compre
hensive proposal for a rapid transit system in 
Boston. The commission in its 1892 report to the 
legislature noted that:4 

the necessities of transportation have 
forced new uses upon the streets for which 
they never were designed, and to which 
they are not adapted at all . . . We have 
already pointed out their present inadequa
cy. It is needless to insist on what is seri
ously denied by nobody. 

The situation downtown was made worse by 
the proliferation of electric streetcars in the 
.1890s. Since these cars used inexpensive and 
reliable power to run, they enabled the city's 
single streetrailway company to run more fre
quent service over an expanded network of 
routes (both in breadth and density), further 
exacerbating the crowded conditions down
town. 

As street railway and municipal services 
networks expanded outward from the central 
city in the closing decades of the nineteenth 



century, so too did the extent of outlying resi
dential districts. The cycle of radial street rail
way development and new housing construc
tion was spurred by a sustained influx of 
immigrants into the city's older residential 
districts, replacing native or older immigrant 
residents on their way. up the socioeconomic 
ladder and out of the · central city. Because 
commercial and retail activity in the region 
was still focused sharply in the downtown 
core, increasing numbers of streetcars serving 
an ever-expanding ring of residential suburbs 
continued to converge on a compact down
town core whose boundaries and streets had 
changed little since the revolutionary days. 
Between 1871 and 1891 alone, the annual rid
ership of the city's street railways (the over
whelming majority of which entailed radial 
journey-to-work trips with downtown desti
nations) quadrupled, from 34 million to 136 
million. The congestion created in the down
town core by this volume of traffic - or more 
precisely, by the numbers of streetcars needed 
to provide service to these riders - threatened 
the viability of downtown Boston as a place to 
do business. The Rapid Transit Commission 
concluded that:4 

we must make more room or submit to be 
squeezed and squeezed tighter and tighter 
as the years go on, until stagnation super
venes, or the strife is abandoned in despair, 
and trade betakes itself to more accessible 
quarters. 

Traffic conditions on the streets of down
town, and the dire predictions that accompa
nied them, proved sufficiently alarming to 
inspire the General Court to pass sweeping 
legislation promoting the public construction 
of a transit tunnel under one of the city's most 
congested thoroughfares. The court also 
authorized the creation of a private company 
charged with constructing additional grade
separated transit facilities. By the turn of the 
twentieth century, streetcars flowed smoothly 
under Tremont Street and above Atlantic 
Avenue, and. construction would soon begin 
on a long tunnel under Washington Street 
designed to "provide real rapid transit through 
the business section of Boston."5 For half a cen-

tury, the city had endured steadily deteriorat
ing traffic conditions on the streets of down
town. By 1900, a comprehensive program of 
construction designed to remedy the city's 
congestion ills was nearing completion. 

Origins & Destinations 
On the first day of 1906, John F. Fitzgerald 
became the first mayor in Boston's history to 
ride to his inauguration in a motorcar. 
Promising a "bigger, better, busier Boston," 
Fitzgerald took the reigns of an old city grow
ing with unprecedented rapidity and strug
gling to adapt to the emerging conditions. In 
the decade prior to Fitzgerald's election, the 
city's population had grown by 20 percent, the 
assessed valuation of its real property grew by 
37 percent and expenditures on transit proj
ects between 1895 and 1905 alone eclipsed the 
total of all expenditures made prior to 1895 by 
185 percent.6 Downtown business was boom
ing, and recent advances in construction tech
nology made possible the construction of tall 
steel-frame office buildings with efficient 
floorplates on sites that once housed struc
tures of masonry whose heights were encum
bered by the inefficient space configurations 
created by thick stone columns and by limita
tions in vertical transportation. Downtown 
had no monopoly on new construction during 
this period, however. Along the broad 
avenues leading to Governor Square, a dozen 
modern hotels and apartment buildings rose 
from the recently reclaimed flood plain of the 
Muddy River. Farther still from the core, in the 
newly annexed districts south of the old city, 
residential development flourished on an 
unprecedented scale, enabled by major capital 
programs in transportation and sanitation. 
This development was turning Boston into 
what historian Sam Bass Warner called "a city 
divided." No longer the singular dense and 
cohesive nucleus of old, by 1900 Boston had · 
become "a two part city- a city of work sep
arated from a city of homes.''7 Downtown, the 
demand for commercial and retail space sup
ported the rapid development of the working 
city. In outlying areas of the city and neigh
boring suburbs, a great exodus from the inner 
city neighborhoods and the resulting demand 
for residential space supported the develop-

CIVIL ENGINEERING PRACTICE FALL/WINTER 2003 35 



ment of tens of thousands of new homes. 
Apart from the city's network of radial street
car lines and new downtown subways, pre
cious little physical infrastructure supported 
the critical transportation link between the 
city of work and the city of homes. · 

Rising from the tenements and narrow 
streets of the city's North End, Mayor Fitzgerald 
was intimately familiar with Boston's conges
tion in the residential sense. In 1910, inspired by 
a movement to beautify the city, the Edward 
Filene-sponsored New Boston magazine cited 
the need for "an investigation into present con
ditions of congestion" in the city's central dis
trict.8 The congestion referred to overcrowding 
in the city's tenement houses. Altruistic inten
tions aside, Filene and his fellow downtown 
businessmen soon were concerning themselves 
primarily with congestion of a different sort. 
Along Washington Street in front of Filene' s 
flagship department store - and two blocks 
from the mayor's office on School Street -
street and pedestrian traffic frequently moved 
at little more than a crawl for hours at a time. 

The same year Fitzgerald took office, the 
city's Rapid Transit Commission reported that 
"the narrowness of the streets and sidewalks 
gives rise to a condition of things which is at 
times and in certain places insufferable."9 

Aided by advances in building technology 
and engineering, the building stock of down
town Boston was adapting to the economic 
prosperity of the early 1900s, encumbered 
only by a 125-foot limit on building height 
imposed by the legislature in 1904. The same 
could not be said for the city's transportation 
network. Despite an extensive program of 
subway and elevated railway construction 
that tapped both public and private capital 
resources, street traffic conditions continued 
to deteriorate even as the new grade-separat
ed facilities came into operation. The down-

. town streets that had served the old dense and 
compact city for centuries lacked the capacity 
to handle the rapidly growing throngs of vehi
cles and people who converged on downtown 
from all parts of the metropolitan area. 

Early Metropolitan Approaches 
In the first decade of the twentieth century, 
while the city's downtown struggled to adapt 
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to the complex logistical necessities of twenti
eth-century commerce equipped only with its 
centuries-old complement of narrow thor
oughfares and ways, the surrounding region 
bore witness to a curious but systematic pro
gram of arterial road construction taking 
shape through virgin. forests, along streams 
and shorelines, and around outlying commer
cial centers. Beginning with its charter in 1893, 
the Metropolitan Park Commission (MPC) 
embarked on a broad program to endow the 
Boston metropolitan region with a system of 
parks and recreation facilities linked by "park
ways" that were intended to "make the reser
vations available and to facilitate pleasure 
travel between different parts of the District."10 

By 1911, the MPC's system of parkways 
stretched for nearly 30 miles in and around the 
Boston metropolitan district, providing, in the 
words of the commission, "main thorough
fares for the district according to a systematic 
plan." In its 1911 annual report, the commis
sion noted:10 

Now that automobiles have come into such 
general use it is hard to imagine what the 
District would do without these arteries of 
travel ... justified not merely by the beauty 
of its drives, but by its usefulness as a road 
system and the incidental solving of many 
sanitary and economic problems. 

While the parkway system indeed offered 
the region's motorists a "beautiful, conven
ient, and complete system of intercommuni
cating pleasure ways," the system proved 
wholly unequal to the task of providing an 
efficient means of motor transport to and from 
the central district of Boston for those living in 
the region's rapidly expanding suburban 
region. In practice, the gracefully curving and 
well-appointed parkways proved ill-suited to 
handle the volumes and speeds of general 
(non-pleasure) traffic that flowed daily over 
the system. Worse still, each of the MPC' s 
parkways ended far short of the downtown 
core for which most parkway motorists were 
destined. These motorists were left off in the 
Fenway, in Somerville or in Dorchester to slog 
their way into or through downtown over the 
city's existing roadway network. Conceived in 



an era when widespread travel by motorcar 
seemed as unthinkable as travel by airplane, 
the metropolitan parkway system was not the 
regional solution to the city's congestion trou
bles by the time it was approaching comple
tion in 1911. Caught by surprise by a rapid 
and unforeseen technological advance, the 
region's first attempt at comprehensive trans
portation planning expended significant sums 
building new highways in the wilds of Hyde 
Park, Medford and. Milton while downtown 
Boston choked on congestion of "insufferable" 
proportions. 

Between 1880 and 1910, the Common
wealth of Massachusetts's regional planning 
efforts in the Boston metropolitan area had 
resulted in the development of a water supply 
system serving Boston and nineteen other 
municipalities, a sanitary sewerage system 
serving a dozen communities, a well-devel
oped park and parkway system stretching 
from Lynn to Milton and west to Newton, and 
a mass transit system ( constructed largely by 
private capital) serving all towns adjacent to 
the city. These instances of metropolitan plan
ning arose from the need and desire to pro
vide public services to an increasingly decen
tralized populace, and were made possible by 
advances in technology that permitted the 
conception and construction of facilities large 
enough in scale to serve large numbers of cus
tomers in a broad geographic area. The metro
politan programs enjoyed the strong political 
support not only of legislators whose districts 
stood to benefit from the new facilities, but 
also from progressive political interests that 
were enjoying the height of their political 
power during this period. 

The last major effort at metropolitan plan
ning undertaken by the legislature before war 
intervened came in 1907 with the formation of 
the Metropolitan Improvements Commission 
(MIC), a five-member body appointed to 
"investigate and report as to the advisability 
of any public works in the metropolitan dis
trict which in its opinion will tend to the con
venience of the people, the development of 
local business, the beautifying of the district, 
or the improvement of the same as a place of 
residence." More specifically, the MIC was to 
"consider the establishment of a systematic 

method of internal communication by high
ways." In its 1909 report, the MIC recom
mended the creation of a "Metropolitan 
Highway Board" empowered to propose, 
investigate, lay out, design and construct new 
highways in the metropolitan Boston area. 11 

Although the legislature took no immediate 
action on the MIC recommendation, it 
appointed a Joint Board composed of mem
bers of city, regional and state planning and 
transportation agencies to investigate those 
recommendations, develop more specific proj
ect-oriented recommendations and draft legis
lation based on the broad recommendations of 
the MIC. The board advocated a program of 
improvements that for the first time bridged 
the design gap between measures intended 
specifically to relieve local intown traffic con
gestion and those intended to provide more 
convenient metropolitan travel outside the 
central city. The Joint Board recommended 
several major improvements to the streets in 
downtown Boston, noting that:12 

extensions and improvements of highways 
may be considered to be matters of metro
politan concern whenever they would pro
vide thoroughfares ... for the convenience 
of traffic and travel of all classes through 
and about the Metropolitan District. 

The most significant of the Joint Board's rec
ommendations was the opening of a "New 
Highway between North and South Stations." 
The board noted in its final report that:12 

travel from all parts of the District north of 
the Charles River gathers at Causeway Street 
near the North Station and freight terminals, 
suffers from the inconvenience of the present 
streets leading to the South Station and 
freight terminals and to the southern portion 
of the District; while, on the other hand, 
much of the travel from the south portion of 
the District gathers about the South Station, 
and . . . is inconvenienced in reaching the 
North Station and freight terminals and por
tions of the District to the north and west. 

