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Distribution of Wheel Loads on Highway Bridges
Wallace W. SANDERS, Jr.
Prof. Dr.

lowa State University
Ames, |A, USA

The current criteria for the distribution of wheel loads in the U.S. bridge
specifications have been undergoing change and expansion for over 50 years.
The changes have primarily been introduced as modifications for a specific
bridge type or condition with variations in the factors considered. As a
result, the approach to the criteria has varied and resulted in inconsistencies
in the codes. There now is a need for a complete review of load distribution
in bridges recognizing a consistent approach to all bridge types and the
availability of high speed computation.

There are a number of methods of analysis that can be used to develop load
distribution behavior. These methods include: orthotropic plate, finite
element or strip, grillage analogy, folded plate, influence surfaces. Using
the selected methods, the effects of aspect ratio, bridge stiffness parameter,
edge effects, load position, skew, continuity and diaphragms need to be
evaluated for the broad types of bridges.

This study is needed and should result in a consistent criteria format
based on similar parameters. It should consider all factors which affect
behavior. The option should be available and encouraged to use one of the
theories for complex structures, while providing a simple format for simple

bridges.
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Interaction Analysis of Asymmetric Sway Frames

H. SCHOLZ

Senior Lecturer

Univ. of the Witwatersrand
Johannesburg, Rep. South Africa

A novel method is presented for the approximate three-dimensional analysis of asymmetric sway frames
subjected to torsional loading causing P-Delta effects.
The two most significant aspects of the new procedure are:
1. That actual structures need not individually be analysed on a rigorous elastic-plastic basis
but by using their elastic buckling load and rigid plastic collapse load as reference parameters
i e similar to the conventional in-plane analysis of single columns without the need for iterations.

2. That the proposed method can be used on a story-by-story basis for multi-story structures, thereby
greatly reducing the number of variables compared with an investigation of the full frame. The
load factor of the weakest story is then taken as the load factor applicable to the entire frame-
work. More details and the principles of the new analysis technique are given in Refs.l1-4.

The technique is suitable for three-dimensional frame structures made up of intersecting rectangular
grids, ignoring local and torsional buckling of the members and disregarding their torsion and warping
resistances.

The fundamental assumptions can be summarised as follows:

1. Any given frame structure can be grouped into a unique family of frames.

2. Bach family of frames can be represented by a specific curve in a multicurve interaction graph.

3. The significant frames within a particular family of frames are a frame unaffected by P-Delta
effects for which the failure load is equal to its rigid-plastic collapse load and a frame that
falls completely elastically, 1 e failure is related to elastic buckling. The latter frame is
termed the "limiting frame” of the frame family.

4. Between the two significant frames other frames can be located on the failure curve by reference
to thelr ratio of elastic buckling load to rigid-plastic collapse load.

The presence of torsion is recognised by examining rigid-plastic collapse modes and elastic buckling
modes in both directions of the rectangqular frame grid and by elastically distributing the total
applied lateral load to the individual frames on the grid when it comes to defining the geometry of
the "limiting frame". The parameter (0,4P_/P_), of the "limiting frame" is used to select the re-
levant curve from the multicurve diagram. "The actual structure is then located on that curve by its
ratio 0'4PC/pP'

The establishment of the "limiting frame" is thus of prime importance when obtaining the failure load
from the interaction graph. In its simplest format the ratio (0’4PC/PP)L of the "limiting frame" can

be found from the equivalent ratio applicable to the actual structure, 1e 0,4PC/PP, by using
Eq.(1) which is derived by equating elastic failure and first yield.
0,4P_, . 0,4P_ 2Zf
5 == R Eq. (1)
P L P

To solve Eq.(1) the actual structure is subjected to loading of the same configuration as the
factored applied lcad but in magnitude related to the elastic buckling load of the frame. The para-
meter Z is the elastic section modulus, M=ssecond-order elastic moment, f_=stress at onset of yield.
The factor R recognises that the reduction to the fully-plastic moment capacity of column sections
due to axial load and bi-axial bending may be different for the actual and the "limiting frame".

The value R can often be estimated, however, R=1 will mostly give satisfactory results. For the
structure under consideration the lowest ratio (0'4PC/PP)L is significant.

The presented method compares well with experimental and rigorous analytical results. A single-
story . model framework subjected to torsion was recently tested by the author. The experimental
failure load exceeded the predicted value by less then three per cent.

The shown multi-story structure is similar to a framework previously analysed by Eibbard and Adams(S).
The lowest story load factor for proportionate vertical and horizontal loading is found as 0,95.

