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Abstract. Steel-reinforced concrete spans in road bridges have been widely used
since the late 1950s, in the configuration of large-span bridges built across sig-
nificant water barriers. To date, the issue of the need to reconstruct such span
structures, including those designed and built according to the project “43282 km”

developed by TsNIIPSK, is becoming increasingly relevant. The authors analyze
the stages of the production of works of a particular object, developed for
the implementation of the entire complex of works on its reconstruction using
the method of force regulation. The presented order of work was successfully
implemented during construction of the bridge over Kabarga River in Primorsky
Krai. This made it possible to preserve the existing structure of the span (main
beams and braces), replacing the worn-out reinforced concrete slab with a new —
metal orthotropic one, while ensuring that the conditions of strength and stability
of the flexural-torsional shape of solid-walled beams are met, in the process of
dismantling the existing roadway slab and constructing a new one. Considering
that steel-reinforced concrete bridges are built across large water barriers and

have a very significant cost due to their large length, reconstruction using existing
supports can significantly reduce the cost of construction, so, the possibility of
upgrading the existing steel-reinforced concrete span structure is, undoubtedly,
relevant. Based on the structural and technological measures presented by the authors,
it is possible to carry out and effectively implement work on the reconstruction
of the existing steel-reinforced concrete bridges that do not fully meet modern
requirements for load capacity and throughput.
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Ob0ocHOBaHMe MapaMeTPOB PeryJupoBaHNs YCHJINI CTajIexKe1e300eTOHHBIX
npoJieTHbIX cTpoeHuii paspadorku IHUUIICK «43282 km»
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Hcropus cratbn AnHoTanus. Cranexene300eTOHHBIE TPOJIETHBIE CTPOSHHS B aBTOJOPOKHBIX
[loctynuna B pepakuuto: 7 aBrycra 2022 r. MOCTax CTalM IIMPOKO MPUMEHAThCS ¢ KOHHA 1950-X IT. B KOMIIOHOBKE CXEM
Jlopaborana: 13 okts0pst 2022 r. GOJIBIICTIPOIIETHBIX MOCTOB, COOPY’KAEMBIX Uepe3 3HAUUTEIIbHBIC BOJHBIC ITPErPaibl.
[punsTa k myOmukamuu: 14 okraopst 2022 r. Ha ceronusinizmii ieHb Bee OOJBIIYIO aKTyalbHOCTh 00peTaeT BOIPOC HEOOXOAUMO-

CTU PEKOHCTPYKLUH OTMEUYECHHBIX MPOJIETHBIX CTPOCHHUH, B TOM YHUCIIE 3allpOeK-
THPOBaHHBIX U MOcTpoeHHbIX 1o npoekty [IHUUIICK «43282 km». B uccneno-
BaHUM pa300paHbl ATarlbl POM3BOICTBA PabOT KOHKPETHOTO 00BEKTa, pa3paboTaHHbIe
IUTSL peau3aliii BCEro KOMIUIEKCa paboT IO ero peKOHCTPYKIUH ¢ IPHMEHECHUEM
METOJIa peryaupoBaHus ycuinid. [IpencTaBieHHbli MOPAA0K BHIOIHEHUS padoT
YCIICIIHO PEAIM30BaH Ha CTPOMTENLCTBE MocTa uyepe3 p. Kabapry B IIpumop-
CKOM Kpae, 4TO MO3BOJIMJIO COXPAaHHUTh CYIIECTBYIOIIYIO CTPYKTYpPY HPOJIETHOTO
cTpoeHus (TJaBHbIC OAlKH M CBSI3W), 3aMEHUB H3HOIICHHYKO KeJIe300€TOHHYIO
IUIUTY HA HOBYIO — METAJUIMYECKYIO OPTOTPOITHYIO, IPH 00ECTIeYeHUH BBITOITHEHUS
YCIIOBHH MPOYHOCTH M YCTOWYMBOCTH HM3THOHO-KPYTHIBHOW (POPMBI CILIOLIHO-
CTEHUYaThIX OaJlOK B IPOLIECCE JEMOHTaKa CYIIECTBYIOIIEH IIMTHI HpPOE3Kei
YacTH U YCTPOMCTBA HOBOW. YUMTBIBAS, UTO CTAJICKEIE300€TOHHBIC MOCTBI BO3-
BOJIATCS 4epe3 OOJIbIINE BOIHBIE MPErpaibl U B TOM YHCIIE M3-3a OOJIBbIION JITHHBI
HAMEIOT 3HAYUTEIbHYI0 CTOMMOCTh, @ PEKOHCTPYKIHUS C MCIONB30BaHHEM CYIIe-

