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Zilwaukee Bridge project on Interstate 
ear Saginaw, Michigan, has been con- 

ersial since its inception. The $81 mil- 
project, which is 90 percent federally 
ed, has been plagued by delays, revi- 

er difficulties. In August 
, a construction mishap caused a near 

Ilapse, and work on the project has been 
lted until the extensive structural damage 

is report discusses (1) the decision to 
place the existing bridge, (2)consideration 
alternatives to a high-level bridge, (3) the 
eject’s design phase, including the re- 
irement that an alternate design be of- 

red to construction contract bidders, (4) 
e contract bidding phase, including the 

tejection of the original low bid, and ([i)con- 
$truction problems experienced before the 
bugust 1982 near collapse. A subsequent 
report will discuss events surrounding the 
construction mishap and its potential im- 
pact on the completed bridge’s maintenance 
and safety. 
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The Honorable Donald W. Riegle, Jr. 
‘United States Senate 

Dear Senator Riegle: 

As your September 30, 1982, letter requested, we are 
reviewing the Zilwaukee Bridge project, a go-percent federally 
funded bridge replacement project on Interstate 75 near Saginaw, 
Michigan. You asked us to evaluate the decisions to replace the 
existing drawbridge and to build the high-level bridge; the con- 
struction contract bidding process, including the rejection of the 
original low bid; Federal and State highway officials’ supervi- 
sion, approval, and monitoring of design and construction: struc- 
tural problems that resulted in the near.collapse of part of the 
northbound bridge in August 1982; and potential maintenance and 
‘safety problems that the State may have with the bridge once it is 
~completed. 

~quest 
This report is in response to your office’s subsequent re- 

that we provide an initial report covering the (1) decision 
to replace the drawbridge, (2) consideration of alternatives to a 
ihigh-level bridge, (3) design phase, (4) bidding phase, including 
;the rejection of the original low bid, and (5) construction prob- 
,lems experienced before the August 1982 near collapse. Our objec- 
tives were to examine the major decisions, problems, and contro- 
versies in these areas and determine the soundness and impact of 
/Federal and State actions. A second report on the August mishap 
and its potential impact on project schedules and costs and future 
maintenance, safety, and service life will be provided at a later 
rdate. 

The Zilwaukee project, which has experienced controversy, 
delays, revisions, and other difficulties, including the near 
collapse, is designed to replace the existing 593-foot long, four- 
‘lane drawbridge where Interstate 75 crosses the Saginaw River. 
The planned replacement is a 1.5-mile long, high-level bridge with 
ia 125-foot vertical clearance over the river’s shipping channel. 
!The high-level bridge is being built to allow both vehicle and 
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ship traffic to move freely at the bridge. Its length is neces- 
sary to obtain the 125-foot clearance required to allow ocean- 
going vessels passage underneath without exceeding the maximum 
grade or incline that is standard for the Interstate System. 

The new bridge is actually two bridges side by side, one for 
northbound and one for southbound traffic. Each bridge is to have 
four driving lanes and two shoulders. A relatively new concrete 
design and construction technique is being used to build the 
bridges. The first cost estimate for the project--which was made 
in 19680-was $22 million. The current contract cost is $81 mil- 
lion, which does not include the cost involved in repairing the 
damage from the near collapse and any additional contractor claims 
against the State. In comparison, the drawbridge, completed in 
1960, cost $4.2 million. (See p. 2 of app. I for photographs of 
the drawbridge and the partially completed high-level bridge.) 

The Federal Highway Administration (FHWA), Department of 
Transportation, gave the State of Michigan formal approval to 
build a high-level bridge in June 1968. Federal environmental 
requirements were met in November 1974. Construction began in 
October 1979, and the bridge was originally scheduled to be com- 
pleted in November 1983. But because of the near collapse and 
other problems, the bridge is not expected to be completed before 
late 1985 or early 1986. Construction on the damaged structure 
was stopped in August 1982 and will not resume until the damage 
from the near collapse is repaired. 

During our review, we held discussions with FHWA officials 
and reviewed pertinent files and other documents at FHWA's 
Washington, D.C., headquarters and its division office in Lansing, 
Michigan. We also held discussions with appropriate officials in 
and reviewed files at the Michigan Department of Transportation 
(MDOT). In addition, we discussed the project with FHWA's re- 
gional bridge engineer, MDOT's project engineer at the construc- 
tion site, a spokesperson for the construction contractor, and 
officials of other agencies, such as the Maritime Administration, 
the Coast Guard, and the Army Corps of Engineers. The methodology 
and the support for MDOT's various cost estimates for the alterna- 
tives to a high-level bridge could no longer be located and thus 
were not available for our analysis. However, we discussed these 
estimates with FHWA and MDOT officials. 

We found that many project decisions have been controversial 
and the project has had problems that have delayed its completion 
and/or increased costs. However, based on available data, addi- 
tional capacity for vehicle traffic at the bridge was needed, and 
the decision to build a high-level bridge appears to have been 
reasonable, considering the cost estimates and the existing con- 
ditions at the time the decision was made. Furthermore, the vari- 
ous problems apparently had been overcome and the project was 
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progressing up until the August 1982 mishap. We believe that some 
of the controversy and delay could have been avoided with better 
and earlier communication between FHWA and MDOT. also, broader 
input into the development of the bridge design using value engi- 
neering or some other systematic, cost-control program may have 
improved the design and reduced costs. The results of our review 
of the initial five areas are summarized below. A more detailed 
discussion is contained in appendix I. Appendix II is a chronol- 
ogy of events on the project. 

DECISION TO REPLACE THE DRAWBRIDGE 

The decision to replace the drawbridge at the Interstate 75 
Saginaw River crossing resulted from several problems with the 
bridge . The basic problem was that a few years after the draw- 
bridge was completed, Interstate 75 traffic was greater than MDOT 
anticipated and traffic volumes crossing the bridge exceeded de- 
sign capacity. This problem was further compounded by increased 
bridge openings for navigation, leading to vehicle backups and 
accidents. In addition, MDOT officials considered the narrow 
bridge opening (150 feet compared to a 200-foot wide shipping 
channel ) , combined with a curve of the river, to be a navigation 
hazard which could lead to a ship/bridge accident and freeway 
closure. (Ships have accidentally rammed the drawbridge twice in 
the past and hit pilings protecting the bridge numerous times.) 
Further, FHWA does not consider drawbridges in keeping with the 
purpose and function of the Interstate System, which is designed 
for high-speed, uninterrupted traffic flow. 

The conditions such as traffic volume exceeding bridge capa- 
city have existed since FHWA authorized MDOT to design and con- 
struct a drawbridge replacement. For example, daily traffic vol- 
umes from 1968 to the present have exceeded the drawbridge”s 
design daily capacity of 20,800 vehicles. In addition, the 1973 
through 1975 widening of Interstate 75 between Flint and Bay City, 
Michigan, from four lanes to six lanes (three lanes each way) has 
contributed to additional congestion at the four-lane drawbridge. 
Although bridge openings dropped significantly in 1982 (down to 
417 from 897 in 1981), the port of Saginaw remains active. 
According to various Federal, State, local, and shipping associa- 
tion officials, it is uncertain whether port activity will in- 
crease or decrease in the future. Ships have not recently hit the 
drawbridge, but the possibility remains. 

ALTERNATIVES TO A HIGH-LEVEL BRIDGE 

MDOT studied several alternatives to a high-level bridge 
for replacing the Interstate 75 drawbridge. They included 

--rerouting traffic (either temporarily or permanently) 
onto the Interstate 675 business loop through downtown 
Saginaw, 
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--building a tunnel, 

--widening the existing drawbridge, 

--building a parallel freeway to the south and west of 
Saginaw and Interstate 75, and 

--adjusting port operations. 

MDOT considered these alternatives at various times before bridge 
construction started but rejected them for various reasons. 

Rerouting traffic to Interstate 675 was rejected due to high 
costs and potential adverse impacts. This alternative would have 
involved increasing Interstate 675 capacity to handle the traffic 
of both roadways. In 1978, MDOT estimated the cost at $120 mil- 
lion, considerably more than the $68.5 million FHWA had pro- 
gramed for the high-level bridge. Also, the city of Saginaw 
opposed this alternative because of potential negative social, 
economic, and environmental impacts of widening the road and the 
increased traffic. Currently, Interstates 75 and 675 peak traffic 
periods coincide only on Friday afternoons. However, traffic on 
Interstate 675 is near its design capacity and diverting Inter- 
state 75 traffic would more than double the volume. 

MDOT rejected a tunnel because it was too expensive. In 
~ 1970 it estimated the construction cost at $96 million, with 
~ annual operation and maintenance costs of $620,000. At that time 
1 MDOT estimated the cost of a high-level bridge at $35 million. 

Although widening the existing drawbridge was not technically 
feasible, MDOT considered whether additional capacity could be ob- 
tained by building a parallel three-lane drawbridge and converting 
the existing bridge to one-way operation. MDOT estimated this 
alternative to cost only $9 million in 1976 but rejected the idea 
because it is FHWA’s policy not to construct drawbridges on the 
Interstate System. 

MDOT rejected building a parallel freeway (crossing the Sagi- 
naw River above the port) to alleviate traffic congestion on In- 
terstate 75 because of the cost and a long implementation period. 
The parallel freeway would have been a non-Interstate system route 
and thus eligible for 70 percent, rather than 90 percent, Federal 
funding. Furthermore, FHWA advised MDOT that funds available for 
the high-level bridge replacement could not be diverted to con- 
struct the alternate non-Interstate route. MDOT estimated that 
project completion could take up to 15 years because of the long 
times required for Federal, State, and local approvals compared 
with an estimated 4- to S-year implementation period for the 
high-level bridge alternative. 
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MDOT considered that adjusting port operations was not fea- 
sible due to high costs and local opposition. In determining the 
estimated cost, MDOT considered relocating the port to the down- 
stream side of the bridge, installing a conveyor system to carry 
goods to receiving firms upstream, and upgrading the existing 
crossing to six lanes. MDOT's estimate totaled about $133 mil- 
lion, or about twice the $68.5 million that FHWA had programed for 
the high-level bridge in 1978. Also, the city of Saginaw opposed 
this proposal because it believed the city's port activity would 
be damaged. 

THE DESIGN PHASE 

A problem in reaching agreement on an FHWA cost reduction 
measure extended the design phase somewhat. Specifically, at the 
time MDOT was involved in preliminary design work, FHWA's Region 5 
had a policy that, on major bridge projects, States must offer 
alternate designs for bidding purposes to foster competition. 
Usually at least a steel design and a concrete design are to be 
offered to take advantage of price competition between concrete 
and steel materials and construction techniques. 

In 1974 MDOT considered, then rejected, this FHWA regional 
policy position on developing alternate designs as a cost-saving 
measure and for 2 years worked on only one design. After MDOT 
submitted a preliminary plan for only a steel structure for FHWA 
review, FHWA put increased emphasis on the requirement for an 
alternate design; MDOT then agreed to develop a concrete design 
alternate. According to MDOT and FHWA spokespersons, the delayed 
start on the design work for the concrete alternate extended the 
design phase only a few months. However, this policy apparently 
fostered competition, and the contract awarded for the construc- 
tion of a concrete bridge was $9.4 million less than the low bid 
for a steel bridge. According to FHWA, using alternate designs 
has resulted in nationwide savings of over $100 million during the 
past 4 years. 

We believe that if early in the design process MDOT officials 
had sought FHWA's concurrence in its decision to reject FHWA's 
regional policy and not develop an alternate design for Zilwaukee, 
the delay needed to later develop the alternate may have been 
avoided. Also, at the start of design development, FHWA officials 
could have questioned whether MDOT was developing an alternate 
design as required by its policy. 

We also identified instances where FHWA suggested design 
changes, but MDOT disagreed or believed that the design had pro- 
gressed too far for a change, and MDOT'S position prevailed. As a 
result, there may have been various cost-saving opportunities that 
were not taken advantage of during design development. For exam- 
ple I FHWA questioned the length of the proposed bridge approach 
spans and the need for haunched spans (a depth variation of 8 feet 
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at mid-span to 20 feet at span ends) and suggested that shorter 
constant depth spans would look better and be more economical. 
MDOT told FHWA that the longer spans were more economical and that 
it preferred the haunched spans for esthetic reasons. FHWA did 
not pursue the matter further; however, FHWA's regional bridge 
engineer told us that the State's position was not valid, but FHWA 
had no basis for questioning it further. With regard to the span 
lengths, MDOT officials told us that while it is true that the 
approach spans possibly could have been altered somewhat, they 
believe their position was valid. According to MDOT, they held 
extensive discussions with FHWA Michigan Division officials and it 
was agreed not to build a "forest of columns" that would have 
resulted if shorter spans had been used. MDOT believes that the 
location's topography practically dictated the proposed span 
lengths because of obstacles such as existing railroad tracks and 
crossroads. 

If MDOT had used a concept such as value engineering1 to 
provide a broader perspective and input during project conception 
or preliminary design, the Zilwaukee project may have benefited. 
FHWA currently encourages value engineering of projects, such as 
Zilwaukee, but the concept had not been widely accepted and 
applied to highway projects until recently. A value engineering 
incentive clause was added to the construction contract to allow 
the contractor to propose changes during construction and share in 
the cost savings. According to MDOT officials, the contractor has 
taken advantage of the clause by proposing a revised construction 
method for one of the bridge ramps. 

