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Ilogano pe3yJbTaTH eKCHEPUMEHTAJIBHUX JOCHIIKEeHb 3aJi300eTOHHMX KOJIOH, Iilx-
CWJIEHUX 3aJ1i300eTOHHMMM o00oiiMaMu. 3asi300eToHHI 000iiMM 00paHO IJisi AOCJTIIAKEHHS,
OCKUIbKH TAKMI MeTOJ MiICHJIEHHSI € HAWNOIUPEeHIlNM MiJ Yac BiIHOBJIEHHS Ta MiJICUJIEHHS
3a/1i300eTOHHUX KOJIOH. [H)keHepHI PpO3paxyHKH M 4Yac NPOEKTYBaHHSI TAKOIr0 THILY
niAcuieHHs Bipi3HATHMYTBbCA Bil 3BHYAWHMX MeETOAIB PO3PAXyHKY Ta NpPOEKTYBaHHS
32J1i300e TOHHUX KOJIOH, a/I’Ke BUHMKA€ HEOOXIAHICTh BpaXyBaHHsI BILUIMBY HABAHTAKEHHS, 110
Ai€ Ha KOJOHY B MOMEHT MiJcCWJIeHHSl. BU3HaYeHHS BIVIMBY IbOIr0 YMHHMKA € OCHOBHOIO
MeTOK HbOI0 J0CHiaKkeHHs. Il 1O0CATHeHHs BiINOBiIHOI MeTH BUIOTOBJIEHO i BUIIPOOYBaHO
JOCJigHl 3pa3ku 3a/1i300eTOHHMX KOJIOH. Ilin yac BUNpPoOyBaHHSI HOCJHIAHI 3pa3ky HABaHTA-
JKeHO [0 Pi3HUX piBHIB, MiACHJIEHO Ta BUINPOOYBAHO KOPOTKOYACHMM HABAHTA’KEHHAM /0
pyiinyBanHs. KojioHH npanioBaiu 3a po3paxyHKOBOIO CXeMOK0 I03aLIEHTPOBO CTHUCHYTHX
IIAPHIPHO 3aKpiNJIeHUX CTepP/KHEBHUX ejJeMeHTiB. 3pa3KM KOJIOH BHUIOTOBJEHO HOBKMHOIO
2200 mMm, po3mipu nonepeunoro nepepizy cranouian 180 mm Ha 140 mm. KoHconbHi aijisstHKH 3
000X KiHLIB 3pa3ka COYTryBaJH JJsl NPUKJIAJAHHS HABAHTAKEHHSI 3 €KCLHEHTPUCHUTETOM, LIO
nopiuioe 150 mm. Yorupu apmatypsi crep:kHi niamerpom 12 MM cayryBajium sik podoue
MO03/10B:KHE apMyBaHHSAM (BigcoTok apmyBaHHsi ctaHoBUB 1,8 %) Vi pocainni 3paskn mann
iJeHTHYHI reoMeTPUYHi XapaKTepUCTHKHM Ta OyJId BUTOTOBJIEHi 3 OHUX i TMX caMHX MaTe-
piaiis. IIporpama ekcnepuMeHTANbHUX AOCJTIAXKeHb MiCTHJIA BUIPOOYBAHHA KOHTPOJBHHMX
3pa3kKiB, a TAaK0K MiICHJIEHUX NIl HABaAHTaXKeHHAM, o cTaHoBuI0 70 % Ta 90 % Bix Hecyuoi
30aTHOCTI KOHTPOJILHHUX 3Pa3KiB.

KurouoBi ci1oBa — 3a71i300€TOH, KOJIOHH, MIACHJIEHHS 000HHMAaMM.