REFERENCES
1. Scholz, B "Evolution of an approx. analysis technique for unbraced steel frames", to be
published in The Civil Engineer in South Africa

2. Scholz, B "Simplified interaction method for sway frames", Journal of Structural Division,
ASCE, Vol 110, No.S, May 1984, pp992-1007

3. Schélz, H "A new multi-curve interaction method for the analysis of steel sway frames"”,
Proc.3rd Intern.Colloquium on Stability of Metal Structures, Toronto, May 1983,

pp431-448

4. Scholz, H "Interaction analysis of asymmetric sway subassemblages”, to be published in
Journal of Structural Division, ASCE, Vol.110, No.10, Oct.1984

5. Hibbard JR, Adams PF "Subassemblage technique for asymmetric structures", Journal of Structural
Division, ASCE, Vol.99, ST11, Nov.1983, pp 2259-2268



[NO TORSION]

EXPERIMENT

[NO TORSION]

ANALYSIS

03Pp

[INTERACTION GRAPH]|

1

QBE”

INTERACTION ANALYSIS OF ASYMMETRIC SWAY FRAMES

EXPERIMENT

TORSION

ANALYSIS

["Lf 685
06 sl Pp
B I.El
R 04 P & Aé :;L ,\?GSET
ol b 02 i PL.COLL.LOAD
”%Ql"ric ACTUAL FR. - s | ¢ INX:PrBION &gy )
B
00 02 o4 6 08 10 =
Pe/04 PC
[STORY-BY-STORY ANALYSIS| 4
ECCENTRI Cf% g Lig)l‘g FAFE
& PcIPp[PE
PLAN o > ? 18 EL.BUCKL. LOAD Py
e r LOA ,
g LOAD 780 N IN X: Pe=8306N L7, P.:"l‘-‘rl / ] heloiogms PLAN INY: Re2077 N L%y | --,—§=1Ia
s A 04y /? TLOAD i) S B
= e $0121 > ~
e 0 VA B b ) M iimaes il
60C & 5 M379NM ? = 60 7T 0.2 P
2r 7 ‘
¢ 035016 855 NM
0 /
200 - T & 6 il i 20(
LIMIT. FRAME | = [04 ) LIMIT. FRAME
i MM ANALYSIS _z‘:_’XHLO.A7 ? 26[135015 / MM ANALYSIS
J frat s
0 HSWAY o B o o
0 10 30 7 X-DIR 4 ] 2116095 0 20 40 60 xDR
: - [FAILURE_LOAD P 4 (e TR e or el it «  [FAILURE LOAD Pg+668 N] .

S431S0d — |

1801



1082 | — POSTERS

Vibration Control of Stiffening Arch Bridge

Hideyuki HONDA Tameo KOBORI
Dr. Eng., Assoc. Prof. Dr. Eng., Prof.
Kanazawa Inst. of Tech. Kanazawa University
Ishikawa, Japan Kanazawa, Japan

A variety of technical problems related to highway bridges have been point
out, because an increasing number of heavy trucks are seen on nation's highway
in recent years, and the method of reinforcement of bridges has become the
center of wide interest. In the reinforcement of bridges, it is necessary to
consider the serviceability of bridges not only in terms of statistical and
dynamical problems, but also the vibration felt by pedestrians,

In this paper, a particular stiffening arch bridge (Lohse girder bridge),
which holds these problems described above, 1is considered as case study. The
method of reinforcement is investigated by the insertion of diagonal hangers.
In order to find out the most efficient of reinforcement on this bridge, a
statistical inference method (a design of experiments) is applied to this
study. In this method, the evalution of vibration control is investigated. It
is considered that the acceleration corresponds to the magnitude of vibration
on the bridge and the velocity corresponds to the vibration felt by a
pedestrian. Each effective value of the response acceleration and velocity is
calculated by dynamic analysis of nonstationary response of the bridge with
inserted diagonal hangers under a moving heavy vehicle, and the optimum
combination of diagonal hangers is estimated from these effective values. The
effect of insertion of the estimated optimum combination on the serviceability
of this bridge based on the vibration sensibility of pedestrian, and the
statistical and dynamic problems is investigated.

Using the calculated results described above, and taking aesthetic point into
consideration, actual construction was done to reinforce the bridge. Before
and after testing was done to determine the effect of the insertion of the
diagonal hangers. From the measurd results of this field test, it could be
seen that these results beared out the predictions of the analytical study.

The major conclusions of this study can be summarized as follows:

(1) The load carrying capacity of the stiffening girder increases
because the applied load is disersed by these diagonal hangers.