For the first time in the commonwealth's histo
ry, transportation planners had made the case 
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that downtown congestion affected travel 
throughout the metropolitan region. These 
planners proposed to address the problems of 
regional transportation with a localized 
improvement - an 80-foot wide new street 
carved out of the existing street network lead
ing directly from the major approaches to the 
north (the Warren and North Washington 
Street bridges) through downtown and con
necting with Atlantic Avenue and the Northern 
Avenue bridge just south of the downtown 
core. The Joint Board proposed constructing the 
so-called New Business Thoroughfare in con
junction with a railroad tunnel following a sim
ilar alignment, connecting North Union Station 
with South Station. "The advantages of a short 
and speedy connection ... are manifest," wrote 
the board. This joint road/rail artery through 
the city's old congested district promised to 
benefit the city's downtown by relieving sur
face traffic (including rail passengers transfer
ring between terminals by streetcar or motor 
taxi), and would alleviate a longstanding 
regional transportation bottleneck by provid
ing a direct highway route through downtown 
Boston for crosstown traffic.12 

This New Business Thoroughfare was 
intended as a central link in a proposed sys
tem of regional arterials included in the Joint 
Board's 1911 final plan. The. board, however, 
lacked any real political power of its own and 
could only make recommendations to the 
General .Court. Despite the Joint Board's pre
scient and comprehensive evaluation of 
regional transportation needs, the legislature 
shied away from funding or commissioning 
further study of any of its plans. The well-rea
soned and repeated suggestions that a com
prehensive "metropolitan highway" system 
be actively investigated and pursued faded 
with the wane of progressivism and the con
current · ascent of the political machine of 
James Michael Curley as mayor of Boston in 
1914. With the state legislature entering a 
decade of overwhelmingly Republican con
trol, the ascent of the pugnacious Democrat 
Curley as Boston's mayor spelled the end of 
state support for metropolitan programs 
whose primary beneficiary was the city of 
Boston. Only for a brief period during the 
mayoralty of Andrew Peters between 1918 
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and 1921 was any serious suggestion again 
made that the possibility of an empowered 
metropolitan planning entity or metropolitan 
government should be explored. For much of 
the next three decades, the legislature's atten
tion was focused primarily on highway con
struction programs in rapidly developing out
lying parts of the metropolitan area, leaving 
Boston to tackle its congestion troubles with 
only token support from the commonwealth. 

Local Initiatives & the Re-emergence 
of the ~risis Mentality 
Late in 1923, the decade-old Boston City 
Planning Board presented Mayor Curley with 
its plans for a new "Intermediate Thorough
fare," a 100-foot wide traffic artery cutting 
through the downtown district and connecting 
to existing major routes serving outlying areas. 
The new thoroughfare was intended to pro
vide a solution to the "intolerable conditions in 
the down-town section of Boston" by "recti
fy[ing] a fundamental error in the street plan of 
the city."13 The congestion caused by the fun
damental error in Boston's street pattern cited 
by the City Planning Board had, by the early 
1920s, driven all of downtown's transit service 
underground into subways or onto elevated 
structures, leaving the streets to pedestrians 
and rapidly increasing numbers of motorcars 
and trucks. Street traffic conditions downtown 
deteriorated with startling rapidity as the 
number of motorcar registrations in the state 
- concentrated in the Boston metropolitan 
area - nearly quadrupled between 1918 and 
1925. The root of the downtown problem, 
according to the City Planning Board, lay in its 
estimate that of all the street traffic coursing 
through the two existing major downtown 
thoroughfares - Tremont and Washington 
streets - 90 per cent of it "has no business in 
that district and is simply going through to 
some other point."14 Furthermore, the board 
pointed out that the increasing numbers of 
motorcars crowding onto downtown streets 
were impeding the trucking and cartage oper
ations that served downtown's retail establish
ments. The board estimated that downtown 
traffic cost the city's retail customers $6 to $7 
million annually as the increased cost of trans
porting goods was passed on to the consumer 



in the form of higher retail prices. The board's 
Intermediate Thoroughfare plan was intended 
to address the city's traffic ills by opening up 
the city's most congested district and allowing 
through-traffic to bypass the crowded retail 
streets. The plan's sponsors noted that the 
Intermediate Thoroughfare was "a city-wide 
rather than a local improvement and that the 
entire business district will derive a direct, sub
stantial, and assessable benefit therefrom."14 

Although generally referred to as a compre
hensive street improvement plan, the city's 
1923 plan was in fact a highly localized initia
tive whose constituents commanded little 
influence beyond the city's borders.15 

With an estimated price tag of nearly $33 
million, the city's Intermediate Thoroughfare 
plan proved impossible to finance at the city 
level, so Mayor Curley took the plan to the 
legislature in 1924 in the hope of securing state 
funds to pursue the project. The General Court 
spurned Curley's immediate request of fund
ing for the thoroughfare (although it did see fit 
to appropriate funds for two smaller improve
ments), but took the modest step of appoint
ing an unpaid commission of city officials to 
investigate the proposal and report its find
ings to the next session. Of the five members 
of this Special Commission eventually empan
eled by the legislature, only one (Charles Carr, 
Chair of the Boston Finance Commission) had 
the prescience to note in his report:13 

In city planning the whole region, not only 
the city proper, but the surrounding territo
ry, must be studied. So in Boston all the 
problems and all the proposals for relief 
must be considered together .... The com
ing of the thoroughfare . . . would tend to 
check the growth of the city towards the 
suburbs; it would force the decision that 
the business of Boston must be concentrat
ed in the two square miles of the down
town district . . . The consequence of this 
would be that in a short time not only all 
the other street improvements proposed by 
the majority of the Commission would be 
necessary, but many more. 

On one hand, Carr's hypothesis that the pro
posed plan would stem decentralization of the 

existing business district galvanized the sup
port of downtown business interests who 
looked forward to the proposed thorough
fare's "direct, substantial, and assessable ben
efit." More importantly (and far more percep
tively), Carr underscored the city plan's fun
damental political weakness. Although the 
Special Commission advocated in strong 
terms funding the Intermediate Thoroughfare 
plan to successive legislative sessions (in 1925 
and again in 1926), the city's plan offered 
nothing to the constituents of legislators 
whose districts lay outside the boundary lines 
of corporate Boston. Rather than treat the 
downtown thoroughfare as a conduit for 
regional travel demand with potentially broad 
regional benefits, the City Planning Board 
emphasized instead the benefits its plan 
would deliver directly to stakeholders in the 
downtown business district. Absent any evi
dence that the city's proposal would benefit 
constituencies in outlying or distant districts, 
the General Court received both reports with 
interest, but decidedly took no action to com
mit funds for the plan's implementation. 

Without denying the existence of the street 
traffic problems of downtown Boston, legisla
tors had made unequivocally clear their 
unwillingness to pledge state funding to rem
edy a problem most still viewed as highly 
localized. The city's case was not helped by 
the longstanding disdain for, and distrust of, 
the Irish-Democratic city government among 
the Republican legislative majority, which 
balked at the idea of funneling tens of millions 
of state dollars into the hands of those who 
they viewed as corrupt · city officials at the 
helm of what would have been the most 
expensive public works project in the city's 
history. With the tales of graft and inefficiency 
on public works projects in Tammany-con
trolled New York City still fresh in the minds 
of legislators, the appeal of granting substan
tial state aid to a city run by the former presi
dent of Boston's Tammany Club was limited. 

Although rejected by the legislature on 
political grounds, city officials and downtown 
business interests found that traffic conditions 
in the city's central district did not respect 
political setbacks. Motorcar registration in the 
commonwealth - and especially in the resi-
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dential-commuter districts surrounding the 
corporate city of Boston - ballooned in the 
mid-1920s, with nearly 380,000 new registra
tions (representing nearly 10 percent of the 
state's population) recorded between 1923 and 
1926 alone. The trend seen in Massachusetts in 
the 1920s was typical of states throughout the 
nation, but the sharp increase in auto owner
ship was doing more than just crowding the 
streets of cities around the country. Between 
the early days of the city's Intermediate 
Thoroughfare initiative and the time Malcolm 
Nichols settled into his School Street office in 
1926 (Curley was barred by state law from 
succeeding himself), both the academic disci
pline and the • professional practice of traffic 
engineering nationwide had made substantial 
advances, in terms both of public recognition 
and of technological competence as a result of 
the rapid growth in motorcar ownership and 
advances in automotive technology. Mayor 
Nichols, who in his inaugural called for "a 
sound program of street development . . . 
accompanied by scientific plans to use exist
ing traffic facilities in the safest and most effi
cient manner," quickly took advantage of the 
newly available local expertise afforded by the 
Erskine Bureau for Street Traffic Research, 
headed by Miller McClintock, one of the 
nation's foremost experts on traffic control, 
and recently transplanted from the University 
of California at Los Angeles to the mayor's 
alma mater, Harvard University, in Cam
bridge. Accompanying the work of the 
Mayor's Street Traffic Advisory Board and its 
Harvard consultants was a major initiative by 
the City Planning Board, also begun in early 
1927, to develop a comprehensive and modern 
plan of citywide arterials. To take the lead in 
preparing the new plan, the board enlisted the 
expertise of consultant Robert Whitten, a 
nationally recognized authority on traffic 
planning and at the time the president of the 
City Planning Institute of America. At a time 
when planners nationwide were enthusiasti
cally broadening their view of city planning to 
accommodate - and celebrate - the geo
graphic implications of high-speed motorcar 
travel over limited access regional express
ways, both the Erskine Bureau's McClintock 
and the City Planning Board's Whitten had 
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remained fervent proponents of a central city 
that retained its density and cohesion, as long 
as it could be made easily passable to large 
volumes of auto traffic. The proposals pro
duced for Boston under the guidance of 
McClintock and Whitten would prove nothing 
short of revolutionary in a city in which, in the 
words of planner Nelson P. Lewis of New 
York, "few notable improvements have been 
carried out in recent years."15 

McClintock proposed a sweeping new reg
ulatory code for street traffic in the city that 
laid out broad definitions of pedestrian rights, 
provided measures for strict cont~ol of stand
ing and stopping, and, most notably, imposed 
a total restriction of parking on most streets of 
the downtown commercial district. Whitten 
drafted a comprehensive and technically pio
neering proposal that outlined ten major new 
projects and over fifty smaller improvements, 
together estimated to cost $47 million and 
designed to "provide, in so far as it is eco
nomically feasible, for a free and continuous 
movement of traffic." The centerpiece of 
Whitten' s Thoroughfare Plan for Boston was a 
six-lane, $28-million limited-access elevated 
express highway called the "Central Artery," 
which was intended to correct "the most seri
ous defect in the street system of central 
Boston ... the lack of an adequate north-south 
traffic route." The proposed elevated roadway 
would stretch from Nashua Street near North 
Station between the North End and the mar
ket district, through downtown, over 
Kneeland Street, and alight on Albany Street 
just beyond South Station. Whitten asserted 
that the new elevated roadway would "attract 
to itself practically all the through traffic that 
now clogs the streets of Central Boston," and 
"permit practically all traffic to and from the 
wholesale district, that market district, the 
waterfront, the North Station, the South 
Station, the North End and the West End to 
by-pass the congested retail and office dis
tricts."16 Despite the elevated road's promise 
for relieving downtown congestion, Whitten 
made sure to address potential critics of the 
road's grade. Wary of recent agitation among 
residents of several Boston neighborhoods to 
rid their streets of the turn-of-the-century ele
vated railway structures, Whitten wrote:16 



As a matter of first impression the erection 
of additional elevated structures in Down
town Boston is very objectionable. . . . It 
must be remembered, however, that the 
proposed upper-level roadway will occupy 
the central portion only of a broad avenue; 
... that great care will be taken in its design 
to make it attractive and to reduce noise 
and vibration; that it will be used by motor 
vehicles and not by railroad trains. 

In fact, Whitten's concerns about the city's 
objections to the construction of "additional 
elevated structures" proved to be greatly over
estimated. As with the 1923 Intermediate 
Thoroughfare initiative, both Whitten's and 
McClintock' s proposals for traffic relief in 
downtown (with the exception of McClin
tock' s proposed parking ban) were met with 
enthusiastic support by most dty officials and 
downtown business and civic groups.16 

McClintock's recommendations led Mayor• 
Nichols to seek the immediate establishment 
of the Boston Traffic Commission to oversee 
the regulatory aspects of street traffic control 
in the city, which was swiftly approved by the 
governor and legislature in April 1929. Within 
its first year of existence, the Boston Traffic 
Commission implemented programs to put 
traffic signals at busy intersections, set park
ing regulations, train police officers in the traf
fic control tactics detailed in McClintock's 
report, and launched a public information 
campaign intended to acclimate the motoring 
public to new policies and technologies. 
McClintock's proposed parking ban, however, 
proved unworkable amid intense political 
pressure from downtown retail interests. At a 
heated public meeting convened by the city 
traffic commissioner in March 1930, Daniel 
Bloomfield, executive secretary of the Retail 
Trade Board of the Boston Chamber of 
Commerce, angrily charged that the parking 
ban constituted "the most destructive propos
al for traffic relief ever presented," and cited 
the testimony of merchants in Chicago who 
claimed that that city's downtown parking • 
ban had done nothing to help their business
es.17 Nevertheless, aside from the political con
troversy over the proposed parking ban, 
McClintock's many regulatory recommenda-

tions aH shared a lack of major capital outlay 
that made their adoption at the city and state 
levels far less contentious than congestion 
relief proposals such as Whitten's, which 
relied on the construction of expensive new 
roadways. 