BIDDING PHASE 

The project's bidding phase was extended because of an FHWA 
national inflation fighting program. The extension added a year 
to the estimated project completion date. On the other hand, the 
extension also resulted in a $4.2-million reduction in the low bid 
for constructing the project. FHWA policy guidance for the pro- 
gram provided that if the low bid for a construction contract 
exceeded the State engineer's cost estimate by more than 7 per- 
cent, the bid should be rejected, unless an exception was justi- 
fied. Thus, when the low bid for the project came in 34-percent 
greater than MDOT's estimate, FHWA reexamined the project to 
determine whether the contract proposal should be reissued and 

'Value engineering is a cost-control method that employs a system- 
atic, multidiscipline, creative approach to identify, analyze, 
and establish a value for an item's function. The objective is 
to satisfy the required function at the lowest cost consistent 
with the requirements of performability, reliability, and 
maintainability. 
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modified in order to obtain more competitive bidding and resulting 
lower prices and concluded that the bid should be rejected. While 
neither FHWA nor MDOT estimated the costs of delaying construction 
for a year, FHWA stated that the savings anticipated from a rebid 
would more than offset any costs resulting from the delay neces- 
sary for redesign and readvertising. While the second advertising 
resulted in a low bid that was $4.2 million less than the first 
low bid, the actual savings will be somewhat less than this amount 
because price escalators for certain materials were added to the 
second contract proposal (in an effort to eliminate some of the 
risk for the bidders due to inflation and hopefully reduce their 
bids). To date the price escalators have added about $865,000 to 
the $76.8 million construction contract. 

CONSTRUCTION PROBLEMS 

Several problems have impeded construction progress and added 
to project costs since construction began in October 1979. The 
most significant were that: 

--Some of the steel H-beam piles (which were driven in excess 
of 80 feet to bedrock to support the bridge) failed to meet 
loading specifications. 

--Many.of the individual concrete box girder segments (which 
are attached to each other to construct the bridge spans) 
developed cracks during the curing process. 

--The launching girder (which is a steel truss used to trans- 
I 

port and place the individual segments) experienced design 
difficulties and fabrication delays. 

--The Dutch managers (who were employed by the foreign joint 
venture partner) had difficulty in dealing with U.S. admin- 
istrative procedures (documentation, oversight, and red 
tape). 

Although these problems apparently have been overcome, they added 
about $1.8 million to contract costs and may lead to some claims 
and/or lawsuits against MDOT which could further increase bridge 
costs. For example, MDOT officials believe they have solved the 
segment cracking problem by adding additional transverse post- 
tensioning. The number of steel strands stretched across the 
width of each segment was increased from 10 to 12, at a cost of 
!over $222,000 for the additional strands. The problems also 
delayed construction, but the subsequent construction failure 
eclipsed the impact of this delay. 

/THE NEAR COLLAPSE 

Shortly after midnight on August 28, 1982, while a precast 
concrete segment was being put in place during construction of 
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the northbound structure, a section of the bridge teetered, drop- 
ping over 5 feet at one end and rising about 3.5 feet at the other 
end. This resulted in considerable physical damage to the bridge, 
but no personal injuries. 

Both MDOT and the contractor hired consultants to determine 
the cause of the failure, and construction has stopped until the 
damaged section can be repaired. Also, on February 18, 1983, the 
Subcommittee on Investigations and Oversight, House Committee on 
Public Works and Transportation, held a hearing in Saginaw, 
questioning officials of MDOT and FHWA. As mentioned previously, 
these matters will be discussed in more detail in our second 
report . 

CONCLUSIONS 

Our discussions with FHWA and State officials and review of 
pertinent data indicate that the decision to replace the draw- 
bridge was reasonable considering the conditions at the time of 
the decision. A few years after the drawbridge was completed, 
its traffic was greater than MDOT anticipated and exceeded the 
bridge’s design capacity. Also, the number of bridge openings for 
ship traffic substantially increased, causing additional problems 
for vehicle traffic. Furthermore, FHWA had established a policy 
that drawbridges are generally not appropriate for the Interstate 
System because they can interrupt the free flow of traffic. 

The methodology and support for the State’s various estimates 
for the alternatives to a high-level bridge could no longer be lo- 
cated and thus were not available for our analysis. However, 
based on our discussions with various officials and review of per- 
tinent files of FHWA and MDOT, the State's choice of the high- 
level bridge appears to have been reasonable, based on the esti- 
mates and conditions at the time the decision was made. 

Much of the controversy and questions concerning the project 
centers on the design and bidding phases, primarily FHWA's re- 
quirement for an alternate design and its rejection of the first 
low bid. The alternate design requirement and the rejection of 
the first low bid caused some delay in the project, but they 
apparently increased competition and reduced costs. We believe 
that the delay, resulting from the requirement for an alternate 
design, could have been avoided if MDOT's initial decision not to 
develop an alternate had been coordinated with FHWA. Also, if 
MDOT had used value engineering or some other broader input during 
design development, it may have helped improve the design and 
reduced costs. FHWA currently encourages value engineering, but 
the concept had not been uidely accepted and applied at the time 
the Zilwaukee bridge design was developed. 

The construction problems that occurred before the August 
1982 near collapse slowed construction progress and increased 
costs, but they have apparently been overcome. The more difficult 
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task will be repairing the damage from the near collapse and 
continuing construction. At the end of this phase of our review, 
MDOT had not finalized the design for the repair work. 

AGENCY COMMENTS AND OUR EVALUATION 

In commenting on our draft report, the Department of Trans- 
portation said that the report is well documented, factual, and 
quite complete. The Department, however, commented that while 
FHWA does encourage value engineering, it also encourages alter- 
nate design as a viable solution to reducing bridge costs. 
According to the Department, value engineering may have reduced 
costs but it may not have improved the design. 

We recognize that alternate design can reduce costs. A 
process such as value engineering also could have benefited the 
project, and we consider a design change that provides for the 
bridge to carry out its intended purpose at a lower cost to be an 
improvement. 

MDOT COMMENTS AND OUR EVALUATION 

MDOT said that it has reviewed the report in detail and is in 
general agreement with the statements made in all sections of the 
report. However, MDOT officials wanted to clarify that at the 
time of the initial Zilwaukee design, the value engineering method 
was somewhat in its preliminary stages and its formal finalization 
did not take place until later. We realize, and the report notes, 
that value engineering was not widely used until later. Our con- 
clusion in this regard is intended as a consideration for future 
projects. 

As arranged with your office, unless you publicly announce 
its contents earlier, we plan no further distribution of this re- 
port until 7 days from its issue date. At that time we will send 
copies to appropriate congressional committees, agency officials, 
and interested parties. We will also make copies available to 
others on request. 
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GLOSSARY 

Bridge deck 

Cantilever 

Footing 

Joint venture 

Pier 

Pile 

Piling 

the roadway of a bridge 

either of two beams projecting toward 
each other from piers to be joined to 
form the span of a cantilever bridge 

the base on which a pier rests 

a partnership or cooperative agreement 
between two or more contractors which 
is usually restricted to one specific 
undertaking 

the vertical supports for bridge spans 

a long slender piece of timber, steel, 
or reinforced concrete driven into the 
ground to carry a vertical load on which 
a footing rests 

piles collectively 



APPENDIX I APPENDIX I 

DISCUSSION OF THE ZILWAUKEE BRIDGE PROJECT 

FROM INCEPTION TO THE AUGUST 28, 1982, MISHAP 

INTRODUCTION 

On August 28, 1982, the Zilwaukee Bridge, under construction 
near Saginaw, Michigan, suffered a construction failure which 
resulted in a near collapse. Although no workers were injured, 
the accident caused extensive damage to the bridge. The bridge, 
an $81 million high-level structure, is designed to replace a 
drawbridge on Interstate 75. The largely federally funded proj- 
ect, which employs a relatively new design and construction tech- 
nique, has experienced controversy, delays, revisions, and other 
difficulties throughout its development. 

The State of Michigan is the project owner, and the Michigan 
Department of Transportation (MDOT) is the project administrator. 
The Federal Highway Administration (FHWA) is providing 90 percent 
of the project's cost under the Federal-aid highway program, and 
the State is providing the remaining 10 percent. 

MDOT built the drawbridge in the late 1950's at a cost of 
$4.2 million, of which $3.6 million were Federal funds, and opened 
it to traffic on December 5, 1960. MDOT designed the drawbridge 
as part of a State freeway system, but when the 1956 Highway Act 
established the Interstate System, MDOT incorporated this State 
route into the Interstate 75 route. Before the drawbridge, 
travelers had to use urban bridges to cross the Saginaw 
River-- such as the Genessee Street bridge in downtown Saginaw, 4 
miles to the south of the Interstate 75 drawbridge, or the M-13 
bridge in downtown Bay City, 7 miles to the north. 

The drawbridge was designed to handle projected traffic for 
1975; however, soon after opening, traffic volumes exceeded these 
projections. In addition, increased ship traffic caused more 
bridge openings, which led to backups and accidents. In June 
1968 FHWA agreed with the State of Michigan that it was in the 
public interest to replace the 593-foot-long drawbridge with a 
fixed structure more appropriate for an interstate freeway system 
and authorized the State to proceed with the design and construc- 
tion of a high-level bridge. 

The high-level bridge, designed by State consultants in late 
1977 and early 1978, is actually two structures built side-by- 
side. Each 1.5-mile long structure will have four 12-foot driving 
lanes and two 11-foot shoulders. The 1.5-mile length is necessary 
to obtain a 125-foot clearance over the shipping channel without 
exceeding a road grade or incline of 3 percent (3 feet of rise or 
drop for every 100 feet of distance) which is standard for the 
Interstate System. The 125-foot clearance allows large ships to 
serve Saginaw. 
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The Zilwaukoe Bridge 

APPENDIX I 

The existing drawbridge 

The partially completed high-level bridge 
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In the late 1960’s, the U.S. Army Corps of Engineers re- 
quested the 125-foot clearance over the shipping channel to pro- 
vide passage for ocean-going ships, In July 1978 the Coast Guard 
issued a permit for the bridge, noting the 1250foot vertical 
clearance. (The Coast Guard assumed responsibility for bridge 
permitting from the Corps in 1967.) Correspondence regarding the 
permit indicated that navigational interest wanted at least a 1250 
foot clearance. Coast Guard spokespersons told us that the 125- 
foot standard for bridges on the Great Lakes and connecting waters 
is based on criteria, for ocean ships transmitting the Saint Law- 
rence Seaway, the route such ships use to enter the Great Lakes 
system. 

In October 1979 the State awarded a $76.8 million construc- 
tion contract. (Material price adjustments and other changes have 
increased the contract to $81.1 million.) Construction began the 
same month and was scheduled for completion in November 1983. The 
August 1982 construction mishap has delayed the estimated comple- 
tion date to late 1985 or early 1986 and added to project costs. 
Total project costs (right-of-way acquisition, project design, 
construction, repair, and others) are currently estimated at over 
$115 million. (App. II presents a more detailed chronology of the 
Zilwaukee Bridge project.) 

iOBJECTIVES, SCOPE, AND METHODOLOGY 

Based on Senator Riegle's September 30, 1982, request and 
isubsequent discussion with his office, we are reviewing the Zil- 
iwaukee Bridge project with respect to 

--the decisions to replace the existing drawbridge and to I build the high-level bridge: 

--the construction contract-bidding process, including the 
rejection of the original low bid: 

--Federal and State highway officials' supervision, approval, 
and monitoring of design and construction; 

--structural problems that resulted in the near collapse of 
part of the northbound bridge in August 1982; and 

--potential maintenance and safety problems that the State 
may have with the bridge once it is completed. 

As requested by Senator Riegle's office, this initial report 
covers the decision to replace the existing bridge through the 
August 28 near collapse. Our objectives were to examine major 
decisions, problems, and controversies surrounding the project and 
determine the soundness and impact of Federal and State actions. 
Ye are continuing our review, and a second report on the August 
mishap and its potential impact on project schedules and costs and 
future maintenance, safety, and service life will be provided at a 
later date. 
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We conducted our audit during the period from November 1982 
to March 1983. We reviewed the June 1968 authorization of the 
project and subsequent events that occurred through August 1982. 
We held discussions with appropriate FHWA officials and reviewed 
pertinent documents at its Washington, D.C., headquarters and 
Lansing, Michigan , division offices. At the State level, we held 
discussions with appropriate MDOT officials and reviewed pertinent 
documents at its Lansing, Michigan, headquarters and at its Zil- 
waukee, Michigan, project offices. We also reviewed pertinent 
audit reports prepared by Commission Audit, MDOT's internal audit 
group. 

We discussed the current and anticipated Port of Saginaw 
shipping activity.with (1) officials of the Maritime Administra- 
tion, Great Lakes Region Office; the U.S. Coast Guard, Detroit; 
and the Army Corps of Engineers' Detroit District and Waterborne 
Commerce Statistics Center, (2) a spokesperson of the Lake Car- 
riers' Association, which represents U.S. Great Lakes shippers, 
and (3) the manager of MDOT's Port Development Section. 

We discussed the project with the FHWA's Director, Office of 
Structures, Region 5, and a spokesperson associated with the joint 
venture of Stevin Construction, Incorporated, and Walter Toebe 
Construction Company which are building the bridge. We also vis- 
ited the project site and talked with MDOT's project engineer. 

We performed this review in accordance with generally accep- 
ted government auditing standards. 

The State transportation agencyl MDOT, was previously called 
the Michigan Department of State Highways and Transportation and 
at one time the Michigan Department of State Highways. In this 
report we refer to the State agency as MDOT. 

DECISION TO BUILD THE HIGH-LEVEL BRIDGE 

During the early 1960’s, increased highway and shipping 
traffic resulted in temporary freeway interruptions. This prob- 
lem, along with the possibility of an extended interruption of 
freeway service through the accidental ramming of the drawbridge, 
indicated a need for corrective action at the Interstate 75 Sag- 
inaw River crossing. The basic problem was that traffic volumes 
on a SO-mile stretch of Interstate 75, which included the bridge, 
were continually exceeding design capacities, indicating the need 
for expansion; however, widening the drawbridge was not feasible 
because of the mechanisms involved. Also, FHWA no longer allowed 
drawbridges on the Interstate System. This problem of inadequate 
capacity was further exacerbated during peak traffic periods by 
drawbridge openings for ship traffic which has precedence over 
vehicle traffic. Another consideration was that the bridge open- 
ing was narrower than the shipping channel, causing both a hazard 
to navigation and a threat to the bridge's structural integrity. 
MDOT recognized these problems and, in June 1968, FHWA approved 
MDOT's request for Federal funding to design and construct a 
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high-level strllcture to replace the drawbridge. At that time the 
estimdted cost of the proposed bridge was $22 million. In the 
early 1970's, MDOT began widening Interstate 75 to provide the 
needed capacity. 

