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Assembling a bridge super
structure off-site and shipping 
it by barge can result in 
significant time and cost 
savings. 
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In an effort to speed construction, the 
superstructure and substructure of the 
new Providence River Bridge were built at 

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

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

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

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

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

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

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

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

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

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



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

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

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

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

FIGURE 4. A self-propelled trailer. 

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

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

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

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

Strand Jacks. Strand jacks are normally used 
to move very heavy loads in the vertical direc
tion. They also have the ability to lift loads large 
distances in a very controlled manner. The sys
tem includes multiple steel strands passed 
through a series of hydraulic grips and jacks. 
The jack grips the strand and •raises it, then the 
strand is re-gripped and raised again. Figure 6 
depicts a detail of a typical strand jack. 
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Skidding Equipment. Skidding equipment is 
used to move very large loads laterally with
out requiring large anchorages to push 
against. The key to the system is to have the 
structure rest on a shoe that rests on a rail. 
Hydraulic jacks push between the shoe and 
the rail; therefore, no lateral force is placed on 
the structure being moved or on the structure 
(or ground) below. Figure 7 shows a large 
skidding system being used to move an oil rig 
platform. Skidding frames can move loads in 
excess of 20,000 tons. 

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

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



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

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

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

required some degree of analysis of bridges 
for superloads. 

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

the trailer and the length of the bridge are 
interrelated. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Front Trailer 

Abutment 1 
Girder Frame 

Rear Trailer 

Abutment 2 Pier 1 

Pivot Bearing 

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

Gl G2 G3 G4 

FIGURE 12. A section of the splayed trailers. 

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

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

Load 

GS G6 G7 

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

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

Girders 3 Through 7 

-G3(o) 

-G4(0) 
GS(o) 

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

Time (Minutes) 

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

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

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



Influence Surface Stress (ksi) 

Rear Trailer over GS & G6 

Front Trailer over G2 & G3 
Opposite Side of Bridge 

Time (Minutes) 

D 4.0 to 6.0 ksi 

□ 2.0 to 4.o ksi 
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FIGURE 14. Stress influence surface for the Route 372 Bridge (bending stresses at mid-span 
in Span 2). 

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

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

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

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

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

• The live load distribution was calculated 
according to the AASHTO Guide Specifi
cation for Distribution of Loads for 
Highway Bridges since the truck was less 
than 10 feet wide. The factor used in the 
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Transverse Stress Distribution at 11.3 Minutes 
Point of Maximum Stress 
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FIGURE 15. Lateral load distribution for the Route 372 Bridge. 

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

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

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

• The vehicle was splayed as shown in 
Figure 11. 

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

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

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

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

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



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

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

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

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

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

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

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

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

DEPARTMENT OF TRANSPORTATION 

FIGURE 16. 1-195 reconstruction plan. 

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

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

Analysis Issues. At the initial project meet
ing, the project team outlined a general sched
ule and approach to accomplishing the task of 
obtaining approval from the project owner. 
Since the approach was radically different 
than what was that specified on the construc
tion documents, the project tea:m had to for
mulate the design criteria to which the analy
sis would be performed. Since the wind is the 
predominant factor in determining wave 
action and lateral structure loading, the team 
decided that a wind with gusts less than 30 
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mph would be an acceptable threshold given 
the fact that the entire process of moving the 
bridge would take less than four days. It was 
felt that this level of wind could be satisfied 
by checking the weather prior to the actual 
move. 

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

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

• The water adjacent to the site needed to 



FIGURE 17. Aerial view of the project area. 

have sufficient depth for the barges and 
tugboats. 

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

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

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

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

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

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

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

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

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

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

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

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

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



FIGURE 18. Temporary column placement. 

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

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

FIGURE 19. Temporary column details. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

Conclusions 
Modern heavy hauling equipment developed 

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

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

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

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

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

the structure; 
• The redistribution of forces in the struc

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

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

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

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

FIGURE 24. Load-out operation and barge ballasting. 

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

A carefully planned process can result in a 
successful project that saves substantial time. 
The new Providence River Bridge move saved 
the contractor approximately one year in con
struction time. This savings was due to the 
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fact that the bridge foundations were built at 
the same time as the bridge superstructure. 
The superstructure was installed literally days 
after the bridge piers reached their design 
strength. 
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FIGURE 25. The new Providence River Bridge during the load-out operation. 

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

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