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BEAUTY VIA TECHNOLOGY

T. Y. LIN

Technology has always been used by engineers simply to help achieve purposes and serve
functions with little regard for beauty. But modern technology has now developed to a point
whereby it can create beautiful structures for bridges and buildings undreamed of once upon a
time. Centuries ago, Architect-Engineers did build monumental churches and lofty pagodas
without modern technology. Many were great works of art done without science or engineering.
Recently, engineers began to realize the tremendous esthetic potential which technology has
brought to the construction of long span * structures with various forms attaining new beauty and

glory, while heavy live loads, and resisting undetermined forces of nature.

This paper is intended to show the beginning and the future reaches of modern technology,
emphasizing its ability to create new space and forms unfounded in structures of the old days.
Such technology essentially consists of the employment of new materials, new equipment,
methods of construction, and of analysis. It is now possible to conceive new forms and dimen-
sions previously impossible, because we do have high strength steel and concrete, methods of
prefabrication and the ability to transport heavy pieces up to several thousand tons. But, may I
emphasize, particularly, the use of computer programs to analyze highly-complicated and inde-
terminate assemblies, subjected to unexpected stresses and strains. To prove this point, some
examples of creative arch designs by the author and his colleagues are presented herewith, to

illustrate the structural esthetics made possible by technology.

Figure 1 Three 20 m
concrete arch spans,
Cheng-Yu Railroad
Bridge, China, 1938
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An example of ancient arch construction with the trusts resisted by abutments at the two ends
and heavy piers in-between is shown in F igure 1. This bridge was designed by the author and
built in 1938 for the Cheng-Yu Railroad in the interior of China. It was limited by the shortage of
materials resisting tension and no ties were employed.

Figure 3 shows two arches meeting over a pier of a three-span continuous steel arch bridge,
with a center span of 180 m, which employed ties along the roadway level, located at the
mid-depth of the arches. These ties also served to resist the major portion of bending moments
produced by the highway loading, so the arch itself was made very thin. Note that there are no

cross-bracing connecting the two parallel archribs, again accentuating the arch form.

Figure 2 Moscone
Convention Center,

San Francisco, CA,

USA, 1980

Figure 3 Kwang-Du|
Highway Bridge,
Taipei, Taiwan, 1982

The resistance to unbalanced live loading is an interesting problem, with the structure being
statically indeterminate to the hundreds of degrees. The entire bridge, consisting of three center
spans plus two short spans, was welded in three segments, with each segment 150 m to 230 m

long mounted on barges and floated to sit on top of the piers.

e D



The steel arch High Bridge over the Mississippi River, shown in Figure 4, joins Minneapolis
with St. Paul, Minnesota. Here the ties are placed along the top deck. Thus the 150 m center
arch span is flanked with two half-spans. This gives a smooth force flow to the assembly, since
the flanking half arches join naturally into the straight approach spans. The ties are made of

post-tensioned cables which were also utilized during erection to handle segments of the arches.

Figure 4  High
Bridge over the
Mississippi  River,
Minneapolis - St.
Paul, USA, 1983

The Bi-Tan Bridge in Taiwan was designed after the High Bridge, also with post-tensioned
ties along the top deck(Figure 5) . It went a step further by omitting all the spandrel columns
between the arch ribs and the deck, achieving a neat arch layout. Draping the cables within the
deck enables it to span the distance without any spandrel columns. This bridge has two parallel

structures, each carrying four lanes of expressway traffic.

Figure 5 Bi-Tan
Highway Bridge,
Taiwan, 1995

Tuming an entire arch plane away from its vertical position to lie on a horizontal plane changes
an arch into an arc. This is achieved in the case of the Ruck-A-Chucky Bridge, Front Cover,
which spans 400 m on a horizontal arc of 50° across a deep gorge so as to run along the hillside
contours, thus getting rid of two curved approach tunnels otherwise require for that crossing.

e 3.



.

(B

LT

i ié!nq,.\

Figure 6 Arc Bridge
to span 400 m on a
plane, supported by
4  columns, con-
ceived 1985

By spreading the stay-cables along the hillsides, it is possible to direct the axial force along

the deck to follow its curvature, thus producing no moment or shear, right or left, up or down.

