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The article presents results of the overpass condition survey, technical survey,
static tests and assessment of the structure operational reliability, a double-
decker overpass on Almaty-Kapshagai highway section in Kazakhstan.
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1 Introduction

The overpass is located on a straight section in
the plan and on a longitudinal slope in i = 5 %0 profile.
The longitudinal axis intersection angle of the highway
overpass with the existing highway is 66°. The bridge
layout is accepted 33+33m. The overpass length is
taken along the rear edges of backwalls and according
to the project is 66.917m. The overpass dimensions,
taking into account the speed change lanes are taken
17.0 + 2 x 1.0m. The roadway width is 4 x 3. 5 = 14.0m
and the safety lanes are 1.5m each.

The roadway structure is taken as a two-layer one,
consisting of “TECHNOELASTMOST S” waterproofing
material laid on top of an overhead slab and asphalt
concrete pavement with a thickness of 70 mm.

The “MAURER” D-100 type expansion joints are
arranged along the roadway width above the end
and intermediate supports, within the sidewalks -
compensator type expansion joints. The railing is a metal
safety fence with a height of 1.2m, the posts of which are
welded to the embedded parts in the bridge construction
monolithic sections.

Thesafety fence posts arebolted tothe embedded parts
installed in separate bollards. The coupling structure
is made of cast-in-place and precast constructions.
Prefabricated blocks grouting is performed at the ends of

the transition slabs, which slabs are made of the precast
reinforced concrete of a length of 8.0m. The overpass
coupling structure with approach embankment includes
the device of draining backfill behind the supports,
laying of reinforced concrete transition slabs of a length
of 8m along the roadway entire width. The coupling of
sidewalks with curbs-transition slabs is of a length of
2m.

The roadway and sidewalk drainage is designed
according to the longitudinal scheme. The roadway
transverse profile has 20 %o of the two sloping surfaces
from the roadway axis. Atmospheric water is diverted
from the overpass roadway due to the longitudinal
slopes.

The overpass superstructures consist of the
VTK-33u prestressed beams of a length of 33m.
A monolithic reinforced concrete overhead slab with
joint grouting on the roadway slabs of VTK-33u beams
is arranged on the top of the superstructures beams (the
abbreviation “VTK” is from the Russian term “BTK -
vysokotekhnologicheskaja konstrukcija”, what means
“high-tech construction” for bridges).

Fourteen beams are installed
profile of the overpass superstructures. The overpass
intermediate supports consist of six monolithic posts
of oval profile with a width of 800mm, connected on
top by a monolithic crossbar. The intermediate support

in transverse
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Figure 2 General view of the repaired superstructure No. 1 from Almaty

foundations are taken in the form of load distribution
structures, supported by drilled piers with a diameter
of 1500mm. The abutment foundations are also taken
in the form of load distribution structures, supported by
drilled piers of a diameter of 1500 mm.

2 Materials and methods

The peculiarity of this structure was that during
its construction, all fourteen VTK-33u beams of

superstructure No. 1 were damaged as a result of vehicle

impact.

Figure 1 shows a general view of the road
overpass before repair and Figure 2 shows the repaired
superstructure No. 1 [1].

The following types of activities have been performed
[2-8] during the highway overpass survey:

e familiarization with the project documentation in
terms of construction solution adopted in the project
and as-built documents for construction;

* control measurements of the bridge supporting
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structures geometric parameters and their
compliance with the project requirements;

* condition survey of the roadway structures, supports
and superstructures;

* technical survey of the superstructures bottom
beams (camber beam assessment in the middle of
the superstructure) and the overpass vehicular deck
top.

3 Results and discussion

A survey using geodetic tools was conducted to
assess the position of the highway overpass elements
in space.

Instrumental measurements allow to observe the
vertical and horizontal deformations of superstructures
and supports. Those measurements allow to timely the
detect hidden defects that cannot be discovered during
the inspection, help explain the appearance of defects
found during the inspection, as well as choose the most
correct ways to repair and strengthen the structure [9-10].

The survey was conducted under the following
weather conditions: ambient temperature - 4 °C, light
wind, low clouds, good visibility. A technical survey
of the bottom of the main beams of the reinforced
concrete superstructures, to determine their camber was
conducted in accordance with the work program. The
technical survey was conducted at three points on each
main beam - in the area of the beam support sections
and in the middle of its span [11].

The technical survey results made it possible to
determine some moments on each superstructures
beam, results of which are shown in Table 1. As
can be seen from this table, all the beams have the
bending moments, with the exception of beam No. 14 in
superstructure No. 1, which rests in an almost horizontal
position. That is, in the longitudinal direction, the static
scheme is two simple spans.

