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Summary 
The personal involvement of the author in the early US cable-stayed bridges is outlined, including 
the Pasco and Huntington concrete bridges and the Burlington and Fred Hartman composite bridges. 
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1. Introduction 
In 1973 my work on cable-stayed bridges in the US started with the Pasco-Kennewick Bridge. For 
the next 15 years I worked on several other cable-stayed bridges in the US, including the East 
Huntington Bridge, the Sunshine Skyway Bridge, the Talmadge Memorial Bridge, the Burlington 
Bridge and the Fred Hartmann Bridge. In addition to many visits I spent most of 1976 with my 
family in Olympia, Washington, and most of 1982 to 1986 in Tampa, Florida.  
 

2. Examples 

2.1 Pasco-Kennewick Intercity Bridge 
 
In 1973 Arvid Grant asked Fritz Leonhardt for assistance in the design of a bridge across the 
Columbia River. Since the Federal Highway Administration (FHWA) with Bridge Engineer Walter 
Podolny [1] was very interested in introducing cable-stayed bridges into the US this bridge became 
actually the first major example of this kind. 
The Intercity Bridge crosses the Columbia River between Pasco and Kennewick, Fig. 1, in the State 
of Washington near Seattle. It was, at its time of completion, the first major cable-stayed bridge in 
the United States, and the second largest cable-stayed concrete bridge in the World [2]. It consists of 
a continuous concrete girder, 763 m (2503 ft) long, 24,4 m (80 ft) wide, 2 m (7 ft) deep. The main 
spans with 124 m - 230 m - 124 m (407 - 981 - 407 ft) are supported by stay cables and two 
concrete towers. 
This bridge introduced state-of-the-art for major cable-stayed concrete bridges to the US. The 
development of cable-stayed bridges took place in Europe initially with steel girders. Only a few, 
small concrete cable-stayed bridges had been built before. However, due to the unpredictable steel 
prices at the West coast and the reduced maintenance requirements a concrete girder was chosen.  
Since US contractors were not prepared to build cantilevers up to 150 m (490 ft) in CIP concrete, 
large precast elements were selected, also a novelty at that time. The special characteristics of the 
bridge are: 
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- Precast elements with a length of 8.2 m (27 ft) equal to the cable distance, a width of 24.3 m  
(80 ft) equal to the beam width, and a weight of 270 t. Short-line match-cast production of these 
elements, erection by free-cantilevering with lifting of elements by hydraulic derrick on the beam 
from a pontoon and epoxy-coated joints with post-tensioning, Fig.2. 
- Use of shop fabricated parallel wire stay cables with HiAm anchorages fabricated in the US. 
Corrosion protection by PE pipes and cement grout. 
- Erection by geometry: Assembly from precisely manufactured components of predetermined size 
- fixed length steel cables, large precast, prestressed concrete girder elements and carefully 
surveyed cable anchorages. 
Given the computer technology at that time there were some problems calculating the system with 
two times 72 cables corresponding to 144 statical indeterminates. The actual calculations for 
transient loads were undertaken at the McDonnell-Douglas aircraft factory in St. Louis. Even these 
computers could not calculate the internal forces under permanent loads. They were calculated by 
hand and the additional forces from each construction stage were added by hand. The erection 
calculation was confirmed when the beam was closed as planned and no additional tensioning of 
the cables was required. 
 

  
Fig. 1: Pasco-Kennewick Intercity Bridge, WA Fig. 2: Lifting of last precast segment 
 
The bridge was completed in 1978 for 22.5 Mio. US$ (112 US$ per m2) within time and within 
budget by the contractor Peter Kiewit Sons'. The bridge was appreciated as a slender ribbon across 
the river and received numerous rewards including the 1978 PCI Engineering and Architectural 
Award and the 1979 OCEA Special Award.  
As the project engineer for this innovative design we worked partly in Stuttgart and partly in 
Olympia, WA. In order to prepare the construction engineering I stayed in Olympia for most of 
1976,  together with my wife and our newborn son. 