Although FHWA had approved funding for a high-level bridge, 
MDOT considered various alternatives (which potentially might cost 
less or result in fewer negative social and environmental impacts) 
before deciding on a high-level structure. MDOT considered these 
alternatives at various times between 1970 and 1976, before start- 
ing detailed design work on the high-level structure. These con- 
siderations and decisions were made independent of FHWA. 

Details on the problems that led to the decision to replace 
the drawbridge and the alternatives MDOT considered follow. 

Traffic volume dictates 
the need for expansion 

The population and economic expansion in southeastern Michi- 
gan and the economic and recreational expansion in northern Michi- 
gan in the early 1960's resulted in commercial and recreational 
traffic volumes on Interstate 75 which exceeded estimates of 
future year volumes and led to MDOT's 1967 request to FHWA to 

( replace the drawbridge. Since then the problem has continued. 
I Specifically, starting in 1968, vehicle traffic has exceeded the 

drawbridge's 
cles in both 

average daily traffic design 
directions, as shown below. 

Average daily 
traffic Year 

volume of 20,800 vehi- 

Year 

1960 5,000 1972 
1961 Not available 1973 
1962 11,000 1974 
1963 15,000 1975 
1964 17,500 1976 
1965 17,soo 1977 
1966 19,800 1978 
1967 20,000 1979 
1968 21,000 1980 
1969 21,000 1981 
1970 22,400 1982 
1971 28,900 

Average daily 
traffic 

26,300 
26,900 
25,800 
24,900 
24,000 
28,400 
29,800 
29,400 
25,605 
26,200 
25,400 

As illustrated on the following page, Interstate 75 traffic 
is considerably higher during the "summer holiday weekends." 
Traffic also increases on Interstate 675, indicating that some 
Interstate 75 travelers are using it to bypass the drawbridge. 
The table shows daily traffic on Interstates 75 and 675 during 
three holiday periods in 1982. 
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Memorial Day Interstate 75 Interstate 675 

Fri. S/28 50,531 
s/29 

38,432 
Sat. 40,671 
Sun. 5/30 

19,530 
28,074 

Mon. 5/31 (holiday) 
12,920 

46,825 
Tues. 6/01 

18,548 
34,650 30,049 

Independence Day 

Fri. 7/02 55,734 32,793 
Sun. 7/03 49,468 18,351 
Sun. 7/04 (holiday) 30,091 11,456 
Mon. 7/05 50,849 15,809 

Labor Day 

Fri. 9/03 50,504 37,036 
Sat. 9/04 42,847 19,500 
Sun. 9/05 33,138 13,608 
Mon. 9/06 (holiday) 45,972 
Tues. 9/07 

22,108 
35,341 29,979 

Peak traffic periods for Interstates 75 and 675 generally 
coincide on Friday afternoons. Peak periods for Interstate 75 are 
from 4 p.m. to 9 p.m. on Friday, 8 a.m.to 1 p.m. on Saturday, and 
from 1 p.m. to 10 p.m. on Sunday. The peak periods on Interstate 
675 are from 7:30 a.m. to 9:30 a.m. and 4 p.m. to 6 p.m., Monday 
through Friday. 

Roadway widening north and south of the drawbridge have 
~ further aggravated the problem of traffic congestion. Before 

1973 Interstate 75 had two 12-foot lanes in each direction between 
~ Flint and Bay City, Michigan. However, between 1973 and 1975, 

MDOT added one lane in each direction to this section of Inter- 
state 75 to meet traffic needs. 
is completed{ 

But until the high-level bridge 
the decrease in the roadway width from three lanes 

to two each way as they cross the drawbridge creates a traffic 
obstruction which increases accident potential, especially during 
summer and holiday weekends. 

Navigation has had priority 
over vehicle traffic 

The capacity problem was further exacerbated by bridge open- 
ings for navigation, leading to traffic backups and accidents. 

Navigation on navigable waters such as the Saginaw River may 
~ not be unreasonably impeded by bridges. 
~ provides that: 

Thirty-three U.S.C. 512 
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“No bridge shall at any time unreasonably obstruct 
the free navigation of any of the navigable waters 
of the United States.” 

Furthermore, the Code of Federal Regulations, 33, C.F.R. 117.1(a), 
states that: 

“In constructing a bridge with a draw, and in 
undertaking to open and manage the draw so as to 
allow vessels to pass, the owner has recognized the 
right of vessels to pass through without any appeal 
to the national’authority to protect that right.” 

And the courts have said that: 

“The maritime tribunals view bridges as obstruction 
to navigation. The right of navigation is paramount; 
land traffic over the bridge is subservient thereto.“[l] 

During the 1950’8, before the drawbridge was constructed, 
river traffic was approximately 150 ships annually. This rela- 
tively low volume, combined with the much larger cost of a high- 
level structure, led to the decision to construct the drawbridge. 
However, by the time the bridge was completed, ship traffic, as 
well as vehicle traffic, had increased. In the first year of the 
drawbridge’s operation, the number of bridge openings totaled over 

~ 700, and by 1968, vehicle traffic exceeded design capacity and has 
continued to do so. These increases in both river and roadway 

: traffic led to more frequent traffic interruptions which affected 
more and more people. 

In a 1976 study MDOT stated that when the drawbridge is open 
for ships, the capacity for vehicles is obviously zero, but when 
it is opened for ships during the periods of high traffic volumes, 
vehicle traffic is delayed for more than just the 5 to 7 minutes 
that the bridge is open. Once traffic is stopped, the volume of 
vehicles in the traffic jam increases until those in front of the 
traffic jam leave in greater numbers than those approaching the 
jam. 

The starting and stopping which led to traffic jams has also 
been an accident factor. To alleviate this problem, MDOT instal- 
led signs to warn drivers when the bridge is being opened or is 
open. But, even with this safety precaution, the area continues 
to have a high accident rate. MDOT statistics indicate that the 
accident rate in the area of the bridge is double the average for 
rural freeways in Michigan. 

~ 1 Pennsylvania Railroad Company v. S.S. Marie Leonhardt, 202 F. 
~ SUPP. 368, 376 (E.D. Pa. 1962). 
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In 1970 MDOT attempted to alleviate the problem until the 
high-level bridge was completed by requesting the Coast Guard to 
limit the drawbridge openings and the hours of openings. The 
Coast Guard denied this request on the basis that marine naviga- 
tion would be unduly restricted without providing significant 
benefits to highway traffic. Subsequently, MDOT, in conjunction 
with local industry, developed a program to voluntarily restrict 
openings to off-peak traffic periods on summer and holiday week- 
ends. While this has helped, the problem is not totally solved 
(nor was it intended to be) because river traffic is not required 
to use off-peak hours and current laws do not provide for reimbur- 
sing shippers for the costs of their lost time. As a result, con- 
flicts between shipping and vehicle traffic still occur. In 1981 
there were 40 shipping restriction "violations;" 13 of which 
occurred more than 15 minutes after the restricted time started or 
more than 15 minutes before it ended. In 1982 there were 27 vio- 
lations; 18 of which occurred more than 15 minutes before or after 
the restricted time. Also, bridge openings occurring outside of 
the restricted periods can be dangerous to vehicle traffic and 
result in traffic congestion. For example, on October 4, 1980, a 
car went through the traffic gate at the drawbridge and hit the 
open span, resulting in a a-hour closing of the bridge. 

Bridge openings 

As shown below, bridge openings which had been increasing 
since the drawbridge opened in December 1960 showed a marked 
decline in 1982. (As indicated, data on openings was not avail- 
able for all years,) However, the port remains active, with ships 
hauling grain, sand, stone, and other bulk cargo to and/or from 
Saginaw during the mid-March through mid-December shipping sea- 
son. Various Federal, State, local, and shipping association 
officials we talked to were &certain whethe;-po;t activity will 
increase or decrease in the future. 

Year Openings 

1960 0 
1961 743 
1962 745 
1963 741 
1964 672 
1965 897 
1966 NA 
1967 NA 
1968 719 
1969 784 
1970 NA 
1971 NA 

Year Openings 

1972 955 
1973 931 
1974 930 
1975 895 
1976 680 
1977 882 
1978 984 
1979 964 
1980 948 
1981 897 
1982 417 

~ The reason for the 1982 drop is twofold. First, a dredge, 
~ which mined sand from Saginaw say and hauled it upriver to a Gen- 
) era1 Motors Corporation foundry plant, ceased operations in August 
~ 1982, 4 months earlier than usual. This dredge, which in recent 
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years had caused about 300 of the annual bridge openings, caused 
200 openings in 1982. Second, in 1982, the Corps did less dredg- 
ing of the Saginaw River in the vicinity of the drawbridge, caus- 
ing only 30 bridge openings compared with over 400 openings 
annually in 1980 and 1981. The Chief of the Corps' Construction 
Operations Division, Detroit District, told us that the same sec- 
tions of the river are not dredged every year and that is why the 
dredges caused fewer openings in 1982. 

A General Motors' Central Foundry Division official told us 
that the corporation would still receive sand by ship, but the 
sand would be delivered in a much larger vessel. He said that 
bridge openings as a result of sand deliveries to General Motors 
should be reduced by about~90 percent. 

The Corps Construction Operations Division Chief told us that 
funding for Saginaw River dredging was not included in the admin- 
istration's fiscal year 1983 budget. However, funding was pro- 
vided under the continuing resolution when the President's budget 
was rejected in September 1982. In December 1982 the Congress 
extended the continuing resolution through September 30, 1983, and 
funded dredging for the river in fiscal year 1983. The Corps also 
plans to dredge the river in future years. 

The drawbridge is a navigation hazard 

The shipping channel on the Saginaw River is 200 feet wide, 
abut the drawbridge has only a 150-foot opening. MDOT officials 
~believe that the narrow opening, compounded by the drawbridge's 
:location near a sharp bend in the river, makes the drawbridge a 
hazard to navigation. Because ships heading downstream have a 
tendency to swing to the west side of the channel as they come 
iaround the bend, pile clusters have been placed in the river to 
protect the drawbridge. 

Ships have hit the piles several times and the drawbridge 
twice. In 1960, before the drawbridge was opened to traffic, a 
German freighter rammed it, causing minor damage. In October 
1967 a limestone hauler rammed the drawbridge, damaging the south- 
bound approach span. One lane was opened to traffic following a 
3-day closure while repairs were made to a major supporting 
girder. The repairs cost over $100,000. The most recent inci- 
dents involved ships hitting the pile clusters in May and June 
1979. 

MDOT studied several alternatives 

MDOT studied several locations for a high-level bridge and 
considered several alternatives to a high-level bridge at various 
times. Its first study was made during 1968 and 1969 when it con- 
sidered locations for a high-level bridge on Interstate 75. The 
study was issued as "Engineering Report 1786" in January 1970. 
Later, in 1970, MDOT made a detailed response to the Saginaw 
County Metropolitan Planning Commission on why building a parallel 
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freeway instead of a high-level bridge was not practical. MDOT 
next considered alternatives in the project "Environmental/Section 
4(f) Statement," an analysis required to meet Federal environmen- 
tal regulations. MDOT began work on this document in 1971, and it 
received final Federal approval in November 1974. MDOT also con- 
sidered alternatives in 1976 and 1978 responses to State Transpor- 
tation commissioners’ requests for information. One commissioner 
believed that the parallel freeway was a more appropriate alterna- 
tive! the other believed that Interstate 675 could be used as a 
bypass when the bridge was opened. The first response reevaluated 
the need for the high-level bridge; the latter response updated 
some of the prior cost estimates for previously considered altcr- 
natives. In all cases, MDOT concluded that locating a high-level 
bridge on an alignment slightly north of the drawbridge was the 
appropriate solution to solving the problems the drawbridge cre- 
ated. None of the considerations involved any FHWA requirement 
and FHWA was not involved in MDOT’s resolution or final determina- 
tion on the alternatives. The alternatives considered at the 
various times are shown on the following page. 
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Alternativea Dircussed by MDOT 

1970 1970 1974 1976 1978 
Alternative report letter statement response response 

High-level bridge 
several mile8 north 
of existing bridge X 

High-level bridge ’ 
several miles south 
of existing bridge X 

Tunnel X’ 

High-level bridge 
slightly to the north 
of existing bridge 

High-level bridge 
slightly to the south 
of existing bridge X 

~ High-level bridge 
on existing 
location 

Do nothing 

Parallel freeway 

Conveyor sys tern 

Diversion of traffic 
onto Interstate 675 

X 

X 

X X 

X 

X 

X 

X 

X X 

X X 

Drawbridge expansion 

The methodology and support for the State’s various estimates 
for the alternatives to a high-level bridge could no longer be 
located and thus were unavailable for our analysis. However, 
based on our discussion8 with various official8 and review of per- 
tinent FHWA and MDOT files, the State’s choice of the high-level 
bridge appears to have been reasonable, based on the estimates and 
conditions at the time the decision was made. 

High costs and adverse impacts caused 
rejection of traffic diversion to 
Interstate 675 

A commonly suggested alternative to building the high-level 
bridge was to divert Interstate 75 traffic (either temporarily or 
permanently) to the Interstate 675 business loop through downtown 
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Saginaw. Interstate 675, however, is not designed to handle the 
Interstate 75 traffic volume, much less a combined Interstate 
75/675 Interstate volume. According to MDOT officials, this 
alternative would require that Interstate 675 be reconstructed at 
a cost greater than that of the high-level bridge. 