The data analysis given in Table 2 shows that the
bending moments in beams No. 1, 2, 3, 4, 11, 12, 13 in
superstructure No. 1, after laying the overhead slab and
asphalt pavement, have an insignificant value and there
is a deflection in beam No. 14 equal to 0.5 mm.

It should be noted that the above-mentioned beams
were installed to replace the dismantled beams.

Minor bending moments in these beams indicate
that prestressing forces in the tensioned reinforcement
were lower than in beams No. 5 to 10.

A computational and analytical check was also
performed [12-14].

The considered superstructure No. 1 is composed
of fourteen VTK-33u reinforced concrete girder and
diaphragm type beams. In the transverse direction, the
beams are connected to monolithic joints on the loop
outlets and with the use of a monolithic overhead slab
with a thickness of 150mm, involved in the behavior
with the help of vertical outlets from the beam slab. The
monolithic joint width is assumed to be 0.3m, which
corresponds to the accepted distance of 1.4m between
the beam axes.

Due to the fact that the superstructure is a slab-
type structure, for the construction of influence lines,
the transverse profile of the superstructure should be
considered as a continuous beam on elastically settling
supports, which are the main beams. The influence
lines of pressures on beams are constructed as influence
lines of beams support reactions on elastic supports
[15-16].

The distance between the beams is d =1.4m and the
effective span is [ = 32.4m.

Inertia moment of a 1 m wide superstructure slab is:

bl 1.0.3°

_ bny _ 1034
Ipl — 12 - 12 - 2.25 10 m-.

(D

The inertia moment of the VTK-33u beam transverse
profile, in the middle of the span with the overhead slab,
according to this project, is assumed to be equal to:

Table 1 Bending moments data in the overpass superstructure beams

Beam number

Bending of beams, mm

Span structure No. 1

Span structure No. 2

1 -3.5
2 -4.5
3 -4.0
4 -10.0
5 -25.5
6 -29.0
7 -18.5
8 -24.0
9 -23.0
10 -30.5
11 -10.0
12 -2.0
13 -4.0
14 0.5

-29.5

-34.0

-42.0
-34.5

-39.5
-33.5
-31.5
-29.5
-31.0
-37.5

-37.5
-40.5

-37.0
-28.5
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Ibeam = 186.6 - 1073m4. (2)

The stiffness parameter is:

_ d_3 Eb Ineam _ . 1'43
o =12.8 I Eudy 12.8 32.4* 8 3)
-3
% = 0.00264.

The pressure influence line ordinates on the
elastically settling supports were found according to
formulas for an eight-span beam with cantilevers based
on the calculation data. If the number of spans of the

Table 2 Data on the influence line ordinates

transverse structure exceeds eight, eight spans can be
taken into account, since the impact of subsequent spans
is insignificant.

The calculation data of the pressure influence line
ordinates, on the elastically settling supports (beams)
are shown in Table 2.

The bridge superstructure was calculated for the
most unfavorable load - the load from vehicles is taken in
such a form that the cars of the prescribed weight were
placed in two lanes, shifted to the edge of the bridge
travelled way (including the safety lanes), to determine
the forces in the beams from the temporary prescribed

The number Ordinates of the lines of influence of pressure on the supports
of the beam in
the transverse R1 R2 R3 R4 R5 R6 R7
direction
1 0.426 0.323 0.228 0.146 0.077
2 0.323 0.268 0.209 0.152 0.099 0.077
3 0.228 0.209 0.187 0.155 0.119 0.099 0.077
4 0.146 0.152 0.155 0.151 0.134 0.119 0.099
5 0.077 0.099 0.119 0.134 0.141 0.134 0.119
6 0.020 0.051 0.081 0.110 0.134 0.141 0.134
7 -0.030 0.007 0.044 0.081 0.119 0.134 0.141
8 -0.074 -0.034 0.007 0.051 0.099 0.119 0.134
9 -0.116 -0.074 -0.030 0.020 0.077 0.099 0.119
10 0.077 0.099
11 0.077
12
13
14
Table 3 Data used for calculation and values of bending moments
Calculated bending

Transverse location

p Design load Load safety factor moments in the middle
actor
Influence of the beam span
Beam P Dynamic line area
No. forload . , coefficient for y,>1; for y,= 1;
for intended fi Vo =5
for load intended trolley load for load intended L >1 L >1
trolley trolley
load load
kN kN/m m? kN-m
1 0.378 0.337 1868 1573*
2 0.356 0.309 1739 1464*
3 0.330 0.277 1590 1339*
1.178 1.2
4 0.294 0.238 140 14 10 10 1.095 131.2 1395 1175*
5 0.248 0.204 1185 998*
6 0.217 0.182 1044 880*
7 0.178 0.152 863 727%