Alihough the cable formations were determined to scientific criteria with little attention to aes-

thetics, the sweeping fan curvature approached that of a hyperbolic-paraboloid surface, and looks

pleasing to the eye.

Figure 7

o 4 .

Safti Bridge, Singapore, 1995

As a follow-up of the above arc design,
architectural consultant Myron Goldsmith
raised the question of whether such a curved
bridge could be designed and constructed on
a plane, although there was no apparent
reason to need one like that. The result was a
layout using four upright piers and a beautiful
cable arrangement (Figure 6). This form was
later successfully adapted to the SAFTI
Bridge in Singapore, as shown in Figure 7.

Having flipped the arch to 90° on its
side in the above two cases, the Rio Colorado
Bridge, San Jose, Costa Rica demonstrated
that it can also be turned 180°, upside
down, as shown in Figure 8. It was built
similarly to a suspension bridge, but it acts
like an arch afier additional post-tensioning
cables along the arch produced compression
that it can carry live load moments by re-
leasing some of the precompression between

the segments.



Figure 8 The 146 m
span Rio Colorado
Bridge, San Jose,
Costa Rica, 1972

A further advance took place in extending the arch into the third dimension. Two examples
are shown here, both for large stadia whose architectural layout demanded such shapes. With
modern techniques, any concept that looks good and suitable for the environment can be de-

signed, analyzed, and constructed rationally.

The Arizona State Coliseum at Phoenix (Figure 9) shows a hyperbolic-paraboloid roof covering
a circular area of 120 m diameter, with the compression ring galloping up and down along the
periphery. The roof cables sag along one direction and humps along the other direction, both
post-tensioned to serve as ties for the circular arch. Construction problems were solved by pre-
casting upside down bath tube 3 m square, having a slab thickness of only 7 cm with four edges

30 cm deep.

Figure 9 Model for
the Arizona State
Coliseum, Phoenix,

AZ, USA, 1965




The Shah Alurn Stadium, Kuala Lutumpur, Malaysia as shown in Figure 10, is 300 m in
diameter and seats over 80,000. The intention was to have all seats under cover, leaving the
playing field exposed to wind and rain. The high-strength steel roofs also form two arch surfaces
spanning almost 300 m and cantilevering in the radial direction. The roof dynamic behavior under
wind was tested in a tunnel. Thus, modern technology further development of unusual structural

systems to meet new environmental and architectural challenges.

Figure 10  Shah
Alurn Stadium,
Kuala Lutumpur,
Malaysia, 1995

With modern materials and techniques, engineers can develop new concepts to serve specified
functions and to cover large spaces.

We are entering a new world where engineers can lead in the development of beautiful con-
cepts and structures. We give challenge to the Chi Epsilon members of the Civil/ Structural

Engineering profession to carry on.

Note: This article is based on another entitled “Arch as Architecture” appearing in IABSE’ s
Structural Engineering International, Feb. 1996 issue, pp. 84-87.

(AXRKRRBREAHREHDERE LG H AR BAHGIRE, 1998 £ 9 A i3
XA 1 AXHFH, FEAEXLAAFRIEE, )



ARELTARIBHHRERE
New Developments in Modemn Civil Engineering

FH—ubar  EEmRE

BT EHIRME R
The state-of-art of concrete structures and
the prediction of developments

AaR¥E TX4Y
Southeast University Ding Dajun

R OE AXHEERTEME BATE SRS GEFFMERU K TEMRIR. Elk
HA F RS R B, BRSO T R A5 H B RUHT LA R BB L4 b ok & R 8 L 4510
NMARBREFEHTHN, BREESRBEPREEAFERSS,

Abstract This paper presents firstly the state-of-art of engineering materials, building engineering, special
structures, roads and bridges and tunnels, as well as hydraulic siructures. On understanding the recent situa-
tions, the predictions of possible developments in the near future are suggested in the enlargement of structure
scales, the exploitation of new materials, the innovation of structures and the application developments of
concrete structures in preventing and resisting various disasters, etc. Finally, in concluding remarks, seven
personal opinions of the author are put forward, including two conceptions of structural design for reference.
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