CTBYIOLIMX OIOP MO3BOJISIET CYIECTBEHHO COKPATUTh CTOMMOCTb CTPOUTENbCTBA,
aKTyaJIbHOCTh MOJCPHH3AINH CYIIECTBYIOMNX CTANEKETe300eTOHHBIX MPOIETHBIX
CTPOEHUH! sBIIAETCSA, HECOMHEHHO, aKTyalbHONH. Ha OCHOBaHMH IpeaIOAKEHHBIX
KOHCTPYKTHBHO-TEXHOJIOTHUECKHX MEPOIPHATHI BO3MOXKHO IpoBeAeHHE U 3¢-
(bexTuBHAs peanuzanys paboT MO PEKOHCTPYKIUHU ACHCTBYIOIIUX CTalIeKeIe30-
OCTOHHBIX MOCTOB, HE B ITOJHOI Mepe yIOBICTBOPSIONINX COBPEMEHHBIM TPeOO-
BaHUAM M0 TPY30IO0ABEMHOCTU U IPOIMYCKHOM CIIOCOOHOCTH.
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benyyxuti U.1O., Kyopaeyes C.A., Jlasa-
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MPOJIETHBIX cTpoeHui pazpadotki [THUMUTICK
«43282 xm» // CtpouTenbHas MeXaHUKa
HWHKEHEPHBIX KOHCTPYKIHH M CoOopyKe-
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Introduction

Span structures developed by TsNIIPSK according to the project “43282 km” with an estimated span of
42.5 m are widely used in the construction of large and medium-sized bridges on the roads of the post-Soviet
space. On the highways of the Far East, the total length of existing bridges, in the layout of which the spans of
this project or similar are used, is 2325 meters. This fact emphasizes the need to work out the technology for the
reconstruction of the designated spans for their restoration and modernization.

It is a well-known fact that the regulation of efforts in the construction of large-span steel-reinforced con-
crete bridges is an advantageous technique from a technical and economic point of view, because this makes it
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possible to reduce the consumption of steel and to use better the strength properties of the materials of the sup-
porting elements of the span structures. The classification of these methods, the experience of their application in
the construction of new bridges is also covered in [1-5].

Basic preconditions

The experience gained by the department “Bridges, Grounds and Foundations” (now the department “Au-
tomobile Roads™) of PNU shows the possibility of successfully implementing the restoration of consumer prop-
erties of span structures of steel-reinforced concrete bridges with the extension of their service life using the op-
tion of regulating forces and creating on the basis of the existing structure a new span structure, which will meet
the modern requirements for throughput and carrying capacity [6; 7].

Based on the above, the choice of the object of study is predetermined by the following:

1) the wide distribution of span structures according to the TsNIIPSK project “43282 km” which was is-
sued in 1959;

2) real opportunities for their renovation in order to adapt to the loads Al4, H14 in accordance with
GOST 32960' (State Standard of Russian Federation) while providing the required dimensions in accordance
with the requirements of CR 35.13330.2011% (Russian Code of Rules);

3) the embodiment of specific constructive and technological proposals implemented on the real objects of
the existing transport infrastructure, according to the suggestions of the PNU [6; 7];

4) the prospect of integrating the proposed force regulating scheme with a low-cost and safe technology
for performing work on replacing the passage slab on the spans of steel-reinforced concrete bridges.

