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The author discusses the design, analysis and construction of 
two innovative precast, prestressed concrete cable-stayed 
bridges recently built in the Czech Republic. The first bridge 
was built across the Elbe River near Podebrady and the 
second bridge was built over a major railroad junction in 
Prague- Vrsovice. The decks of these bridges comprise a 
spine box girder assembled of precast, match-cast segments 
and cast-in-place overhangs supported by precast concrete 
struts. External prestressing was used to strengthen the deck. 
To confirm the validity of the design, a static and dynamic 
analysis of the structural system was conducted together with 
model testing. The author shows how this system, with some 
modification, can be applied to other cable-stayed and 
segmental concrete bridges. 

T wo cable-stayed bridges using precast, prestressed concrete segmental 
construction (see Figs . 1, 2 and 8) were recently erected for a freeway in 
the Czech Republic. One bridge was built across the Elbe River near 

Podebrady while the other bridge was built over a major railroad junction in 
Prague-Vrsovice. 

The bridges combine the high quality and speed of construction of precast seg­
mental structures with the structural continuity of cast-in-place concrete (see 
Figs . 3 and 4). The deck of the main span and approach spans of these bridges 
consists of a spine box girder assembled of precast, match-cast segments and 
cast-in-place overhangs supported by precast concrete struts . 

Both bridges are suspended in the bridge axis on composite steel pylons that 
are fixed into the deck (see Fig. Sa). The stays are arranged in a semi-fan shape 
and are formed by strands grouted in steel tubes. The approach spans are post­
tensioned (suspended) on draped external tendons placed in the bridge axis (see 
Fig. Sb). The precast concrete segments were erected in progressive cantilevers 
by a special crane moving on the deck. 
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Fig. 1. Elbe River Bridge. 

The design of the Elbe River Bridge 
received an Outstanding Structure 
A ward at the Federation Internationale 
de Ia Precontrainte (FIP) 1990 Con­
gress in Hamburg, Germany. 

DEVELOPMENT OF THE 
STRUCTURAL SYSTEM 
One goal in precast concrete seg­

mental design is to develop elements 
that can be used for both the main span 
and approach spans. Several design 
strategies have been used to achieve 
the desired similarity of elements. The 
common solution is to provide for 
each direction of traffic a twin box 
girder bridge of constant depth sup­
ported in the main span by cable stays 
from pylons placed in the road axis or 
along its sides.' ·2·

3 In this arrangement, 
the stay forces are transferred into the 
box girders through cast-in-place or 
precast concrete diaphragms. 

One disadvantage of this solution is 
that the erection process (especially 
the equipment) becomes expensive. 
Because the box girders of the main 
span have to be erected simultane­
ously, it is usually necessary to double 
the expensive erection equipment. 
Furthermore, the speed of erection de­
pends upon the speed of producing the 
transverse diaphragms. 

A less widely used sol ution has 
been to design the segments of the 
structure to correspond to the width of 
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the freeway . Such large segments are 
very heavy and thus require special 
erection cranes. However, this type of 
structure is economical for large scale 
bridges.• 

An alternative solution to the prob­
lem, however, can be found in the de­
sign of several cast-in-place concrete 
structures built in Europe.5

·
6
·
7 This solu­

tion consists of constructing a spine 

Fig. 2. Vrsovice Bridge. 

concrete box girder first, then widening 
the deck of the structure by construct­
ing concrete overhangs in place, sup­
ported by precast concrete struts. The 
supporting struts used on existing struc­
tures have been formed of single bars, a 
truss or slabs (see Fig. 6). The truss and 
slab struts, taken together with the top 
slab , form a pseudo three-cell box 
girder (see Fig. 7). This method of con-
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Fig. 3. Structural members of the deck. 

Fig. 4. Elbe River Bridge -deck. 
Fig. 6. Precast struts formed by: (a) single bars, (b) a truss 
and (c) slabs. 

Fig. 5. Suspension of the deck on: (a) stay cables and (b) external post-tensioned cables. 
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a) 

b) 

c) 

Fig. 7. Shear flow in the: (a) one-cell box girder, (b) three-cell box girder and 
(c) pseudo three-cell box girder formed by a one-cell box girder with overhangs 
supported by a truss or slab struts. 

struction produces significant savings 
in the cost of scaffolding. 