(2) The excitation of the first asymmetric vibration is eliminated
because the vibration mode is changed by the alteration of the
bridge structure system and the natural frequency increases.

(3) The serviceability of this bridge is improved because the vibration
felt by the pedestrian decreases.

Finally, from the results of this analytical study and field test, it is
recognized that the method of reinforcement using diagonal hangers is a
successfull way for vibration control in the stiffening arch bridge.
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Steel Bridge Girders, Cost Optimization

G. HAAS and Klaus H. OSTENFELD
Cowiconsult

Consulting Engineers and Planners
Virum, Denmark

The steel box girder for the 3.3 km long bridge at Fare, Denmark has been made
competitive by use of unusual design and construction methods.

A considerable saving has been possible by omission of painting of internal
surfaces of the box girder, which amounts to more than 80% of the total steel
surface. The corrosion protection of these surfaces is accomplished by ventila-
tion by means of dehumidified air. The six dehumidification units represent low
initial investment and are very economical in operation, each covering 5-600 m
of bridge girder length. The external surface of the box girder to be painted
has been reduced to a minimum by choice of a special cross section shape (refer
to Faro bridge cross section below) with smooth exterior permitting an inexpen-
sive initial painting cost and low maintenance.

The girder is composed of uniform steel panels welded by automatic welding, and
a special assembly detail between exterior panels and diaphragms each 4 m has
been detailed so as to require minimum of tight tolerance control during fabri-
cation.

The box girder has been fabricated in a ship yard, all welded in full span
sections each 80 m, and erected by simple lowering directly onto the pier tops.
The girder continuity over full bridge length (1.6 km and 1.7 km) is subse-
quently established by field welding of box girders over the piers.

The bridge connection at Fare, which is part of European main highway E&4, is
presently under construction and is scheduled for completion Summer 1985.
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STEEL BRIDGE GIRDERS, COST OPTIMIZATION
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Annacis Island Bridge
P.R. TAYLOR and O.F. SIMONSEN

CBA-Buckland and Taylor
Vancouver, BC, Canada

BRIDGE DESCRIPTION

Type of Bridge: Modified Fan Cable Stayed Bridge.

Spans: 50m, 182.75m, 465m, 182.75m, 50m.

Tower Height: 154.3m above top of pilecap.

Midspan Shipping Clearance: 58.4m above High Water,

Traffic Capacity: Initially 4 lanes of highway traffic.

Design Capacity: 6 lanes of highway traffic or 4 lanes plus 2 tracks for
ALRT.

SUPERSTRUCTURE

The superstructure comprises a structural steel skeleton consisting of constant depth
twin I beams and transverse floorbeams, which supports a composite precast concrete
deck with a cast in place concrete overlay.

I beams: 2.1m deep by 18m long typically. Splices are bolted.
Floorbeams: Tapered 1.6m to 1.8m deep by 27.2m long typical.
Floorbeam spacing: 4.5m typical.

Quantity of Structural Steel: 5,600 tonnes.

Grade of Structural Steel: 350 AT Category 2. 350MPa Yield Stress Atmospheric

Corrosion Resistant Steel having a guaranteed Charpy
Impact Strength of 27 Joules at -20°C.

Precast Deck Panels: 13.5m x 4.0m x 215mm typical - weight 35 tonnes approx.
Precast Concrete Strength: 55 MPa @ 56 days.

Overlay Concrete Strength: 55 MPa @ 56 days.

CABLES

Cables are Long Lay Galvanized Bridge Strand sheathed with black polyethylene. Every
cable has a zinc filled cast steel socket at both ends. Cables terminate at tie beams
in the towers where provision is made for jacking and adjustment,

Number of Cables: 192 main cables, 8 tie down cables.

Cable lengths: 49.5m to 237.5m.

Cable diameters: 80mm to 130mm.

Wire: 7mm diameter galvanized, U.T.S. 1520 MPa.
Cable Assembly Weights: 2 tonnes to 24 tonnes.

Total Cable Weight: 1505 tonnes (excluding sockets).

Total Socket Weight: 193 tonnes.

TOWERS AND BENTS (including Pilecaps)

The towers and bents are reinforced concrete structures with provision for ductile
behaviour in earthquake.