* Values of the bending moments in the middle of the beam span with a load safety factor of one (y, = 1.0) and a full dynamic

coefficient ((1+u) > 1.0)
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Figure 3 The influence line of the bending moment in the middle of the beam span
and the position of the test load on the superstructure

Table 4 The transverse location factor (TLF) data from the action of the test load

First test stage Second test stage Third test stage
Beam No. TLF Beam No. TLF Beam No. TLF
1 0.378 14 0.378 1 -0.099
2 0.356 13 0.356 2 -0.025
3 0.330 12 0.330 3 0.051
4 0.294 11 0.294 4 0.131
5 0.248 10 0.248 5 0.214
6 0.217 0.217 6 0.245
7 0.178 0.178 7 0.262

load from cars. The outer track axis of the prescribed
load from cars is moved from the curb edge for 0.55m.
The distance between the lane load axes is assumed to
be 3m. The load trolley of prescribed load from cars is
installed in the middle of the superstructure No. 1.

Table 3 shows the calculation data and determined
values of the bending moments in the middle of the
beam span, with the load safety factor greater than one
(y, > 1.0) and a full dynamic coefficient ((1+p) > 1.0)
and with a load safety factor of one (y, = 1.0) and a full
dynamic coefficient ((1+p) > 1.0).

Here is the test load calculation. The influence line
of the bending moment in the middle of the beam span

and the position of the test load on the superstructure
are shown in Figure 3.

Table 4 shows the transverse location factor (TLF)
values from the action of the test load when the last
row of trucks is located at a distance of 1.5m from
the roadway safety fence and in the middle of the
superstructure (Figures 4, 5 and 6).

The analysis of the transverse location factor values
showed that at the accepted position of the test load
at the first, second and third stages of the tests, the
maximum load was on beams No. 1, No. 14 and No. 7,
respectively.

Determined bending moments in the middle of the
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Figure 4 Vehicles are located at the roadway safety fence
of superstructure No. 1 from Kapshagai at the first stage of testing

Figure 5 Vehicles are located at the roadway safety fence technical
of superstructure No. 1 from Almaty at the second stage of testing

Figure 6 Vehicles are located at the longitudinal axis
of superstructure No. 1 at the third stage of testing

COMMUNICATIONS 1/2022 VOLUME 24
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Figure 7 Location of deflection gauges under each of the fourteen
beams in the middle of the superstructure No. 1

ETHE) 4 = 55 EH 55 55 5 Ptz 10 ok

s35|oss) 1301430 Joss bess)

tk::é of Vv A
ige o i
the barrier fence f:u:xr::.:{\;hf
r  the edge of L
| the safety lane
. Fay X
P

My 3y 12.6 |35 |35 12.6

m 322m

the axis of the
_middle of the span

T

AN AY AN
Figure 8 The first stage of the static tests on superstructure No. 1
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Figure 10 The third stage of the static tests on superstructure No. 1
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beam for each test stage are:
In beams No. 1 and No. 14 for the first and second
stage of testing:

Miianars) = 2-23.0-0.378-6.34-10 = 1102kN-m. (4)
* In beam No. 7 for the third stage of testing:
M) = 2-23.0-0.262-6.34-10 = 764kN-m . (5)

The force arising in highway and city bridges from
the action of the test load should be in the range of 70
to 100% of the calculated forces from the action of the
live temporary vertical load adopted in the project, with

with the load safety factor of more than one (y,> 1.0) and
a full dynamic coefficient ((1+x) > 1.0) is M, = 1868 kN-m
in accordance with the calculation (see Table 4).

The permissible bending moment in the beam
from the action of the temporary load with the load
safety factor equal to one (y, = 1.0) and a full dynamic
coefficient ((1+n) > 1.0) is M, =1573 kN-m.