Whitten's Thoroughfare Plan carried an 
estimated cost of nearly $50 million, and pro
posed an eight- to twelve-year program of con
struction. Whitten rationalized the unprece
dented expenditures by calling attention to the 
costs of the existing traffic conditions in the 
central district. "The proposed express roads 
and other projects are costly," Whitten argued, 
"but they are not nearly as costly as the present 
congestion and delay."16 Furthermore, Mayor 
Curley pointed out in a speech before the City 
Council in May 1930 that the city had never 
before engaged in the comprehensive planning 
of street improvements:18 

The hit-or-miss method of making street 
widenings and extensions by piece-meal, 
made necessary by changes in administra
tion and divergent opinions, should no 
longer be tolerated. 

Surely, he reasoned, the city would get a big
ger bang for the buck if it expended greater
than-usual sums on a comprehensive program 
of street improvements, rather than dabble in 
highly localized street improvements absent 
some overarching plan. Besides, three decades 
of "hit-or-miss" street improvements had 
yielded little in the way of real relief from con
gestion in the downtown district. The widen
ings of several key city streets (Cambridge 
Street, Stuart Street, and Dock Square, for 
example) had partially alleviated problematic 
conditions at key bottlenecks, but did nothing 
to address the fundamental error in the central 
district's street network or provide for 
improved regional travel in and through the 
city. Curley, the City Planning Board and a 
host of other city government officials and pri
vate groups saw the Whitten plan as an 
opportunity, according to Retail Trade Board 
President George Johnson, to "secure for 
Boston a real and permanent relief."19 

By 1930, relief was on every Bostonian's 
mind. Congestion due to car and truck traffic in 
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the central district had never been worse. 
"There is probably no city in the United States 
where traffic conditions on the streets of the 
downtown business section are so near the sat... 
uration point as they are here in Boston today," 
wrote City Planning Board chairman Frederic 
Fay in 1930.20 McClintock observed that in the 
streets of the downtown district, motorists 
spent fully forty percent of their travel time 
stopped in traffic due to various traffic obstruc
tions (implying, of course, that a substantial 
additional fraction of travel time was spent 
merely slowed in traffic due to congestion). The 
ever-worsening traffic conditions on the streets 
of downtown led many advocates of the expen
sive construction projects outlined in . the 
Whitten plan to publicly espouse the notion 
that the central district was approaching a cri
sis, avertable only by the addition of substantial 
additional capacity (at great expense) to the 
existing street network. "If effective steps are 
not taken now to relieve the situation down
town, matters can never grow better," warned 
Johnson of the Retail Trade Board.19 In 1930, 
City Planning Board chairman Fay went on 
record in the city's official tercentenary history 
with the pronouncement that "a crisis in traffic 
congestion is fast approaching." He predicted 
that "the next few years will of necessity wit
ness the adoption of a variety of radical meas
ures for the relief of the traveling public."20 

Fay's forecast of crisis and radical measures for 
relief would prove prophetic - less prescient 
were his beliefs that the impending crisis and 
its radical relief measures had anything to do 
with traffic congestion. 

The alarmist hyperbole born of bygone 
downtown boom times did little to ease the 

· political and fiscal realities facing the city of 
Boston as the Great Depression deepened in 
the early 1930s. Barely had Curley had time to 
send legislation up to Beacon Hill requesting 
funds for the construction of Whitten's Central 
Artery before the priorities of the city's people, 
economy and government shifted in response 
to the nationwide economic downturn. Even 
as cutting-edge plans for citywide congestion 
relief and capacity-building sat ready on the 
shelf in the mayor's School Street offices, the 
city found itself mired in a fiscal morass of 
emergency relief programs necessitated equal-
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ly by the onset of the Depression and by the 
mayor's apt recognition that his public popu
larity depended in large part on his ability to 
deliver basic services to the destitute masses -
not traffic relief to downtown business inter
ests. The city's unwillingness to support the 
Central Artery proposal had been made more 
acute by Mayor Nichol's commitment in the 
summer of 1929 of $16 million to construct a 
traffic tunnel under Boston Harbor (today's 
Sumner Tunnel). With a vast sum of city 
money already earmarked for that large high
way construction project, both Curley and the 
City Council balked at the prospect of scraping 
together a funding package for another major 
new highway improvement. Their reluctance 
increased with the recognition that an estimat
ed 80 percent of the $28 million total cost of the 
project would flow not into the pockets of 
laborers and the accounts of local material sup
pliers, but into the coffers of downtown prop
erty owners whose properties lay in the pro
posed road's path.16 (Whitten estimated that 
$22.4 million would be required to take private 
property along the road's alignment, while 
only $5.6 million would be required to con
struct the viaduct and surface artery.) As a 
means for relief of congestion, Whitten's 
Central Artery proposal offered great promise 
and received the endorsement of "practically 
every business and civic group in the commu
nity." As a means for relief of the plight of the 
city's unemployed and under-employed by · 
providing, in the inaugural words of Mayor 
Curley, "work and wages to those in need of 
sustenance and employment," funneling 
scarce city dollars into the project made little 
sense.20

,
21 Although support for Whitten's 

Central Artery proposal continued to run deep 
among city government and interest groups 
throughout the Depression years, the city's 
increasingly tight fiscal constraints and priori
tization of work and wages relief programs left 
little doubt that funding for the project would 
have to be found outside of city hall. 

Of Commonwealth & Capital 
Nationwide, the Great Depression marked a 
profound shift in the fiscal relationships 
between cities, states and the federal govern
ment, and Boston was no exception. Unable to 



commit large sums of city money to major 
public works projects in the early 1930s, Mayor 
Curley and the City Council turned once again 
to the commonwealth for financial assistance, 
and for the first time sought additional fiscal 
aid from the federal government. Despite the 
sustained and well-funded national focus on 
federal aid to local public works projects under 
the auspices of the Public Works Admini
stration (PWA), officials in Boston never 
sought PWA aid for the Central Artery project 
or for other major highway improvements in 
the central district. Part of the reason lay in the 
fiscal constraints that accompanied PWA 
grants, which, even after a 1936 increase, were 
legislated to cover no more than 45% of any 
project's total cost. In the case of the $28 mil
lion Central Artery proposal, the PWA would 
have provided a maximum of $12.6 million, 
requiring the city to take on $15.4 million in 
additional bonded debt to fund the remainder. 
Perhaps of greater overall concern to city offi
cials was the disdain with which PWA Director 
Harold Ickes viewed Massachusetts and its 
capital city. Historian Charles Trout wrote that 
after an angry exchange with Governor Joseph 

,/ 

Ely in 1933, Ickes' "view of Massachusetts as a 
place of Byzantine intrigue was indelibly con
firmed."22 President Roosevelt's modest view 
of Mayor (and from 1934 to 1936, Governor) 
Curley also hampered Boston's efforts at 
securing federal aid. Not until 1935 would the 
city see a penny from the PWA, by which time 
the city's finances were in such strained disar
ray that it proved impossible to raise the 
matching municipal funds necessary to under
take a project on the scale of the proposed 
Central Artery. 

Throughout the Depression years, Boston's 
fiscal shortfalls prevented the city from 
assuming debt in amounts sufficient to 
finance and construct large public works proj
ects. Trapped in the web of exorbitant tax 
rates, overvaluation of real estate and tight 
state control of borrowing, the city had fully 
outgrown its own capacity to finance the road
way infrastructure projects needed to main
tain tolerable traffic conditions on roads in, 
and leading to, downtown. Boston's attempts 
at securing federal aid to make up for this 
municipal shortfall yielded only modest 

returns, resulting in the construction of just a 
few smaller and largely unrelated street 
improvements. The city's efforts consistently 
met with a similar outcome on Beacon Hill, 
where throughout the Depression years a 
solidly Republican legislature refused to raise 
the city's debt limit or ease state control over 
city tax policy. Above all, the legislature 
balked at appropriating state funds for public 
works jobs run from School Street and that 
provided few benefits to the state's far-flung 
districts. Under the leadership of Republican 
stalwart and Speaker of the House Leverett 
Saltonstall, Republican legislators preached 
and imposed tight fiscal conservatism on the 
state's capital city. Boston, burdened by dis
proportionately expensive public works needs 
and swollen relief rolls, and handicapped by 
its minority legislative delegation and solidly 
Democratic municipal power base, managed 
to fund just a handful of major public works 
projects in the 1930s (the largest being the $8.5 
million extension of the Huntington Avenue 
subway, paid for in part by the federal gov
ernment). 

During the early 1930s, Mayor Curley's 
futile efforts on Beacon Hill focused either on 
securing greater fiscal liberty for the city in the 
form of relaxed state-imposed debt and taxa
tion ceilings, or on obtaining direct appropria
tions for city-proposed public works projects. 
The legislature, however, showed itself consis
tently unwilling to give up its control over city 
finances or give away state money. As the 
Depression deepened and Curley' s efforts on 
Beacon Hill continued to prove fruitless (even 
after his election to the governorship in 1934), 
this conventional wisdom about the construc
tion of major public works projects inside the 
city boundaries began to change. Within a few 
years, the popular sentiment in Boston had 
shifted away from the tradition of local project 
control and toward state control in the practi
cal interest of getting badly needed public 
works into construction. This shift found its 
origins in the political and fiscal realities facing 
the city of Boston and was nurtured by a 
nationwide paradigm shift in the fiscal rela
tionships between different levels of govern
ment. Across the nation, projects such as street 
repairs that had once been exclusively the 
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domain of municipalities suddenly became eli
gible for federal funding under programs 
administered at the state level. In Boston, by 
1937, "animated discussion of the traffic prob
lem ha[d] brought state highway activity to the 
fore."23 Until the late 1930s, highway improve
ment proposals within the city limits, includ
ing the Central Artery, had been the exclusive 
concern of the City Planning Board, the Boston 
Transit Commission (which had overseen the 
construction of the Sumner Tunnel) and the 
city's Department of Public Works. Funding 
for municipal highway projects was raised 
locally almost without exception through the 
property tax levy and other municipal fees. 

At the state level, most of the funding for 
highway projects went to the Massachusetts 
Department of Public Works (DPW), chartered 
in 1919 to replace the Massachusetts Highway 
Commission, the first statewide highway 
agency in the country at the time of its founding 
in 1893. State highway money came from a ded
icated Highway Fund, created by the legislature 
in 1925. Funded initially by motor vehicle regis
tration fees, beginning in 1929 the Highway 
Fund became the exclusive recipient of a two
cent tax on gasoline sales statewide. Between 
1925 and 1937, the state's Highway Fund expen
ditures for road construction projects totaled 
$185.6 million and by 1937 comprised about one 
quarter of the state's total budget. "Boston, 
unlike other populous centers, is excluded from 
any part in this program," concluded the Boston 
Municipal Research Bureau in a 1937 bulletin 
examining the disparity present in Boston's 
allotment from the Highway Fund.23 During the 
twelve-year study period, the bureau observed 
that Boston's streets served approximately 30 
percent of motor vehicles in Massachusetts 
animally and Boston motorists paid about 10 
percent of the annual state gas tax levy, but the 
city received just 2.5 percent ($4.7 million) of the 
state's total highway expenditures.23 A subse
quent legislative commission concluded that 
the disparity "obviously is quite out of line in 
relation to the intensity of the traffic problem 
and the local contribution to the gas-tax fund."24 

The legislature had originally written 
Boston out of the Highway Fund for two rea
sons. First, it assumed that the city could pay 
its own way on necessary street improvements 
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through its property tax levy. Second, much of 
the emphasis in the commonwealth at the time 
was on the construction of farm-to-market and 
intercity roads. A 1940 legislative commission 
explained that "originally the Highway Fund 
aimed to build the main routes in the rural sec
tions by which to facilitate traffic between our 
cities and towns and across the State from 
neighboring states."24 The congestion troubles 
in downtown Boston never made it onto the 
agenda of the statewide coalition drafting the 
Highway Fund bill, leaving Boston "a no
man' s-land for state highway aid."25 The legis
lature found it easy to justify its exclusionary 
position as long as the state's highway net
work still lacked desperately needed intercity 
connections that served a broad coalition of 
regional and local interests in the districts of 
many legislators. By the late 1930s, however, 
the state's arterial highway system was show
ing the dramatic benefits of several years of 
attention by the man who would make a career 
building highways in Massachusetts. 
Appointed to the commissionership of the 
DPW in De(ember 1934 by departing 
Governor Joseph Ely, William F. Callahan soon 
proved himself an able practitioner in two 
important areas - modern highway construc
tion and political power-brokering in the state. 