FOUNDATIONS

A1l of the foundations rest on steel piles. In addition, densification piles were used
in the upper sands around piers N1, N2 and N3 to eliminate the possibility of
liquefaction during earthquake,

SHIP IMPACT

Piers S1 and Nl have protective surrounds, designed to withstand the impact of a 60,000
DWT vessel travelling at 12 knots.
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Hitsuishijima and Iwakurojima Bridges

H. SHIMOKAWA T. OHTA H. KANEMITSU
Counsellor Professor Director
Honshu-Shikoku Bridge Auth. Kyushu Univ., Japan Struct. Eng. Co.
Tokyo, Japan Fukuoka, Japan Tokyo, Japan

T. YAMANE S. MATSUSHITA

Chief of Constr. Div. Director

Honshu-Shikoku Bridge Auth. Tokyo Eng. Co.

Okayama, Japan Tokyo, Japan

1. THE OUTLINE OF THE PROJECT

The Hitsuishijima and Iwakurojima Bridges with four-tracks
railway(on lower deck) and four-lanes highway(on upper deck) are
situated more or less midway along the Kojima-Sakaide route
which forms the main project of the bridge activities between
Honshu and Shikoku.

In early stage of the designing of these bridges, several bridge
-types such as gerber truss(Fig. 1), cable-stayed bridge(Fig. 2)
were considered. And cable-stayed bridges of Fig. 3 and Photo. 1
were finally chosen by considering the navigative, construc-
tional and economical requirements and also from aesthetical
points of view.

Work on this project was started in Oct. 1978 with the substruc-
tures. Construction of the bridges are scheduled to be complete
in March 1988.

DESIGN CONDITION

Highway(upper deck) : Four lane Design spead: 100Km/h
Railroad(lower deck): Two ordinary lines Design spead: 120Km/h
Two Shinkansen lines Design spead: 160Km/h

SUMMARY OF THE SUPERSTRUCTURE

(1) Span length: 185+420+185m, (2) Main truss: Warren truss
with vertical members(high 13.9m, width 27.5m), (3) Cable:
Multi-stay cable system(parallel wire strand using 7mm¢ steel
wire) anchoring to HiAm sockets, (4) Tower: Rigid steel frame
type(height 136m), which has image of Japanese traditional form
such as Japanese Helmet, (5) Shoe: Spring shoes(Fig. 6) with
corned disc springs(Photo. 2)(700mmO.D., 350mmI.D., 32mmT) are
installed at the truss ends to control the longitudinal deforma-
tion response due to earthquake, (6) Shock absorber: Solid
rubbers are also installed on the both end piers to control the
extreme seismic ampritudes of the truss and to protect the
expansion joints of tracks, (7) Joint: Friction type joints
using high strength bolts are used to connect the truss panel
points and the pylon.
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Extreme Span Suspension Bridges — Structural Systems

Niels J. GIMSING Anders Borregaard SOQRENSEN
Professor Senior Bridge Eng.

Techn. Univ. of Denmark Cowiconsult

Lyngby, Denmark Virum, Denmark

With increasing spans the self weight of the main cables of a suspension bridge
plays a more and more dominant role in relation to the total load. Thus, it is
essential to choose a sag/span ratio near the quantatively optimized value in
order to minimize the amount of cable. This value is generally considerably
higher than the value chosen to give adequate stiffness /1/.

In general considerations regarding total cost and deflections will lead to
opposite requirements to the sag/span ratio. In the research project described
in /2/ it is shown that this effect becomes even more pronounced for extreme
spans, such as the 3000 m span investigated. Thus, the traditional way of re-
ducing the deflections through choice of a smaller sag will, in this case,
significantly affect the total economy.

The present investigation deals with the problem of improving the deformational
characteristics of suspension bridges with extreme spans by modifying the con-
ventional structural system.

The investigation shows that a system with a longitudinally fixed stiffening
girder and a central node clamping the main cable to the girder at midspan and
having a sag/span ratio of 1:9 will give the same deflection under the critical
asymmetric load as a conventional system having a sag/span ratio of 1:12. This
leads to a saving in the total amount of steel of approximately 100,000 tons
(measured as the equivalent quantity of structural steel), corresponding to
saving in the magnitude of 250 million dollars for a bridge with a 3000 m main
span. Compared to this saving, the cost of clamping the main cable appears to
be negligible.

In the investigation it is also shown that the ratio between the torsional and
the vertical frequencies will increase with increasing sag, thus improving the
registance against flutter.

The present investigation forms part of a research project on bridges with
extreme spans /2/. The project has been sponsored by the Cowi Foundation and
carried out at the Technical University of Denmark in collaboration with Cowi-
consult, Consulting Engineers and Planners, Copenhagen.

REFERENCES
/1/ Niels J. Gimsing: Cable Supported Bridges,
Concept & Design, Wiley 1983.