In thisarticlethe results of experimental study of reinforced concrete columns strengthened
by reinforced concrete jacketing are produced. Reinforced concrete jacketing was chosen as the
srengthening method since it is the most commonly used for reinforced columns repair and
strengthening. The design of such strengthening will differ from basic column design methods
since the impact of the load supported by the existing structure during strengthening should be
taken into consideration. Determination of the impact of that factor isthe main objective of this
research. To achieve this reinforced concrete column specimens were manufactured and tested.
Column specimens wer e strengthened after preliminary loading to different levels and then tested
to failure as pinned columns subjected to eccentric loading. The columnswere 2200 mm long, with
cross section dimensions equal 180 mm by 140 mm. On both sides columns had cantilever sections
to apply loading with 150 mm eccentricity. Four 12 mm rebars were used as longitudinal
reinforcement (reinforcement percentage equaled 1,8 %). All specimens had identical geometrical
and were manufactured from same materials. Eexperimental program included testing of control
ungtrengthened specimens along with strengthened under loading leved that equaled 70 % and
90 % of control specimens ultimate strength.
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Introduction

Currently in Ukraine, many industrial and civil buildings have aready exceeded their estimated
lifetime. Demolition expenses for these buildings and new construction costs are extremely high. It is
therefore appropriate to consider strengthening and retrofitting of old structures to continue their
serviceability and bring them to accordance with the requirements of modern codes and standards.

However, buildings retrofitting design and individual structural elements strengthening design hasto
consider a number of factors that characterize their current state. These factors include stress-strain state of
the structures at the time of strengthening, defects and damage, the residual strength of the structures,
different loading conditions etc. Consideration of al given factors conclude in greater design accuracy,
thus, reliability of restored structures.

While strengthening different structures it is not always possible to offload them completely or
partidly. Therefore, in this study, we focused our attention on the impact of the stress-strain state of the
structures during strengthening on its future work. Compressed-bent reinforced concrete eements
strengthened by reinforced concrete jacketing were selected as the object of the study. Reinforced concrete
jacketing is awell known strengthening method and has a broad implementation in practice.

Investigation of compressed-bent reinforced concrete elements were performed by many
scientists[2, 4, 5] including at Lviv Polytechnic [1], but the features of structures strengthened under
load were not studied enough, so the issue remained relevant. In addition, the existing design codes
of concrete structures [6, 7] does not contain any recommendations for the calculation and design
of strengthened reinforced concrete structures. The development of appropriate methods of considering
the real stress-strain state of reinforced concrete element during strengthening is necessary .

Objective
The aim of this work is to study the compressed-bent reinforced concrete columns, strengthened by
reinforced concrete jacketing under load. Selected load levels simulate full service loads and emergency
loads close to ultimate strength. Conduct analysis of such structures based on experimental data and
theoretical calculations.

Resear ch program

To achieve the objective, six reinforced concrete column samples were manufactured and tested.
Two samples labeled with letter “C” were tested without strengthening to determine their actual ultimate
strength and deformability. The next four samples labeled “CS’ were tested after strengthening.
Strengthening was performed under 1oads that equaled 70 % and 90 % of the ultimate strength of columns
C-01 and C-02.

Dimensions of the column samples were as follows:. length 2200 mm, cross section width 140 mm,
cross section height 180 mm. Samples were manufactured with corbels at both ends for noncentral load
application with eccentricity of 150 mm. Samples were reinforced symmetrically with four rebar & 12 mm
AB00C, transverse reinforcement was placed with 50-200 mm spacing. Concrete compressive strength
class was C25/30. Column dimensions and reinforcement are shown in Fig. 1.

Fig. 1. Control unstrengthened column dimensions and reinforcement
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Columns were strengthened between corbels. Jacketing length equaled 1700 mm. The thickness of
the jacketing along the smaller face of the column was 40 mm, along the larger - 30 mm. In total, the size
of the strengthened sample section equaled 260 by 200 mm. Jacketing was reinforced symmetrically with
four rebar @ 10 mm AS500C, transverse reinforcement was placed with 200 mm spacing. Jacketing
concrete compressive strength class was C25/30, same as column concrete. Strengthened column
dimensions and reinforcement are shown in Fig. 2.

Fig. 2. Strengthened column dimensions and reinforcement

Mechanical characteristics of column’s and jacketing reinforcement were determined by tensile test.
To determine mechanical properties of concrete, samples for concrete compression test were made while
forming columns and jacketing (concrete cubes 100 by 100 by 100 mm).