The calculated bending moment ratio from the
action of the test load to the bending moment from the
action of the temporary load with the load safety factor
equal to one (y, = 1.0) and a full dynamic coefficient
((1+p) > 1.0) is:

For the first and second stages:

Mianary _ 1102 EN-m

the loa.d safety.factor equal to one (y, = 1.0) anq a full My 15T3EN-m 0.7. (6)
dynamic coefficient ((1+x) > 1.0) in accordance with the
regulatory documents of the Republic of Kazakhstan. For the third stage:
The calculated value of the bending moment from M 64BN
. . (n _ mo_
the action of temporary loads in the most loaded beam My~ I53EN-m 0.5. (7
=
8 15 4 s a s
'E 10
<
>
.g - - § 2 3 4 S 6 7 8 9 10 11 12 13 14
8
=
S B P et o
no. of beams
Measurement  Beam 7610 1 stage f, mm 2 stage 3 stage 4 stage
f, mm f, mm f, mm
type No. count
count count count count
Aistov 1 25 340 3.15 628 6.03 783 7.58 925 9
Aistov 2 0 320 3.2 538 5.38 736 7.36 920 9.2
Aistov 3 47 325 2.78 521 4.74 752 7.05 983 9.36
Aistov 4 770 991 2.21 1150 3.8 1409 6.39 1676 9.06
CRIBS 5 3 19 1.6 34 3.1 59 5.6 84 8.1
CRIBS 6 0 9 0.9 18 1.8 42 4.2 67 6.7
Aistov 7 26 88 0.62 136 1.1 328 3.02 502 4.76
Aistov 8 12 53 041 92 0.8 223 2.11 364 3.52
CRIBS 9 2 4 0.2 5 0.3 15 1.3 25 2.3
CRIBS 10 4 4 0 5 0.1 12 0.8 17 1.3
Aistov 11 44 43 -0.01 44 0 82 0.38 89 0.45
Aistov 12 46 45 -0.01 44 -0.02 47 0.01 47 0.01
Aistov 13 23 12 -0.11 11 -0.12 11 -0.12 10 -0.13
Aistov 14 36 25 -0.11 18 -0.18 5 -0.31 0 -0.36

Figure 11 Loading and unloading stages, the superstructure transverse profile and outline of the beam deflections during
the loading and unloading at the first stage
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Four loaded vehicles with a mass of 23 tons each
were accepted for the static tests, taking into account the
results of this calculation.

KamAZ 65115 and North Benz ND3250S trucks
with ballast, the average mass of each was mainly 23
tons, were used as the test load when conducting the
static tests.

The repaired superstructure No. 1 was subjected to
the control tests. Aistov and V. A. Kucherenko CRIBS
deflection gauges with the price of division on the scale
of the device of 0.01 and 0.1mm, respectively, were
used to determine the deflections in fourteen beams
of superstructure No. 1. The superstructure No. 1 was
loaded in stages and beams deflections [17-18] were
recorded at each stage of loading.

Figure 7 shows the deflection gauges’ location under
fourteen beams in the middle of the superstructure No. 1.

The static tests of the overpass were conducted in
accordance with the work program in three stages [19-21].

Four vehicles were installed in stages on
superstructure No. 1 at the first (Figure 8) and second
(Figure 9) stages of the static tests. Meanwhile, the
roll axis of the last vehicle was located at a distance of
1.5m from the roadway fence. The distances between
the vehicles in overpass transverse and longitudinal
directions were 3.0m and 7.0 m, respectively.

Four trucks - two vehicles in one row were also
installed on superstructure No. 1 at the third stage of
testing. The axes of each vehicle row were separated
from the roadway longitudinal axis at a distance of
1.5m. The distances between vehicles in the overpass
transverse and longitudinal directions were 3.0m and
7.0m, respectively (Figure 10).

Experimental deflections have been determined in
fourteen beams of a length of 33.0m in the middle of the
repaired superstructure No. 1, according to the static
tests results.

Figures 11, 12 and 13 show the loading and

g
g 1s
<
=
o 10
>
£ .
E
= -
% o {+—+
no. of beams
Measurement Beam Zero 1 stage f, mm 2 stage 3 stage 4 stage f, mm
f, mm f, mm
type No. count
count count count count

Aistov 1 57 36 -0.21 27 -0.3 20 -0.37 9 -0.48
Aistov 2 21 10 -0.11 4 -0.17 2 -0.19 5 -0.16
Aistov 3 71 64 -0.07 62 -0.09 78 0.07 197 1.26
Aistov 4 785 786 0.01 787 0.02 821 0.36 961 1.76
CRIBS 5 3 4 0.1 5 0.2 10 0.7 18 1.5
CRIBS 6 0 1 0.1 3 0.3 11 1.1 23 2.3
Aistov 7 25 61 0.36 107 0.82 228 2.03 479 4.54
Aistov 8 6 82 0.76 243 2.37 313 3.07 528 5.22
CRIBS 9 1 12 1.1 22 2.1 43 4.2 68 6.7
CRIBS 10 2 19 1.7 33 3.1 57 55 87 8.5
Aistov 11 21 239 2.18 406 3.85 663 6.42 940 9.19
Aistov 12 25 292 2.67 496 4.71 729 7.04 971 9.46
Aistov 13 10 331 3.21 564 5.54 763 7.53 958 9.48
Aistov 14 31 393 3.62 651 6.2 806 7.75 958 9.27