Callahan quickly recognized the multiple 
benefits of a program of modern highway con
struction across Massachusetts. On the one 
hand, he oversaw and controlled the employ
ment of thousands of men on highway proj
ects during a time of biting economic hardship 
statewide. On the other, motorists, commercial 
and industrial interests, construction contrac
tors, real estate interests and a host of other 
constituencies delighted at the construction of 
miles of modern highways, and together cre
ated a pro-highway lobby no governor could 
ignore. The pressing need for work and wages 
for the commonwealth's unemployed could 
thus combine with the powerful highway 
lobby to create an unassailable political man
date for more highway projects. "He's a mas
ter at manipulating the machinery of govern
ment - jobs, pressures, patronage," U.S. 
Attorney Elliott Richardson said of Callahan 
years later. To Callahan, "jobs, pressures, and 
patronage" meant highway projects. The more 



highway projects Callahan's DPW took on, the 
broader his power base became.26 

Callahan embarked on an ambitious pro
gram of highway improvements across the 
state, but focused his and the department's 
attention on a few major new highway proj
ects along heavily traveled corridors. He 
reconstructed the Newburyport Turnpike ~ 
long the bane of travelers to Boston's North 
Shore and points beyond. He did the same for 
the Providence Turnpike, and he also began 
work on a circumferential highway a dozen 
miles from downtown Boston through the 
northern suburbs of Lynnfield and Peabody. 
Callahan's campaign for modern highways in 
the state was not limited to construction, how
ever. His chief engineer, Edgar F. Copell, had a 
large-scale model of a typical intersection con
structed at the department's South Boston lab
oratories, complete with working traffic lights 
and realistic roadway surfaces. Copell's model 
became an invaluable tool for the department 
to test-drive · proposed street traffic control 
measures, and became a mecca for students, 
attorneys and public officials seeking a com
prehensive understanding of the workings of 
traffic control. Callahan championed the 
importance of maintaining not only the wear
ing surface of his new roadways, but their 
immediate surroundings as well. In April 
1938, he publicly shouted down the Board of 
Selectmen in the northern suburb of Saugus, 
through which the brand-new Newburyport 
Turnpike passed, for allowing hot dog stands, 
gasoline filling stations and other roadside 
commercial enterprises to spring up along the 
new highway. "The town of Saugus has done 
all it can to ruin the new road," Callahan 
charged. The new highway, he continued, 
"incorporating virtually every modern and 
scientific improvement" had, he claimed, been 
turned into "one of the most dangerous high
way hazards in the state." The outspoken 
roadbuilder's campaign worked. In 1936, even 
before some of the department's larger proj
ects had been completed, the legislature 
passed a $13 million bond bill earmarked 
specifically for DPW construction projects -
the state's first-ever highway bond issue.27 

Despite Callahan's determined and pre
scient campaign to promote the construction 

of modern highways, his efforts had little tan
gible effect in and around the city of Boston. In 
1936, Callahan appropriated $4 million to 
"enable 5,000 men to be put to work for 
approximately eight months" constructing 
sidewalks along existing state highways (even 
in areas where pedestrian traffic was prohibit
ed) rather than begin to tackle the long list of 
roadway improvement projects sought by the 
city.28 "Apparently the Commonwealth has 
avoided the populous, high value center 
where traffic concentrates," observed the two
year-long Works Progress Administration 
(WPA) Survey of Boston Metropolitan District 
and Adjacent Areas in early 1940. The WPA 
report found that the DPW's funds "have 
gone to development of a highway network 
which either skirts or stops short of urban cen
ters, especially Boston."29 Similarly, the Urban 
Land Institute reported in 1940 that "state and 
metropolitan highway funds have been used 
to construct highways and arteries leading 
into Boston, but Boston has supported almost 
entirely the cost of continuing these arteries 
within its limits."30 As a result, the Christian 
Science Monitor reported in June 1940 that 
"thousands of Boston's daily motorists are 
commuters who skim over smooth highways 
to the City limits, and then find themselves 
lost in a maze of tangled traffic."31 

Accompanying the Depression's autumn 
years came a renewed sense of urgency to 
address the consistently grave street traffic 
conditions in downtown Boston. Although the 
downtown economy had begun to show signs 
of rebound as early as 1935, regional observers 
noted not without alarm that the suburban 
business districts outside Boston were experi
encing a significantly more rapid and pro
nounced recovery than the city's central busi
ness district. In a 1940 study, the Urban Land 
Institute found that in six of eight categories of 
retail activity, sales rebounded more strongly 
in eleven cities and towns surrounding Boston 
than in the city itself. The report also pointed 
to the alarmingly stagnant performance of 
downtown's department stores, whose annual 
sales in the recovery years leading up to 1940 
had stalled at approximately 70 percent of pre
Depression figures.32 The Depression was not 
solely to blame for the sluggish downtown 
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recovery, however. The process of decentral
ization that had begun decades earlier was by 
the late 1930s taking a more noticeable toll on 
the city's economic health. Although residen
tial development had been spreading far into 
the metropolitan district for many decades, 
not until the 1920s had this "centrifugal trend" 
of decentralization begun to mature. The 
result was a suburban ring around the city in 
which "the functions of shopping, entertain
ment and finance which had once been con
centrated in a central business district ... were 
diffused by ... facilities at widely scattered 
centers." In a 1941 report, the Boston City 
Planning Board pinned some of the blame for 
the trend on the city's high municipal tax rate, 
blight of areas close to downtown, overcrowd
ing and the nuisances of urban life. Taxes and 
smoke aside, the City Planning Board ulti
mately concluded that "the wholesale build
ing of paved roads made decentralization pos
sible on a scale hitherto unparalleled," and 
noted that "it was not until the decade of the 
thirties that disintegration caused by decen
tralization became acute."33 

City officials and downtown business and 
civic groups noted the dual effects of the 
Depression and decentralization on the health 
of the city, and concluded that the best way to 
address these troubles was by improving 
access to downtown from the outlying dis
tricts. "Alarm must be felt over the plight of 
the central districts. . . . The time has come 
when the City must take vigorous action to 
apply an antidote," insisted the City Planning 
Board in 1941. The Planning Board argued 
that "better highway connections through the 
heart and to the outside communities are nec
essary to enable the central area to retain its 
advantages." Gone were the days when city 
officials and interest groups treated down
town congestion as a local problem. As the 
region's shoppers, diners, theater-goers and 
Sunday strollers fled from the city to suburban 
districts, the city's proposals for downtown re
concentration stretched out to meet them.33 

In his 1941 inaugural address, Governor 
Leverett Saltonstall, who had once quashed 
Mayor Curley's calls for greater state public 
works aid to his struggling city, spoke of 
Boston's "serious traffic problem which the 
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state cannot ignore."34 Although the city's fis
cal and economic health was still struggling to 
show real signs of recovery, the basic troubles 
with downtown congestion still plagued the 
city. "Traffic from all points of the compass 
converges upon the business heart not only of 
the Metropolitan District but the State and 
indeed New England," reported a legislative 
commission in 1940. "Wide four- to eight-lane 
boulevards funnel traffic to the City's limits, 
but at this point of concentration adequate 
facilities to handle this bulk of traffic do not 
exist."35 Governor Saltonstall's inaugural 
words were followed quickly by legislation 
sponsored by Boston Mayor Maurice Tobin's 
Conference on Traffic. The conference · had 
been established in January 1940 "for the pur
pose of preparing a comprehensive program 
for the relief of traffic congestion," and it 
adopted the decade-old Whitten report as its 
basis for action.36 Specifically, the conference 
championed the construction of the Central 
Artery in order to "make more wheels turn 
faster and cut down on stopping and start
ing." Learning from past failures, the confer
ence presented its Central Artery plan in lan
guage calculated to appeal to motorists and 
their elected officials from all over the state. 
No longer was the congestion of Boston's cen
tral district a local - or even a regional -
problem. The Central Artery, the conference 
claimed, would "remedy statewide traffic's 
greatest bottle-neck," and "provide for the 
free flow of statewide traffic to, from and 
through the chief business and trading center 
of the Commonwealth."37 The Central Traffic 
Artery Bill arrived . in draft form on Beacon 
Hill in the spring of 1941, accompanied by the 
support of a wide variety of public and pri
vate sector organizations, ranging from the 
city and state planning boards to the 
Massachusetts State Federation of Labor, 
Boston Fruit and Produce Exchange, New 
England American Automobile Association 
Clubs, Boston Chamber of Commerce, and the 
Mayors' Club of Massachusetts, to name but a 
few. Accompanying the city-sponsored legis
lation was the report of the Special Legislative 
Commission set up to investigate the findings 
of the 1940 WPA Survey of Boston 
Metropolitan District that had so succinctly 



identified the central flaw in the state's system 
of appropriating highway funding. The 
Special Legislative Commission concluded 
"that the problem in Boston is State and 
Regional rather than local and that it should 
be dealt with on that understanding" and rec
ommended "that substantial funds should 
now and for the immediate future be allocat
ed from the Highway Fund for the construc
tion of the major arteries within ... Boston."35 

The Central Traffic Artery legislation filed by 
Mayor Tobin and his Conference on Traffic 
proposed that the Massachusetts DPW plan, 
design, cost out and construct the elevated 
roadway. Tobin's bill proposed that the city 
float its own bonds to cover the costs of con
struction, but stipulated that the bonds them
selves would be paid for by appropriations 
from the state's Highway Fund. Mayor 
Tobin's Central Traffic Artery Bill differed 
from previous city attempts at securing state 
funding in two ways. For one, the bill's spon
sors recognized the importance of assembling 
a statewide coalition of public and private sec
tor interests, evidenced by the language of the 
bill and the endorsements sought and secured 
prior to its filing. Second, the bill came on the 
heels of a series of reports from state and fed
eral sources advocating the construction of 
major traffic arteries in downtown Boston at 
state expense. Both state and federal investi
gators recognized that the state's need for 
rural and intercity highways had "to a very 
substantial extent been met and the critical 
traffic problems are now within the cities at 
the points of maximum congestion."35 Tobin 
and his Conference on Traffic had drafted a 
bill with language accessible to lawmakers 
across Massachusetts, successfully lobbied for 
the support of a wide variety of public and 
private organizations, and backed up their 
legislation with the WPA and Special Legis
lative Commission reports. The prospects for 
a warm reception for the city's highway plans 
on Beacon Hill appeared promising. 

The Central Artery Traffic Bill reached the 
state Senate in the spring of 1941, too late to 
be taken up in the 1941 session. The bill sat 
dormant in the Ways and Means Committee 
through the summer recess awaiting its turn 
on the senate floor when the session 

reopened in the fall. But its turn never came. 
Abruptly, the concerns of wartime eclipsed 
any thought of major municipal improve
ments not immediately related to the war 
effort. Not until an Allied victory became a 
relative certainty in 1943 did attention again 
begin to focus on the traffic problems of the 
state and its capital. 

New Perspectives in Space & Time 
By mid-1943, with emergency wartime mobi
lization efforts maturing, the state legislature 
turned its attention to domestic affairs largely 
neglected during the early wartime period. 
Legislators found that among the most press
ing of their constituents' postwar concerns 
was the condition of the state's aging highway 
infrastructure. From downtown Boston to the 
New York border, residents, business interests, 
civic groups and local public officials took 
their protests to the legislature even at a time 
when motor vehicle travel statewide had 
declined significantly due to gas and rubber 
rationing and other travel restrictions. In the 
summer of 1943, unfamiliar with the overall 
scope and scale of the statewide highway 
problem and unable to allocate immediate 
material and human resources to address spe
cific. constituent concerns, the General Court, 
supported by governor and former Boston 
mayor Tobin, convened an eleven-man com
mission i'for the purpose of making a study of 
such highway projects in the Commonwealth 
as may, in its opinion, be necessary or advis
able to be carried out after the termination of 
the present war."38 For the first time in 
Massachusetts's history, a commission pro
duced a comprehensive investigation into the 
condition of the state's highway infrastruc
ture, accompanied by a specific program of 
recommended improvements. Highway plan
ning in the prewar years had traditionally · 
been a piece-meal process and was the exclu
sive domain of the state Planning Board and 
the state DPW. Planning most often focused 
on addressing specific corridor travel 
demands or problematic local conditions. The 
new legislative commission brought a new 
spatial perspective to the question of highway 
planning in the commonwealth. Within a few 
years, the collective vision that created the 
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Post-War Highway Commission largely rede
fined the state's traditional planning para
digms to focus less on short-term localized 
improvements and, for the first time, more on 
systematic, regional approaches to highway 
planning. 

