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The primary aim of the static (and dynamic) load tests was to determine the
effort of the structural components of the bridge and to assess the workmanship
and the performance of the shell structure under a known load in order to verify
the assumptions made in the static calculations and analyses of the span and
in the test load program and to determine the actual load-carrying capacity of
the bridge. In particular the actual rigidity of the corrugated plates in the arch
structure was to be evaluated and the width of the deck plate (corrugated plate)
interact with the soil in carrying service loads and the transverse distribution of
the loads among the individual ribs (folds) were to be determined. Measurements
were performed in three span cross-sections along the length of the bridge under
a symmetric and asymmetric (relative to the longitudinal axis of the bridge)
load. Three static load schemes, involving one truck positioned at half of the
effective span length, were considered [1].

The conclusions drawn from the research had a bearing on the acceptance of
the bridge for normal service under the specified load and could serve as the ba-
sis for post-construction recommendations. The tests described here were the ac-
ceptance tests required by the relevant bridge codes: Polish PN-77/S-10040, PN-
82/S-10052, PN-85/S-10030 and PN-89/S-10050, Swedish Vigverkert — VU 94:
Vigutformning 94, Borldnge 1994, Vagverket — 1990:11: Hydraulisk dimensioner-
ing, Borldnge 1994, Vigverket — 1994:15: Jords hallfasthets — och deformations-
genskaper and Borldnge 1994 and American AISI - American Iron and Steel
Institute: Handbook of Steel Drainage & Highway Construction Products, Fifth
Edition, Chicago 1994 and AASHTO — American Association of State Highway
and Transportation Officials, Standard Specifications for Highway Bridges, New
York 2002. They were also to prove that the span structure and the continuous
foundations (supports) had been properly made and their results were to be the
basis for a decision allowing the bridge to be put into normal service under the
load specified by the relevant Swedish standards (corresponding to the Polish
class B load of 400 kN).

Considering the fact that the bridge was of strategic importance for the road
network in northern Sweden, and was to carry quite heavy loads and that not
many such bridges had been built for in Europe, the initial (routine) range of
acceptance tests was extended to cover dynamic impact tests [2], tests of the
steel shell during backfilling (possible loss of stability) (3, 4], and the so-called
service test under an actual load [1]. The comprehensive and thorough tests, the
detailed analysis of displacements and strains, and the conclusions drawn from
the research can be useful in engineering practice, particularly in the field of
test loads and check and acceptance tests of steel-soil road (or railway) bridges
made from corrugated or flat plates or for developing acceptance guidelines,
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considering that the relevant regulations currently in force do not cover bridges
of this type [2-14].

The paper presents tests of road bridge which the reinforcement of shell was
made from corrugated steel plates with an application of new localization (Fig. 1)
and relatively small height cover of soil over the shell in comparison to different
bridge structures of this type [4, 6, 7].

2. DESCRIPTION OF BRIDGE STRUCTURE

In the cross-section the tested bridge is a static structure having the form
of a single-span, rigidly supported “box” (boz culvert according to terminology
of the manufacturer — Atlantic Industries Limited, Canada) — Fig. la. The ef-
fective span length is l; = 12.315 m. The superstructure of the bridge is a shell
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F1G. 1. Road bridge in Giman, Sweden, made form Super Cor SC-56B corrugated plates:
a) longitudinal section geometry and b) cross-section I-1.



Z. MANKO, D. BEBEN

“HI-III (o pue I1-11 (9 ‘T-1 (@ :1[9US [9938 913 JO SUOI}09S-8S01d
oa1y ut seye[d peyeSniiod remorired Uo soSneS [eIP PUER SIPJPWOSUSIXD JO UOIFRIOT g DI

mw ys Y4 mv mw ue Nw yz be ajejd suoyebnioo Jo sabpu Jauuy |

‘‘‘‘‘ R B :
UOHOBS S5O0 SNoIABId WOy SIXE [BINjeN

(4g-yi: oN) sjuswedeldsip [eJuoZLOY <o (CH
'oN) sjueweoedsip [eoien § i ! |
R e, e i el { -1 NOILD3S SS0HD
:sabneb jeiq 297 ;
(S1-41 1 G-1 “oN) jeuipnubuol 4 ,M
t {0Z-91 1 01-9 "ON) 8SIBASUER = sjejd suoyebniiod jo sebpu _w:E | . =57 io
| Sdyc  suonoeip ur sabneb uiens v up £ | 2 zmmmu i 1 i ,.sw
i \ i
=
! H
“ i e
| s ve DE X " T i e 1% HN ouA
H umonur | T6E { ] 1 NOILO3S SSOd
i JUBWSIoUIBL SNONURUOD T.::.;N\w,N - H