/2/ Niels J. Gimsing, Anders Borregaard Serensen:
Investigations into the Possibilities of Constructing
Bridges with a Free Span of 3000 m.
Report No. 168, Dept. of Structural Engineering,
Technical University of Denmark.
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Dynamic Loading of Highway Bridges; Ontario

J.R. BILLING R. GREEN

Senior Research Officer Professor

MTC Ontario Univ. of Waterloo
Downsview, ON, Canada Waterloo, ON, Canada

The Ontario Highway Bridge Design Code (OHBDC) contains provisions
for vehicle load and associated dynamic load and vibration which differ
from other codes. The provisions base the design truck load and design
lane load on load surveys carried out in Ontario. These design loads lead
to legal loads and overload control. With such carefully selected design
loads which are representative of actual traffic loads, it 1is essential
that the additional allowance for the dynamic effects of load are also
representative of actual vehicle-bridge response. The provisions for
dynamic load allowance (impact) still consider that the dynamic effects of
vehicles crossing highway bridges can be described in terms of an equiva-
lent static effect that is a fraction of the design vehicle load. The
magnitude of this effect depends upon the governing load, e.g., axle or
design truck, and may also depend upon the natural frequency of the struc-
ture rather than span length.

Few codes are based on a limit states philosophy for both design and
evaluation. Accordingly, new provisions were required for OHBDC which
represent adequately the random effects of the dynamic component of load
as typical design and evaluation vehicles traverse a span.

The results of the tests are presented and described in the context
of a design code for highway bridges. Some existing code provisions were
found unconservative for structures having a first flexural frequency
lying between 2.0 and 5.0 Hz. Calibration of the load factors for dynamic
load allowance for a reliability based 1limit states design code 1is
described (1).

In summary, the dynamic response of modern bridges to modern vehicles
is described. Provisions as to how this response might be catered for in
a design code that represents the significant mechanism of vehicle-bridge
interaction are given.

Reference
l. "Ontario Highway Bridge Design Code and Commentary"”, Highway Engineer-

ing Division, Ontario Ministry of Transportation and Communicatioms,
Downsview, Ontario, Canada, . 1983.



DYNAMIC LOADING OF HIGHWAY BRIDGES; ONTARIO

THE SITUATION

New Limit States Design Code
in Ontario (1979, Revised
1983).

Prior to 1979, Legal Loads were
greater than Design Loads, and
Observed Dynamic Effects
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were greater than Design
Effects. Existing codes
indicate wide differences in
impact values.

Dynamic effects are
superimposed on a static, crawl
deflection curve (below) so
amplifying the response to
static load. Increases from the
static value of 30 to 40 percent
are not uncommon.
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A horse and buggy can excite a
structure to a greater extent
than a heavy vehicle.

(a) Horse and buggy

§o :

gu.: (b) Heavy vehicle
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Typical field data for dynamic
amplification indicate
considerable scatter due to
variation in vehicle type and
pavement roughness. Mean
amplification tends to increase
with speed and to increase with
bridge frequency in the range 2
to 5 Hz - typical of the bounce
frequency of modern heavy
vehicles (below). The results
lend themselves to a statistical
treatment.

TS 270 kN vehicle
® Median value

Dynamuc Increment
o
b

B R L 1 L L

2 4 6
Observed Frequency (Hz)

namic load allowance is a
fraction of highway live load to
cater for dynamic effects of
vehicle & bridge, and riding
surface irregularity

DLA Values

The DLA for Ontario bridges is
given below for both the 1979
and 1983 provisions. The
envelope of observed values
scaled according to the
calibration process corresponds
to the provisions. Data obtained
in Switzerland also confirms
DLA increase inthe 2 to 5 Hz
range

Load Value
Axle/wheel - 0.40
Two or more axles 0.30
(span less than 22 m)

Truck - 040to 020
(A function of frequency)

Lane load, UDL - 0.10

Vehicles with speed control (10
km/h) - 30% of above

DLA Values
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Field Inspection of Experimental Timber Bridges

R.M. GUTKOWSKI W.J. McCUTCHEON
Ph.D., Assoc. Prof. Ph.D., Research Eng.
Colorado State Univ. US Dep. of Agriculture
Fort Collins, CO, USA Madison, WI, USA

In the summer of 1983, a unique Inspection study was made of 18 experi-
mental +timber bridges In the U.S. National Forests. Constructed in the_ late
1960's and early 1970's, the varlous timber bridges contalned novel features
expected to Improve performance., The bridges were bullt In various national
forests in seven states and varied In length from 20 to 168 feet (20 to 73
feet Individual spans). The number of spans ranged from one to four. Pri-
marily, they were constructed with transverse glued-laminated (glulam) panel
decks and a varlety of Interpanel connections. Some bridges had nall-
laminated (nall-lam) decks for comparative purposes. Also, different types of
members, construction and materlals were used In the remalnder of the super-
structure and substructure. Preparation and installation of the experimental
features was coordinated with the U. S. Forest Products Laboratory In Madison,
Wisconsin. The objective of the study was two-fold: (1) to determime the
In-place performance of +timber bridges, especlially of glued-laminated panel
decks, and (2) to determine patterns of molsture content In order to a$sess
the merits of dry-use versus wet-use design stresses. On average, about 100
molsture content readings were taken per bridge.