The precast concrete segmental de­
sign developed for the two projects 
discussed in this paper evolved from 
the latter cast-in-place solution . We 
were faced with two practical con­
straints: (1) a design that used precast 

1 2 3 4 

concrete segments light enough to be 
easily transported on trucks or trains , 
and (2) a construction sequence that 
allowed the structure to be erected 
rapidly with the use of a single com­
mon portal or truck crane. 

One goal was to create a design that 
minimized the bending stresses in the 

5 6 7 
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Fig. 8. Elevation: (a) Elbe River Bridge and (b) Vrsovice Bridge. 
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cable-stayed structure by obtaining the 
minimum depth of the deck that also 
provided sufficient torsional stiffness. 
In this design approach, the pseudo 
three-cell box girder offered the ad­
vantage of a minimum depth structure 
while the truss and slab struts con­
tribute to the torsional resistance of 
the structure. 

The approach was to design a precast 
spine box girder and, after erecting it, 
to widen it using cast-in-place concrete 
overhangs (see Figs . 3 and 11). Al ­
though truss supports were considered, 
we elected to support the overhangs on 
precast concrete slab struts. This ap­
proach fulfi lled the design objectives 
as well as the practical construction 
constraints . In addition, the slab struts 
give the cross section of the superstruc­
ture an excellent aerodynamic shape 
and eliminate the problem of birds 
nesting in the open spaces and causing 
possible deterioration of the concrete. 

DESCRIPTION 
OF THE BRIDGES 

Elbe River Bridge 
Near Podebrady 

The Elbe River Bridge near Pode­
brady carries the Prague-Hradec 
Kralove Freeway. The freeway axis is 

8 9 10 

48.40 1 33 .00 
I 

81 .40 
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Fig. 9. Elbe River Bridge: (a) typical cross section and (b) pylon elevation at Pier 2. 
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Fig. 10. Vrsovice Bridge: (a) typical cross section , (b) Pier 6 elevation, (c) Piers 2 to 5, 7 and 9 elevation and (d) pylon 
elevation at Pier 8. 
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Fig. 11 . Progressive assembly of the deck: (a) box girder spine, {b) precast slab 
struts and (c) cast-in-place roadway slab. 

straight with a longitudinal gradient of 
0 .6 percent. A small construction 
depth of cable-stayed structure (see 
Fig. 1) was chosen for this location to 
minimize the environmental impact by 
reducing the amount of fill materials. 
The cable-stay design permitted unin­
terrupted construction without any in-

suspension segment 

a) 

terference with navigatio n on the 
river. 

The new bridge consists of three 
spans, 202.1 - 404 .2 - 202.1 ft 
(61.60- 123.20- 61.60 m) in 
length (see F ig. Sa). The deck is 
106.0 ft (32.30 m) wide, suspended in 
the bridge axis on two single pylons 

91.9 ft (28.00 m) high (see Fig. 9). 
The stay cables, arranged in a semi­
fan shape symmetrical to the tower, 
are anchored in the deck at intervals 
of 7.22 ft (2.20 m) and in the pylon at 
in tervals of 1.64 ft (0.50 m) . The 
deck is supported by pot bearings 
placed on the low abutments and 
massive piers founded on slurry walls 
59.7 ft (18 .20 m) long. At Pier 2, the 
bearings are fixed; the other bearings 
are movable in the longitudinal direc­
tion of the bridge. 

Vrsovice Bridge 

The Vrsovice Bridge carries part of 
the main roadway communication sys­
tem of Prague over the large railroad 
switching yard in Prague-Vrsovice, the 
mainline railway tracks and several 
local roads (see Fig. 2) . The new 
bridge consists of nine continuous 
spans with lengths of 86 .6 - 4 x 
115.5 - 144.4 - 332.0 - 158.8 -
108.3 ft (26.40- 4 X 35.20- 44.00 
- 101.20- 48.40- 33.00 m) (see 

non suspension segment 
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Fig. 12. Typical span segment: (a) elevation, {b) Section A· A, (c) Section B-B- suspension segment and (d) Section B-B ­
non-suspension segment. 
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Fig. 13. Elbe River Bridge -typical segment. 

Fig. 14. Elbe River Bridge- pier segment. 

Fig. 8b). The deck is 96.8 ft (29.50 m) 
wide. The last three spans are sus­
pended on a single steel pylon 115.7 ft 
(35.28 m) high, which is fixed into the 
deck above Pier 8 (see Fig. 10). The 
stays, arranged in a semi-fan shape 
symmetrical to the tower, are anchored 
in the deck every 14.4 ft (4.40 m) and 
in the pylon every 3.4 ft (1.04 m). 

a) 

above Piers 6 and 8 and is fixed at 
the end abutments. Therefore, for tor­
sion, the structure is designed as three 
spans, 548.6- 476.4- 267 .1 ft 
(167.20- 145.20- 81.40 m) in 
length. On the end abutments and at 
Pier 9, the bearings are also anchored 
against uplift. 