BEHAVIOUR OF STEEL-SOIL BRIDGE STRUCTURE... PART I i

made from 140 x 380 mm corrugated. The steel plates joined together across the
spanby high tensile bolts M20 (class SB 8.8) tightened with a twisting moment
of 350-400 Nm. The shell is founded, by means of steel uneven-armed channel
sections, on two reinforced concrete continuous footings. The span structure was
reinforced in three places, i.e., in the crown and in the two haunches (at the
foundations) on the soil side on both sides of the bridge, to increase the rigidity
of the superstructure. The shell was earthed up with 0.20-0.30 m thick layers of
permeable soil compacted to Ip = 0.95 (on the Proctor scale) for the soil being
in direct contact with the steel shell and to Ip = 0.98 for the other backfill,
whereby a pavement could be laid on a broken stone subgrade. The total height
of the superstructure (the height of the corrugations) is A = 140 mm. The width
of the shell is b; = 12.915 m at the top and b, = 20.574 m at the bottom and its
clear height is h, = 3.555 m. In plan, the bridge is situated perpendicularly to
the current of the river connecting two lakes.

The basic dimensions of the bridge are shown in Fig. 1 while the arrangement
of the strain gauges (extensometers), dial, and induction gauges in the three
cross-sections along the length of the shell is shown in Fig. 2. Views of the
bridge from some sides, with the different positions of the ballasting truck on
the bridge for three static load schemes in accordance with the test program, are
shown in Figs. 34 [3].

Fic. 3. Side view of bridge and Scania ballasting truck during tests (asymmetric load
scheme I). Visible tripods for fixing displacement gauges.
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F1G. 4. Rear view of ballasting truck on bridge during tests (symmetric load scheme II).

3. RANGE OF STATIC LOAD TESTS

For static (and dynamic) load tests the maximum number of vehicles (which
the span can hold) with the possible heaviest allowable axle loads, positioned
in the span’s lateral and longitudinal direction so as to generate maximum de-
flections and strains in the tested cross-sections of the bridge, should be used.
In order to generate effort in the selected structural components one Scania
500143H truck (total weight of over 285 kN) positioned symmetrically in the
cross-section of the span so as to obtain similar strains in the elements of the
corrugated plates was used. The vehicle was also symmetrically positioned on
the road so as to obtain varied effort in elements of the corrugated plates. It
was determined what the proportion of the manifested effects produced by the
known test load to those produced by the standard live load according to the
current Polish load class B (PN-85/S-10030), i.e., a vehicle at total weight of
255 kN. The ratio of span bending moments under the test load to bending
moments under the live moving loads was about 70-75%. The magnitude of the
load was considered to be reliable in light of the relevant Swedish (Vagverket —
VU 94, Vagverket — 1990:11, Véagverket — 1994:15) and Polish (PN-85/S-10030,
PN-89/S-10050) bridge codes.
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In the course of the main tests not only the type of ballasting vehicle but
also its axle loads were changed from the ones specified in the test program
[1], because load of the vehicle considerably exceeded its maximum authorized
overload. The weighed front and rear axle loads together considerably exceeded
the total weight of the truck (with its load included) of 285 kN. The technical
specifications of the ballasting truck were as follows: the inter bumper length
- 7.130 m, the width of the body — 2.500 m, the front wheel track of 1.750 m,
the front axle to first rear axle spacing — 4.62 m, the spacing between the rear
axles - 1.30 m, the maximum weight of the truck with the load - 285.00 kN and
without the load ~ 100.00 kN (the load capacity — 185.00 kN), the front axle load
- 82.50 kN, and the weight per rear axles — 2x101.00 kN. The ballasting truck
was loaded with sand and weighed immediately before the tests: the particular
axles were weighed in turn and then the whole vehicle. The differences in the
loads were distributed proportionally to the particular axle loads given in the
load specifications of the truck, as shown in Table 1, where the weighed axle
loads are given in the top rows while the catalogue axle loads assumed in the
test program are given in the bottom rows [1]. The differences in the axle’s loads
were quite large (over 10%). Considering that during the tests the rear axles
(with heavier loads) were located in the critical sections of the span, the weighed
axle loads were used in the preliminary calculations to ensure a proper safety
margin for the structure. Because of the large differences between the weight
of the delivered truck and its test load program weight the expected statical
quantities (normal stresses and displacements) had to be recalculated, but the
overloaded vehicle could be used to produce much stronger dynamic effects [2].