Overall, the Inspected bridges were In excellent structural condition.
Glulam decks generally provided a more effectlive roof over stringers than
nall-lam decks but both types had high molsture content. In contrast, the
stringers were relatively dry. Stringer readings In excess of 20§ were Infre-
quent by the average molsture content in both decking types exceeded 20%. For
bottom zones of stringers, It appears Ilkely the molsture content would gen-
erally remain well below 20f§. Readlngs above 30% were rare In all components
except nall-lam deck., The observations about molsture content strongly sug-
gest modern timber bridges components remalin below fiber saturation condition
for at least 20 years.

Molsture content data support the use of dry-use stresses for bottom l|am-
Inations of glulam stringers for at least a 20-year service |1fe. Readlings
between 13§ and 15% were the norm for glulam and although occaslonal values
above 16% were found, the soundness of the materlal appeared Invarlant,
Except near abutments, dry use stresses for top laminations are similarly Jus-
tifled, Dry use stresses for solld-sawn timber are also supported by the
findings In thls study. Virtually all readings were at or below 19%, includ=-
Ing In the abutment zone. Conversely, the observations do not support the
appllication of dry-use stresses to any decking regardless of treatment method.

Typlically, roadway conditions were excellent, providing for smooth pas-
sage regardless of surfacing. There was extenslve asphalt cracking only where
the surface was unusually thin. Evidence of deterioration elther due to pro-
pagation of cracks or presence of potholes was rare. Dowel-connected deck
panels were tightly mated.
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A mistake was done here while photographying the poster:
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J. MURCIA — A. AGUADO - A.R. MARI

Univ. Polit. de Barcelona, Barcelona, Spain

TOWARDS A UNIFIED COMPREHENSIVE SYSTEM IN DESIGN OF REINFORCED
AND PRESTRESSED STRUCTURES

|- INTRODUCTION

ME THOD APPEARS ALREADY IN MANY RENFORCED CONCRETE
WES AS A PMILOSOPHY OF DESIGN

MORE RE PRESTRESSED CONCRETE STRUCTURES CODES HAVE ADOPTED
WE VEF i E£SIGN PROCEDUSE S MAKE A SEPARATED TREATMENT OF
RE INFORCE AND PRI STRESSED COM STRUCTURES
M MNTAGES A THERE A PROR: ™ A UNIFIED DESIGN TREATMENT 72
o INGIS Y IN CODE
YNTHE TIZAT IR TEACHIN RPOSES
¥ A ¥ PERSPEC A FUTURE ACHIEVEMENTS IN THE
ON Ab ESIGN OF TRUCTURES
THE £ VELO HERE 4 IN A TREND OF
HE WHICH  HEINFORCE NCRETE COULD BE UNDERSTOOD
A JRE A SINGUL 4F N IMIT CASE OF PRESTRESSED
NCHE £ ING
4r METHODOLOGY

PRINCIPL ONLY CONCRETE STRUCTURES COMS
NLL € TREATED HERE

ISED BY LINEAR ELEMENTS

CROGS -SECTIONA. SHAPE 1S FIXED A PRIOR! . SIGN, DEPENDING MANLY
ON ECONOMICA. CRITERIA (4. CONSTRUCTION) RELATED TO BOTH RENFORCED
AND PRESTRESSED CONCRETE TECHMIQUES AND OTHER GENERAL STRUCTURAL
AND FUNCTIONAL FACTORS

® ADDITION ANOTHER PRIOR PARAME TER CAN BE THE RELATIVE POSITION
F LONGITUDINAL STEEL WTO CROSS SECTIONAL DEPTH OR, BETTER, THE
SHAPE OF REINFORCEMENT AND PR8 STRESSING LAYOUTS

FURTHERMORE , THERE IS AN SPATIAL CORRELATION BETWEEN PRESTRESSING
FORCE P VALUES (FRICTION LOSSES) DEPENDING ON THE CONTINUATY OF
TENDONS