The highway axis is straight in the 
suspended part of the bridge, then fol­
lows curves with radii as small as 
1033.5 ft (315 m). In the straight sec­
tion, both sides of the highway are of 
2 percent cross grade, which changes 
in the curved portion to a one-sided 
grade of 4 percent. The longitudinal 
profile is in two vertical curves with a 
gradient varying from 4.20 to 0.52 
percent. 

Fig. 15. Vrsovice Bridge - pier segment. 
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The deck is situated on one bearing 
at Piers 2, 3, 4, 5, 7 and 9 and on two 
bearings at the abutments and Pier 6. 
Four bearings are used at Pier 8 to ac­
commodate the transfer of large verti­
cal forces from the pylon. Bearings 
below the pylon are fixed; the other 
bearings are movable in the direction 
of Piers 8 to 1 and 8 to 10. In torsion, 
the deck is elastically constrained Fig. 16. Overhang: (a) typical section, (b) Section A-A and (c) Section B-B. 
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DECK DESIGN 
The decks of both bridges comprise 

a precast concrete box girder spine and 
overhangs constructed of precast con­
crete slab struts and cast-in-place con­
crete deck slabs (see Figs. 3 and 11). 

Box Girder Spine 

The spine box girders on bo th 
bridges consist of two kinds of precast 

concrete segments -typical span seg­
ments and pier segments. The seg­
ments of the box girder were match­
cast to ensure constructibility and high 
quality in the on-site construction. 

Typical Segments 

On both bridges, a typical segment 
is 49 .2 ft (15.00 m) wide, 7 .22 ft 
(2.20 m) long and 8.2 ft (2.50 m) 

Fig. 17. Elbe River Bridge - typical slab strut. 

l!:J n 
1 2 

n 
3 

n 
4 

n 
5 

n 
6 

B 

n 
7 

deep (see Figs . 12 and 13), and 
weighs 49 tons ( 45 t). Within each 
segment, prestressed tie rods intersect 
in the center of the top slab and ex­
tend to the lower comers of the box 
section. These rods were concreted 
before the production of the segments 
and were placed in the reinforcing 
cage as precast concrete members. 
The tie rods func tion in the typical 
segments by transferring the force 
from the stays into the lower comers 
of the box section. 

Typical segments of the Vrsovice 
Bridge also have deviation blocks lo­
cated at the centerline of the segment 
(on the bridge axis) and a single verti­
cal strut extending from the deviation 
block to the intersection of the tie rods 
in the top slab. The vertical strut con­
sists of a steel tube filled with concrete 
which was cast simultaneously with 
the segments. 

Pier Segments 

Pier segments for both bridges have 
the same dimensions as typical seg-

t 26.40 t 4 X 135 .20 44.00 101 .20 48.40 

part A 

part B 

external cable 
18 $ 0 .6" strands 

external cable 
._=--- 18 $ 0.6" strands 

-------------------· 

internal cables ~ ~------------. 

~--[-~_:" __ ~_P-9.:.?~-~:~~~~----------~ ~----------------------+ 

Fig. 18. Vrsovice Bridge - layout of the external cables. 
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The overhangs consist of pre­
cast concrete slab struts, rein­
forced by ribs at the edges (see 
Figs. 16 and 17), and a cast-in­
place concrete deck slab. 

ments but are strengthened to 
accommodate the transfer of 
larger forces. Pier segments 
of the Elbe River Bridge are 
solid concrete diaphragms, 
with manhole openings to 
permit passage for inspection 
and maintenance (see Fig. 14). 
The 17 5 ton ( 160 t) weight 
of these pier segments was 
greater than the capacity of 
the available transport equip­
ment. To facilitate erection, 
each pier segment was match­
cast in three parts; the three 
sections were then trans-

Fig. 19. Vrsovice Bridge -testing of the external cables. 

During construction, the 
precast concrete struts serve 
as partial formwork for cast­
ing the deck overhangs; once 
the struts are cast monolithic 
with the deck slab, they sup­
port it. The struts , which 
weigh 8.8 tons (8 t) each, are 
3.15 in. (80 mrn) shorter than 
the segment and are connected 

ported to the bridge site and connected 
together by epoxy resin. Each pier 
segment is supported on four bearings 
beneath the diaphragm, with one situ­
ated at each web and two placed di­
rectly under the pylon. 