Between the fall of 1943 and the spring of 
1945, the Post-War Highway Commission 
surveyed the state's existing highway infra
structure and found it desperately in need of 
improvement. Even during the war years, 
when gas rationing and thrifty driving habits 
curtailed motor vehicle traffic throughout 
Massachusetts, the state's major trunk high
ways experienced severe traffic congestion, 
especially in areas near major cities. The poor 
conditions on the state's highways, the com
mission reported, "result primarily from the 
vast sums of highway funds diverted to other 
than highway purposes during the last 
twelve years, the suspension of construction 
during the war period, obsolescence and 
insufficient maintenance appropriations, and 
the lack of any adequately financed state 
highway program."39 The commission found 
the highway troubles especially pronounced 
around the city of Boston, where even sever
al of Callahan's modern highway projects of 
the 1930s were rapidly approaching function
al obsolescence. Within the city, the commis
sion found "the daily traffic congestion ... on 
the downtown Boston streets, even in these 
days when gas rationing and rubber short
ages have greatly reduced travel ... are well 
known far beyond this immediate neighbor
hood as constituting one of the worst traffic 
spots in the country."40 To address the special 
problems of Boston, in the fall of 1943 the 
Post-War Highway Commission convened a 
special panel of city and state highway engi
neers in the public employ, known as the 
Boston Arterial Highway Engineers Com
mittee. The committee worked on a part
time, unpaid basis "for the purpose of mak
ing a study of projects to relieve or eliminate 
traffic congestion in Boston ... and in partic
ular the so-called Boston Central Artery and 
necessary connections."40 This committee 
found early on that "Boston must chisel a 
great artery through a maze of narrow, wind
ing city streets, flanked with towering and 
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costly office buildings, banks, residential 
blocks and never-ending cross streets. . . . 
Traffic is slowly strangling the city, and noth
ing short of a major operation on the traffic 
situation can avoid serious consequences to 
its future growth and prosperity."41 Grand 
imagery and alarming forecasts of impend
ing crises did little to inspire any real plan
ning innovations, however. In its lengthy 
report to the legislature in April 1945, the 
committee recommended a program of 
improvements that closely resembled the 
city's 1941 Central Traffic Artery Bill, itself 
based almost entirely on the Whitten report 
dating from 1930. 

During the early postwar years, the dire 
predictions of the Boston Arterial Highway 
Engineers Committee appeared to be unfold
ing with alarming rapidity. The expected post
war rebound in downtown retail and commer
cial activity failed to materialize as individual 
wartime savings went into the purchase of 
larger consumer goods like automobiles, appli
ances and home improvements, rather than 
towards the types of low-volume, high-value 
goods typically carried by downtown retailers. 
By 1948, the total volume of retail sales in the 
city had failed even to reach Depression-era 
levels, while retailers in suburban areas report
ed strong growth throughout the early post
war years. As automobile registrations in 
Massachusetts reached growth rates not seen 
since the 1920s, ridership on the Boston metro
politan area's mass transit system dropped 
more precipitously even than it had at the out
set of the Depression as fewer shoppers, work
ers and recreational travelers journeyed into 
the city center. Both major new office starts in 
the city in the early postwar years were corpo
rate headquarters to replace existing buildings, 
and the larger of these - the John Hancock 
headquarters - was a half-mile from down
town in the newly-identified insurance district. 
The city's prohibitively high (and ever-rising) 
property tax rate kept most other commercial 
development out of downtown, and many of 
the city's staple industries began abandoning 
their urban facilities for more auto-accessible 
and less costly suburban locations. From many 
perspectives, the outlook for downtown 
Boston appeared bleak. 



The real causes of downtown Boston's 
decline - or perhaps more precisely, failure to 
rebound - in the early postwar years were 
many and complex. Street traffic congestion -
and more specifically, the impact it had on the 
accessibility of the downtown core to subur
ban workers, shoppers and leisure travelers -
continued to take center stage as the cause 
most often cited and decried. Additional con
stituencies clamoring for relief from down
town traffic congestion were composed of 
daily commuters who lived outside the city 
but drove to work downtown and industries 
and their transshipment contractors who still 
relied on the city's wholesaling markets, port 
facilities and retail outlets. Their well-heeled 
and politically influential voices added a pow
erful metropolitan dimension to the issue of 
downtown congestion as plans for a program 
of statewide highway improvements passed 
from the preliminary reports of the Post-War 
Highway Commission to more detailed plan
ning studies. The 1945 report of the Boston 
Arterial Highway Engineers Committee had 
detailed the local traffic conditions in down
town Boston, but its recommendations had 
not been well integrated with those of the 
statewide Post-War Highway Commission. 
The rapid emergence of commuter and region
al transport constituencies, however, made the 
longtime problems of downtown traffic into 
very regional concerns that the state's elected 
officials could not afford to ignore. 

In the late summer of 1947, Governor 
Robert Bradford issued an Executive 
Directive creating and funding a Joint Board 
"for the purpose of preparing a Master Plan 
of Highways for the Boston Metropolitan 
Area." Bradford, eager to show swift action 
on a popular political issue, issued the direc
tive during the General Court's summer 
recess in order to avoid a lengthy legislative 
process and to speed plans for relief into pub
lic view. The board's membership consisted 
exclusively of officials from the state DPW, 
the state Planning Board and the Metropoli
tan District Commission, and included 
Charles A. Maguire and Associates as its 
chief engineering consultant to aid in the 
preparation of plans and engineering analy
ses. The organizational makeup of the board, 

although indicative of the priority the state 
was finally placing on the city's traffic ills, 
ensured that Boston's local officials and pri
vate interest groups, who had for decades 
been seeking traffic relief in their city, would 
have little say in formulating the final plans. 

The urgency of Governor Bradford's 
actions, though driven as much by political 
motives as by the real need to address traffic 
conditions, produced a remarkable result. 
Within a few months, the broadly stated and 
dated recommendations of the Boston Arterial 
Highway Engineers Committee gave way to a 
new and detailed expressway plan that repre
sented nothing short of a paradigmatic revo
lution. The Joint Board's consultant embraced 
the comprehensive planning ideals embodied 
by the Post-War Highway Commission, incor
porated an advanced systematic approach to 
regional traffic flow and applied advanced 
developments in express highway design. The 
resulting 1948 Master Highway Plan proposed 
a scale of improvements never before consid
ered in the commonwealth. No fewer than 
eight radial limited-access highways reached 
far out into the metropolitan area, converging 
on a circumferential expressway called the 
Inner Belt that tightly encircled downtown 
and was designed to collect regional traffic 
and channel it into or around downtown 
Boston. At the core of the consultant's pro
posed highway network was a new role for 
the old proposed but never realized Central 
Artery. For decades viewed as the single 
stand-alone destination for the city's local 
arterial streets, Maguire's engineers treated 
the Central Artery as the downtown leg of the 
Inner Belt loop, and merely an integrated com
ponent of a much larger expressway system. 
The Central Artery would serve as the spout 
of a great regional funnel, pouring regional 
traffic collected on the Inner Belt or entering 
directly from selected radial routes into the 
heart of downtown Boston. The proposed sys
tem of expressways would thus seamlessly 
link downtown Boston with the surrounding 
metropolitan area and, it was hoped, it would 
restore the Hub's fading role as the social and 
economic focal point of the region. 

The Maguire Plan was a clear reflection of 
the belief that the solution to the congestion 
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and accessibility problems of downtown 
should be based entirely on a systematic 
regional approach to accommodating the trav
el desires of the motoring public and the trans
portation needs of business concerns. The 
$322 million highway plan did just that, and 
received widespread support from a broad
based and powerful coalition of public and 
private interests, as well as from both sides of 
the political aisle on Beacon Hill. Legislators 
of both parties recognized the political neces
sity of supporting the wildly popular highway 
initiatives, and in 1948 Governor Bradford 
publicly made highway funding his "top pri
ority." With the statewide highway program 
at the top of the legislative agenda during a 
period of relative fiscal stability, by the sum
mer of 1948 the prospects for a rapid imple
mentation of the statewide highway improve
ments initiative appeared strong. But 1948 
was a key election year, and Democrats sensed 
the opportunity to take not only the governor
ship, but the General Court as well. Although 
the protests of constituents condemning 
"wretched conditions" and calling for "des
perately needed" highway improvements 
could not be ignored by elected officials, nei
ther could the basic realities of the Massa
chusetts's political conventions.42 

"It should be noted," concluded Maguire's 
report, "that no one can ride to work on plans 
for highways. This report must be implement
ed by proper legislative action, by a sound 
financial plan and by a vigorous construction 
program to assure these recommendations 
being transmuted into steel and concrete."43 

Attempts by the Republican majority in the 
1948 session to take "proper legislative action" 
in the form of a $100 million highway bond 
bill were stymied by the so-called "stubborn 
sixteen" Democratic senators in the months 
before the fall election. Risking criticism from 
their constituents, the Democratic senatorial 
delegation (few of whom were up for re-elec
tion that year) blocked the bond bill in order to 
deny the Republican governor and legislative 
delegation the bragging rights to the bill so 
close to election time. Not until Democrat Paul 
Dever was swept into office by a substantial 
margin and the Democrats gained a slim 
majority in the House did the $100 million 
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highway bond bill sail through in the spring of 
1949. Among the first projects to be funded by 
the proceeds of the sale was the Central 
Artery, which received over one-quarter of all 
state highway money allocated that year. That 
summer, newly re-appointed state DPW 
Commissioner Callahan moved to expedite 
the project's design and push it into construc
tion. Just over a year later, the first piers sup
porting the artery's Charles River crossing 
were driven into the riverbed, signaling the 
start of construction. 

At the unveiling of the final design for the 
roadway in January 1950, Boston's Mayor John 
B. Hynes said of the plans: "This is what we 
have been waiting for for twenty-five years and 
more."44 Hynes was modest in his tally; after 
nearly four decades, the dty's wait was over. 

"The Stars Were Right" 
The legislature's decision to construct the 
Central Artery through downtown Boston 
marked a curious point in the history of the 
Commonwealth of Massachusetts, and a major 
turning point in the relationship between the 
state and its capital. For decades prior, the 
street traffic problems of downtown Boston 
had been viewed on the state level as local ills 
that "could never justify state aid."45 This long
standing conventional wisdom eventually fell 
victim to a powerful confluence of forces 
resulting from the broad trends of suburban
ization and regionalization, increased reliance 
on vehicular travel and transport, and rede
fined relationships and responsibilities among 
different levels of government - trends that 
took shape and matured during the years of 
the Depression and World War II. It was dur
ing this critical period that the traffic problems 
of downtowns nationwide became regional 
traffic problems, that the bell tolled for already 
struggling streetcar systems across the country, 
and that the federal and state governments 
first took an active and well-funded interest in 
the problems of cities as part of President 
Roosevelt's New Deal programs. In Boston, 
these trends catalyzed a profound postwar 
shift in the way the commonwealth's governor 
and legislature perceived Boston's traffic prob
lems and their appropriate role in addressing 
them. Only after this change in governmental 



perspective could the attention of disparate 
interests statewide converge on the city and 
secure its place as a major focus of the state's 
postwar highway program, 

The confluence of interests that laid the 
foundations for the construction of the Central 
Artery through Boston were first manifest on 
paper in the form of Maguire's 1948 Master 
Highway Plan. This plan, and the legislative 
intent that created it, represented the culmina
tion of a decade of changing perspectives 
around the state, and the immediate interests 
of a relatively new and politically powerful 
coalition of regional commuters and business 
interests. For the first time on paper, down
town and the suburban regions were seam
lessly interconnected by a network of express
ways whose alignments bore no resemblance 
whatsoever to the existing street network, 
determined only as functions of regional ori
gin-destination studies and the most promi
nent of topographic features. Unlike in prior 
decades, by 1948 downtown's Central Artery 
had become just one key piece in a regional 
package of new expressways. This regional 
highway program commanded broad political 
support from constituents statewide, from 
industrial concerns in the Pioneer Valley to the 
bankers on State Street and Mayor Curley. 
Rarely in the state's history had a legislative 
initiative received the unequivocal support of 
such a broad coalition. 