The authors of [8] noted a characteristic detail of the projects for the reconstruction of steel-reinforced
concrete bridges, presented in the developments of the department “Bridges, Grounds and Foundations” of
the TOGU, in which the key condition is the installation of temporary supports [8] under the last assembly joints
in the span structures developed by TsNIIPSK “43282 km” project. This position of temporary supports divides
the span into three parts of almost equal length.
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Figure 1. Plan of the upper and lower chords, and facade of the main beam

In each of the spans of the newly formed scheme (after the installation of temporary supports), the geome-
try of the cross sections of the beams ensures the fulfillment of the conditions for the strength and stability of
the bending-torsional form of solid-walled beams. Thus, favorable conditions are created for the relative freedom
of maneuver of load-lifting mechanisms and vehicles necessary for the disassembling of sidewalk blocks, rail-

I GOST 32960-2014. Automobile roads of general use. Traffic load models, application of the load models. Moscow: TSNIIS
Publ.; 2014.
2 SP 35.13330.2011. Bridges and culverts. Moscow: TSNIIS Publ.; 2011.
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ings, dismantling and removal of bridge deck clothes, dismantling of concrete of monolithic “windows”, trans-
verse and longitudinal seams of blocks of the passage slab and, accordingly, dismantling of existing road slab
blocks. In connection with the peculiarity of the formation of the supporting structure of steel-reinforced con-
crete span structures, it is necessary to prevent the loss of stability of the bending-torsional form by solid-walled
beams and to minimize the risks of this situation [8].

Stages of force regulation

Further, the operations of regulation of efforts are given on the example of the real construction object
“Bridge across the Kabarga River” (Figure 2). These operations have been developed by the Department of
Highways of the PNU and were subsequently implemented at the construction site. The order of work with the
characteristics of technological operations and work of span structures, that satisfy the conditions of strength and
stability of the flexural-torsional form and create the basis for regulating efforts in order to form a reserve of
bearing capacity necessary to create a greater load capacity and a developed dimension of the carriageway and
sidewalks, is presented. This, in turn, also makes the issue of developing a low-cost, efficient and safe technolo-
gy for changing the passage slab on spans of steel-reinforced concrete bridges relevant [8].

a b

Figure 2. Side view of the span structure of the bridge across the Kabarga river:
a — before overhaul; b — after overhaul, 2020

For a substantive solution of the problem on the designated issue with reference to the stiffness character-
istics of a particular span, the development of TsNIIPSK “43282 km” project was carried out (Figure 1). Within
the framework of solving the problem, the assessment of the deformed state of the span structure from the loads
accompanying the formation of the supporting structure of the span structure and reflecting, in the general case,
the multi-stage nature of its operation was carried out. These loads determine the composition of the calculated
section of the beam: its own steel section works on the action of loads from its own weight and the weight of
a reinforced concrete slab; and the combined steel-reinforced concrete section works on the action of the weight
of clothing and elements of the bridge deck.

Thus, taking into account the scope of work carried out in the sequence accompanying the formation of
the bearing structure of the steel-reinforced concrete span structure, the deflection of the beam with a span of
/' =42.12 m was assessed under the action of: the weight of metal structures, the weight of the reinforced con-
crete slab [9]. The composition of the loads, indications of the nature of the work of the section of the span beam
are given in Table 1.

In the technological part of the production of a complex of works aimed at dismantling the existing road-
way slab and installing a new one, three main stages can be distinguished.

First stage. As part of the first stage, it is planned to jack out the span structure with a reference from
the existing position to compensate for the action of the second part of the constant loads, which include: the weight
of clothing, bridge deck elements; weight of barrier and railings. After the installation of temporary supports lo-
cated in the extreme thirds of the span (at the location of the assembly joints), the span is jacked up on temporary
supports by a value of 3.11 cm, counting from the existing high-rise position of the span. The section in the mid-
dle of the span will move in this case by 3.44 cm (Table 1).
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Table 1
Name of work, scheme of the span’s operation (the 1st stage)
Step Description of works Span’s loading scheme, support reactions, displacements, cm
1 Jacking up the beams of the existing qn
steel-reinforced concrete span structure
to compensate for the load g from qplate
clothing and elements of the bridge deck qown weight
_ﬁ& R=94,79 R=9479
Jremp. sp. = 311em - f=344em fi o, =3.11cm
| {
| qn
T qplate
~ 4q ight
Reomp g~ 436 \ Renp mp~ 436 ) o el
ftmp_sﬂpé 3.11 cm jtemp_sup_ =3.1lam
R=5119 f=344cm R=5119
2 Dismantling of barrier fences, railings, A
disaseembling of the bridge deck ovar Prettttreeeteteeeetyiqeetttyadn
the transverse and longitudinal seams ¢ ¢
of the slab blocks ‘ - —
Rtemp. sup. 5’25 Rtemp. sup. 5’25
R=2,08 R=2,08
The sum of support reactions and loads upon *_
finishing the works of the Ist and 2nd steps of qu =9 AqH
the first stage ®
gul qn
‘l qplate
— 3 — qown weight
? / Rigmp. sup. = 38,36 / Riemp. sup. = 38,36
f =3,11|cm Al
femp. Sup- f=3,44 cm ftemp. sup. 3, l‘cm
R=4911 R=4911
14,93 12,26 14,93
7 7
42,12