Interstate 675, about 2.3 miles longer than the stretch of 
Interstate 75 between the north and south Interstate 75/675 inter- 
changes, was opened to traffic in October 1971. MDOT estimates 
that ,it takes 8 minutes to drive the entire length of Interstate 
675. At the current 55 mph speed limit, it takes about 2-l/2 
minutes longer to drive Interstate 675 than it does to drive the 
corresponding section of Interstate 75. Below is a general 
depiction of Interstate 75 and Interstate 675 in reference to the 
Zilwaukee Bridge. 

8A 
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MDOT official8 originally believed that electronic rigne and 
signals could be erected to temporarily route traffic from Inter- 
state 75 onto Interstate 675 when the drawbridge was open, but 
they rejected this idea for two reasons. First, Interstate 675 
could not handle both Interstate 75 and 675 traffic, even tempo- 
rarily. Second, Interstate 75 was two lanes wide (three lanes by 
1975) and the exit ramp from Interstate 75 onto Interstate 675 was 
only one lane. MDOT officials believed that constructing a two- 
(or three-) lane ramp would result in enormous accident potential 
as drivers in the left lane exited while drivers in the right 
lane(s) drove straight ahead to other exits before the drawbridge. 

Permanently diverting Interstate 75 traffic to Interstate 675 
would be very expensive. A 1976 MDOT reevaluation stated that if 
Interstate 75 traffic was ‘permanently diverted, the interchanges 
at each end of Interstate 675 would have to be rebuilt so that 
three full lanes could travel either way. The whole of Inter- 
state 675 would have to be rebuilt to 8 to 10 lanes to increase 
capacity. Such widening would require that all interchanges be 
reconstructed, all bridges be widened, and new rights-of-way be 
purchased. In 1978 MDOT estimated this alternative would cost 
about $120 million. 

In addition to the high cost of this alternative, it was 
opposed by the city of Saginaw, which did not want the increased 

I traffic. Furthermore, the State estimated that the added distance 
) of the Interstate diversion would cost motorists $1 million a 
~ year, using a fuel cost of $0.60 per gallon for its estimate. 

Tunnel considered too costly 

At the request of the city of Zilwaukee, which believed that 
: a tunnel would offer certain advantages to the city, MDOT studied 

a tunnel crossing. The study, included in the January 1970 re- 
port, concluded that while feasible from an engineering stand- 
point, the high cost of constructing a tunnel dictated against it. 

After considering soil conditions, navigational demands, and 
other factors, MDOT concluded that the tunnel should be of the 
driven shield type, which involves moving a temporary steel frame- 
work and compressed air forward at the tunnel end being excavated 
to support the ground ahead until the permanent tunnel lining is 
in place. The study indicated that twin tubes would be required, 
each carrying a 3-lane roadway. The tunnel would be about 3,200 
feet long and require extensive retaining walls on either end. 
The estimated cost in 1970 was $96 million, compared with $35 mil- 
lion for a high-level bridge. A second negative factor was an 
estimated operation and maintenance cost of $620,000 a year, which 
MDOT believed would be 6 to 10 times greater than such costs for a 
high-level bridge. 

Because the MDOT official who prepared the study has since 
retired, we could not determine the methodology used to arrive at 
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the estimates for the tunnel alternative. However, the Route 
Location Engineer who prepared the January 1970 report told us 
that some of the estimates were based on discussions with Detroit- 
Windsor Tunnel Authority officials. That tunnel connects Detroit 
with Windsor, Canada, under the Detroit River. A tunnel engineer 
with FHWA’s headquarters Bridge Division told us that the proposed 
Zilwaukee tunnel could easily have cost $100 million in 1970. 

Federal guidelines precluded building a 
parallel drawbridge for additional capacity 

The Stats conridered the possibility of obtaining additional 
capacity at the prerant location by building a parallel drawbridge 
to carry an added three lanes and converting the existing bridge 
to a one-way operation. While the estimated cost of a parallel 
drawbridge and approachee with related interchange improvements 
was only $9 million, MDOT officials believed that FHWA policy pre- 
cluded, this option. 

FHWA Policy and Procedure Memorandum 50-4.1 (March 1958) 
states that, “The construction of moveable span bridges is not 
in keeping with the purposes and functions of the Interstate 
system.” FHWA considered exceptions to this policy only where a 
high-level bridge would result in excessive cost or is not feas- 
ible. MDOT did not consider the $22 million high-level bridge 

~ cost estimate to be excessive and did not request an exception 
~ from FHWA. 

In the Environmental/Section 4(f) Statement, MDOT pointed out 
that FHWA stated in its original approval of the high-level bridge 
“* * * that the original design [drawbridge] was hazardous and an 
inappropriate installation for a system of freeway-type construc- 
tion.” MDOT also pointed out that for this reason it had rejected 
alternative6 that could utilize the existing drawbridge. 

Concerns about timalinees and funding 
‘led to the dirmiseal of a parallel freeway 

This alternative involves a 500mile State freeway route in 
the Interstate 75 traffic corridor which would bypass Saginaw to 
the south and the west, crossing the Saginaw River where it is not 
navigable and a fixed, low-level bridge would be adequate. In 
July 1970 MDOT advised the Saginaw County Metropolitan Planning 
Commission that MDOT could not divert trust fund moneys intended 
to replace the Zilwaukee Bridge (then estimated to cost $35 mil- 
lion) to a non-Interstate project. In its 1974 environmental 
statement, MDOT concluded that because both the parallel freeway 
(which was then part of the State Trunk Line Plan) and Interstate 
75 would be operating near capacity by 1990, reliance on a paral- 
lel freeway to alleviate traffic problems on Interstate 75 was not 
feasible. 

14 



, APPENDIX I APPENDIX I 

In its 1976 reevaluation of the need for the high-level 
bridge, MDOT again rejected this alternative because Zilwaukec 
project funds could not be diverted to this project and only 70 
percent Federal funding would be available. It also concluded 
that it would be impossible to obtain the necessary local, re- 
gional, State, and Federal approvals required to construct the 
parallel freeway within any short-range time period. MDOT esti- 
mated that the planned route could not be opened for at least 10 
years and probably completion would take closer to 15 years. (The 
high-level bridge completion date was estimated to be only 4 to 5 
years away.) 

The parallel freeway has since been eliminated from the 
State's trunk line plan. 

An adjustment to port operations 
not considered a viable alternative 

In its 1976 reevaluation, MDOT analyzed a proposal to close 
the Saginaw River to shipping at the Zilwaukee Bridge (already 
closed to ships about 4 miles upstream at the Interstate 675 
bridge) and ship goods to upriver property owners via a conveyor 
system. This alternative would also have included widening the 
existing bridge which would then be used as a fixed structure. 
MDOT rejected this alternative because it questioned the feasibil- 

1 

ty of conveying all materials by some means from a loading dock 
orth of the bridge and/or buying out landowners on the river. In 
he December 1978 response, MDOT estimated the combined cost of 
idening the existing bridge plus the port facility relocation and 
onveyor system at $133 million, about twice the $68.5-million 
mount FHWA had programed for the high-level bridge in 1978. MDOT 
lso noted that the city of Saginaw was opposed to this proposal 
ecause it believed that this alternative could have a detrimental 

effect upon the city's economy. 

I Other alternatives also 
considered unsatisfactory 

MDOT discussed several other alternatives which it quickly 
dismissed as being impractical. It rejected a major relocation to 
the north of the existing bridge for economic, social, and ecolog- 
ical reasons. This alternative required building seven additional 
miles of six-lane freeway and reconstructing the north Interstate 
75/675 interchange. Also, adequate service would not have been 
@rovided to the Zilwaukee area, and the route would have cut 
through economically valuable agricultural land and ecologically 
$aluable wetlands. 

H 
MDOT determined that a major relocation to the south was not 

conomically or socially prudent. This potential route would have 
one through the city of Saginaw and crossed extensively devel- 
ped I valuable industrial and residential property. MDOT conclu- 

bed that purchasing such land would be prohibitively expensive and 
hosing such parcels was unacceptable for social reasons. 
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MDOT rejected a new relocation slightly to the south of the 
existing bridge for similar reasons. This route, through a built- 
up area of the city of Zilwaukee, would have affected 125 single 
family residences and 5 commercial properties. 

MDOT dismissed the idea of building the high-level bridge on 
the existing alignment because it would create serious problems in 
maintaining Interstate 75 traffic for at least 2 years while the 
new bridge was under construction. 

In its 1974 environmental statement, MDOT proposed a "do- 
nothing" alternative which it also rejected. It concluded that 
inaction would, due to direct and indirect social and economic 
costs (time delays, personal injury, property damage, and mainte- 
nance costs), over time be far more expensive to the general pub- 
lic than the direct costs of replacing the bridge. 

DESIGN, AND BIDDING PHASES 

For Federal-aid bridge projects such as Zilwaukee, FHWA has 
the authority and responsibility for approving (1) the design, 
(2) advertisement for bids on the construction work, and (3) 
construction contract awards to the lowest bidder. For major 
bridge projects, FHWA often requires States to offer alternate 
designs for bidding purposes to promote competition and reduce 
project costs. Usually, this means that a concrete design and a 
steel design are offered to take advantage of the price 
competition between concrete and steel materials and construction 
techniques. FHWA applied this requirement to the Zilwaukee 
project. Also, if the low bid on a construction contract 
significantly exceeds the State engineer's cost estimate for the 
project, FHWA may require the State to reject the bid, reexamine 
the design, and readvertise the project. This also happened on 
the Zilwaukee project. Much of the controversy and questions 
concerning the project focus on these two events and their impact 
on the project. 

The design development and 
approval process was lengthy 

Through the early 1970’s, concurrent with MDOT and FHWA 
efforts to meet Federal environmental requirements, MDOT made var- 
ious studies for a steel design structure. Late in 1973 MDOT also 
contracted for a study of a concrete bridge design which it re- 
ceived in the summer of 1974. Sometime in 1974 MDOT decided to 
proceed with only the steel design. An MDOT Bureau of Highways, 
Design Division official said that top MDOT management had decided 
Michigan would build a steel bridge. He also related that the 
FHWA Division office was informally aware of this decision. In 
July 1976, when MDOT submitted its preliminary plan for an in- 
house designed steel bridge, FHWA's Division office transmitted 
the plan to region 5 for comment. In its September 1976 comments 
on the plan to the Division office, region 5 stated that it had 
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undsrrtood MDOT warn conridrring a concrete design, but the eubmit- 
tal presented no information on thir or other alternates, Region 
5 also requeeted an MDOT study report showing alternate designs 
for both the main and approach spans because of the magnitude of 
the project and the possible potential savings. In October 1976 
FHWA Division staff requested such a preliminary design report on 
alternate8 from MDOT. 

In December 1976 MDOT submitted a revised preliminary plan 
for the steel structure to FHWA and indicated that it had studied 
two designs for the project, resulting in the following estimates: 

--A $54 million segmental concrete StrUCtUre. 

--A $57.5 million steel structure. 

MDOT stated that rather than getting involved in a segmental con- 
crete design and construction in which it had no experience, it 
had selected the more expensive steel structure based on its know- 
ledge of design and construction of steel structures. MDOT also 
indicated that it had considered various other steel designs, but 
rejected them because of their higher construction cost. 

This explanation did not satisfy region 5 which maintained 
that a segmental concrete box girder structure should be allowed 

I as an alternate design. FHWA Division staff echoed region 5’s 
~ concern in a March 1977 letter to MDOT stating , 

“* * * it will be required that’ bids be taken on a 
segmental concrete box girder design as an alternate 
to a steel design for at least the central portions 
of the bridge where the longer spans make it signif- 
icantly more economical.” 

I At an April 1977 meeting, MDOT, FHWA headquarters, region 5, 
~ and Division officials agreed to the following: 

--There would be alternate designs of steel and concrete for 
a main span over the river and the approaches to it. 

--The project would be bid in three sections as follows 

-one of the bridge approaches would be bid using the 
alternate designs, 

-the other bridge approach would be bid specifying the 
same type of design that was awarded the contract for 
the first approach, and 

-the center segment would be bid using the alternate 
designs. 

--The design of the steel structure would be by the State: 
the concrete structure design would be by a consulting firm 
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selected by the State, with all design costs eligible for 
Federal-aid participation. 

--The structure would be four lanes wide for the full length, 
with full shoulders on each side rather than three lanes as 
originally planned. 

State and Federal officials agreed to take bids on the 
project in three sections because at that time the Michigan State 
Highway Commissionls policy was to limit State highway contracts 
to about $7 million to distribute the work to as many contractors 
as possible. The decision to divide the proposed bridge contract 
into three parts was a compromise to the policy. State officials 
believed that adhering to the policy would have divided the con- 
tract into an unmanageable number of projects. 

.MDOT’s concerns about the negative impact of trucks on traf- 
fic flow led to the decision to build four traffic lanes. Origin- 
ally, in June 1968, FHWA had approved a six-lane, high-level 
structure for Interstate funding. Then, MDOT requested FHWA 
approval of climbing lanes that would extend 1,000 feet beyond the 
crest of the bridge then taper 300 feet to merge into the next 
lane. In justifying this change, MDOT cited the long 3-percent 
grade on the approaches and on the structure which would reduce 
truck speeds to such an extent that the bridge capacity would be 
reduced to a level below projected future traffic volumes. Also, 
MDOT stated that slow moving vehicles would seriously impair high- 
way safety. FHWA agreed, and in January 1970 approved costs for 
climbing lanes in each direction. 

MDOT next decided to run the climbing lanes the full length 
of the structure. (The distance between the end of the truck 
climbing lane taper and the start of the exit ramp taper was only 
72 feet and 147 feet for the northbound and southbound lanes, re- 
spectively.) MDOT communicated this change to FHWA in its July 
1976 submittal of the first preliminary plan for the steel alter- 
nate. FHWA questioned the switch, and in October 1976 it re- 
quested justification for the change. MDOT responded with an 
analysis which concluded that (1) predicted truck speeds justify 
the length needed for the truck climbing lanes (2) and full-length 
climbing lanes will cost less than a tapered section and improve 
the operational characteristics of the structure. FHWA concurred 
with this analysis. 