Because the Vrsovice Bridge crosses 
over a high density railroad switching 
yard, mainline railroad tracks and 
several busy city streets, very slender 
piers were required in the design . 
Therefore, the pier segments for this 
bridge have a wide central concrete 
web and diagonal steel tube struts 
which extend from the upper comers 
of the box section to the bottom of the 

a) 

web directly above the bearings (see 
Figs. 10 and 15). The steel tube struts 
are filled with concrete which was cast 
simultaneously with the segments. To 
enable these pier segments to be easily 
transported, they were cast in two 
parts and later connected by epoxy 
resin after being transported to the 
bridge site and hoisted into place. 

Overhangs 

The decks on both bridges were wid­
ened by constructing concrete over­
hangs extending 32.5 or 26.1 ft (9.90 or 
7.97 m) from each side of the girder. 

b) 

S=W/sina 

to the spine by an epoxy resin­
filled joint (see Fig. 16). Continuity be­
tween the spine girder and the over­
hangs is achieved by prestressing and 
by lapped splices of reinforcing bars. 

Internal Tendons 

The decks of both bridges are pre­
stressed longitudinally and transver­
sally by internal tendons of six 0.6 in. 
(15 mrn) diameter strands. Transverse 
internal tendons are nearly uniformly 
distributed throughout the top slab of 
the deck. 

Longitudinal internal tendons are 
situated in the upper and lower slab of 

n Pv=PxsinP 

_A: 

p 

DL 

Fig. 20. Static effects in the deck due to dead load, forces in the stays and of prestressing: (a) Elbe River Bridge and 
(b) Vrsovice Bridge. 
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Fig. 21 . Elbe River Bridge - erection of the pylon. 
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Fig. 22. Strain in the deck due to dead load, forces in the stays and of 
prestressing : (a) box girder spine and (b) cast-in-place roadway slab. 
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the box girder and are uniformly dis­
tributed along the width of the deck 
(see Fig. 12). In addition to prestress­
ing the structure, these tendons are de­
signed to serve the same function as 
continuity reinforcing steel in joints in 
cases of accidental overloading. 

External Tendons 
of the Vrsovice Bridge 

In addition to the internal tendons, 
the deck of the Vrsovice Bridge is also 
post-tensioned by draped external ten­
dons (see Fig. 18). Throughout the 
box girder of the Vrsovice Bridge, 
short external tendons are anchored in 
blocks at the bottom slab, deviated 
near the top of the pier diaphragms 
and anchored again in blocks at the 
next bottom slab (see Fig. 19). 

At the blocks, the short external ten­
dons overlap (or are linked) with the 
straight internal tendons of the bottom 
slab. The approach spans are also pro­
vided with long continuous external 
tendons which are anchored in a pier 
diaphragm, deviated in blocks situated 
on the bottom slab and anchored again 
at the next pier diaphragm. 

DISCUSSION OF 
DESIGN ASPECTS 

The stay cables of both bridges 
were arranged in such a way that the 
vertical component of each stay bal­
ances that part of the dead load which 
acts between two stays. On that non­
suspended portion of the girder be­
tween the two stays nearest the pylon, 
the dead load is acting on two sym­
metrical cantilever segments extend­
ing outward from the pylon. 

In these cantilever segments, the 
bending moment due to the dead load 
is balanced by straight internal pre­
stressing tendons placed in both the 
top and bottom slabs of the box girder 
spine (see Fig. 20a). However, it was 
still necessary to transfer the shear 
forces to the bearings . In the Elbe 
River Bridge, these shear forces were 
transferred by strengthening the webs 
of the segments near the pylon by in­
creasing the web thickness. 

In terms of torsion, the Vrsovice 
Bridge was designed as three long sec­
tions which produce much larger shear 
stresses. The slender piers required for 
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Fig. 23. Equivalent prestressing load in the curved deck: (a) cross section, (b) elevation and (c) plan. 
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Fig. 24. Static modeling of the external cables: (a) for post­
tensioning and (b) for service. 
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Fig. 25. Elbe River Bridge - reinforcing steel of a typical 
segment in the wooden template. 
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a) 

~ 
the location made the heavy solid di­
aphragm pier segments of the Elbe 
River Bridge impractical. Thus, an al­
ternative design strategy was to use 
draped external tendons whjch act in a 
way simi lar to the stay cables - they 
function to balance not only bending 
moments but also shear forces due to 
the dead load (see Fig. 20b). 

b) 

Fig. 26. Elbe River Bridge- Construction sequences: (a) erection of the side 
spans and the left cantilever of the main span and (b) erection of the right 
cantilever of the main span. 