2.2  East Huntington Bridge 
 
The design of a cable-stayed steel bridge across the Ohio River near Huntington had been 
completed and the foundations for the river piers had already been built when FHWA decided that 
tenders had to be invited for alternate designs in steel and concrete for all major bridges, [3]. This 
was intended to promote bridge competition in the US which the contractors were not otherwise 
prepared to enter for liability reasons. Together with Arvid Grant´s office we were confronted with 
the task of designing a cable-stayed concrete bridge to fit onto the already built main foundations 
for a much lighter steel bridge. We managed to do so by using high-strength concrete, steel cross 
girders for the concrete beam and a slender A-tower, Fig. 3. Our concrete alternate was bid 30 % 
less expensive than the steel alternate and was thus built.  
The stayed girder has a main span of 274 m (900 ft) and a side span of 185 m (608 ft) with 
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approach spans at both ends  The two lanes required a curb-to-curb width of 9 m (30 ft) which 
resulted in a deck width of 12 m (40 ft) for the cable-stayed portion, Fig. 4. The approach at the 
Ohio side is a single-cell concrete box girder cantilevering into the main span to carry its loads 
directly to the approaches. A transition piece connects the box girder to the stayed girder. The South 
approach was built cast-in-place on scaffolding and by free-cantilevering. 
The cable-stayed portion of the bridge girder was built using precast concrete segments. The 250 t 
segments were match cast off-site using the long-line casting method, Fig. 4. They were then 
barged to the bridge and lifted into position using a 600 t floating crane. 
Many characteristics of the successful Pasco-Kennewick were used again except for the cross 
section (T-beam vs. triangular box girders) and for the lifting (floating crane vs. lifting from deck).  
 

Fig. 3: East Huntington Bridge Fig. 4: Transport of Precast Segment 
 
The East Huntington Bridge was successfully completed in 1985 within the budget of 23.5 Mio. 
US$. The attractive structure with simple lines blends in well with the surrounding landscape. The 
bridge won several awards including the 1985 PCI Professional Design Award. 

2.3 Sunshine Skyway Bridge, Steel Alternate 
 
In 1980 a freighter collided with the Sunshine Skyway Bridge in Tampa, FL, and destroyed it, [4]. 
The steel alternate was assigned to Greiner Engineering from Tampa, FL, together with Leonhardt, 
Andrä und Partner (LAP) as structural subconsultant.  
Our team began with the evaluation of various types of steel alternatives for this new bridge. These 
studies led to consideration of truss and cable-stayed alternatives. Once the study was further 
refined, the cable-stayed alternate was selected for which we had to prepare the bid documents 
within a stringent nine-month time frame.  
The project encompassed the 366 m (1200 ft), cable-stayed main span, two 147 m (482 ft) side 
spans and 2042 m (6700 ft) of high-level approaches. Our design called for the main span 
superstructure to pass through two delta-shaped support piers, from which two planes of stay cables 
would radiate and support the beam at 15 m (50 ft) intervals directly to the main girders at the 
outside of the four-lane roadway, Fig. 5. 
To make our steel alternate competitive, we developed the following design principles for this first 
major cable-stayed bridge with a composite beam, Fig. 6: 

- All steel joints on site have to be bolted, no site welding is permitted. 
- An orthotropic deck is too expensive due to the bolted splices, a reinforced but not post-

tensioned concrete roadway is more economical. 
- A steel box is also too expensive because of the bolted joints, a steel girder grid from plate 

girders is advantageous. 
- No internal load distributing longitudinal girders are used to avoid expensive splices. 
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- Stay cables are directly connected to the main girders, each stay cable has to be 
exchangeable under life load.  

- To avoid buckling it is more economic to use thicker plates than additional stiffeners. 
- Refined analytical methods proved the stability of the open cross section for hurricane wind. 
- Erection takes place by lifting complete steel grids, one for each pair of stay cables, and to 

build the roadway from precast elements with C-I-P joints on top of the main and cross 
girders. 

 
This steel alternate lost 1982 in competitive bidding by a small margin against the concrete 
alternate designed by Jean Muller, mainly because of higher costs for the foundations of the 
approach bridges. The design principles, however, proved to be advantageous and were used 
successfully in later designs. 
In 1981 my wife packed our suitcases again and we moved to Tampa for a year. Our two children 
aged 3 and 5 went to a small American kindergarden where they felt completely at home. 
 

  
Fig. 5: Sunshine Skyway Bridge, Steel Alternate Fig. 6: Composite Beam w/ precast panels 
 

2.4 Talmadge Memorial Bridge Replacement, Steel Alternate 
   
In 1984 the Georgia DOT again retained the Greiner team with LAP as subconsultant to perform 
transportation planning, feasibility studies and preliminary engineering for a proposed high-level 
crossing of the Savannah harbour. The study entailed analysis of port needs and impacts, economic 
studies, traffic engineering, preliminary structural engineering and cost estimating, [3].  
The project's first phase involved determining whether the existing bridge would unduly restrict 
future ship traffic of the Port of Savannah, and if so, developing a cost-effective solution to the 
problem. Alternatives evaluated included bridges at other locations, and a tunnel. 
As a result, a high-level cable-stayed bridge was recommended. During the second phase, we 
investigated alternative bridge designs, span lengths, costs and pier protection needs, and assisted 
the State in preparing the environmental impact statement. The preliminary engineering and 
environmental assessment included evaluation of main span systems, low-level approaches, and a 
freeway connector to I-16 including several interchanges. 
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Subsequently, we were retained to 
provide final design and construction 
plans for the bridge's steel alternate. 
The main span of our alternate was 
305 m (1000 ft) with two flanking 
spans of 131 m (430 ft) each for a 
total length of 567 m (1860 ft) for the 
cable-stayed unit. In addition, there 
are 1646 m (5400 ft) of low-level 
approaches creating a total length of 
bridge of 2219 m (7280 ft), Fig. 7.  