Samples were tested as noncentraly compressed hinged columns. Noncentral 1oad was applied with
eccentricity of 150 mm. Tests performed by the methodology developed at Lviv Polytechnic [1] on the
stand for compression tests in horizontal position (Fig. 3).
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Fig. 3. Compression test stand:
1 - column; 2 — plunger; 3 — ring dynamometer;
4 — hydraulic jack; 5 — abutments

To measure the deformation of materials (reinforcement, concrete) dial indicators (MI) with
accuracy of 0.001 mm were installed. Indicators were fixed on both, column and jacketing. To measure the
deformation of the longitudinal reinforcement rods, special fasteners were welded to it before concreting.
Five deflectometers (PAO) were installed along the length of the columns. The location of the measuring
devicesis shown on Fig. 4.
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Fig. 4. Measuring devices on column samples:
a — unstrengthened column; b — strengthened column.

Theoretical calculation of tested columns was performed taking into account the real mechanical
properties of materials by the method presented in [3], taking into account the influence of the second
order effects:

{Fl(x’gc(l))-i_ Fz(xadigf(dl))_N =0 (1)

D, (R, £, )+ @, (X628 )-M =M, =0

where F, and F,— functions to determine compression force in concrete N. and tensile force in
reinforcement N (for column and jacketing respectively); @, ta @, — functions to determine moments
of forces N, ta N about the neutral axe of cross section; N,M — compressive force and bending

moment applied to a column; M, — second order effect moment.
M, can be calculated:

M,=N-e, 2

©)

where e, —column deflection; X —curvature; |, — effective length of the column; ¢ = 8.
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Research results
Ultimate strength of columns C-01 and C-02 equaled N,c) = 174.56 kN. Ultimate strength was
reached after tensile reinforcement yidd. With further load a significant increase in deflection was
observed until the compressed zone of concrete was destroyed. Results of experimental measurements and
theoretical calculations of columns C-01 and C-02 are shows on Fig. 5.

Fig. 5. Deformation plots of columns C-01 and C-02

Samples CS-09-0.7 and CS-10-0.7 were strengthened under load Ny, = 124,52 kN that equaled 0,71
from N,). The yield in tensile reinforcement occurred firstly in column and then in jacketing. Ultimate
strength was reached when both layers of reinforcement yielded. Samples failed after the compressed zone
of concrete was destroyed. Ultimate strength of columns CS-09-0.7 and CS-10-0.7 equaled

Nyo7) = 430,28 KN. Results of experimental measurements and theoretical calculations of columns
CS-09-0.7 and CS-10-0.7 are shows on Fig. 6.

Fig. 6. Deformation plots of columns CS-09-0.7 and CS-10-0.7.

Samples CS-11-0.9 and CS-12-0.9 were strengthened under load Ny, = 149,18 kN that equaled 0,85
from Ny). The yield in tensile reinforcement occurred firstly in column and then in jacketing. Ultimate
strength was reached when both layers of reinforcement yielded. Samples failed after the reinforcement of
both, column and jacketing was torn. Ultimate strength of columns CS-11-0.9 and CS-12-0.9 equaled
Nuog) = 397,51 kN. Results of experimental measurements and theoretical calculations of columns
CS-11-0.9 and CS-12-0.9 are shows on Fig. 7.
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Fig. 7. Deformation plots of columns CS-11-0.9 and CS-12-0.9

Calculations and experimental results

Applied load during Ultimate strength Strenathenin Ultimate strength
Columns strengthening (experimental) efgfect 9 (calculated) NS / Ny
Ngr (KN) Ny (kN) N, (kN)
C-01
C-02 - 174,56 - 161,05 0,92
CS-09-0.7
0,
C510-0.7 12452 430,28 146 % 384,36 0,89
CS-11-0.9
0,
CS-12-0.9 149,18 397,51 128 % 362,23 0,91
Conclusions

1. Reinforced concrete jacketing of reinforced concrete columns proved to be very effective even if
it was applied under loads, close to ultimate strength. Samples CS-11-0.9 and CS-12-0.9 showed 128 %
increase of ultimate strength.

2. Strengthening under service loads proved to be even more effective, since samples CS-09-0.7
and CS-10-0.7 showed 146 % increase in ultimate strength (18 % more than Nyg)).

3. Calculations confirm the experimental results. Deviations between experimental and theoretical
values arein range of 9-11 %.
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