The short draped external tendons 
allow large shear forces to be trans­
ferred from the segment webs directly 
into the wide central web of the pier 
segment supported by the bearings. 
The vertical component of the pre­
stressing force is transferred from the 

Fig. 27. Elbe River Bridge- erection of a typical segment of 
the side span. 

Fig. 28. Elbe River Bridge- turning of a typical segment of 
the main span. 
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Fig. 29. Elbe River Bridge - lowering of a typical segment of 
the main span. 

Fig. 30. Elbe River Bridge - erection of a segment of the 
right cantilever of the main span . 
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Fig. 31. Elbe River Bridge- erection of a precast slab strut. 
Fig. 32. Elbe River Bridge- movable formwork for casting 
of the deck slab. 

deviators by the single, concrete-filled 
steel tube vertical strut into the inter­
section of the prestressed tie rods in 
the upper slab of the segments. The re­
duction of the shear stress in the webs 
also decreases the bending moment in 
the diaphragm at the pier segment. 
Thus, the short external tendons re­
duce the stresses in both the longitudi­
nal and transverse directions. 

The span-length draped external 
tendons were added in the approach 
spans where longitudinal and trans­
verse stresses were greater than near 
the pylon. The arrangement of these 
tendons allows them to function in the 
same way as the short external ten­
dons near the pylon. 

Pylons 

The single steel column pylons of 
constant shape are fixed into the deck. 
A central wall, positioned with the 
bridge axis, divides the pylon into two 
cells; the stay cables are anchored on 
this wall in the upper part of the pylon. 
Since the total weight of the steel 
structure exceeded the capacity of the 
available erection cranes, the pylons 
were assembled of two or three sec­
tions, respectively, and the sections 
were connected by contact joints (see 
Fig. 21). The pylons of the Elbe River 
Bridge are 6.4 x 5.6 x 91.9 ft (1.95 x 
1.70 x 28.0 m); the pylon of the Vrso­
vice Bridge is 7 .2 x 6.0 x 115 .7 ft 
(2.20 X 1.83 X 35.28 m). 

The lower part of each pylon was 
made composite by concrete infilled 
from below upwards. Since the con-

36 

Fig. 33. Elbe River Bridge - progressive assembly of the deck. 
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Fig. 34. Elbe River Bridge- erection of the closure segment. 

crete is completely enclosed in the 
steel section which maintains close to 
100 percent humidity, there is little 
shrinkage due to evaporation, and the 
concrete experiences very little creep. 

This type of pylon will maintain a 
relatively constant vertical force 
throughout the life-cycle of the struc­
ture; the design, therefore, does not re­
quire contingencies to accommodate 
long-term creep and shrinkage and the 
subsequent mitigation of long-term 
deflections and deformations. Because 

this type of pylon eliminates the need 
for these long-term contingencies, 
considerable economy is achieved in 
both design and construction . This 
pylon also facilitates rapid and pro­
gressive erection of the deck, leading 
to further economies in construction. 

Cable Stays 

The deck of the Elbe River Bridge is 
suspended on 4 x 2 L stays arranged in 
a semi-fan shape symmetrical to the 

pylon. Each stay is formed by two ca­
bles of 15 to 18 0.6 in. (15 mm) diam­
eter strands grouted in the steel tubes. 
In the case of the Vrsovice Bridge, the 
deck is suspended on 2 x 14 stays of 
similar arrangement of two cables of 
30 to 36 0.6 in. (15 mm) diameter 
strands grouted in steel tubes. 

The construction sequence was de­
signed in such a way that the steel 
tubes and the cement mortar used for 
the grouting are prestressed and act to 
transfer the stay tension due to live 
load and temperature changes . The 
strands were tensioned before grouting, 
and when the cement mortar reached 
50 percent of its strength and the clos­
ing joint of the steel tubes was welded, 
the tension in the whole stay cable was 
released. The prestressing force was so 
high that, when it was released, there 
was no residual tension in the mortar 
even under full live load. This arrange­
ment not only increases the stiffness of 
the bridges, but it also reduces the fa­
tigue stresses on the strands. 

