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The effect of increasing loads on foundations of
operating bridges
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Tashkent State Transport University, Tashkent, Uzbekistan

Abstract. This article examines the road bridge over the Karadarya River
on the 5th km of the exploited Andijan — Pakhtaabad route R135 Highway.
In this case, the effect on the load-bearing capacity of its foundation on
ShNQ 2.05.03-12, which is currently in effect, on the replacement of the
bridge Intermediate Unit (highway bridge designed and built according to
the temporary load classes N30 and NK-80, N10 and NG60) into the
temporary load class A14 and NK-100, or on the load-bearing capacity of
the Intermediate Unit in increasing its load capacity, was considered.
Recommendations have also been made on the maximum increase in the
class of permanent and temporary load falling on the foundation of this
bridge, which is in operation.

1 Introduction

Recently, the mass and intensity of traffic of vehicles circulating on the roads of our
republic have been increasing, and their larger increase is also expected shortly.

In the adopted 1997 norms KMK 05.03-97 "Bridges and pipes" for the design of road
bridges and overpasses, A-11, NK-80, and pedestrian loads were taken as the main
temporary loads. In 2012, these standards were amended. In the new currently valid SHN
05.03-12 "Bridges and Pipes", A-14, NK-100, and pedestrian load were adopted as the
main live loads, i.e., significantly increased the class of temporary loads.

Currently, only 14,000 bridges are in operation in our republic. Of this number of
bridges, 68%, i.e., 9 900 pcs built in 1960-1970, of which 5,476 units require repair. These
bridges were designed and built according to the old normative documents to pass
temporary loads of a lower class. In this regard, there are problems in passing modern loads
through them. An urgent issue is on the agenda - an increase in the bearing capacity of the
span structures of previously built bridges to ensure the passage of existing standard live
loads.

To radically improve the condition and operation of these bridges following modern
requirements, several resolutions of the President of the Republic of Uzbekistan were
adopted, incl. PP-3309 of 04.10.2017 "On improving the system for organizing the
operation and construction of road bridges, overpasses, and other artificial structures", PP-
3632 0f 03.29.2018 "On approval of the State program for the construction, reconstruction,
and overhaul of road bridges, overpasses, and other artificial structures in the Republic of
Karakalpakstan and in Tashkent in 2018-2022", PP-4545 dated December 09, 2019 "On
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measures to further improve the management system of the road industry”, etc.

To pass modern loads through road bridges in operation to ensure their normal
operational condition, it is necessary to increase the bearing capacity of span structures,
which requires making appropriate changes to their design. This causes an increase in the
action of permanent and temporary loads on the bridge structure. On the other hand, this
factor also has a corresponding effect on the operation of the yoke supports, i.e., support
works under the influence of increased loads. Therefore, it is advisable to check the bearing
capacity of the supports of operating bridges, operating under the influence of loads
increased by a certain amount caused by changes in the design of span structures.

2 Objects and methods of research

Several technical solutions have been proposed to increase the bearing capacity of the span
structures of currently operated bridges, designed and built according to the standards that
have now lost their effect to ensure the above regulations. In some cases, appropriate work
is being done to address this issue. For example, it is proposed to use in practice the
replacement of an old superstructure with a new one, designed and manufactured following
current standards. Another method proposed by the authors of this article is to increase the
bearing capacity of spans of operating bridges by increasing the working height of the main
beams of spans without dismantling them [1].

Following the regulatory document GOST 33178 - 2014 of the Interstate Council for
Standardization, Metrology, and Certification, the operational service life of bridge spans is
determined as, on average, 50 years. This normative service life of bridge structures is
relative because this period may be extended or shortened in direct connection with the
operating conditions.

Based on this, it can be said that when replacing or increasing the bearing capacity by
other methods of bridge spans designed and in operation for 35-45 years, it is necessary to
assess the bearing capacity of their supports and foundations for the impact of increased
permanent and modern temporary loads.

For example, consider a road bridge across the Karadarya River at the 5th kilometer of
the R135 highway along the Andijan—Pahtaabad highway. This bridge was operated in
1982; the bridge scheme is 6 x 24 m. The span structure of the bridge was designed and
built according to the regulatory documents in force in 1962—1984 for live loads H30, NK-
80, H10, and NG60. Intermediate bridge supports on shallow foundations (Fig. 1).
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Fig. 1. Load trailers and distribute weight, NK-80
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Given the location of this bridge on an intercity highway, it is necessary to decide to
replace its span with a new one, i.e., designed and manufactured according to the norms of
ShNK 2.-05.03—12 "Bridges and Pipes" that are valid to this day for live loads A14 and
NK-100 or to increase the bearing capacity of the old span structure by our proposed

method (Fig. 2) [1].
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Fig. 2. Load trailers and distribute weight, NK-100