MDOT has not recently determined truck volume at the Zilwau- 
kee Bridge. However, it estimated commercial traffic to account 
for 12 to 15 percent of the traffic in 1982. 
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In August 1977 MDOT submitted a second revised preliminary 
plan for the steel alternate to FHWA and noted that plans for a 
segmental concrete box girder design would be submitted as soon as 
available. MDOT then contracted with a Dutch firm, Bouvy, van der 
Vlugt, and van der Niet(BVN), and its associated company Bouvy, 
van der Vlugt, and van der Niet/Segmental Technology and Services, 
Incorporated (BVN/STS), of Indianapolis, Indiana, in November 1977 
for the design and related engineering of a concrete segmental 
bridge. 

BVN and BVN/STS had considerable experience in concrete 
bridge design worldwide. Many of their projects were of a magni- 
tude similar to Zilwaukee; some had longer spans or were more com- 
plex in design. In their June 1977 proposal to MDOT, BVN and 
BVN/STS claimed to have the largest amount of design experience in 
concrete bridge design available in the United States. According 
to the MDOT Engineer of Design, this experience was the major 
factor which led to MDOT’s selection of BVN and BVN/STS to design 
the bridge. 

On January 20, 1978, 3 months later, MDOT submitted a prelim- 
inary plan for a precast segmental concrete alternate to FHWA. 
(The design contract required that more detailed plans be sub- 
mitted in May and June 1978.) FHWA raised questions on the design 
of the individual box girder segments and why the concrete alter- 
nate did not consider different methods of construction other than 
the precast segmental method. 

On February 8, 1978, FHWA headquarters, region 5, and Divi- 
sion officials met with MDOT along with representatives from 
BVN/STS. At this meeting, those in attendance agreed on the 
following: 

--The State would let the project in a single contract rather 
than in three sections because this would reduce design 
complications and take advantage of economies of scale and 
competition would be sufficient without bidding the project 
in sections. For this project, the State Highway Commis- 
sion waived the $7 million maximum on State highway con- 
tracts. 

--FHWA regional and headquarters staff would review the final 
plans because of the size and uniqueness of the project. 

--The segmental concrete alternate would consider only the 
precast method of construction because the consultant indi- 
cated it was the most economical approach (alternate con- 
struction would require additional design calculations and 
plans). The State indicated it preferred the precast 
method because it was quicker and it permitted the State to 
exercise better quality control. According to the State, 
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thr precart method alro permitted year-round construction 
of regmentr in an rnclorrd area during winter and other 
adverse weather conditions. The cast-in-place method would 
restrict construction to warm weather. 

--The proposed design of the individual box girder segments 
would be acceptable if it checked out under further analy- 
SiS. 

For the next 3-l/2 months MDOT and FHWA resolved various questions 
on the design of the box girder for the concrete alternate. Then, 
on May 22, 1978, MDOT transmitted preliminary plans, specifica- 
tions, and estimates packages to FHWA. Identical material was 
also sent to contractors and suppliers that might be interested in 
participating in the bridge project contract. Finally, on August 
30, 1978, MDOT sent a final plans, specifications, and estimates 
package to FHWA, which approved it on September 8, 1978, for the 
construction of a high-level bridge. 

Neither MDOT’nor FHWA made a detailed review of the bridge 
design in the sense of checking all the details and verifying the 
calculations. They relied on self-assurance by the design con- 
sultant to provide a quality design. The reason for this is best 
explained by the complexity of the concrete bridge design which 
necessitates a computer program to provide a detailed analysis of 
the structure. Although MDOT did not have staff experienced in 
concrete bridge design and construction (the reason MDOT hired a 
consultant to design the bridge), FHWA did have some staff with 
concrete design/construction experience. However, neither entity 
had the computer program to verify the design. Furthermore, the 
Director, Office of Structures, FHWA Region 5, told us that the 
Congress did not intend that this should be FHWA’s role. FHWA’ s 
role is to look for obvious errors or items that appear question- 
able and seek clarification or correction. 

According to MDOT and FHWA spokespersons, the delayed start 
on the design work for the concrete alternate extended the design 
phase only a few months. On the other hand, the alternate design 
requirement apparently did foster competition and reduce costs. 
Specifically, there were six bids (three for concrete and three 
for steel) on the first advertisement and five bids (three for 
concrete and two for steel) on readvertisement. The low bids for 
the concrete alternate were $4.6 million and $9.4 million less 
than the competing steel alternate low bids in the first and 
second bidding, respectively. The bids were as follows. 
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Zilwaukee Bridge Project Ranking of Bids 

APPENDIX I 

Alternate Amount 

(millions) 

First bidding 

Second bidding 

1. Concrete $81.0 
2. Concrete 81.9 
3. Steel 85.6 
4. Concrete 87.6 

Ii: Steel Steel 89.7 92.1 

1. Concrete 76.8 
' 2. Concrete 82.9 

3. Concrete 83.1 
4. Steel 86.2 
5. Steel 88.3 

According to the Chief of FHWA's Bridge Division, using alternate 
bridge design has resulted in nationwide savings of over $100 
million during the past 4 years since FHWA began to pursue the 
concept on a national scale. 

First low bid rejected 

In September 1978 MDOT advertised the project for bids. Its 
proposal package predicated bids on either a steel or concrete 
alternate. MDOT received bids in November 1978 and obtained a low 
bid of about $81 million for the concrete alternate. This bid 
exceeded the MDOT engineer's estimate of about $61 million by 
about 34 percent. 

Six joint ventures of contractors submitted bids--three for 
concrete and three for steel structures. The joint venture of 
S.J. Groves and Sons Company of Minneapolis, Minnesota, and Guy 
F. Atkinson Company of South San Francisco, California, submitted 
the low bid. Bids ranged from $81 million to $87.6 million for 
the concrete alternate and from $85.6 million to $92.1 million for 
the steel alternate. 

MDOT requested FHWA concurrence in awarding a contract to the 
low bidder and explained the discrepancy between the low bid and 
the engineer’s estimate as being caused by a poor estimate. 
FHWA’s Division and regional offices agreed with this explanation, 
citing the relatively small spread between the bids within each 
alternative as being indicative of good competition. FHWA head- 
quarters did not agree and, on December 18, 1978, the Associate 
Administrator for Engineering and Traffic Operations outlined 
potential savings if the contract was rebid and recommended rejec- 
tion of all bids and readvertisement. 

This position followed a month-old FHWA program initiated by 
the Secretary of Transportation to combat escalating highway con- 
struction costs. Announced in November 1978, the program, among 
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other things, required bid rejection in cases where the low bid 
exceeds the engineer’6 estimate by more than 7 percent, unless an 
exception is justified. 

Additional discussions took place, however, and culminated in 
a January 10, 1979, meeting between MDOT and FHWA headquarters 
(Chiefs, Bridge Division, Construction and Maintenance Division, 
and Review Branch), region, and Division officials. MDOT offi- 
cials maintained that the estimate was bad, the bid was good and 
by a good contractor, work could start immediately, and no appre- 
ciable savings would result from rebidding the project. FHWA head- 
quarters officials disagreed. After considering the advantages and 
disadvantages of rejecting the bids (potential savings through 
design and proposal changes versus lost time due to redesign and 
readvertisement) and of accepting the bids (no lost time plus some 
design changes could be negotiated with the low bidder and MDOT 
versus no cost savings and loss of integrity of FHWA’s inflation 
fighting program), the FHWA officials concluded that the bid should 
be rejected. 

Following this meeting, the FHWA Administrator announced his 
decision not to concur with the State’s award of contract and 
requested that MDOT reject all bids, redesign the project, and 
readvertise it for bids as soon as possible. He based his rejec- 
tion on FHWA’s anti-inflation policy. He also cited a $6-million 
estimated cost savings that could be achieved by modifying the 

reject plans and specifications. Although neither MDOT nor FHWA 
ade specific estimates of the costs resulting from a year’s 
elay, the Administrator stated his estimated savings would more 
han offset any costs resulting from the anticipated l-year delay 
ecessary for redesign and readvertising. 

FHWA’s Division office told MDOT that the bid should be 
readvertised and provided specific changes in the contract pro- 
posal for MDOT to address before final readvertisement. In re- 
sponse, MDOT prepared a revised plans, specifications, and 
estimates package including some redesign and provisions to reduce 
project costs, including 
i --a clause allowing contractors half the savi,.s of redesigns 

they might propose that are acceptable to MDOT; 

--an incentive/disincentive clause paying the contractors 
$3,000 a day for early completion and penalizing them 
$3,000 a day for delayed completion; and 

--price adjustment clauses for reinforcing and structural 
steel, cement, and fuel tied to a published index to reduce 
the contractors risk of price increases. 

bn May 15, 1979, MDOT readvertised the project, again predicating 
bids on either a steel or concrete alternate. 
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The engineer’s estimate for the readvertisement for the con- 
crete alternate was $71.6 million. This $11 million increase from 
the $60.6 million 1978 estimate largely resulted from changes in 
the estimates for a few major items as shown below. 

Item 
Estimate 

1978 1979 Increase 

---------------(millions)---------------- 

Segments 
Mobilization 
Tendons L Anchors 
Expansion joints 

Total 

$26.1 $31.2 $5.1 

3Gi ii:: 2x 
-1 :2 1.5 0.3 

$38.8 $48.1 $9.3 
- 

MDOT received bids for the second time in August 1979 and 
obtained a low bid of $76.8 million, or $4.2 million less than the 
original low bid. The joint venture of Walter Toebe Construction 
Company of Wixom, Michigan, and Stevin Construction, Incorporated, 
a European firm from the Netherlands, submitted the low bid for 
the concrete alternate. Basically, Toebe is responsible for the 
substructure (pilings, footings, abutments, and piers), the l-1/2 

~ inch latex overlay used for the driving surface, and the concrete 
I barriers along both roadways? Stevin is responsible for making and 
~ erecting the segments which comprise the bridge (superstructure). 
( Five parties submitted bids-- three for concrete and two for steel 

structures. Bids ranged from $76.8 million to $83.1 million for 
the concrete alternate and from $86.2 million to $88.3 million for 
the steel alternate. 

I The low bid, which exceeded the engineer’s estimate by 7.2 
) percent, was acceptable to FHWA which, on September 10, 1979, con- 

curred in the State’s award of a contract. 

One impact of the bid rejection and rebid was a l-year exten- 
sion of the estimated project completion date due to time lost for 
redesign and readvertising. On the other hand, the rebid resulted 
in a $4.2-million reduction in the low bid for constructing the 
project. However, because neither MDOT nor FHWA estimated the 
cost of the delay, we could not determine whether the savings from 
the rebid offset the cost of the delay. Also, the savings on the 
rebid cannot yet be determined because the construction contract 
includes price escalators for fuel, cement, and steel, which have 
already added about $865,000 to the $76.8 million contract. 

Another consideration is that, even if the rebid did not 
result in any real dollar savings in this instance, it did let 
contractors know that FHWA was serious in its efforts to combat 
accelerating construction costs and could have resulted in savings 

~ on subsequent contracts. 
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The deeign development and review 
procees could have been improved 

Better and earlier coordination and communication between 
MDOT and FHWA and stronger involvement by FHWA could have improved 
the design development and review process of this large project. 
The communication between MDOT and FHWA regarding the alternate 
design requirement is an example of how communication could have 
been better. As stated previously, FHWA Region 5 had a policy 
requiring alternate designs on projects of great magnitude, such 
as the Zilwaukee project, yet MDOT chose to proceed with only one 
design without first obtaining FHWA concurrence. Also, FHWA offi- 
cials did not question whether MDOT was developing an alternate 
design as requested by the FHWA policy until it received the steel 
design 2 years later. The delay would have been avoided if the 
two designs had been developed concurrently. 

In some instances FHWA made suggestions for improvements in 
the design, but MDOT disagreed with them or considered them to 
have been made too late in the process to implement. As a result, 
there may have been various cost-saving opportunities that were 
not taken advantage of in developing the design. For example, a 
month after receiving the design for the segmental alternate, FHWA 
regional staff questioned the length of the approach spans and the 
need for haunched spans (a depth variation of 8 feet at mid-span 
;to 20 feet at the span ends) and suggested that shorter constant 
idepth spans would look better and be more economical. 
(responding to these concerns, 

MDOT, in 
told FHWA that the longer spans were 

imore economical and it preferred the haunched spans for esthetic 
ireasons. 
IDirector, 

FHWA did not pursue the issue; however, Region 5's 
OFfice of Structures, told us that he believes the 

State's position was invalid, but FHWA had no basis for question- 
ling it. As a result, the design was not changed. With regard to 
the span lengths, MDOT officials told us that while it is true 
that the approach spans possibly could have been altered somewhat, 
they believe that their position was valid. According to MDOT, 
they held extensive discussions with FHWA Michigan Division 
officials and it was agreed not to build a "forest of columns" 
that would have resulted if shorter spans had been used. MDOT 
believes that the location's topography practically dictated the 
proposed span lengths because of obstacles such as existing 
railroad tracks and crossroads. 

Several methods are available to better ensure that such 
opportunities are considered preliminary to or during the design 
phase. One method, the peer review, is used by the Urban Mass 
Transportation Administration (UMTA). Most transit authorities 
hire architectural/engineering firms to design construction proj- 
ects. The designs are subsequently to be evaluated by UMTA for 
cost effectiveness and technical feasibility. In 1979 UMTA estab- 
ilished a peer review program in an attempt to reduce costs on 
selected new projects. The program draws on the expertise avail- 
'able within the transit industry to assist UMTA and transit 
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authorities through either a cost-reduction effort or the trans- 
mittal of first-hand, practical data obtained from transit 
experience. 