In the spring of 1949, Republican Senator 
Edward Staves filed and saw through to 
Governor Dever's desk the $100 million bond 
bill that provided funding for the Central 
Artery project, whose construction started the 
less than two years later. "Our state capital will 
disintegrate unless we give it the proper facili
ties," he stressed.46 Staves, champion of the 
commonwealth's capital and its plight, the 
man who ultimately brought the decades-old 
plans for the Central Artery to fruition, hailed 
from the tiny Central Massachusetts town of 
Southbridge. The Central Artery, viewed for · 
decades as a highly localized traffic improve
ment not worthy even of metropolitan consid
eration, had finally matured into a major 
regional initiative that commanded the sup
port of legislators from districts halfway across 
the state. 

YANNI TSIPIS is the author of three 
books that chronicle the development 
of the region's highway network in 
the 1950s and 1960s. He holds 
degrees in civil engineering and city 

planning from the Massachusetts Institute of 
Technology. A Boston resident and BSCES member, 
Tsipis is a project manager at Meredith & Grew in 
Boston. 

REFERENCES 

1. Miller, R.E., "Expressway Blight," Architectural 
Forum, October 1959. 

2. Massachusetts Colonial Records, i.141., Memorial 
History of Boston, Vol. 1, Osgood, Boston, 1880. 

3. Boston Transcript, March 26, 1856. 

4. Report of the Rapid Transit Commission, April 5, 
1892. 

5. Boston Elevated Railway Company, Fifty Years of 
Unified Transportation, 1930. 

6. Compiled from Fifty Years of Boston - A Memorial 
Volume, published by the city of Boston in 1930, and 
Fifty Years of Unified Transportation, 1930. 

7. Warner, S.B., Streetcar Suburbs, Harvard 
University Press, Cambridge, Mass., 1962. 

8. Quoted in Kennedy, L., Planning the City Upon a 
Hill, University of Massachusetts Press, Amherst, 
Mass., 1992. 

9. Boston Transit Commission, 12th Annual Report, 
1906. 

10. Report of the Metropolitan Park Commission, 
1911. 

11. Massachusetts Acts of 1907, c.108, Report of Joint 
Board on Metropolitan Improvements Commission, 
1911. 

12. Report of Joint Board on Metropolitan 
Improvements Commission, 1911. 

13. Final Report of the Special Commission 
Established to Investigate the Laying Out and 
Construction of a New Thoroughfare in the City of 
Boston, and the Extension and Widening of Certain 
Streets in Connection Therewith, December 1925. 

14. Boston City Planning Board, Progress Report on 
Proposed Intermediate Thoroughfare, December 1925. 

15. Boston City Rec~rd, December 22, 1923. 

CIVIL ENGINEERING PRACTICE FALL/WINTER 2003 51 



16. Report on a Thoroughfare Plan for Boston, April 
1930. 

17. Boston Traveler, March 19, 1930. 

18. Curley, J.M., to Boston City Council, May 5, 
1930, from city council minutes. 

19. Boston Traveler, October 30, 1930. 

20. Fifty Years of Boston - A Memorial Volume, City 
of Boston, 1930. 

21. J.M. Curley's 1930 Inaugural quoted in Trout, 
C.H., Boston, the Great Depression, and the New Deal, 
Oxford University Press, New York, 1977. 

22. Trout, C.H., Boston, the Great Depression, and the 
New Deal, Oxford University Press, New York, 1977. 

23. Boston Municipal Research Bureau Bulletin No. 62, 
December 6, 1937. 

24. Report to the Legislature of the Special 
Legislative Commission, 1940, filed 1941, c.71 acts 
of 1938. 

25. Christian Science Monitor, June 6, 1940. 

26. Elliott Richardson quoted in the Boston Record 
American, September 9, 1962. 

27. Boston Post, exact date unknown (some time in 
April 1938) from clipping file in State Transpor
tation Library; New York Times, November 3, 1958. 

28. Letter from William F. Callahan to George 
Moyse, Chairman, Ways & Means Committee, July 
9, 1935. 

29. Survey of Boston Metropolitan District and 
Adjacent Areas, WPA Project 18151, 1940. 

30. Ballard, W., A Survey in Respect to the 
Decentralization of the Boston Central Business 
District, report for Urban Land Institute, October 
1940. 

52 CIVIL ENGINEERING PRACTICE FALL/WINTER 2003 

31. Christian Science Monitor, June 6, 1940. 

32. From charts in Ballard, W., A Survey in Respect to 
the Decentralization of the Boston Central Business 
District, Urban Land Institute, October 1940. 

33. Boston City Planning Board, Building a Better 
Boston, October 1941. 

34. Massachusetts Legislative Record, 1941. 

35. Report to the Legislature of the Special 
Legislative Commission Appointed by c.71, Acts of 
1938, 1940. 

36. Undated letter from the Boston City Planning 
Board, Mayor's Conference on Traffic, entitled 
"Summary of Committee on Projects Relating to 
Traffic Arteries." 

37. All from The Motorists' Case for a Central Traffic 
Artery, pamphlet published by the Mayor's 
Conference on Traffic in the summer of 1941. 

38. Acts and Resolves of Massachusetts for 1943, c.46, 
1943. 

39. The Commonwealth of Massachusetts Highway 
Problems, booklet accompanying the Report of the 
Post-War Highway Commission, March 29, 1945. 

40. Report of the Boston Arterial Highway Engineers 
Committee, House no. 1850, April 1945. 

41. Report of the Post-War Highway Commission, 
House no. 1850, April 1945. 

42. Boston Herald, July 29, 1948. 

43. Charles A. Maguire & Associates, Master 
Highway Plan for the Boston Metropolitan Area, 1948. 

44. Boston Traveler, January 30. 

45. Christian Science Monitor, June 6, 1940. 

46. Boston Herald, March 3, 1949. 



Case Study 

A Landmark Cable
Stayed Bridge Over the 
Charles River, Boston, 
Massachusetts 

Many design innovations and 
technological breakthroughs 
were used to construct this 
distinctive bridge, now a 
key part of the downtown 
Boston skyline. 

VIJAY CHANDRA, ANTHONY L. RICCI 
& KEITH DONINGTON 

Boston, in the forefront o.f the American 
Revolution over two centuries ago, has 
now risen to the forefront of another 

revolution - in the field of cable-stayed 
bridge technology. A highly complicated 
structure, the Leonard P. Zakim Bunker Hill 
Bridge, has recently been completed. New 
technologies and innovations have become 
hallmarks of this bridge, which crosses the 
Charles River at the North End section of 
Boston. This challenging assignment brought 

engineers and architects, as well as the com
munity, together to provide a gateway to the 
city. Since the bridge was located at a pre-emi
nent point where Paul Revere crossed in 1775, 
warning colonists that the British were com
ing, and since it was near where the Battle of 
Bunker Hill took place, it took on special 
meaning from a historical perspective. 

Introduction 
The immense Central Artery /Tunnel (CA/T) 
Project in Boston consists of many kilometers 
of tunnels, four major interchanges and two 
long-span parallel crossings of the Charles 
River, one connecting Storrow Drive and the 
other a cable-stayed bridge connecting 1-93 
- the Leonard P. Zakim Bunker Hill Bridge 
(see Figure 1). This bridge features a hybrid 
cable-stayed structure that is the first of its 
type in the United States. The river crossing 
provides virtually the only access to Boston 
from the north, straddling the Charles River 
in that historic area. Accordingly, there was 
great interest in ensuring that the bridge fea
tures a distinctive design while also provid-
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FIGURE 1. Aerial view of a model of the Charles River area. 

ing a dramatic gateway to the city's down
town. 

Numerous alternatives were studied for 
the crossing and the interchange configura
tions on both sides of the river. Eventually, the 
option known as the "Non-River Tunnel" 
alternative was chosen, which required a ten
lane crossing of the Charles River. The ten 
lanes included four lanes each for Interstate-
93 (I-93) northbound and southbound as well 
as a two-lane ramp on the east side. Some 
impediments the bridge designers had to con
tend with included: 

• the Orange Line subway adjacent to and 
below the bridge (including an existing 
Orange Line subway ventilation building 
adjacent to the south main pier); 

• the proximity of the Charles River Lock and 
Dam abutting the east side of the bridge, 
and the need to maintain navigation; 
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• a major 0.92-meter-diameter water main 
located below the south tower. footing; 

• a cantilevered two-lane ramp on only one 
side of the structure; 

• the existing Storrow Drive rall}ps at the 
south end, dictating the arrangement of 
the stay cables in the back spans; and, 

• a new tunnel at the south end of the 
structure. 

Bridge Type Selection 
The Leonard P. Zakim Bunker Hill Bridge had 
to meet the requirements of numerous state 
and federal regulatory agencies, including the 
Federal Highway Administration (FHWA). 
The bridge design had to present sound engi
neering solutions to numerous site constraints 
while also meeting community expectations 
that the structure create a distinctive signature 
on Boston's skyline. To fulfill these goals, the 
project team conducted a bridge type study 



and asse.mbled from the CA/T Project a multi
disciplinary team of experts in structural engi
neering, inspection and maintenance, highway 
design and engineering, urban planning, con
struction, environmental engineering, architec
ture, and cost and scheduling control. The 
team also included representatives from the 
FHWA, the bridge concept developer and the 
project owner. 

Initially, the project team identified six
teen bridge types, each with a main span 
measuring 227 meters. The sixteen designs 
included three arch bridges, four truss 
bridges, a segmental box girder bridge, a fin
back concrete bridge, a suspension bridge 
and six cable-stayed bridges. The engineer
ing team then analyzed each option for a 
wide variety of variables - including align
ment, design, environmental, urban design, 
constructability, ease of inspection, mainte
nance and cost - before narrowing the field 
to seven bridge types for further study. They 
included a two-hinged arch, a simple span 
truss and five cable-stayed bridges. The 
cable-stayed bridge options had both sym
metrical and asymmetrical designs. They 
varied between ten and twelve traffic lanes 
and featured single- and double-tower con
figurations. It was also decided that the 
cable-stayed bridges could be built using 
steel, concrete or a hybrid of both, and that 
tower pier shape could be flexible. An evalu
ation matrix was prepared based on priority 
factors, as well as a quality rating for the 
variables previously mentioned. 

With the participants addressing all of the 
aspects, priority factors for those variable 
items on a scale of 1 to 3 were assigned (1 = 
necessary, 2 = important and 3 = very impor
tant). The priority factors used to evaluate 
the seven bridge options did not vary 
between options. Then a quality rating on a 
scale of 1 · to 5 (1 = poor, 2 = fair, 3 = good, 4 
= very good and 5 = excellent) was voted for 
each bridge type. The weighted rating was 
then computed by multiplying each priority 
factor times the quality rating. The total 
score for each bridge type was the sum of the 
weighted ratings. Ultimately, the concept 
developed by Dr. Christian Menn was select
ed as the most appropriate bridge for the I-93 

FIGURE 2. Aerial view of the Leonard ·P. 
Zakim Bunker Hill Bridge looking north. It 
replaced the structure to its east. 

crossing of the Charles River, providing a 
unique bridge for one of the nation's oldest 
cities (see Figure 2). 

Preliminary designs were then prepared 
for steel, concrete and hybrid alternatives for 
the asymmetrical cable-stayed structure. 
Even though each alternative posed unique 
challenges, a committee composed of inter
national bridge experts concurred with the 
project team that only the hybrid alternative 
should be pursued. Due to the relatively 
short south back span (as compared to the 
main span), it featured "heavy" cast-in-place 
post-tensioned concrete construction to coun
terbalance the "light" main span, which was 
constructed of steel floor beams and edge 
girders with a precast concrete composite 
deck. The bridge was the first hybrid cable
stayed structure built in the United States 
with concrete back spans and composite steel 
main spans. 

Due to the uniqueness of the bridge and its 
many new concepts - including its extremely 
wide main span, asymmetry of the structure 
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FIGURE 3. Site-specific seismic spectra. 

due to the cantilever on one side outside the 
cable plane, extensive shear lag and torsional 
effects, the sequencing and method of con
struction, and its noteworthy cable anchoring 
details - the FHWA requested the prepara
tion of an in-depth study prior to granting 
approval for the project to proceed. In fact, this 
extensive effort, conducted during the prelim
inary stages, actually allowed the final design 
to proceed at an expedited pace and, thanks to 
clearly defined parameters, this effort also 
contained costs. 