Notes:

— weight of steel structures qown weight = 0,694 tf/m (normative), gown weight = 0,763 tf/m (calculated);

— weight of reinforced concrete gpjare = 2,171 tf/m (normative), gpiace = 2,388 tf/m (calculated);

— weight of the bridge deck q;; = 1,636 tf/m (normative), q;; = 2,188 tf/m (calculated);

—1in the second step of the first stage Aqp, a decrease in the constant load is indicated as Agy = 0,348 tf/m (normative),
Agy; = 0,411 tf/m (calculated).

The vertical displacements (deflections) of the beam in the sections of setting temporary supports were
found from loads indicated in the Table. 1. These displacements amounted to 3.11 cm. Thus, if efforts are ap-
plied on temporary supports, which are directed upwards, and the span structure on temporary supports is raised
by a value of A =3.11 cm, then the beams of the span structure are released from the action of loads, from which
a deflection of 3.11 cm was found. So, the probability that solid-walled beams will lose of stability of the bend-
ing-torsional form will be minimized. The value of the support reaction on temporary supports was found from
the solution of the inverse problem with the known bending stiffness of the beams and the given displacement
value A=3.11 cm.

Solutions for determining vertical displacements from the given loads and for the inverse problem which
is determining forces (support reactions) for given displacements are made using the Mohr — Maxwell formula,
taking into account the variable bending stiffness of beams along the length of the span (formulas 1, 2).
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For a section in the middle of the span:

L MMy
fost=2%iZ1), 15 L, O (D

In a section with a temporary support:

i=3 13

ftemp.sup = f f q dx +
Egl;

i=171=0 I3 i=1gq

2)

A diagram reflecting the main steps of calculations which are necessary to determine the displacements of
the span are shown in Figure 3.

15,12 m (temporary support) 15,12 m (temporary support)
I I, I 1 I3 I, I
gh 5
53m 525m | 438m [ [6,13m 6,13 ml 438m |, 525m 5.3m
L2 =42,12/2=21,06 m| !L/2 =42,12/2=21,06 m
| I
| ¢ P=1 | diagram M,
| |
| | 0,5
a | _
X P=1 | diagram M,
A I B
N = M, =Rax- (x - .
M, = Rax g 1 =R (x=g) diagram Mg
Add i it i ti it it i it ittt i i i iiiid B
Ra=ql/2 2 Rb = ql/2
= - .4
L=s2om MI=Rax-(g/) I
] A

Figure 3. Scheme for determining bending moments from a distributed load and concentrated unit forces for implementation (1, 2)

The superstructure at this (first) stage step works with the reduced moment of inertia, while the concrete
part is endowed with the value of the initial modulus of elasticity E;, considering the assumption that during
a relatively short time of jacking out, the unloading of concrete will most likely be accompanied by predomi-
nantly instantaneous deformations without development deformations of elastic consequences. Thus, the values
of bending stiffnesses of steel-reinforced concrete sections, which have been taken for calculation without
the effect of manifestation of concrete creep, predetermine a more unfavorable loading of temporary supports.

The following works are performed at the first stage as can be seen from Table 1:

— dismantling and removal of barrier and railing fences;

— disassembly and removal of the pavement clothing over the transverse and longitudinal seams between
the blocks of the prefabricated slab of the roadway.

The total dismantling of the bridge deck clothing over the entire area of the road slab has not any funda-
mental importance if the regeneration of old asphalt concrete is not provided for and reduction the weight of
the dismantled block of the road slab is not required because of the carrying capacity of cranes and vehicles in-
volved in the process of dismantling and removal of the slabs.