Fig. 7: Talmadge Memorial Bridge, Steel Alternate  
 
The site falls into an area of recent seismic activity which dictated the use of AASHTO's Guide 
Specifications for Seismic Design of Highway Bridges. 
This steel alternate lost in competitive bidding against the concrete alternate design by Man Chung 
Tang, mainly because the contractors were afraid to lift steel segments over a major road 
underneath a side span. 
My wife routinely packed again, each time we took less because now we felt at home in the US. 
This time the children just briefly refreshed their English at kindergarden and then went to first and 
third grade classes in school. They had no problem in following the lessons. 

2.5 Dame Point Bridge 
 

In 1984 the Dame Point Bridge, [3], was tendered with a concrete design. Contractor's alternates 
were permitted for the first time in the US for such a major bridge. 
The contractors Peter Kiewit Sons' (who built the Pasco Kennewick Bridge) and Misener Marine 
(who bid on our Sunshine Skyway Steel Alternate) asked Greiner, Inc. and LAP  to design a steel 
alternate for them. 
Our design with a main span of 396 m followed the principles developed for the Sunshine Skyway 
Bridge. The concrete towers were diamond shaped, and the beam had two outside steel main girders 
and steel floor beams supported by stay cables at about 15 m (49 ft) distance. The concrete roadway 
slab could have either been cast onto the steel grid on ground (composite for dead load but heavy 
lift) or could have been built from precast panels with C-I-P joints after lifting (smaller lifts but 
about 15 % more steel required). 
A refined type of stay cables was proposed: semi-parallel galvanized wires within a directly 
extruded PE-sheath filled in shop with a wax-type anti-corrosion compound. 
Our composite contractor´s alternate for the Dame Point Bridge in 1984 also lost in competitive 
bidding against the concrete alternate inspired by Ulrich Finsterwalder and designed by Gerry Fox. 

2.6 Luling Bridge 
The stay cables for the Luling Bridge were installed during 1980 and 1981, [5]. They consist of 
parallel wires inside high density polyethylene pipes. After cable installation the PE-pipes were 
cement grouted. 
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Beginning in 1985 longitudinal cracks developed in some PE-
pipes. Welding of the cracks was not successful, and more 
cracks developed with time. 
In February 1986 LAP was retained by the Louisiana DOTD 
to investigate the cause of the cracks and to propose remedies. 
The results of this work were documented in the "Final 
Report: Investigation of Cracks in the Polyethylene Pipes, 
June 1986". 
The cracks occurred mainly because the grouting took place 
under too high pressure, and some PE pipes were severely 
overstrained: increases in circumference up to 8 % were 
frozen-in by the hardened grout. Acceptable are only strains 
of 1.5 % to 2 % for long-term safety against bursting. 
Temperature effects like grouting during high temperatures 
contributed to the cracks. 
The proposed repair measures consisted of filling the cracks 
with Polyurethan grout, wrapping the PE-pipes in a first layer 
with glass-fiber reinforced Filament tape for strengthening 
and a second wrapping with  UV-resistant PVF Filament tape, 
Fig. 8. 

Fig. 8: Luling Bridge, cable  
            Rapping 

 
The repair was successfully executed and proved to be appropriate for several years. Later 
additional rehabilitation measures were required, and very recently it has been decided to replace all 
stay cables because the initial mistakes made during grouting caused additional cracks over the 
years. 

2.7 Burlington Bridge 
 
The Burlington cable-stayed Bridge carries US 34 across the Mississippi with two lanes in each 
direction plus an acceleration lane from the Iowa side, [6]. 
The design contract was awarded to the Sverdrup Corporation, who selected LAP as subconsultant 
for the cable-stayed bridge. During the design phase LAP advised on all structural aspects of the 
design, construction and aerodynamic stability. LAP also served as subconsultant for construction 
services, including review of the construction engineering by the contractor's consultant, and 
consultations on site.  
The main channel crossing consists of a 200 m (660 ft) main span, a 123 m (405 ft) side span, and a 
55 m (180 ft) approach span, Fig. 9. The single H-shaped tower is built from concrete, the beam 
was designed alternatively in concrete and in steel with a concrete roadway slab. The stay cables 
utilize parallel epoxy-coated strands within PE-pipes and cement grouting. In this case both the 
steel and the concrete alternate were designed by our team. The bid by general contractor Edward 
Kramer Sons' was lower for the steel alternate which was built. 
After casting of the towerlegs with jumping forms the beam was erected in sections spanning the 
cable distance of 13.7 m (45 ft). The side span was built on auxiliary piers. In the main span the 
steel grids were lifted up by floating crane from the river and the outside main girders were bolted 
to the previously erected ones, Fig. 10. After installation of the floor beams the precast deck 
elements spanning between floor beams were made continuous by C-I-P joints on top of the floor 
beams. The stay cables were stressed to final length and the process was repeated until the main 
span was completed, Fig. 10. 
Wind-tunnel tests and an aerodynamic investigation were performed to ascertain the aerodynamic 
stability during construction and in the final stage. 
The Burlington Bridge was completed in 1993 for construction costs of 29 Mio. US$ for the main 
bridge. 
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Fig. 9: Burlington Bridge across Mississippi Fig. 10: Burlington Bridge, Free-Cantilevering 
 