Site-Specific Seismic Study 
The Leonard P. Zakim Bunker Hill Bridge is a 
lifeline to Boston. Like all major interstate 
highway structures, it was considered "impor
tant" for seismic considerations. This designa
tion meant that the bridge would have to be 
serviceable after a design earthquake, sustain
ing only minor damage. Therefore, due to the 
structure's critical role and its unusual design 
features, a site-specific seismic study was 
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undertaken. This study was undertaken 
because: 

• The generic seismic design spectra 
found in American Association of State 
Highway and Transportation Officials 
(AASHTO) specifications are based pri
marily on ground motions from earth
quakes occurring in California and 
along the west coast of the United States. 
Earthquakes occurring on the east coast 
tend to have higher frequency motions 
and do not attenuate as quickly with dis
tance because the nature of the earth
quake source mechanisms and the 
bedrock are different from those in west
ern states. 

• The seismic response spectra that were 
previously developed specifically for 
tunnels in the CA/T Project did not total
ly account for the long period motions 
that would be encountered in long span 
bridges. 
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The study found that source zones from 
latest developments generally resulted in 
lower spectral accelerations than the CA/T 
Project criteria. Thus, it was decided to use 
the previously established CA/T Project 
response spectra and develop extensions of 
the spectra as required for the long span 
cable-stayed structure. Rock motion time his
tories and response spectra for the 2,000-year 
maximum design earthquake (MDE) and 500-
year operating design earthquake (ODE) 
were developed for both 2 percent (see Figure 
3) and 5 percent critical damping. 

Bridge Configuration 
The shape of the tower piers and the cable 
arrangement (main span cables splayed out 
from the tower with back span cables centered 
in the median) evolved principally from tech
nical considerations, with aesthetics playing 
an important role. The proximity of the exist
ing double-deck ramps at the south end, 
which needed to remain in service during the 
construction of the new bridge, dictated that 
the back span cables be anchored in the medi
an and not splayed out simHar to the main 
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span cables. The southernmost cable cleared 
the underside of an existing ramp with only 
less than half a meter to spare, and the south 
back span of the bridge was built encompass
ing an existing bridge column. Once a replace
ment ramp was opened to traffic (as part of an 
adjacent contract), the existing ramp was 
demolished and the deck opening was filled. 

This cable-stayed bridge featured a 56.4-
meter-wide, five-span hybrid superstructure 
with a main span of 227 meters, two south 
back spans of 34.2 and 39.6 meters, and two 
north back spans of 51.8 and 76.2 meters (see 
Figure 4). The tower piers were inverted Y 
shapes (see Figure 5). The pinnacles of the 
south and north towers were 89.9 and 98.5 
meters, respectively, from the tops of their 
foundations. The towers had ladders inside 
their hollow legs to provide access for the 
inspection and maintenance of the cable 
anchorages, and to the aviation beacons at the 
very top. The back spans consisted of multi
cell cast-in-place concrete box girders 3 meters 
deep and 38.4 meters wide. Main structural 
elements included a 3-meter-wide central 
spline beam with internal floor beam 
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FIGURE 5. North tower pier elevation. 

diaphragms at 4.6 meters on center framed 
with four secondary webs (see Figure 6). The 
spline beam in turn was supported by a single 
plane of cables spaced at 4.6 meters. 

The main span consisted of precast concrete 
deck panels acting compositely with longitu
dinal steel box edge girders and transverse 
steel floor beams (at 6.1-meter centers) by 
means of cast-in-place closure strips (see 
Figure 7 on page 60). The box edge girders 
were supported by cables anchored on the 
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outside web at 6.1-meter intervals. 'On the 
main span side, the two-lane ramp (SA-CN) 
was carried on floor beam extensions can
tilevered on the east side of the main line deck. 
Medium-weight precast concrete deck panels 
were used for the ramp to minimize eccentric 
dead loads. On the back spans, the ramp was 
a single-cell concrete box girder, independent 
from the cable-stayed structure, with roadway 
joints at the tower interfaces. Open-grid fiber
glass closure panels partially covered the 
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FIGURE 6. Back span cross section. 

underside of the main span superstructure to 
enclose utilities, creating a more aesthetic 
underbelly while also providing access for 
inspection and maintenance. 

Foundation & Drilled Shaft Design 
The tower foundations consisted of footings 
on 2.44-meter drilled shafts (fourteen at the 
south tower and sixteen at the north tower) 
designed to carry a working load of 2,270 met
ric tons each. At the north tower, the footing 
and the supporting drilled shafts straddled 
the Orange Line tunnel. Measures were taken 
to ensure that the tunnel was not adversely 
impacted by foundation construction activi
ties. The drilled shafts closest to the Orange 
Line tunnel were placed outside a 1.52-meter 
buffer zone. The effect of lateral forces trans
mitted from the drilled shafts through the sur
rounding soil to the Orange Line tunnel was 
investigated. As a result, the shafts closest to 
the tunnel were installed within 2.74-meter
diameter isolation casings. Meanwhile, the 
south tower foundation was very close to the 
existing subway ventilation building on the 
west side, while also bridging a 0.92-meter-

diameter water line. Here also the three drilled 
shafts closest to the ventilation building were 
isolated within a 2.74-meter-diameter isola
tion casing. The gap between the casing and 
the drilled shaft was unfilled. The south tower 
foundation slab was 47 meters long by 12.2 
meters wide and 4.6 meters thick. The north 
tower foundation slab was 42.1 meters long by 
16.8 meters wide and 4.6 meters thick. · 

Tension Strut at Tower Piers 
The change in direction of the tower legs at the 
deck level produced large tension forces in the 
connecting beam, called a "tension strut," 
between the tower legs. The tension strut also 
served as the transition from the main span 
composite steel superstructure to the post-ten
sioned concrete box girder back spans. In 
addition, compressive forces from the cables, 
which were carried in the spline beam of the 
back spans, needed to be transferred to the 
edge box girders of the main span and vice 
versa. The edge girders, in turn, were then 
attached to the main span cables. As a result, 
special attention was focused on tension strut 
design, while shear lag effects and tension 
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stresses in the concrete were also carefully 
evaluated. 

Additionally, the imbalance of bending, 
shear and axial load forces in the main span 
and back spans under different loading com
binations produced torsion, bi-axial bending 
and bi-axial shear stresses in the tension strut. 
Due to its critical structural nature, the tension 
strut was post-tensioned in stages to a total 
jacking force of 25,130 metric tons. Limiting 

,, principal tensile stresses to pre-determined 
values under the working loads was an 
important design consideration for this ele
ment. 

Post-Tensioned 
Concrete Back Spans 
Cast-in-place post-tensioned concrete back 
spans were constructed on falsework for. the 
bridge. Major challenges for the south back 
span design and detailing were the physical 
overlap of the plan area of the proposed 
bridge at the south end with an adjoining tun
nel that was also part of the CA/T Project, as 
well as the proximity of the existing Storrow 
Drive double-deck ramps connecting to exist
ing I-93, which had to be maintained in serv
ice during construction. At the north back 
span, numerous existing temporary and 
future ramps posed unique construction chal
lenges. At the south interface, the design solu
tion featured an early termination of the main 
line bridge deck (by approximately 15.24 
meters), while extending the central spline 
beam the required length as a cantilever to 
receive and anchor the last three cables (see 
Figure 8). Heavy-weight ballast concrete with 
a density of 4,000 kilograms per cubic meter 
was placed in the box girder cells within the 
last three floor beam bays to counteract the 
local reduction in superstructure weight due 
to the early termination of the roadway. The 
cantilever extension of the spline beam was 
housed in a vault. 

To reduce the impact of north back span 
construction to ramp traffic by limiting ramp 
closures and detours, final design and detail
ing of the north back span were conducted 
based on the incremental launching construc
tion method. However, after a detailed evalu
ation, the contractor proposed and the project 

FIGURE 9. Main span under construction. 

team accepted a value engineering proposal 
to cast in place the north back span using 
falsework, which spanned over the various 
ramps. 

Steel Composite Main Span 
The· edge girders were asymmetric steel box 
sections with an inclined bottom flange and an 
inclined fascia web (see Figure 9). Typical 
edge girder sections were 18.3 meters long, 
supported by three stay cables. To achieve a 
full moment connection between the tower 
and the edge girders at the strut level, a base 
plate connection with 35-millimeter-diameter, 
1,030 MPa post-tensioning bars was used. 
Steel floor beams, spaced at 6.1 meters longi
tudinally, spanned 42.7 meters between box 
edge girders. A separate floor beam can
tilevered approximately 13.7 meters to carry 
two lanes of traffic outside the east plane of 
the stay cables. An edge beam provided at the 
fascia of the cantilevered section distributed 
truck loads to multiple floor beams. 

The main span composite superstructure 
construction started with the edge girders (in 
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FIGURE 10. Ungrouted stay cable stressing 
in operation. 

18.3-meter lengths) being placed and field 
spliced, followed by the cantilever floor beams 
and the fascia edge beam. The first of these 
floor beams between the edge girders was 
subsequently brought in and connected to the 
edge girders. The stringers connecting the 
floor beams were then installed. The precast 
deck slabs closest to the previously erected 
section were installed and first stage stressing 
of. the main span and back span stay cables 
was performed. The next set of precast panels 
were then erected and corresponding stay 
cables were stressed to their first stage stress
ing. This process was repeated for the third set 
of precast panels, after which longitudinal 
post-tensioning was installed, followed by 
placing transverse closure strip concrete over 
the floor beams. When the closure strip con
crete attained 24 MPa strength, the slabs were 
longitudinally post-tensioned. After the longi- · 
tudinal closure pours were made over the 
edge girders and stringers, second-stage stay 
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cable adjustments were made to all cables in 
the unit. 

Stay Cables 
Project design documents required stay cable 
strands to be either greased and sheathed or 
epoxy coated. Flexibility was provided con
cerning the type of anchorage (wedge or sock
et or wedge/socket) that could be utilized. 
After the project was bid, the successful con
tractor proposed using ungrouted stay cables 
employing a stressing method that had not 
been previously used in the United States (see 
Figure 10). The contractor also successfully 
proposed using coextruded high-density 
polyethylene (HDPE) pipe with a spiral bead 
fo reduce potential stay cable rain- and wind
induced vibration. 

This method of stressing allowed the stay 
cables to be installed one strand at a time. 
Based on the calculated installation force for 
the stay cable, the force required for the first or 
reference strand was calculated. This force 
had to account for the weight of the HDPE 
sheathing, which was temporarily supported 
by the· single strand and structural deforma
tions that occurred due to stay stressing. After 
the reference strand was installed, each subse
quent strand was installed to match the force 
in the reference strand. Forces were measured 
by load cells on the reference strand and the 
strand being stressed, with electronic control 
stopping the stressing operation wheh forces 
were equalized. As strands were added, the 
weight of the HDPE sheathing was shared 
equally by the strands, slightly reducing the 
force in the reference strand. Additional defor
mations of the deck and tower reduced the 
force in the reference strand as each subse
quent strand was stressed. When the stressing 
operation was complete, the force in each 
strand multiplied by the number of strands 
equalled the calculated installation force. The 
final dead load force in the stays ranged from 
1,330 to 7,100 KN, while the live load' force 
ranged from 60 to 1,330 KN. 

The assessment of the potential for cable 
vibration, considering the use of coextruded 
HDPE pipe with a spiral bead to reduce 
rain/wind vibration and ungrouted stay 
cables, resulted in the need for cross-ties to 



FIGURE 11. Tower anchorage unit on its side. 

offset any potential galloping. After a study of 
the viscoelastic dampers was conducted, it 
was concluded that providing dampers at all 
lower anchorages, coupled with a cross-tie 
arrangement for longer cables, would best 
meet project needs. 

Cable Anchorage at Towers 
The vertical leg at the tower top varied from 
4.9 meters at the base to 3.2 meters square just 
beneath the peak. Because of the limited room 
to anchor cables, a prefabricated steel anchor 
box was built into the tower, acting compos
itely with the exterior concrete by means of 
shear connectors. The cables were anchored 
by bearing at the inner end of structural pipe 
sections built into an anchorage stiffener (see 
Figure 11). This detailing offered the following 
advantages: 

• reduced torsional moment due to closer 
transverse spacing of the cables; 

• improved geometry control of the cable 
anchorages; 

• elimination of complicated forming of the 
inside walls; 

• elimination of post-tensioning in the 
tower cross section; and, 

• ready access for inspection and mainte
nance. 