STATICAND , 
DYNAMIC ANALYSES 

The bridges were analyzed using ad­
vanced structural theory and our own 
computer programs. This capacity en­
abled us to analyze the behavior of the 

Fig. 35. Vrsovice Bridge- Construction sequences: (a) erection of the side spans over the railway, (b) erection of the main 
span and (c) erection of the approach spans. 
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Fig. 36. Vrsovice Bridge- erection of the side spans over the railway. 

structures during erection and under 
service loads, and also to predict their 
geometrical and physical nonlinear 
characteristics. Both two-dimensional 

and three-dimensional analytic models 
were developed for the structures; the 
three-dimensional analytic model s 
were assembled from both bar and 

Fig. 37. Vrsovice Bridge- erection of the main span. 
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plate elements. The results of the anal­
yses were verified on epoxy models. 
Details of anchoring of the stay and 
external cables were verified on full­
scale concrete models. 

For the time-dependent analysis, a 
new computer program was developed8 

which expresses the influence of dif­
ferent ages of concrete members in 
both the longitudinal and transverse di­
rections of the structure. This program 
allowed us to determine the level of 
prestressing of a segment cross section 
of the spine box girder and of the seg­
ment overhang. By determining similar 
curves between the precast and the 
cast-in-place concrete elements, it was 
possible to minimize the redistribution 
of forces caused by their different ages. 

Fig. 22 illustrates that when the 
level of prestressing of the cross sec­
tion of the spine box girder and of the 
overhang are 1450 and 435 psi (10 and 
3 MPa), respectively, and the differ­
ence in age of the concretes is six 
months, the strain in both segments is 
constant in time. By maintaining this 
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Fig. 38. Vrsovice Bridge -erection of steel tubes of the stay cables. 
Fig. 39. Vrsovice Bridge- erection of a 
segment of the approach spans. 

interval in casting of the precast con­
crete segments and the cast-in-place 
overhangs, there is no redistribution of 
internal forces in the deck after it is 
constructed. 

Careful attention was given to the 
analysis of the influence of the exter-

nal tendons , especially in the plan cur­
vature of the approach spans. Whereas 
the internal tendons in the plan projec­
tion load the structure by uniform ra­
dial forces that cause pure compres­
sion, the external tendons load the 
structure by concentrated forces in the 

Fig. 40. Vrsovice Bridge - progressive assembly of the deck. 
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deviators (see Fig. 23). Since the cen­
troid of the external tendons does not 
coincide with the axis of the girder, 
additional stresses are produced. Also, 
the external tendons directly load the 
bottom slab but do not load the webs. 

The modeling technique to deter-
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mine the effect of the external tendons 
was this: Each tendon was modeled as 
a bar extending from one deviator to 
another and each bar was assigned 
zero stiffness during its post-tension­
ing (see Fig. 24). After post-tension­
ing , the values of the actual stiff­
nesses were determined and added to 
the stiffness of the structure. In this 
way, it was possible to describe the 
actual behavior of the external ten­
dons under service load. The ultimate 
capacity of the structures was verified 
by the computer program developed 
at the Technical University of Brno9 

on the basis of the theory published in 
Ref. 10. 

CONSTRUCTION 
PROCEDURE 

The span segments were match-cast 
in two steel forms, using the long-line 
method for the Elbe River Bridge and 
the short-line method for the Vrsovice 
Bridge. A wooden template was used 
to assemble the mild steel reinforce­
ment and the concrete tie rods which 
had been cast in advance (see Fig. 25). 
For the Vrsovice Bridge, the assembly 

included the steel tube vertical struts 
in typical non-suspension segments 
and the diagonal steel tube struts for 
the pier segments which were cast si­
multaneously with the segments. 

Erection of the 
Elbe River Bridge 

The side span segments of the Elbe 
River Bridge were erected in two pro­
gressive cantilevers from the abut­
ments by a portal crane moving on 
tracks placed on trusses alongside the 
assembled segments (see Figs. 26 and 
27). The static load effects in the 
erected cantilevers were reduced by 
temporary supports. 

After epoxy resin was applied, each 
segment was first connected to the 
previously erected structure by post­
tensioning nine prestressing bars uni­
formly distributed along the section. 
These post-tensioned bars caused uni­
form compression in the joint between 
the erected segment and the cantilever 
and held the segment until the longitu­
dinal tendons anchored in the blisters 
of the upper and lower deck slab were 
tensioned. 