412 ANALYSIS AND DESIGN OF BUILDING STRUCTURES



Benyyxkuti M.FO., Kydpsisues C.A., llasapes /.B. CTponTtenbHasi MexaHuka HXeHEPHbIX KOHCTPYKLMA 1 coopyxeHuid. 2022. T. 18. Ne 5. C. 407-416

After the removing the pavement clothing over the slab monolithic seams, the reaction to temporary sup-
ports can be =~38.4 tf.

It is possible to carry out the work on disassembling the clothes of the bridge deck and dismantling the en-
closing structures without jacking up the span structure. But application of jacking forces at this stage contributes
to adaptation of the structure to the action of forces that are opposite in sign to the operational ones, this will
eliminate the impulsive nature of the change in the composition of the cross sections in the future.

For efficient dismantling and removal of the slab from the spans, the second stage provides for the dis-
mantling of the transverse and longitudinal seams of the slab blocks and the performance of technological opera-
tions that would exclude further dynamic impact on the span. The distribution of support reactions between the
main supports and temporary supports is solved by considering a three-span beam under the action of unloading
loads (Table 2).

The second stage included the following works:

—jacking out of the superstructure on temporary supports by 4.00 cm, counting from the height position of
the superstructure at the first stage (Table 2);

— the jacking value of 4.00 cm is derived from the determination of the deflection from the action of
the load from the weight of concrete of the transverse joints of the blocks of the existing roadway slab;

— dismantling of concrete from the transverse seams of roadway slab blocks.

Table 2
Name of work, scheme of the span’s operation (the second stage)
Step Description of works Span’s loading scheme, support reactions, displacements, cm
1 Jacking out of the beams with l
a reference from the height posi- «
tion of the 1st step. ’L l qn
The work of the beam is deter- 1 1 [
mined by the partial participation — — q plate
of the slab and is considered - ~ q
by the reduced moment of inertia - — = own weight
for the section Iigreq = kredliss A?»‘Rtemp_sup__ 33,65 \ ( Rtemp_sup_ = 33,65
with kpoq = 1,2 _ _
re ftemp_sup_ 3,11 +4,00=7,11 cm ftemp.sup.: 711cm R = 5381
R =53381
f=344+443 =787 cm
2 | Disassembling of the transverse Aq =0.08 tonf/m
seams of the roadway slab blocks. plate ?
Reducing the constant load by the
v RS E ERR AR EREEEE R EEREEREEREEE|
calculated — 0.088 tf/m)
Rtemp. sup. - 1’20 Rtemp. sup. - 1’20
R=0,48 R=0,48
The sum of the support reactions and * -A
loads upon completion of works of the Gpiae = Gpiace Gptae
1st and 2nd steps of the second stage *
qu
%
quate
7,87 q
— — own weight
thmp. sup. 32,45 \ / temp. sup. 32,45
¥ = 7,11 em =711 cm
R-5333 ° e icp sup=T: R = 5333

The value of the support reaction on the temporary support can be ~ 33.7 tf immediately after jacking out,
and it can be = 32.5 tf after disassembly of the transverse seams upon completion of the stage.
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When determining the deformation and force factors, it was accepted:

— in the area between the extreme stops of adjacent blocks, separated by a transverse seam, the plate is not
involved in the work;

— the concrete of the slab in the area between the extreme “windows” in each of the blocks is partially
included in the work; at the same time, it is understood that the decrease in the effect of joint work is due to
the greater possibility of mutual displacements of the slab and the upper chord of the beam, which experiences
deformations opposite in sign to the deformations corresponding to the arrangement of the passage slab;

— in the aggregate, the partial participation of the slab in joint work with the beam is taken into account
by the reduced moment of its cross section Jisred = kreatis Where krea = 1,2;

— due to the transformation of the span structure’s rigidity characteristics and redistribution of the forces of
the 1st step, the support reactions at this stage, in accordance with the principle of independence of the action of
forces, are determined from the total displacement of the 1st, 2nd steps and from loads corresponding to the end
of the 1st step considering the dismantling of the concrete of the transverse seams at the end of this stage.

Third stage. In the calculation part of the third stage, when determining the support reactions, the follow-
ing were accepted:

— loads corresponding to the completion of the 2nd step (Table 2);

— assumptions of the Ist stage regarding the value of bending stiffness and taking into account the total
displacements of the 1st, 2nd, 3rd steps, which are equal to the following:

e on a temporary support f;s = 3,11 + 4,00 + 4,27 = 11,38 cm;

e in the middle of the span f = 3,44 + 4,43 + 4,71 = 12,58 cm.