2.8 Fred Hartman Bridge across the Houston Ship Channel 
The Fred Hartman Bridge crosses the Houston Ship Channel 30 km (20 miles) east of Houston 
between the cities Baytown and LaPorte, replacing a tunnel which could not cope with increased 
traffic demands, [7]. It is the first cable-stayed bridge with two superstructures, and its total deck 
area of about 32.800 m² (350 000 ft²) made it one of the largest cable-stayed bridges.  
 
The Greiner team with LAP studied various bridge types including a cantilever truss, a half tied 
arch with a double deck arrangement, a tied continuous truss bridge, a box girder with an 
orthotropic deck, a segmental concrete box girder, and a cable-stayed alternate. As a result of  this 
study, the Greiner team with LAP was selected to design the steel composite alternate of the 
proposed cable-stayed portion of the bridge. 
 
Our cable-stayed bridge comprised a 381 m (1250 ft) main span and side spans of 147 m (482 ft) 
each, Fig. 11. Transition spans of 40 m (130.5 ft) were also included in the steel alternative. The 
approaches to the main structure were designed by the Texas DOT. Since the bridge is used by 
many trucks carrying petrol from the surrounding refineries an accident with a burning truck which 
could destroy locally the concrete roadway had to be considered.  The answer was to use a 
sacrificial and renewable 10 cm (4 inch) reinforced concrete overlay on top of the structural 
concrete deck. In this way the compression capacity of the deck would have been retained in case of 
an accident. 
 
The traffic required four lanes with full shoulders in each direction, resulting in a beam two times 
23.8 m (78 ft) wide. Supporting such a wide beam with two cable planes at the outer edges only 
would have meant that the amount of steel required for the transverse direction would have equaled 
the amount required for the longitudinal direction. By splitting the roadway into two independent 
beams supported by four cable planes meant that the amount of steel in the longitudinal direction 
(and the amount of cable steel) remained about constant, but the amount of transverse steel required 
was about halved. Two independent beams supported by two cable planes each were thus chosen. 
The double diamond shape of the towers is a consequence of the twin beams. The upper two A-
frames increase the torsional resistance of each beam by creating a triangular space frame from 
towers, cables and beams. By using A-frames also below the beam the number of foundations is 
reduced to two, and by connecting the two diamond shape towers at beam level by a horizontal 
concrete tie a space frame in transverse direction is created which carries the transverse wind loads 
from the beam and the stay cables in direct tension and compression. In this way the required 
quantities were minimize by using only 0.3 m (1ft) thick walls for the towers and only 125 k/m2 (26 
LB/m2 ) structural steel for the beam. In this way we won the competition against the concrete 
alternate by Jean Muller, who had beaten us for the Sunshine Skyway Bridge.  
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Both independent beams were erected in parallel by free-cantilevering in parallel, Fig. 12. 
 
On the personal side our children were quite successful in the first and third grade of an American 
school. However, the teachers in Germany insisted that our son should attend fourth grade in 
Germany in preparation of the examination for the German high school which starts at fifth grade. 
My wife and children thus had to fly back in early 1986 and I spent most of the year without them 
in Tampa. 
 

  
Fig. 11: Fred Hartmann Bridge Fig. 12: Free-Cantilevering with tie-downs 
 

3. Conclusion 
 
During 1973 to 1986 I had the opportunity to be involved in the design of the first cable-stayed 
bridges in the US, initially in concrete, later as steel-composite designs. Since there were no 
previous US examples, and AASHTO made no allowance for the design of the special 
characteristics of cable-stayed bridges, we had to apply general engineering principles, e.g  by using 
the strut and tie model for the cable anchorage zones. In addition, we applied German or 
international codes. Looking back, I am thankful for the opportunities I had in the US to design 
major bridges and for the understanding and friendship I received from my fellow engineers. This 
work was decisive for my formative years as a structural engineer. 
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