With an increase in the bearing capacity of span structures by the two methods proposed
above, an increase is observed not only in the temporary load but also in the constant load
(Fig. 3). Therefore, it is necessary to carry out appropriate calculations to reassess the
bearing capacity of the foundations of the bridge supports.
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Fig. 3. Dynamics of growth in the value of permanent and temporary loads with an increase in the
bearing capacity of the span structures of the bridge
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3 Results and Discussion

The calculations carried out for the above bridge showed that with an increase in the
bearing capacity of the spans by the method proposed by us [1], the growth of permanent
and temporary loads on the foundations of the supports is, with an error of + 1%,
respectively 5% and 22%, i.c., the growth of permanent loads compared to the growth of
temporary loads is 4 times less.

Following the standards, the dimensions of the shallow foundation of a bridge structure
are determined by the following formulas:
1) Estimated area of the base of the foundation:

A, =b. -a

max

2) The required area of the base of the foundation to carry the design load:

a= kN,

1.4

- h/ : 7/mt

3) Allowable range of calculated and required areas of the base of the foundation:

5:%-100%:15%

If this condition is not met, a recalculation with a change in the dimensions of the
foundation is required.
Here: k= 1.4is load safety factor;

Y e =20 kN/m? is bulk density of the support material;

h 7 1s foundation height;

R is calculated soil resistance;

N o] 1s combination of increased permanent and temporary loads acting on the

foundation area.

The results of the calculations show the difference between the required and calculated
areas of the base of the foundation of the supports of the considered bridge in the amount of
4.98% (see Table 1). With an increase in permanent and temporary loads by 10%, the
difference between the required and calculated areas is 4.56%. These values correspond to
the range of permissible values. The dynamics of changes in the required areas of the base
of the foundation are shown in Fig.4.
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Table 1. Change in the difference between the required and calculated areas of the base of the
foundation with increasing loads

Ne N k kN A¢ Amax 0
1 7009.7 | 100% | 7009.700 | 46.60 48.92 4.98%
2 7009.7 | 101% | 7079.797 | 47.06 48.92 3.94%
3 7009.7 | 102% | 7149.894 | 47.53 48.92 2.92%
4 7009.7 | 103% | 7219.991 | 48.00 48.92 1.92%
5 7009.7 | 104% | 7290.088 | 48.46 48.92 0.94%
6 7009.7 | 105% | 7360.185 | 48.93 48.92 -0.02%
7 7009.7 | 106% | 7430.282 | 49.39 48.92 -0.96%
8 7009.7 | 107% | 7500.379 | 49.86 48.92 -1.89%
9 7009.7 | 108% | 7570.476 | 50.33 48.92 -2.79%
10 | 7009.7 | 109% | 7640.573 | 50.79 48.92 -3.69%
11 | 7009.7 | 110% | 7710.670 | 51.26 48.92 -4.56%

1) Bearing capacity of one reinforced concrete pile:

F,
P, =—
Yk
2) Maximum load per reinforced concrete pile:
N, d M Xyi M yXi

N maximin = * *
nooyi zxzz
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Fig. 4. Dynamics of changes in the required areas of the base of the foundation with an increase in the
load on the foundation
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3) Allowable range of difference between the current loads on one reinforced concrete pile
and its bearing capacity:

_N-F

Sy 100 % = +5% +—15%

’
d

The results of the calculations for the considered bridge show the difference between
the current load on one reinforced concrete pile. Its bearing capacity in the amount of —
14.782% (Fig. 5). With an increase in the values of permanent and temporary loads up to
24%, the difference between the actual load on one reinforced concrete pile and its bearing
capacity was + 4.555%. These defined values are within the allowable range of + 5% + —
15%, and therefore it can be said that the condition of the considered deep foundation meets
the operational requirements.
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Fig. 5. Growth dynamics of the allowable difference between the load on the pile and its bearing
capacity with an increase in permanent and temporary loads

4 Conclusion

With an increase in the bearing capacity of the spans of bridges designed and built
according to the method proposed by us, the performance characteristics of the bearing
elements and the base of the bridge are significantly improved. These structures can meet
high requirements with up to 24% increase in permanent and live loads. The sharp increase
in permanent and temporary loads acting on foundations from modern heavy vehicles and
cargo does not affect the flexibility and bearing capacity of properly designed bridge
elements. The value of the load safety factors remains unchanged and an increase in the
values of permanent and temporary loads will not lead to a decrease in the service life of
bridge foundations. The dimensions of the sole of the shallow foundation do not need to be
changed.
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