In the technological part, the third stage includes the following:

— jacking out (final move) of the span structure on temporary supports by 4.28 cm, counting from the
height position of the span structures at the previous stage; at the same time, the reaction on temporary supports
is approximately 53.85 tf, due to the fact that the reinforced concrete slab is completely switched off from joint
work with the metal beams, and the support reactions are redistributed with their decrease on temporary supports
(Table 3);

— dismantling of reinforced concrete slab blocks during crane operation according to the “retreating crane”
scheme after dismantling the longitudinal seams of 2—3 rows of slab blocks and disassembling concrete of mono-
lithic windows on them; direct removal of the block should exclude jerks and dynamic impact on the span and
curvature of the upper chords of the main beam and auxiliary run.

The given values of jacking out (Table 3) unload the superstructure from work on the impact of the second
part of the constant loads and the weight of the slab in the process of its dismantling, and they create precondi-
tions for maintaining the strength and stability conditions of the metal structures.

The total displacement of the jacking out at the final stage is taken equal to the sum of the deflections from
the second part of the constant load and the weight of the slab. Thus, after the completion of the dismantling
works, the reaction of the temporary supports will become equal to zero, but at the same time, the contact of
the support devices of the temporary supports with the span structure must be ensured so that such a mode of
operation of the temporary supports endows them with the functions of tracking systems that monitor the height
position of the beams of the span structures. This state can be taken as a control of the provision incorporated
in the calculations that the own weight of the metal structures of the span structures (after the dismantling of
the reinforced concrete slab) when working with a full span is perceived by the cross section of the steel beams.

The accepted order to produce the works includes the phased jacking out of the span with the correspond-
ing work on the dismantling of the existing (old) slab of the roadway and the clothing of the bridge deck. This
procedure determines the following composition of cross sections and loads when determining the forces in the
process and after the installation of a new orthotropic slab of the roadway, in during which the beams of super-
structures perceive these loads:

— own weight when working with a calculated span L =42.12 m;

— the weight of the orthotropic slab when the beam is operating in a continuous pattern (14.93 + 12.26 + 14.93 m),
temporary supports and support reactions, arising from their side and directed upwardly, are necessary to unload
the main beams of the span structures and provide the stability condition of a bending and twisted shape.
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Table 3
Name of work, scheme of the span’s operation (the third stage)
Step Description of works Span’s loading scheme, support reactions, displacements, cm
1 Jacking out by 4.3 cm, which
is the final move of the beams
on temporary supports, count- r q*
ing from the height position 'r qPIkI
of the 2nd stage —
plate
— q .
— — own weight
Rianp. sup, = 5385 ) @mp_ wp. — 3385\
ftemp_ sup. 11,38 cm ftemp_ swp. 11,38 cm
R=3193 f=12,58 cm R=3193
The load composition corresponds to the end of the 2nd stage
D own weight (0,694; 0,763 tonf/m);
- q*plate (2,091; 2,300 tonf/m);
- g% (1,288; 1,747 tonf/m).
When the reinforced concrete slab of
the passage is completely excluded from *
the joint work with steel beams while q
maintaining the height position, cm, =IkI
the distribution of the support reac- q lat
tions is characterized by the follow- f=12,58 qp ate
ing scheme - — own weight
/ Ricanp. sup. — 44-87 R=44.87 'i”
R=4091 flemp. sup. 11,38 cm flemp. sup. 11,38 cm R=4091

In turn, the following loads act on the beams of spans after they were combined with an orthotropic plate:
— support reactions of temporary supports after their unloading;

— the weight of the pavement, the elements of the bridge deck and temporary load;

— the weight of the orthotropic road slab.

Conclusion

Taking into account the fact that steel-reinforced concrete bridges are built across large water barriers and,
due to their large length, they are very expensive, then reconstruction with usage of the existing supports can
reduce the cost of construction by an average of 60%, the modernization of existing steel-reinforced concrete
superstructures is undoubtedly relevant. Based on the presented structural and technological measures, it is pos-
sible to carry out and effectively implement work on the reconstruction of existing steel-reinforced concrete
bridges that do not fully meet modern requirements for carrying capacity and traffic capacity.
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