The reviewers, generally chief operating engineers from vari- 
ous transit systems, are provided a list of items to be reviewed 
and necessary data such as design plans and specifications. The 
reviewers later meet for about 2 days to obtain additional infor- 
mation from transit authority officials and/or their architectural 
and engineering consultants and make specific cost-saving recom- 
mendat ions, such as eliminating items or changing materials. The 
majority of UMTA peer reviews have been held during the conceptual 
phase of project development. 

A more comprehensive method which FHWA now strongly encour- 
ages primarily for major, high-cost highway and bridge projects is 
value engineering. Value engineering is a systematic, multidisci- 
pl ined, creative, and organized approach designed to optimize the 
value of each dollar spent. Using systematic techniques, the 
required function of an item is identified and analyzed and a 
value is established for that function. The objective is to sat- 
isfy the required function at the lowest cost, consistent with the 
requirements of performability, reliability, and maintainability. 
According to FHWA, using value engineering has produced substan- 
tial savings and several States now have a value engineering 
capability. In a recent report,2 we pointed out that value 
engineering is more effective than UMTA’s peer review program in 
reducing costs and recommended that UMTA implement a value 
engineering program for construction projects. 

The Director, Office of Structures, Region 5, told us that at 
the time of the Zilwaukee Bridge design development and review, 
value engineering was not a common practice, even for large proj- 
ects. He said such a method was suggested at the time the first 
bid was rejected, but it was then too late to use this approach. 

Using value engineering or a similar concept during project 
conception or preliminary design may have been beneficial for the 
Zilwaukee Bridge, especially considering its size and cost and 
that the design and construction techniques were new to MDOT. A 
value engineering clause was added to the construction contract to 
allow the contractor to propose changes during construction and 
share in the cost savings. According to MDOT officials, the con- 
tractor has taken advantage of the clause by proposing a revised 
construction method for one of the bridge ramps, 

2nValue Engineering Has The Potential To Reduce Mass Transit 
Construction Costs” (GAO/RCED-83-34, Dec. 29, 1982). 
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DESIGN, LABOR, AND OTHER PROBLEMS 
HAVE HAMPERED CONSTR~ON AND 
INCREASED PROJECT COSTS 

APPENDIX I' 

Various problems have impeded the joint venture's progress 
and added to project coets since project construction began in 
October 1979. The most significant problems involved 

--some steel H-beam piles (which were driven in excess 
of 80 feet to bedrock to support the bridge) which failed 
to meet loading specifications, 

--many of the individual concrete box girder segments (which 
are attached to each other to construct the bridge spans) 
which developed cracks during the curing process, 

--the launching girder (which is a steel truss used to trans- 
port and place the individual segments) which experienced 
delays and design difficulties, and 

--the Dutch managers (who were employed by the foreign joint 
venture partner) who had difficulty in dealing with U.S. 
administrative procedures. 

These problems were apparently overcome; however, they have in- 
creased contract or contractor costs, delayed construction and 
extended the contract completion date, and/or raised questions 
regarding maintenance and safety of the completed bridge. The 
problems may also lead to claims and/or lawsuits against MDOT 
which could further increase bridge costs. A more detailed dis- 
cussion of these problems plus a description of the bridge con- 
struction/erection follows. 

Bridge construction/erection is complex 

The twin high-level Zilwaukee bridges will be parallel four- 
lane structures with full-width shoulders that MDOT believes will 
serve the people of Michigan for 50 to 100 years. The northbound 
bridge will be 8,066 feet long and have 25 spans, and the south- 
bound bridge will be 8,090 feet long with 26 spans. Span lengths 
vary from 130 feet to 392 feet. Steel H-piles were driven into 
the ground down to bedrock to support the structures. Atop these 
pilings sit steel-reinforced concrete footings and twin, reinforc- 
ed concrete, hollow columns (piers) with a rectangular strut, or 
crossbeam, at the top. These pilings, footings, and piers, along 
with the abutments (the supports at either end of the bridge), 
comprise the bridge substructure. 

The superstructure (the part of the bridqe above the sub- 
structure) consists of 51 spans that are each formed when concrete 
box girder segments are glued and, as explained later, post- 
tensioned together. The segments are hollow and shaped like a box 
with wings. The top of a segment is 73.5 feet wide, its bottom is 
36 feet wide, and the webs or sides connecting the top to the 
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bottom are 8 feet to 20 feet deep. Each segment is an 8- or 12- 
foot long "slice" of the bridge, weighing from 90 to 180 tons. 
These segments are precast in an onsite plant and hauled to the 
bridge by a specially built truck. Each segment is cast against 
the end of the preceding one to assure a perfect fit. 

A long steel truss (launching girder) fabricated by the con- 
tractor is used to erect the segments. A 117-ton crane on the 
girder picks segments from the delivery truck, traverses along the 
top of the approximately 1,200-ton launching girder carrying them 
forward to their appropriate location. The launching girder is 
moved to precise locations on the bridge according to a manual 
drafted by the contractor and approved by MDOT. 

The segments are joined to each other by more than 325 miles 
of steel (longitudinal post-tensioning). These tendons (12 steel 
strands, 0.5 inches in diameter) connect and run through two or 
more segments to hold them together. As erection proceeds, seg- 
ments are epoxy glued to seal the joint and temporarily post- 
tensioned. Then, steel strands are threaded through by machine 
and the segments are permanently post-tensioned. Post-tensioning 
is the act of pulling tight to a certain tension the steel 
strands, which are anchored at both ends. 

The twin bridges are being erected from the north abutments 
southward by the free cantilever method. This involves placing a 
pier segment atop a pier and then attaching segments on either 
side of the pier segment alternating from side to side out to 
mid-span. A pier frame (temporary framework) helps support the 
superstructure while the cantilevers become unbalanced and then 
balanced again as segments are erected. Each pier supports two 
cantilevers, like wings, on each side of it. Where the two canti- 
levers come together, a cast-in-place joint is poured to close the 
gap between them and form the span. 

Piling problems add $1.6 million to 
contract costs and extend completion date 

The bridge superstructure rests on 49 mainline piers that sit 
atop reinforced concrete footings. Each of these 6- to El-foot 
thick footings, in turn, transfers superstructure and pier column 
weight to 50 or more steel H-piles that are driven into the ground 
80 feet to bedrock. Test loadings performed by MDOT in November 
1979 to verify that individual driven piles could withstand a 
200-ton design load resulted in several pile failures before 
achieving a loading of 400 tons (specifications required test 
loading of four piles to a minimum of twice the design load or a 
two to one safety factor). The problem was studied by MDOT and 
FHWA. Analysis by FHWA region and headquarters office staff con- 
cluded that individual pile stiffness (resistance to bending) was 
inadequate to permit driving them at the lengths involved 
(approximately 80 feet) to a 400-ton resistance (the capacity to 
withstand a ohvsical load of 400 tons). FHWA suggested that a 
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heavier pile was needed to achieve the 200~ton design load. How- 
avert because lighter pile was already on site or on the way and 
due to the additional cost of? the heavier pile (an estimated $4 
million for the switch), MDOT and FHWA Division staff agreed to 
use the pile on hand and redesign the pile patterns using a 
greater number of piles and a lighter 1500ton design load for the 
individual piles as necessary. The redesign provides the same 
load-carrying capacity as the lesser number of piles with a 200- 
ton design load. 

To accomplish this redesign, MDOT hired BVN/STS (one of the 
parties involved in designing the bridge) under a contract which 
eventually amounted to $687,000. BVN/STS redesigned the pile pat- 
terns to accommodate the increased piling by reducing the spacing 
between the piles and the spacing between the piles and the edge 
of the footing. However, at some pier locations the piling did 
:attain the 200-ton design load and the original pier design was 
used. At the completion of the pile driving, 34 of the 51 piers 
had piles with a 1500ton design load and the remaining 17 piers 
had piles with the 200-ton design load. 

These material and construction changes (additional piles and 
pile driving) added about $1.6 million to contract costs. In 
addition, because of its downtime while the State and FHWA were 
studying the problem, the joint venture requested and received an 
,extension of the contract completion date. Both FHWA Division and 
INDOT staffs agreed that the lost time was not the contractors' 
ifault and granted the 50-day extension of the November 15, 1983, 
lcompletion date. Also, because much of the superstructure work is 
snot permitted during the period of colder temperatures experienced 
~during the winter months, 
was late as June 19, 1984. 

they allowed a contract completion date 

Both MDOT and FHWA Division staffs told us that the problem 
did not result from any error or miscalculation. They explained 
that determining piling specifications is an inexact science based 
on the best information available and you do not know if you have 
made the right decisions until you test a driven pile. 

Correcting deck cracking adds 
,$0.2 million to contract costs 

The contractor began casting box girder segments in late 
summer 1980 and almost immediately cracks developed in the deck 
surfaces of the wing-like portions of the segments at the webs. 
To reduce the detrimental effects of the crack openings, MDOT made 
an October 1980 design change which added steel to the segments. 
iBecause this action did not entirely correct the problem, MDOT has 
;taken and/or recommended actions to minimize the impact of the 
~cracks. 

I According to an April 1982 MDOT report on a load testing of a 
~concrete segment, a typical segment has a major crack in each wing 
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portion located nearly over the outside of the web face, with par- 
allel cracks spaced at various distances out from the web. Occa- 
sionally, the cracks run the entire length of the 8- or 12-foot 
segment and often they can be seen running down the face of the 
segment 24 inches or more. Crack widths vary from barely visible 
to 0.012 inch with an average width of 0.004 inch to 0.005 inch. 
The report also indicated that most cracks closed completely when 
the workers applied the transverse post-tensioning--bundles of 
0.5-inch steel strands stretched across the 73.5.foot width of the 
segments. Following is a graphic depiction of the typical crack- 
ing in the segments .(top and side views) based on the April 1982 
MDOT report. 

T \ 
I 

I \ 
I I 

I 
OUTSIDE FACE OF WEB -1 

I 1 I 

OFTEN CRACKED 
/ FULL DEPTH 

According to the April report, the cracks are formed during 
the curing cycle during which the concrete hardens while the seg- 
ment is still in the forms that hold and shape the concrete and 
are caused by a combination of shrinkage and thermal expansion and 
contraction. As concrete hardens it tends to decrease in volume. 
The MDOT Supervising Engineer, Seqmental Construction, said that 
if the segments were completely unreinforced and could slip in the 
forms as they contracted, the cracks would probably not develop. 
However, the extensive reinforcing cage (6,000 to 10,000 pounds of 
steel reinforcing bars per segment, in the shape of a cage) does 
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not allow overall length changes in the segment, and when the ten- 
sion stress in the contracting concrete gets too high, cracks 
form. 

MDOT tried many variations in the curing procedure in an 
effort to reduce or eliminate cracks, all without success. MDOT's 
immediate concern was what short- and long-term effects the crack- 
ing would have on the structural performance and maintenance char- 
acteristics of the bridge. The short-term concern was that the 
segments were not designed to take permit loading (temporary 
authorization for a transporter to exceed the State’s maximum 
highway load specifications). And, since overload permits are 
issued on a regular basis for vehicles that travel that portion of 
Interstate 75, the’cracks could open under such overloads. The 
State’s long-term concern was that corrosives could penetrate the 
cracks to the depth of the reinforcing steel with attendent corro- 
sion and concrete deterioration. Citing a 1968 American Concrete 
Institute Journal report on crack control in reinforced concrete 
structures, the April 1982 report noted that a “maximum crack 
width of from 0.002 to 0.008 (inches) are suggested allowables in 
an aggressively corrosive environment.” That is, they will not 
create problems by permitting saltwater intrusion. 

Considering these concerns, MDOT identified probable crack 
openings under certain foreseeable loadings. Its analysis indica- 
ted that the post-tensioning system should be strengthened to 
reduce the detrimental effects of such crack openings. MDOT 
requested a design change calling for 12-strand post-tensioning 
instead of lo-strand for the segments. FHWA approved this design 
change and authorized a contract change of over $222,000 for addi- 
tional transverse strands. 

MDOT then proceeded to physically load test a segment to ob- 
serve the results. Testing indicated that the corrective actions 
were adequate and provided assurance that the deck will not open 
to widths that would allow excessive intrusion of corrosive mate- 
rial. However, the report recommended that 

--all cracks larger than 0.004 inches be filled, 

--additional wearing surfaces not be placed on the bridge 
deck over the original latex concrete overlay when it wears 
out, 

--extra attention be given to periodic bridge inspection, and 

--deck cracks that occur after segment erection be repaired 
immediately. 

Since the report, MDOT officials have taken additional precau- 
tions. They have temporarily prohibited overload permits from 
crossing the structure upon completion and have decided to use 
noncorrosive deicing materials for winter maintenance when the 
bridge is opened to traffic. 
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The problem with the wing cracking had no impact on contract 
completion time because actual erection of the superstructure did 
not begin until the following year. However, as discussed on the 
previous page, the change from lo- to 12-strand tendons added over 
$222,000 to the contract price. Also, the State's decision to use 
the more expensive noncorrosive deicing materials will add an 
undeterminable amount to winter maintenance costs. The costs for 
filling the cracks and the additional cost to remove the latex 
concrete overlay before putting down a new riding surface and 
extra attention for bridge inspections also are not known. 

Problems in designing and fabricatinq the 
launching girder delays construction and 
could lead to claims aqainst MDOT 

The launching girder, a 940-foot long device, including a 
200-ton capacity crane, provides Stevin the capacity to construct 
two cantilevers simultaneously. The girder has been an item of 
controversy between MDOT and FHWA even in its design phase, and 
more recently, between MDOT, FHWA, and the contractor after the 
construction contract award. Problems with its design delayed its 
fabrication and use and resulted in a heavier-than-anticipated 
zz;fze that necessitated a redesign of bridge erection proce- 

Following is a photograph of the launching girder sitting 
on an'uncompleted portion of the northbound structure. 

i 

Prior to advertising the project, FHWA tried to get MDOT to 
liminate erection drawings. for the bridge provided with the con- 
ract plans. FHWA's design approach was to indicate only the 
esign requirement for the structure in its final erected condi- 
ion. According to MDOT officials, after lengthy discussion with 
HWA, it was agreed that erection drawings would be left in the 
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plans and the intent of the drawings was to show a possible erec- 
tion method for the bridge. MDOT officials seid that in no way 
was it meant to be a required method for the contractor. 