Figure 12 Loading and unloading stages, the superstructure transverse profile and outline of the beam deflections during
the loading and unloading at the second stage
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no. of beams
Measurement Beam 7ero Lstage  fmm 2 stage 3 stage 4stage  f mm
f, mm f, mm
type No. count
count count count count
Aistov 1 51 92 0.41 115 0.64 120 0.69 121 0.7
Aistov 2 21 93 0.72 139 1.18 175 1.54 198 1.77
Aistov
3 64 191 1.27 273 2.09 337 2.73 388 3.24
Aistov 4 783 952 1.69 1073 2.9 1168 3.85 1252 4.69
CRIBS 5 3 27 24 42 3.9 56 5.3 68 6.5
CRIBS 6 0 24 2.4 43 4.3 61 6.1 78 7.8
Aistov 7 32 252 2.2 417 3.85 654 6.22 885 8.53
Aistov 8 11 210 1.99 352 3.41 622 6.11 965 9.54
CRIBS 9 3 18 15 29 2.6 53 5 80 7.7
CRIBS 10 5 16 1.1 28 2.3 45 4 70 6.5
Aistov 11 69 115 0.46 257 1.88 334 2.65 515 4.46
Aistov 12 49 79 0.3 112 0.63 224 175 352 3.03
Aistov 13 39 49 0.1 55 0.16 133 0.94 220 1.81
Aistov 14 61 53 -0.08 48 -0.13 185 1.24 29292 1.61

Figure 13 Loading and unloading stages, the superstructure transverse profile and outline of the beam deflections during
the loading and unloading at the third stage

unloading stages, the superstructure transverse profile
and the outline of beam deflections during the loading
and unloading.

At the first stage of testing, the maximum deflection
value has been recorded in beam No. 3, which was f =
9.36 mm.

At the second stage of testing, the maximum
deflection value has been recorded in beam No. 13, which
had a value equal to f = 9.48mm.

At the third stage of testing, the maximum deflection
value has been recorded in beam No. 8, which had

a value equal to /= 9.54 mm.

The values analysis of the deflection increments
during the loading and unloading at the first, second
and third stages of the static tests testified to the elastic
behavior of the VTK-33u beams of a length of 33.0m.

The overpass structural elements have been
inspected prior to the static tests, as well as after their
completion, which allowed to assess the impact of the
tests on the bridge. The inspection revealed the absence
of any damage in the load-bearing structures caused by
the action of the test load.
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Table 5 Results of the static tests

No. of the beam in

Actual maximum

Estimated maximum

Static test stage ~ which the maximum deflection value, deflection value, TLF Design factor, K
deflection is recorded f, mm f , mm
1 3 9.36 0.330 0.5
2 13 9.48 54.3 0.356 0.5
3 8 9.54 0.262 0.7

The main criterion for the positive behavior of the
overpass superstructures during the bridge acceptance
static tests is the compliance of the beams elastic
deflections measured under the influence of the test load
with the deflection values determined by calculation
from the action of the same test load [22-24].

Such indicator of the superstructure beam behavior
during the static tests is the design factor determined
by the formula:

K=, ®)
where:
f, is deflection in the beam measured under the test load;
f., - deflection in the beam, determined by calculation
from the action of the test load.
K - design factor values for the main load-bearing
structures and their elements are from 0.7 to 1.0 and for
the superstructures elements, in which the calculations
do not take into account the joint behavior of the main
beams with the elements of the roadway and road
surfacing, as a rule, from 0.5 to 0.7 according to the
static tests results.

The calculated deflection from the test load action in
the middle of the span of a length of 33.0m is determined
by the formula:

_11-p P
Jor = 94 By T ©

where:
P =230 kN is the truck load;
1 =32.4m - calculated beam span;
E,=352 10° kN /m*- beam concrete modulus of elasticity;
I, =0.1875 m* - inertia moment of the cross section in
the middle of the beam.

Its behavior as a part of the superstructure should
be taken into account when determining the deflection
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Kapshagai highway section is provided and it can be
operated under Al14, NK-120 and NK-180 [25] design
loads without restrictions.
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