Fig. 42. Typical section of the structure studied. 
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In the second stage, a truck crane 
erected the steel pylon and its lower 
part was concreted (see Fig. 21). To 
erect the middle span, each segment 
was placed on the self-propelled truck 
and transported to the special erection 
crane. The crane shifted the segment 
in front of the face of the assembled 
structure and turned it (see Fig. 28). 
After the epoxy resin was applied, the 
segment was lowered (see Figs. 29 
and 30) and connected to the erected 
structure by post-tensioning of the pre­
stressing bars and cables. 

The erection of the stay cables fol­
lowed two segments behind the erec­
tion of the segments of the main span. 
After the stay cables were assembled on 
the previously erected side spans, they 
were shifted along the deck to erection 
position, where they were suspended on 
electric hoists and lifted to design posi­
tion. The lower end of each cable was 
inserted into the deck, the other end 
was anchored in the pylon and the cable 
was then tensioned from inside the 
deck. Cables were tensioned simultane­
ously in pairs symmetrical to the pylon. 

The overhangs of the side spans 
were constructed at the same time as 
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the box girder segments of the mid­
dle span were being erected. Before 
they were hoisted into place, the 
deck slab end of the precast struts 
were fitted with prestressing bars 
(see Fig. 11). These assemblies, look­
ing very much like wings, were 
erected in sets of 2 x 5 from the piers 
on both sides of the pylon , using a 
truck crane located either on the 
ground or on the deck (see Fig. 31). 

The lower ends of the struts were 
positioned onto the support ledge of 
the spine box girder and the prestress­
ing bars were inserted into the holes in 
the top slab of the girder. The struts 
were positioned by adjusting the bars. 
Moveable formwork was designed for 
casting the deck slab. Two temporary 
tracks were laid on the top of the struts 
and the formwork was placed on the 
tracks (see Fig. 32). When the deck 
concrete was poured, in sections of 
36.1 ft (11 m), that portion of the over­
hang was completed and the formwork 
was pushed on the tracks to the next 
position, locked into place, and a new 
casting commenced (see Fig. 33). 

After all the segments were erected 
(see Fig. 34), the middle joint with the 
last section of the overhangs was con­
creted and post-tensioned. Then the 
forces in the stay cables were adjusted. 

Erection of the 
Vrsovice Bridge 

The Vrsovice Bridge was erected by 
a cantilever method of construction 
proceeding from Abutment 10 to Abut­
ment 1 using a construction sequence 
similar to that used for the main span 
of the Elbe River Bridge (see Fig. 35). 
A portal crane advancing on tracks on 
both sides of the structure was used to 
erect the span from Abutment 10. All 
other spans were erected using an erec­
tion crane situated on the face of the 
erected cantilever. 

A temporary pylon (see Fig. 36) was 
used near Pier 9 to support the two ad­
joining spans while the steel pylon was 
erected at Pier 8 and its composite con­
crete portion was cast. Once the steel 
pylon was in place, as the next span 
advanced (see Fig. 37), the stay cables 
were erected in symmetrical pairs and 
tensioned using a system similar to that 
used for the Sunshine Skyway Bridge 
in Florida4 (see Fig. 38). 
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Fig. 43. Erection of the main span. 

The span between the pylon and 
Pier 7 is not only much longer than the 
other spans, but it was constructed 
over heavy surface traffic. To increase 
the safety of construction, the stability 
of the structure was increased by tem­
porarily anchoring the constructed 
portion to Piers 9 and 10, and balanc­
ing the advancing cantilever by plac-

Fig. 44. Erection of the approach spans. 

ing the struts on the completed spans 
on the other side of the pylon. 

The approach spans were erected 
after the main spans were completed 
(see Figs. 39 and 40). Due to the plan 
curvature, the approach spans were 
erected using temporary supports -
two for each span. The struts and cast­
in-place overhangs were erected in the 
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same way as those of the Elbe River 
Bridge. During the erection of the 
spine box girder, only internal and 
non-continuous external tendons were 
post-tensioned. After the overhangs 
were cast, the remaining external ten­
dons were post-tensioned. During 
erection of both bridges, the segments 
were weighed . Subsequently , the 
forces in the stay cables were adjusted 
in accordance with the actual weight 
of the segments supported. The forces 
in the stay cables were monitored dur­
ing erection of the bridges and under 
service load. After the bridges were 
completed, detailed static and dynamic 
loading tests were performed. 