The trouble began when Stevin submitted its tentative design 
for the girder (a longer and heavier device than contemplated by 
the State) to MDOT for comment in the summer of 1980. The girder 
was of a sufficient length so that Stevin could erect two canti- 
levers simultaneously and thereby speed construction. According 
to Stevin's project manager, the fabricator hired by Stevin to 
design and construct the girder had attempted to design the device 
to comply with the maximum loads indicated by the State in its 
bridge plans, but it was found that a device that would meet the 
State's loading criteria was not strong enough to perform the 
erection function. 

The contractor's resolution of this problem resulted in the 
fabrication of a heavier-than-anticipated girder (total weight of 
the girder, girder legs and crane is about 1,760 tons), necessita- 
ting a redesign of the bridge and the bridge erection procedures 
to accommodate it. Neither FHWA nor MDOT approved the contrac- 
tor's girder design. MDOT believes that this is simply a piece 
of contractor-furnished equipment, and the responsibility for its 
design, fabrication, and use is the contractor's. 

Even after the contractor went ahead with the heavier design, 
,it continued to experience problems. According to Stevin's proj- 
sect manager, its hired designer/fabricator had made some design 
errors that required a redesign of the device after fabrication 
was started. These problems contributed to a delay in using the 
girder from the spring of 1981 to fall 1981. 

Although the problem involved some lost time, any precise 
~definition of it is not possible. First of all, Stevin started 
~the superstructure construction from the ground using cranes on 
trucks to minimize lost time. Yet, even this measure could not 
'prevent the shut down of the segment casting plant in late summer 
1981 when the segment storage yard became filled. Another consid- 
eration is that using the girder, once it became operational, sped 
construction by permitting work on two cantilevers simultane- 
ously. At the same time, the heavier girder required special 
erection procedures which slowed construction. Also, as discussed 
in the next section, labor and other problems contributed to a 
construction schedule lag. Of course, this delay was insignifi- 
cant compared to the delay from the near collapse. 

The other impacts of the problems related to the launching 
girder are many and complex. Stevin paid for the girder's cost: 
~however, Stevin intends to file a claim against the State charging 
that MDOT supplied incorrect loading figures. According to 
Stevin's project manager, the case against the State is complex 
land is taking a long time to compile. Also, when BVN/STS charged 
~MDOT $135,000 for its investigation of the launching girder's 
Ieffects on the bridge and its redesign of the bridge plans and 
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construction procedures to accommodate the heavier device, MDOT 
decided that $81,000 of the amount was attributable to Stevin. 
Its rationale was that the contractor had submitted a different 
design than what was shown on the plans, thus requiring additional 
checking and redesign requirements! therefore, these costs are the 
contractor's to bear. Stevin refused to sign the State’s $81,000 
downward adjustment to the contract amount because it relates to 
the anticipated claim against the State. According to MDOT offi- 
cials, a recently completed audit showed that Stevin's cost for 
the girder was $1.9 million, with its fabricator claiming an 
additional $2 million. 

Labor and other problems force the 
contractor to hire a U.S. manager 
to get the project on track 

In addition to the launching girder problems, Stevin's 
efforts to carry out the superstructure work were stymied by labor 
and other problems. According to Stevin's project manager, most 
of Stevin's overseas work before this project had been in third- 
world countries where labor and other problems were handled dif- 
ferently. Stevin's only other U.S. experience involves an ongoing 
major contract for a Florida transit project. On the Zilwaukee 
project, Stevin's Dutch managers had trouble communicating well 
enough to get what they wanted, and they were not familiar with 
American ways of dealing with MDOT, labor, and subcontractor/sup- 
pliers. As a result, Stevin was not getting the productivity it 
expected and, by mid-1981, it had loet confidence in its handling 
of American administrative procedures as they related to MDOT, 
labor, and subcontractors/suppliers. 

To solve this problem, in August 1981, Stevin hired S.J. 
Groves and Sons Company of Minneapolis, Minnesota, to manaage 
casting and erection of the box girder segments. Groves had 
recently completed a similar bridge project in Orgeon, on time and 
with no cost overruns, and was viewed as a U.S. expert by Stevin. 
Ironically, Groves and a joint venture partner were the low bid- 
ders on the first advertising of the project and third low bidder 
in the second round bidding. 

The impact the management problem had on the project is not 
determinable. It apparently contributed to the construction 
activity being behind schedule; however, based on State and FHWA 
reports, Groves apparently got the project back on track and was 
beginning to gain back the lost time. The amount of Stevin's con- 
tract with Groves has not been disclosed, but the cost is to be 
borne entirely by Stevin, so that it should have no impact on 
project costs. 

MDOT officials told us that they believed that Stevin's prior 
experience with the segmental , post-tensioned construction tech- 
nique would be a positive factor in assuring a timely and uncom- 
plicated construction period. According to the MDOT Engineer of 
Design, there was no reason to suppose that the foreign contractor 
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would experience any unusual problems not encountered by a U.S. 
contractor. 

MISHAP SUSPENDS CONSTRUCTION 

Shortly after midnight on August 28, 1982, the near collapse 
of a section of the northbound bridge produced or resulted in con- 
siderable physical damage to the bridge. One end of a section of 
the bridge deck sagged over 5 feet while the opposite end rose 
about 3.5 feet like a giant teeter-totter. No personal injuries 
resulted. 

Damage is extensive 

The movementd and physical damage occurred around pier column 
11 (the pier columns are numbered consecutively south to north) 
which is next to the river’s south shore. The movements and dam- 
aGe which occurred moments after the launching girder gantry crane 
lifted a 157-ton segment from the transport truck, include 

--the end of the newly completed about 170-foot-long south 
cantilever on pier 11 deflected downward over 5 feet, 

--the top of pier 11 moved horizontally to the north about 8 
inches, 

--the span 12 (the span formed by the north cantilever on 
pier 11 and the south cantilever on pier 12) expansion 
joint located about 120 feet from pier 11, deflected upward 
about 3.5 feet, 

--the superstructure concrete at the expansion joint in span 
12 experienced severe crushing, 

--the segment joints opened in many of the segments from pier 
12 south to the expansion joint, 

--the pier 11 footing concrete was shattered, and 

--the pier 11 and expansion joint bearings were damaged. 

Following the near collapse, the contractor took various ac- 
tions to stabilize the structure. The contractor installed a tem- 
porary framework at pier 11 to help support the tilted superstruc- 
ture, poured epoxy into the failed expansion joint, and placed 
temporary steel tendons in the portion of span 12 between pier 12 
and the expansion joint to strengthen that portion of the span 
against the stress being imposed by the tilted section. About 10 
days later the contractor moved two 30-ton pieces of equipment 
from the lower end of the tilted cantilever, which rose about 5 
inches when the equipment was removed. Neither the launching 
girder nor the gantry crane which still holds the 157-ton segment 
has been moved since the failure. MDOT then halted activity 
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on the northbound structure except for some epoxy grouting of 
exposed post-tension tendons to prevent rust damage. 

Consultants hired and 
congressional Interest 

Since the accident, the contractor engaged two consulting 
firms, T.Y. Lin of San Francisco, California, and Weis, Janney, 
Elsner, and Associates of Chicago, Illinois, to investigate the 
problem. MDOT worked with Zilwaukee Construction Engineering, 
Inc., and engaged an independent consultant, Howard, Needles, 
Tammen, and Bergendoff of Kansas City, Missouri, to investigate 
the cause. Zilwaukee Construction Engineering was formed out of 
BVN/STS, the designer of the bridge, when it (BVN/STS) was pur- 
chased by another firm. In July 1982 MDOT contracted with Zilwau- 
kee Engineer for services provided by BVN/STS. 

On February 18, 1983, the House Subcommittee on Investiga- 
tions and Oversight, Committee on Public Works and Transportation, 
held a hearing in Saginaw, Michigan. Subcommittee members ques- 
tioned MDOT and FHWA officials on the need for the bridge, its 
design, the bidding process, the worthiness of this type of 
bridge, the structural failure, and the problems anticipated in 
repairing and completing the bridge. 

As discussed in our letter, we will discuss these and other 
events subsequent to the near collapse, including the consultants* 

~ findings, in a second report that we will provide at a later date. 

CONCLUSIONS 

Our discussions with FHWA and State officials and review of 
pertinent data indicate that the decision to replace the draw- 
bridge was reasonable, considering the conditions at the time of 
the decision. A few years after the drawbridge was completed, 
its traffic was greater than MDOT anticipated and exceeded the 
bridge's design capacity. Also, the number of bridge openings for 
ship traffic substantially increased, causing additional problems 
for vehicle traffic. Furthermore, FHWA had established a policy 
that drawbridges are generally not appropriate for the Interstate 
System because they can interrupt the free flow of traffic. 

The methodology and support for the State's various estimates 
for the alternatives to a high-level bridge could no longer be 
located and thus were unavailable for our analysis. However, 
based on our discussions with various officials and review of 
pertinent FHWA and MDOT files, the State's choice of the high- 
level bridge appears to have been reasonable based on the esti- 
mates and conditions at the time the decision was made. 

Much of the controversy and questions concerning the project 
center on the design and bidding phases, primarily FHWA's re- 
quirement for an alternate design and its rejection of the first 
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low bid. The alternate design requirement and the rejection of 
the first low bid caused more delay in the project, but they 
apparently increased competition and reduced costs. We believe 
that the delay, resulting from the requirement for alternate 
design, could have been avoided if MDOT's initial decision not to 
develop an alternate design had been coordinated with FHWA. Also, 
if MDOT had used value engineering or some other broader input 
into design development, it may have helped improve the design and 
reduced costs. FHWA currently encourages value engineering, but 
the concept had not been widely accepted and applied at the time 
the Zilwaukee Bridge design was developed. 

The construction problems that occurred before the August 
1982 near collapse slowed construction progress and increased 
costs, but they have apparently been overcome. The more difficult 
task will be repairing the damage from the near collapse and con- 
tinuing construction. At the end of this phase of our review, 
MDOT had not finalized the design for the repair work. 

AGENCY COMMENTS AND OUR EVALUATION 

In commenting on our draft report, the Department of Trans- 
portation said that the report is well documented, factual, and 
quite complete. The Department, however, commented that while 
FHWA does encourage value engineering, it also encourages alter- 
nate design as a viable solution to reducing bridge costs. 
According to the Department, value engineering may have reduced 
costs but it may not have improved the design. 

We recognize that alternate design can reduce costs. A 
process such as value engineering also could have benefited the 
project, and we consider a design change that provides for the 
bridge to carry out its intended purpose at a lower cost to be an 
improvement. 

MDOT COMMENTS AND OUR EVALUATION 

MDOT said that it has reviewed the report in detail and is in 
general agreement with the statements made in all sections of the 
report. However, MDOT officials wanted to clarify that at the 
time of the initial Zilwaukee design, the value engineering method 
was somewhat in its preliminary stages and its formal finalization 
did not take place until later. We realize, and the report notes, 
that value engineering was not widely used until later. Our con- 
clusion in this regard is intended as a consideration for future 
projects. 
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Month Year 

1946 

1954 

1956 

February 1957 

May 1957 

March 1958 

~necember 
I 

~March 

IMarch 

'November 

February 

June 

I/J u 1 y 

iJanuary 

1960 

1965 

1965 

1967 

1968 

1968 

1969 

1970 

ZILWAUKEE BRIDGE PROJECT CHRONOLOGY 

Event 

The Federal Government a,pproves the State of 
Michigan's "inter-regional" highway system 
master plan which calls for a drawbridge over 
the Saginaw River near Zilwaukee. 

The Federal Government pledges to pay 60 percent 
of bridge costs. 

The Congress authorizes the Interstate System 
program. 

Bureau of Public Roads (now the Federal Highway 
Administration) agrees to pay 90 percent of 
bridge costs. 

State lets the contracts for the drawbridge. 

The Federal Government decides movable span 
bridges, which includes drawbridges, are not in 
keeping with the purpose and function of the 
Interstate System. 

State opens the Zilwaukee drawbridge to traffic 
(cost $4.2 million). 

State gives location/design approval for Inter- 
state 675 business loop. 

State requests Army Corps of Engineers to estab- 
lish bridge hours restricting shipping. 

Bureau of Public Roads gives State verbal ap- 
proval for construction of a high-level bridge. 

State starts construction on Interstate 675 
business loop. 

FHWA gives State written approval for construc- 
tion of a high-level bridge. 

City of Zilwaukee officials indicate they would 
prefer a tunnel to a high-level bridge. 

State highway department issues Engineering 
Report 1786 covering replacement of the Inter- 
state 75 drawbridge with a $35-million, high- 
level bridge. 
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January 

February 

November 

July 

October 

June 

Late 

April 

November 

Late 

July 

1970 

1970 

1970 

1971 

1971 

1973 

1973 

1974 

1974 

1974 

1976 

I  
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The Congress passes the National Environmental 
Policy Act requiring environmental impact 
statements. Section 4(f) of the Department of 
Transportation Act requires Federal approval of 
the use of public and recreational lands for 
highway purposes. 

Michigan Highway Commission (now State Trans- 
portation Commission) approves Engineering 
Report 1786. 

U.S. Department of Transportation requests the 
Department of the Interior comments on the 
approval of the use of section 4(f) lands for 
the Zilwaukee Bridge project. 

FHWA requests State to prepare a combination 
environmental impact/section 4(f) statement to 
include coverage of issues raised by Department 
of the Interior and Department of Housing and 
Urban Development. 

State opens Interstate 675 business loop to 
traffic. (Interstate 675 is a penetrator route 
into Saginaw which operates with traffic vol- 
umes near capacity. Since Interstate 75 traf- 
fic is at congestion levels during peak hours, 
Interstate 675 cannot handle its regular load 
plus that of Interstate 75 during bridge 
openings.) 