- STARTING FROM Twal
- h, o

HERE 1S A SET OF DESIGN PARAMETERS

MAL DEPTH, CONSTANT - Ap. PRESTRESSING STEEL AREA

WOARARLE (ALSO A PRIOR DECISSION (Age0. N RC)
N GEMERAL) ALONG THE ELEMENT -P. PRESTRESSNG FORCE (PyO.M RC)
Ag, MAN LONGITUDRNAL REWFORCEMENT - Dy, WEB WOTH

AREA ~b. FLANGE wOTH
- Agh, TRANSVERSAL FERFORCEMENT aREA -

.mmmnem_wmnkﬂ AND £,

GEOMETRIC DEFINITION OF PRESTRESSING AND RENFORCMG LAYOUTS P
w i~ oo pod
r;\ﬁ, ;7 pr ¢
. y
: C =/ |
. Odi:em 8 im  Cpd ey L 100 |
' 2om ' +  CROSS SECTION
WMATERAL_DATA OF PRESTRESS®NG LAYOUT

CONCRETE 1, * 300 apm?

RENFORCING STEEL 1, » 4600 apam®

PRESTRESSING STEEL 1y* 17000 kpom®
fumar 18800 tprem?
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ORECTLY LMNKED TO BENDING, AS THE MOST SUITABLE REGARDING THIS WORK.

- ON THE OTHER HAND, A NUMBER OF DESIGN CRITERIA. SUCH AS ECONOMY, DURA-
BALITY. AESTHETICS AND, IN GENERAL, THE LIMIT STATES MUST BE SATISFIED

- LIMIT STATES VARY FROM ONE CODE TO OTHER. N GENERAL THE FOLLOWNG CAN
BE INCLUDED -ULTIMATE LIMIT STATES
- EQUILIBRIUM, RUPTURE (BENDING, SHEAR, sic ), BUCKLING,
- SERVICIABILITY LWNT STATES
DEFORMABILITY, CRACKING, VIBRATIONS,

- AMONG THESE, EMPMASYS WILL BE MADE ON THE LIMIT STATES RELATED 10
BENDING SUCH AS FLEXURAL RUPTURE, DEFORMABILITY AND, N PARTICULAR. THE
DFFERENT LEVELS OF CRACKING CONTROL (DECOMPRESSION, CRACK FURMATION
AND LMTED CRACK WIDTH) GOVERNING THE OF PRESTRESSING (TOTAL
PRESTRESSING. PARTIAL PRESTRESSING AND, N THE LT, BEING P:0. RC)

- THE GENERAL CONDITIONS ABOVE MENTIONED ARE LINKED 70O T DESIGN
PARAME TERS THROUGH A NUMBER OF RELATIONS USED W Ti& ANALYSIS,
REFERRED TO THE CRITICAL SECTIONS, SUCH AS

RUPTURE n Ky Ay Tyt Ko Ap oy ) 2Ky + Kq Phe kg h
DEFORMABLITY o f(n3)2/5+2 PheB b

- CRACKING ([ FERENT | WPRESSIONS MUST BE USED FOR THE UNCRACKY TATE N TERa OF
TRESSES) 4 FOR THE mmnw OF CRACK WOTH) A GENFRAL | XPROSSION
ERNG THE WHOLE

ANy Ay g~ Kg A’ h)!l.‘K,Pho“h

POWMCH 4 SOUD BE ADMSTED TO COVER ALL POTELT STURTIONS & T CRACKMS

_ANT GTRTE

- OTHER GENFRAL RELATION CAN BE STATED PsK Ap fpy

NOTCS " NCLUOES PRES P SECOMDARY EFFECT
¥ MSE DE FARME TERS ARE FRALLY O TERMIG RO e
A0 u{m VR AN LUES COMPATELE WiTh 1 # '
y A ™ ~'cmm nu,n NOMCAL »
TELY e A'rn')l BT EN n AND Ay FOR A MINBAM COST THAT SROVIOL
FFCENT U TE MOMENT)

- A UNFED METHOD FOR THE DESIGN (f & INVORCED AND PRESTRESSED CONCRETE
STRUCTURES, BASED N A JONT DEFNITION OF RELATED PARAMETERS (ah A,A,.P,
GOVERNING BENDING) HAS BEEN STABLISH ARTING FROM LMT STATES CONDITIONS

THE EXAMPLE ANALYSED ACCORDING TO THAT METHOD ARE LOGICAL
BENG THE MOST REMARNARLE ASPECTS
~ONCE THE LPAT STATES THAT MUST BE SATISFIED ARE PREDEFINED, DESIGN PARAMETERS