Table 1. The axle of the Scania ballasting trucks and wheel loads in [kN] during
static load testing.

Axle loads Wheel loads
rear front | rear | front
285.00 202 = 2x101.00 | 82.50 | 50.50 | 41.25
255.00 178 = 2x89.00 | 70.70 | 44.50 | 35.35

Total weight

The tests were to be carried out in the full range of static loads and they
were to include measurements of vertical (and horizontal) displacements and
strains at selected points of the steel shell structure in three cross-sections along
the length of the span (Fig. 2): in the middle of the effective span of the shell
(in the crown — cross-section I-1), at the end of the reinforcement (cross-section
[I-1I), and in the haunch (cross-section III-III). Since in this kind of structure
possible settlement of the continuous foundations had already taken place and
considering the fact that bedrock was beneath and no deviations or irregularities
in the behaviour of the foundations or work had been observed prior to the bridge
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tests, continuous foundation settlement was not continuously recorded. Instead
it was checked by means of a precision level of the surveyor.

As originally planned, three load schemes (Figs. 3-4), i.e., two asymmetric
load schemes (the truck positioned at the protective barrier on the upstream
side — scheme I or on the tailwater side — scheme III) and one symmetric (to
the longitudinal axis of the bridge) load scheme (the truck positioned on the
longitudinal axis of the roadway in such a way that its rear axle was located in
the middle of the effective span length — scheme II were used).

Two measuring systems were used: one measuring strains and the other mea-
suring horizontal and vertical displacements (deflections). Each system consisted
of three basic components: measurements, control measurements and recording
of results.

The influence of changes in atmospheric conditions (mainly temperature)
was eliminated through the use of compensation strain gauges in all the mea-
suring points. Taking into account the changeable weather conditions prevailing
in northern Sweden at the beginning of April and the proximity of two lakes
(high humidity), special quick-drying glue based on synthetic resin was used
and the stuck on gauges were coated with a protective weather- and mechanical
damage-resistant compound. The stuck on gauges were connected to compensa-
tion gauges (mounted on steel plates put against the structure next to the active
strain gauges) to form half-bridge circuits.

Before the tests the measuring circuits in the recording, instruments had been
calibrated for a fixed displacement value, e.g., 30 mm. The first indications (zero
readings) had been obtained before the load was brought onto the span. After
the ballasting load was brought onto the span further readings were taken from
all the instruments every 10 min for at least 30 min and after unloading until the
readings stabilized. If the difference between two consecutive readings was larger
than 2%, the load had to remain on the span until the difference was below 2%
(PN-85/S-10030, PN-89/S-10050 and PN-77/S-10040). Similarly, readings were
taken after unloading the span, i.e., every 10 min for 20 min. At least three such
readings were taken. The differences between the last indications of the dial (or
inductive) gauges and the electric resistance wire strain gauges after unloading
and the initial readings represented the permanent deflections (or strains) and
the differences between the total deflections (or strains) and the permanent ones
constituted the elastic deflections (or strains).

4. ASSESSMENT OF DISPLACEMENTS AND STRAINS MEASUREMENT
ACCURACY

Probable measuring error d¢ for displacements in the selected points and
cross-sections of the corrugated steel plate shell structure for the worst measuring











































