However, torsion in the tower leg due to 
the cantilevered ramp on one side posed a 
challenge. The eastside cables of the main 
span carried a 30 percent greater load than the 
westside cables. During the preliminary 
design stage, the induced torsion due to the 
cantilever ramp on one side was overcome by 
offsetting the back span cables by 140 millime
ters as they entered the tower. However, dur
ing the final design, the dead load torsion was 
overcome by rearranging the location of the 
main span cables as they entered the tower. 
The back span cables were kept at the center-
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FIGURE 12. Stay cable pipe anchoring to the steel edge box girder. 

line of the tower. In addition, medium weight 
concrete ( density equal to 2,000 kilograms per 
cubic meter) for the deck slabs of the can
tilevered ramp was used to reduce the tor
sional load. To avoid external cable anchor
ages and their related maintenance issues in 
the inclined legs of the tower, a non-uniform 
cable spacing scheme was adopted. 

Pipes that were part of the prefabricated 
anchor box were custom formed by a special
ist fabricator for a variety of cable pipe sizes 
(ranging from 275 to 430 millimeters in diam
eter and from 20 to 40 millimeters in thick
ness). 

The steel tower box was fabricated in sev
eral sections with high-performance steel 
(ASTM A709, Grade HPS 70W), with horizon
tal field splices. The contractor requested 
additional splices from those shown on the 
contract plans to accommodate the lifting 
capacity of their tower crane. Unfortunately, 
the first shipment of three sections was not 
unloaded from rail to truck in Framingham 
(located 32 kilometers west of the project site 
in Boston) and driven as planned to the 
bridge site. As a result, the rail car and sec
tions got jammed under the Southampton 
Street Bridge near downtown Boston. An 
expert metallurgist advised that minor dam
age could be repaired by heat straightening 
and that severely bent sections could be 
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repaired by cutting and splicing in new mate
rial. The damaged sections were trucked back 
to the fabrication shop in Colorado and 
repaired. 

Girder-to-Cable Anchorages 
The cable anchorages on the main span box 
edge girders were mounted on the outside 
webs and were detailed as a pipe assembly 
bolted to the side of the girder (see Figure 12). 
The cables were then passed through the 
anchor pipe, with the cable anchor bearing 
against the lower end of the pipe. The pipe 
was connected to a base plate with a single 
web plate. This detail was selected due to its 
visual appeal over typical box-type cable 
anchorages, fabrication and erection consider
ations, and because it allowed easy access for 
inspecting all critical welds and bolts. High
performance steel (ASTM A709, Grade HPS 
70W) was also selected for the cable anchorage 
pipe connections to the edge beams. Finite ele
ment design showed high tensile stresses 
would have resulted in pipe thicknesses too 
problematic for fabrication if lower grade steel 
were used. 

Pipes were custom formed for a variety of 
cable pipe sizes (ranging from 275 to 420 mil
limeters in diameter and from 20 to 30 mil
limeters thick). Fabrication involved forming 
the pipes by progressively bending flat plate 
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FIGURE 13. Results of wind tunnel testing. 

stock through rollers. The partially completed 
pipe sections were shipped to the fabricator, 
where single-bevel groove welds were made 
along the seams, using ceramic backup bars. 
Radiography was used to confirm the quality 
of the initial welds. Subsequently, once the 
selected weld procedure was proven, ultra
sonics (UT) was adopted for quality assurance 

of the remaining welds. One hundred percent 
UT testing was specified for the lower 600 mil
limeters of the pipes that were in tension, 
while random 25 percent UT testing was per
formed for the remaining welds in compres
sion. Completion of the girder-to-cable 
anchorages involved welding the pipes to 
stiffened single web plates, which in turn were 
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FIGURE 14. Sequence of bridge construction. 

welded to connection plates bolted to the 
webs of the box edge girder. 

Aerodynamic Evaluation 
Wind tunnel tests of both the sectional and 
aeroelastic models were. performed for the 
final structure as well as for intermediate con
struction stages. Vortex excitation occurred at 
aboutl28 kilometers per hour (kmph), which 
was within criteria. Flutter speed was meas
ured at 715 kmph, well above the requirement 
of 210 kmph (see Figure 13). Smoke flow visu
alization tests also indicated that wind flows 
were not significantly altered by changes to 
the deck section, such as deck openings and 
open mesh closure panels on the underside. 

Construction 
The cast-in-place back spans were constructed 
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Step 2 
1. Construct North & South Tower 
2. Construct North & South Back Span 

Superstructures on Falsework 

1. Splice Girder at Closure, Jack as Required 
2. Install Precast Concrete Deck Panels 
3. Place Cast-in-Place Concrete Along Edge 

Orders, Floor Beams & Ramp Framing 
4. Post-Tension Main Span Deck Slab 
5. Remove Back Span Falsework 
6. Construct Ramp SA-CN in the North 

& South Back Span Areas 

on falsework concurrently with tower con
struction. The tension strut at the tower piers 
was post-tensioned in stages. Afterwards, the 
superstructure of the main span was erected 
in a cantilever fashion (see Figures 14 and 15). 

The main span of the bridge consisted of 
thirteen field sections. Twelve field sections 
were erected by cantilevering from the two 
towers, with one field section connecting the . 
cantilevers at mid-span closure. A typical field 
section was 18 meters in length and comprised 
two longitudinal box edge girders, three trans
verse floor beams, one longitudinal edge beam 
and three transverse cantilever beams. All steel 
met AASHTO M270, Grade 50, specifications. 
All splices and connections were field-bolted 
using 22-millimeter-diameter mechanically 
galvanized ASTM A325 bolts. Installation of 
the stay cables, their first-stage stressing, pre-



FIGURE 15. Bridge nearing completion, after mid-span closure looking from west to east. 

cast concrete slabs, infills between precast 
slabs, second-stage stay cable tensioning along 
with post-tensioning of the deck slabs, fol
lowed in a sequential procedure. 

Conclusion 
The Leonard P. Zakim Bunker Hill Bridge is a 
unique structure featuring many engineering 
innovations and breakthroughs. The concept 
of a hybrid cable-stayed bridge ( composite 
steel main span, concrete back span), use of 
ungrouted stay cables, use of the novel 

• method to stress the cables, use of high-per
formance steel for the cable-stay anchor boxes 
in the towers and for anchorages at the super
structure level, and use of viscoelastic 
dampers (to name just a few innovations) all 
extended cable-stayed bridge technology in 
the United States. 

Construction of the bridge started in 
September 1997. The total cost of the bridge, 
including change orders and savings derived 
from value engineering, was approximately 
$105 million. The superstructure mid-span 
closure of the main span was accomplished in 

May 2001. The bridge is scheduled to open to 
traffic in three phases: I-93 northbound 
opened in December 2002, I-93 southbound 
opened in December 2003 and the can
tilevered ramp on the east side will open in 
December 2004. 
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Essay 

Engineering Fashions 

Does the engineer make the 
clothes, or do the clothes 
make the engineer? 

BRIAN BRENNER 

When I walked into the office the 
other day, someone casually com
mented to me, "Nice tie." At first, I 

thought she was referring to the clever pat
terns and evocative geometry on my tie. Then 
I realized it was a comment about fashion, as 
in "nice tie" meaning that I was wearing an 
· aesthetically pleasing tie. I hadn't received a 
compliment about clothes at work before, so at 
first I wasn't sure what to make of it. 
Engineers have great abilities and can be 
many things, but being a fashion plate is not 
usually on the list of their abilities. Scott 
Adams, creator of Dilbert, has made millions 
with this observation, among others. For 
example, Dilbert's tie curls up, which happens 
when you keep a tie well beyond its expiration 
date. (How do I know this? Let's just say I 
have empirical evidence.) 

Real engineers look for clothing that is 
functional and covers those areas that should 
not be exposed in public. Using this definition, 
a shirt can last many years even if it's frayed 
and stained. The concept of matching clothes 
is a bit advanced for engineers and outside of 
our baseline definition of how to dress. Many 

engineers, myself included, don't have the 
greatest sense of how to match clothes. 
Therefore, we rely on a simplified, rule-based 
criteria. In my case, there are two fashion sea
sons: corduroy and khaki. During the cord 
season, everything must be gray or black, with 
red or maroon ties and appropriate solid 
sweaters. During the khaki season, all shirts 
are some shade of blue. At first, I only wore 
light blue shirts, but then I became really dar
ing and invested in some darker blues. All of 
the ties for khaki season are blue-themed and 
also reasonably match everything else. (I 
know this because I asked someone who knew 
better and confirmed it.) Rounding out the 
wardrobe are the two pairs of dress shoes -
black for cord season and maroon for khaki 
season. Imelda Marcos, I'm not. 

Such is my simplified fashion life. In the 
morning I grab something very quickly and 
can't go wrong. Although I must admit that 
one time I grabbed a right maroon shoe and a 
left black shoe and left the house that way. 
Wearing mismatched shoes is a fashion faux 
pas that generally should be avoided. 
Sometimes I think there should be the equiva
lent of "Geranimals" for engineers. ("Gerani
mals" is a line of children's clothing where. kids 
match tops and bottoms by picking the same 
animal- a "bunny" top goes with a "bunny" 
bottom.) For engineers, we could have a sys
tem of matching engineering parts: the I-beam 
tie goes with the I-beam shirt, the concrete 
batch plant shoes goes with the concrete batch 
plant pants, and so on. This system could 
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introduce some exciting variety into the engi
neer's wardrobe while still providing rule
based criteria that can be easily applied. 

Change is purported to be good, but when 
it comes to clothing, I believe that change is 
usually not so good. This opinion again is 
based on the engineering baseline criterion for 
clothing, which states that unless there is an 
ice age or some other climatic shift, the old 
policies should still apply. But when manage
ment decided to invent something called 
"casual dress," we had to adapt. We received 
this memo: 

I am pleased to announce that we will 
have a business casual dress policy from 
Memorial Day through Labor Day. As a 
reminder, business casual attire means 
employees can dress casually in a manner 
that is acceptable in a professional services 
environment. This policy is at the election 
of the cost center managers and they are 
responsible for its proper administration. 

To assist in implementing this policy the 
following guidelines apply: 

• Attire must be neat, clean, tasteful and 
professional looking. 

• Acceptable business casual attire 
includes slacks, casual shoes and socks, 
collared shirts (long and short sleeved) 
and cotton chino pants. 

• Unacceptable attire includes, but is not 
limited to: t-shirts, tank tops, halter tops, 
denim jeans, jogging suits, sweat suits, 
spandex, beachwear of any kind, sneak
ers, flip flops and excessively revealing 
attire of any nature. 

• Modesty and discretion must be exer
cised at all times. 

Notice right off the bat that the memo is 
written in engineer-friendly terms - that is, it 
features specific, clear criteria on what's what 
and what's not. Considering these criteria, I 
have some comments: Who would wear span
dex to the office, or for that matter, beach
wear? Does this guideline need to be pointed 
out? Are there some engineers that have span
dex bathing suits and have they considered 
wearing them to work? Fortunately (or unfor-
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tunately depending on your perspective), this 
policy will nip the developing spandex beach
wear fashion trend in the bud. Also note that 
this list of musts provides descriptive rules 
that engineers can understand and apply. 
Clothing must be neat, clean and so on. The 
requirement that attire must be "fashionable" 
is not listed, and it's just as well. Otherwise, 
who would understand it? 

When "Casual Friday" was first announced 
on the Central Artery /Tunnel Project many 
years ago, it was in the design phase and on 
those first Fridays everyone dressed fairly for
mally. There were more suits and clothing that 
required dry cleaning. The concept was con
fusing to me and I wasn't sure what to do. At 
first, I wore my business suit but took the tie 
off. That seamed casual, but looked pretty 
awkward (during the project's design phase, 
my wardrobe featured two seasons of suits: 
dark gray for winter and tan/blue blazer for 
summer, and all shirts were white). After a 
few months of exposure to casual dress, I was 
finally dressing in blue jeans. Now that the 
project is in its construction phase and most of 
the people in the rest of the bu.siness world 
dress pretty casually to begin with, it feels 
comfortable to not put on the tie. 

I ride the train with my close friend who 
works for Lotus. He is an engineer's engi
neer's engineer, and he wears a t-shirt and 
jeans to work every day. He is in a space that 
is pretty much beyond fashion, so this discus
sion must be pretty amusing to him. As I'm 
fidgeting with my tie for non-casual days, he 
looks pretty comfortable in his scruffy attire. 
He won't end up on the red carpet at the 
Academy Awards, like that woman a few 
years ago wearing the green dress that seemed 
like it was going to fall off. But with his focus 
elsewhere, I'm sure that he will develop some 
spectacular software and perhaps save 
humanity- and that's probably better. 

BRIAN BRENNER is a professor at Tufts University. 
He also worked at Bechtel/Parsons on the Central 
Artery Project, where he was when he wrote this 
essay. He served as Chair of the editorial board for 
Civil Engineering Practice for seven years. 
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