CAN BF OBTANED THROUGH THE CONDITIONS ABOVE £XPRESSED

- THE MORE RESTRICTIVE LMIT STATES S THE DESIGN CAN BE DENTFED AS A FUNCTION
OF THE STRUCTURAL TYPE GEOME TRY, LOADING AND DECREE OF PRESTRESSING (FROM R
€ TO FULLY PC) SO THAT THE REMMNDER LBAT STATES ARE ONLY FOR VERFICATION
FACTOR ) PLAYS AN WPORTANT RULE IN THIS TREATMENT A GOOD DESIGN REQUIRES
AN ADEQUATE ELECTION OF a

- FURTHER RESEARCH IS NEEDED W ORDER TO SET THE RANGE OF WALUES OF A
ASSOCIATED TO A SPECFIC LMIT STATE FOR DFFERENT CROSS- SECTIONS AND DEGREES
OF PRESTRESSING

THE RESWLTS OF
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J.B. MENZIES
Assist. Dir,, BRE, Garston, England

STRUCTURAL SAFETY OF BUILDINGS-TODAY AND TOMORROW

' TODAY -Most building st/:ucz‘ures are SAFE and TOMORROW-Failures-only afew today
SERVICEABLE for their required life - can be fewer tomorrow

ﬂ Defence strategies to control stability
Explicit design choice of one or more of:

| — Muttiple independent load paths.
. — Devices to allow structure to avoid carrying load.

A few failures do & - much can be leamt . — Local strength increases to enhance overall
oceaw .. .. . from them . strength.
- - Environmental and performance monitoring
and control systems.

Populations of similar structures
| Design so that failure is first manifest on a local
scale and will inhibit use.

Structures should be robust, and should
provide feedback signals to the user of
damage, overloading or local degradation.

Pre-cast concrete Timber Trussed-rafter

Pre-cast concrete

System Construction Panel Structure  Longer-span roof Buildings with Long-span roofs
Degradation of . Partial collapse Collapse due to lack of Use more stringent structural design
components following  following a gas bracing criteria than for normal buildings.

corrosion of steel explosion Exercise tighter control and checks of design
Large population of similar buildings required and construction, to reduce the risk of design

inspection and remedial action ‘ faults or of construction outside specification.
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A. TANAKA — C.MIYASHITA — N. NOMURA — N. FURUYA

Honshu-Shikoku Bridge Authority, Tokyo, Japan

AERODYNAMIC STABILITY OF LONG-SPAN BOX GIRDER

ki Bridge is the north ap-
Ohnaruto Br.
n bridge) of Kobe-Na
te, Honshu - Shikoku
ject, Japan.
idge is 2 sats of conti-
« girders and has slen-
juration with large o -
jing brackets.
aridge was to be construc-
I along a steep ridge called
Tozaki which faces the Pacific Ocean.
hus, strong wind is expected so that the basic wind speed w-
nehas defined as 10 minutes average speed expected to occur
nce or twice in 150 years is decided to be 50m/s.
And. bad influence by the topography was also anxious.

e 4 spans continuaus box girder -

B,
+18 "0, 400 190,400 - 149,800, 4
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Unit  mwn, mtervel of contour = Bm.

Fig-1 General view of Tozaki B Bridge

Ltk
L
™/

J}/B  Reduced hait arpltuds of oscilation
Vp  Prototype wind velocity
O Anghe of atemck
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Fig-2 Response of original section (without topography)

The original section was suspected tohave unstable aerodynam-
ic behavior, so, wind tunnel tests were conducted to reveal
that the original section had vortex-induced oscillation at the
wind speed of 15 to 20 m/s and galloping which should not oc -
cur below the speed of 92 m/s (10minutes average), the dy -
namic design wind speed.

Various stabilizers and their effects were tested in wind tunnels.
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Table-1 Various stabilizers and their effects (rigid models)

As the results of a series of wind tunnel testings, the final sta-
bilizers were determined as follows:

Double flaps were attached to the whole length of the bridge in
order to restrict the amplitude of vortex-induced oscillation less
than 200 mm (77/B=0.01) which was the allowable value from
the viewpoint of fatigue and runnability of automobiles

And, intermittent lower skirts to suppress galloping which migh
destroy the bridge in a short time if it appeared were provid
ed to the 4-spans continuous girder

After the completion of the bridge in the summer of 1983, o«
cillation and wind have been observed, but no considerable oscil
lation has been generated so far. because no strong wind be
yond 20 m/s has unfortunately blown
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Fig-5 Actually adopted stabilizers and location of sensers
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