State submits draft environmental impact/section 
4(f) statement to FHWA. 

State hires STS consultants to prepare a study of 
a segmental concrete bridge. 

FHWA regional administrator transmits final en- 
vironmental impact/section 4(f) statement for 
a high-level bridge to FHWA headquarters. 

Secretary of Transportation approves environmen- 
tal impact/section 4(f) statement. 

STS consultants submit a report on a concrete 
segmental bridge with an estimated cost of $30 
million for the superstructure only. 

State submits Preliminary Plan A for a steel 
bridge to FHWA division office in Michigan 
which forwards it to Region 5. 
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September 1976 

October 

December 

'January 

February 

iFebruary 

March 

IApril 

iAugust 

1976 

1976 

1977 

1977 

1977 

1977 

1977 

1977 

1977 
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FHWA Region 5 transmits its comments to the 
division and requests State to prepare a study 
report considering alternate designs because of 
the magnitude of the project and the potential 
savings possible. 

FHWA division transmits its comments to the 
State, including a request to investigate 
various alternative designs. 

State submits Preliminary Plan B (revising Plan A 
steel structure) to FHWA Michigan division 
which forwards to Region 5. State includes 
response to review comments and notes that it 
also considered a precast segmental structure 
estimated to cost $3.5 million less but selec- 
ted the steel structure based on its knowledge 
of design and construction of steel structures. 

FHWA Region 5 transmits Plan B to FHWA head- 
quarters. 

FHWA headquarters transmits comments on Plan B to 
FHWA Region 5 (no comment on alternate design). 

FHWA Region 5 transmits its own and headquarters 
comments to FHWA Michigan division, including 
that State should investigate alternate con- 
struction scheme because it is considered feas- 
ible to bid a concrete segmental box girder 
design as an alternate to a steel design for at 
least part of the bridge. 

FHWA Michigan division requires that State take 
bids on a segmental concrete box girder design 
as an alternative to a steel design for at 
least the central parts of the bridge. 

FHWA headquarters, regional, and division staff 
meet with State staff and resolve matters con- 
cerning the design and bidding of the bridge, 
including that there will be designs for both 
a steel and a concrete structure. 

BVN/STS submits proposal to design and detail a 
precast segmental concrete structure (other 
proposals received from Howard, Needles, 
Tammen, and Bergendoff and T.Y. Lin). 

State submits Preliminary Plan C for a steel 
structure to FHWA division which forwards it to 
Region 5. 
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November 1977 

January 1978 

February 1978 

July 1978 

1978 September 

September 

November 

~ January 1979 

May 1979 

August 1979 

September 1979 

~ October 1979 

October 1979 

~ March 1980 

I 

~ July 1981 

1978 

1978 
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State contracts with BVV/STS and l3VN for the 
design and preparation of plans for a precast 
segmental concrete bridge (contract amount 
$567,000). 

State submits a Preliminary Plan for a segmental 
structure to FHWA. 

FHWA approves Preliminary Plan C (steel alter- 
nate) for further development but requires 
additional documentation on the concrete struc- 
ture. 

Coast Guard issues a bridge permit for a struc- 
ture over the Saginaw River at Zilwaukee with a 
minimum 125 feet underclearance. 

FHWA approves plan, specifications, and estimates 
package. 

State advertises project (steel or concrete). 

State has first letting--low bidder was Groves- 
Atkinson (joint venture) with a low bid of $81 
million for a concrete structure 

FHWA denies concurrence and requires rejection of 
all bids and a readvertisement of the project 
after some changes in the contract proposal. 

State readvertises the project (steel or con- 
crete). 

State has second letting--low bidder was Toebe- 
Stevin (joint venture) with a bid of $76.8 
million for a concrete structure. 

Michigan Transportation Commission approves low 
bid of $76.8 million. 

Michigan Administrative Hoard approves contract 
with Toebe-Stevin. 

Contractor starts construction (test piles). 

State contracts with BVN/STS for providing an 
onsite consultant, training of State staff, and 
reviewing construction contractor items (con- 
tract amount $393,000) with services to com- 
mence on October 15, 1979. 

State amends March 1980 service contract with 
BVN/STS for redesign of footings and services 
related to the erection girder (contract amount 
$294,000). 
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August 1981 

February 1982 

April 1982 

'July 1982 

August 1982 

) September 1982 

February 1983 

Contractor hires S.J. Groves and Sons Company to 
manage casting and erection of concrete box 
girder segments. 

State notifies FHWA Michigan division that RVN/ 
STS might be acquired by Henningson, Durham, 
and Richardson, but Zilwaukee Construction 
Engineering, Inc., will continue the BVN/STS 
contract work. 

State issues report on cracking of the deck por- 
tion of the precast concrete segments. The 
cracking problem developed almost immediately 
after the contractor began casting segments in 
late summer 1980. 

State contracts with Zilwaukee Construction Engi- 
neering, Inc., for work previously contracted 
to BVN/STS in March 1980 and June 1981 (con- 
tract amount $316,000) with services to com- 
mence on March 1, 1982. 

A section of the northbound structure teeters and 
almost collapses during construction, dropping 
about 5 feet on one end and rising about 3.5 
feet on the other end. 

State hires Howard, Needles, Tammen, and Bergen- 
doff to perform construction and inspection 
services related to the mishap, including 
determining its cause (estimated cost up to 
$100,000). The contractor hired T.Y. Lin to 
investigate the cause. Zilwaukee Construction 
Engineering is also investigating the mishap. 

The Subcommittee on Investigations and Oversight, 
House Committee on Public Works and Transporta- 
tion, holds a hearing in Saginaw, Michigan, on 
the project. 
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‘Ub~rnentot 
Transportation 

Asststant Secretary 400 Seventh St SW 
lor Admuxstratlon WashIngton, D.C 20590 

Mr. J. Dexter Peach 
JUL 1 I 1983 

Director, Resources, Community 
and Economic Development Division 

U.S. General Accounting Office 
Washington, D.C. 20548 

Dear Mr. Peach: 

This is in response to your letter requesting Department of 
Transportation (DOT) comments on the General Accounting Office (GAO) 
draft report, “Early Decisions and Delays on the Zilwaukee, Michigan 
Bridge Project,” dated May 25, 1983. 

The GAO concluded in this report that: 

1. Some of the controversy and delay surrounding the Zilwaukee Bridge 
could have been avoided with better and earlier communications 
between the FHWA and the Michigan Department of Transportation. 

2. Broader input into the development of the bridge design using value 
engineering or some other systematic cost-control program may have 
improved the design and reduced costs. 

In general, the draft report is well documented, factual, and quite 
complete. However, the controversy alluded to with regard to the Federal 
Highway Administration (FHWA) requirement for alternate designs on the 
Zilwaukee project would be put into better perspective if the cost savings 
in the past 4 years using the alternate design concept were cited in the 
text of the report as they are on page 20 of Appendix 1. Also, value 
engineering may have reduced costs, but it may not have improved the 
design. 

On page 6 of the summary, value engineering is cited as the solution to 
economical construction of highway bridges, but there is no mention of 
the alternate design concepts as a viable solution to reducing the bridge 
costs. While the FHWA does encourage value engineering, as 
acknowledged on page 8, it also encourages alternate designs. Here 
again, the cost savings cited on page 20 of Appendix 1 would stress the 
importance of the alternate design concept in reducing bridge costs. 

If we can further assist you, please let us know. 

Sincerely, 

Enclosure 
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GAO note: Page references in this letter refer to the draft 
report and do not necessarily agree with the page 
numbers in the final report. As suggested, the cost 
savings attributed to the alternate design concept have 
been included in the text of the report on page 5. The 
Department’s other comments and our evaluation thereof 
have been inserted in the report on page 9 of the 
letter and page 36 of appendix I. 
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STATE OF MICHIGAN 

nAlmPw111I00 
t0WHWlW 

YILLIAM c YARSWA~l 

14wntNct c PArRICK 111 

HAtWS UtVtRS JR 

WI1 v PELLomPAA 

WESTOW t VIVIAN 

Mmieno YOUWG 

JAMES J ELANCHARD. GOVERNOR 

DEPARTMENT OF TRANSPORTATION 
TRANSPORTATION BUILDING. 425 WEST OTTAWA PHONE 517-373-2090 

POST OFFICE BOX 30050. LANSING, MICHIGAN 49909 

JAMES P PIT2 DIRECTOR 

June 6, 1983 

Mr. J. Dextar Peach, Director 
Resourcee, C-unity, and Economic 

Development Division 
U. S, General Accounting Office 
441 G Street, N. W., Room 4915 
Washington, D.C. 20548 

Dear Mr. Peach: 

Review of “Early Decision8 and Delays 
on the Zilwaukee Michigan Bridge Project” Report 

Thsnk you for sending me a copy of the draft report entitled, “Early 
Decisions and Delays on the Zilwaukee, Michigan Bridge Project” for the 
Department’s review. 

Department personnel have reviewed the report in detail and are In 
genaral agreement with the statements made in all sections of the report. 
We feel, however, that euxne clarification and additions would add to the 
quality of the report and suggest that revisions be made as follows: 

Page 2, Line 11 states, “the bridge is not expected to be completed before 
Novmber 1984, a year later than estimated.” We understand that at the 
time of the audit preparation this statement was probably correct. Since 
that time we have scheduled measures for the repair to be completed in 
November 1983 with an anticipated completion date for the entire structure 
eotimated to be late 1985 or early 1986. A correction should be made to 
the above line to reflect this recent information. 

Page 2, last paragraph states, “broader input into the development of the 
bridge design using value engineering or some other systematic cost control 
program may have improved the design and reduced costs.” We would like to 
add the remark that during the time of initial design of the structure, the 
value engineering system was a method somewhat in its preliminary stages 
and formal finalization of thle engineering tool did not take place until 
later. During the revisions made to the first contract, a value engineering 
clause was added as part of the specifications for the second contract and 
the contractor has taken advantage of this possibility by submitting a 
revised construction method for Ramp H, proposing to cast it in place 
rather than erect it with precast eegments. 
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Page 5, last line and page 6, line 1 states, “F’HWA questioned the length of 
the proposed bridge approach spans and the need for haunched spans and 
suggested that shorter constant depth spans would look better and be more 
economical .” We wish to clarify the decision by MOOT regarding the span 
length by stating that the existing topography of the proposed location 
practically dictated the proposed span lengths because of the presence of 
obstacles such as existing railroad tracks, existing crossroads (M-13, 
Westervelt Road), and other obstacles. This determination is evidenced by 
the fact that the span lengths for the steel and concrete alternates were 
practically identical. While it is true that the approach spans could 
possibly have been altered somewhat, we feel that the State’s position 
regarding the span lengths as proposed was valid and wish to add that 
extensive discussions with the the PHWA bridge division engineer were held 
and that agreement was reached not to build a “forest of columns” that would 
have resulted if shorter span lengths had been used. 

~ Page 7, line 7 states, “many of the individual concrete box girder segments 
developed cracks during the curing process.” While it 1s true that cracks 
developed as shown in the sketch on page 29 of Appendix I, we would like to 
point out that this problem was overcome by Increasing the transverse post- 
tensioning. 

Appendix I, page 2, line 23: We have the same remark regarding the anticipated 
completion date as we indicated in our remarks pertaining to page 2, line 11. 

Appendix I, page 17, line 10 states, “had a $20 million limit on state highway 
contracts.” The Department policy at that particular time was to limit state 
highway contracts to approximately $7 million. The Intent of the policy was 
to distribute the construction work amongst as many contractors as possible 
to provide additional employment in the Michigan contracting Industry. The 
initial decision by the Department to divide the proposed bridge contract 
into three segments was a compromise to this policy since holding the $7 
million limit would obviously have divided the contract into an unmanageable 
number of projects. 

Appendix I, page 18, penultimate paragraph: Same remarks as shown on the 
preceding item. 

Appendix I, page 19, first paragraph states, “the State indicated it preferred 
the precast method because It was quicker and It permitted the State to 
exercise better quality control.” We would like to see the clarification 
added that indicates that climatic conditions as they exist in the Saginaw, 
Michigan area would allow the construction and building of precast segments 
In an enclosed area during adverse weather conditions while the cast-in- 
place method would have restricted construction within seasonal limits. 

Appendix I, page 24, line 4 discusses the variation In depth for longer spans 
and we already have explained our objection to this statement under page 6, 
lines 1 and 2. 
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APPENDIX IV APPEIJDIX IV 

Appendix I, page 32, first paragraph refers to the erection drawings for 
the bridge provided with the contract plans and states, “FHWA’s design 
approach was to indicate only the design requirement for the structure in 
ita final erected condition.” While we agree that there was lengthy 
diacuoaion regarding this item between Departmental and F’HWA personnel, 
it is our understanding that agreement was reached to leave erection 
drawings in the plans and that the intent of that drawing was to show 
a poecible erection method for the structure, but that in no way was it 
meant to be a binding method for the contractor. 

Appendix I, page 33, last paragraph, line 2 states, “Stevin paid for the 
girder’ I cost, about $4 million.” It is the Department’s understanding 
from a recently conducted audit that the cost to the contractor was $1.9 
million, while the fabricator ie claiming an additional $2 million. 

We wish to thank your office for giving the Department the opportunity to 
review and comment on the copy of your draft report and we understand that 
the draft copies will remain the property of the United States General 
Accounting Office and will not be publicized or improperly disclosed by 
this Department. 

I GAO note: 

~(308526) 

Page references in this letter refer to the draft 
report and do not necessarily agree with the page 
numbers in this final report. The suggested 
clarifications generally have been made in the text 
of the report and/or appendix I as appropriate. 
The overall comment on the report and the clarifica- 
tions on the availability of the value engineering 
concept at the time of the bridge’s initial design 
have been inserted and evaluated in the “MDOT com- 
ments and our evaluation” sections of the report on 
page 9 of the letter and page 36 of appendix I. 
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