FURTHER APPLICATIONS 
The differences between the design 

of the Elbe River Bridge and that of 
the Vrsovice Bridge were not simply 
localized solutions to the specific re­
quirements of the particular sites. 
While circumstance directs design , 
there emerges from these two designs 
an approach, or design philosophy, to 
the design of precast, prestressed con­
crete cable-stayed bridge decks. These 
design ideas have been refined and 
further developed in some recent and 
proposed bridge projects. 

A third bridge, similar in type to the 
two bridges described here, was de­
signed for a crossing of the Ohre River. 
The bridge was of somewhat larger 
scale than these two bridges, having a 
total length of 2988 ft (910.80 m) with 
a main span of 554.5 ft (169.00 m). Un­
fortunately, realization of this bridge 
awaits the improvement of economic 
conditions in the Czech Republic. 

In a design study of a bridge using a 
similar deck, we studied the possibil­
ity of suspending the deck on a low 
pylon and substituting a low concrete 
wall for the stay cables (see Fig. 41). 
By adjusting the area to compensate 
for the reduced angle of the support, 
our calculations indicated that such a 
structure could have the same stiffness 
as the high pylon supported bridges . 
This type of structure could easily be 
used where, for reasons of aesthetics, 
a high pylon is undesirable. 

In Europe, the deck slab of precast 
concrete segmental bridges is usually 
protected by a waterproofing mem-
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brane and an overlay. The design phi­
losophy for bridges in the United States 
is quite different, especially in regions 
with severe winter weather where deic­
ing salt is used. Instead of using a pro­
tective membrane, the deck is often de­
signed as a replaceable composite con­
crete slab. The author believes that the 
lack of a replaceable concrete deck on 
segmental bridges is the main design 
factor preventing further applications 
of segmental technology. 

Some designers have proposed de­
signs in which, according to them, it is 
possible to replace the roadway slab. 11 

However, it would be rather difficult 
to accomplish the task following their 
procedures. During the replacement 
operations proposed, after the removal 
of the deck, the post-tensioning of the 
whole cross section is transferred into 
the part remaining, which is loaded 
not only by higher compression, but 
also by additional bending. After cast­
ing the new deck slab, the additional 
post-tensioning is, due to creep of the 
concrete, also transferred into the old 
concrete. 

As a member of the engineering de­
sign staff of T.Y. Lin International, 
San Francisco, California, the author 
completed a design study of a segmen­
tal structure in which the cast-in-place 
composite top slab can be easily re­
placed without significant effects on 
the structure (see Fig. 42). The design 
is based on the deck type described 
previously for cable-stayed bridges . 
The deck is formed by a precast spine 
box girder which, after erection into 
position, is widened by a cast-in-place 
roadway slab . The overhang of the 
slab is supported by precast concrete 
struts stiffened by ribs. 

Alternatively, the struts and ribs 
could be precast with the spine girder 
and erected as one unit. The trape­
zoidal one-cell spine girder is de­
signed so that its top width allows 
the placement of erection cranes (see 
Figs. 43 and 44) as well as the casting 
of a top roadway slab corresponding 
in width to the whole roadway. 

The inclined webs of the trapezoidal 
segment combine the function of the 
webs and the tie rods of the Czech 
bridges, transferring the force from the 
stays into the bottom corners of the 
cross section. The segment has the 

sufficient torsional stiffness necessary 
for erection or for transferring the tor­
sion due to live load in the approach 
spans. This torsional stiffness can be 
increased by casting the joints be­
tween the struts in larger spans. 

Following the design solution of the 
Vrsovice Bridge deck, the structure is 
post-tensioned in two stages. After the 
segments of the spine girder are erected, 
they are post-tensioned; when the road­
way slab is cast, the whole structure is 
additionally prestressed by post-tension­
ing the external tendons and by adjust­
ing the forces in the stay cables. Thus, it 
is possible to replace a damaged road­
way slab simply by demolishing and re­
moving it, and casting a new roadway 
slab. The whole structure is then post­
tensioned in the same way as when the 
original roadway slab was cast - by 
adjusting the forces in the stay cables or 
external tendons - without incurring 
significant additional effects. 

CONCLUSION 
The successful completion of con­

structed bridges and design studies 
described herein illustrate the devel­
opment of an approach to the design 
of cable-stayed bridge decks that may 
be appropriate to a wide range of bridge 
structures and sites. They are presented 
not only as structures which fulfill 
certain goals, but also as means of ex­
panding the applications of concrete 
segmental construction as well as 
cable-stayed bridge technology. 
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