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BeedeHue. B daHHOU cmambe rpedcmasrneHbl pedyribmamsl HamypHOU oueHKU ydyacmusi 6emoHa 8 obpyweHuu
)Kerne306emoHHbIx 30aHuli 8 BypyHAu.

Mamepuasnbl u Memodsl. ViccriedosaHue rpoeoousiock ornpedeneHueM nPoYHOCMU Ha cxxamue 6emoHHbIX KOH-
CMPYKMUBHBIX 371eMEHMOo8 uccredyembix xene306emoHHbix 30aHud. [MpoyHocmb Ha cxxamue onpedensnach Ha
KOroHHax, bankax u rnepeKkpbimusix ¢ rnoMowbo npoMbiwieHHo20 ckiepomempa «SCHMIDT 2000» e coomeem-
cmeuu ¢ npomokosnomM, onucaHHbiM 8 «NFEN12504-2(2003)». Bbiio udydeHo 17 (cemHadyamb) cmposujuxcs
mpexamaxHbix 30aHull. [ns kaxdoeo 30aHusi, yyacmeyrouwezo 8 uccredosaHuu, bbiniu uccrnedosaHbl xene3obe-
MOHHbIe Hecyujue arneMeHmbl nepeo2o amaxa. llonyyeHHble pe3dynbmamsl 6biIu KnaccuguyuposaHsl 8 coom-
eemcmeuu ¢ Mapkamu uemeHma (32,5) u (42,5), komopsbie ucnonb3o8anucb 8 6emoHax uccriedosaHHbIX 30aHull.
Bbir1o nposedeHo cpasHeHue rnpoYyHocmel Ha cxamue, roslyYeHHbIX 8 HamypPHbIX YyCrI08USIX, C HOPMamueHbIMU
3HadyeHusIMU. [JocmogepHOCMb MoTy4YeHHbIX pe3yribmamos bbina nodmeepxdeHa Koppernsyuel mexoy pesyrbma-
mamu, Nomy4YeHHbIMU 8 HamypHbIX U 1abopamopHbIX yCro8USIX.

Pe3ynbmamsl. [JaHHoe uccredosaHue rokasasno, Ymo e bypyHou 0o 100% obpyweHuli npuxodumcsi Ha Coopyxe-
HUST, TOCMPOEHHbIE YaCMHbIMU ftuyamu. bbino ebisseneHo, 4ymo 100% komoHH, 82% 6anok u 82% nnum u3 6emoHa,
Uu320MOB/IeHHO20 C UCIMOoIb308aHUEM UeMeHma Mapku (32,5), umenu npo4YHoOCMb Ha CxXamue HUXe HOpMamugHO20
3HaveHus (25 Mla). Takxe 50% konoHH, 50% 6anok u 84% nnum u3 6emoHa Ha 0OCHO8e yeMeHma 8bICOKOU MapKu
(42,5) bbina Huxe HopmamueHo20 3HadeHusi (35Mrla).

O6cyxdeHue u 3aknroveHue. B daHHom uccriedosaHuu bbina dokasaHa 00CMO8epPHOCMb PE3Y bmamos, nosy-
YeHHbIX MemodOM CKITEPOMEMPUYECKO20 UCMbIMaHusi Ha xene306emoHHbIx 30aHusx. [lokasaHo, 4ymo 6emoH se-
n15emcs 00HUM U3 ¢hakmopoeg 0bpyweHUst xerne306emoHHbIX 30aHul, MOCMPOEHHbIX YacmHbIMU fuyamu 8 BypyH-
Ou. OmmeyeHo, YMo HU3KOCOPMHbIU yeMeHm oka3bigaem 6onbuee enusHUe Ha paspyweHue xen3e3006emoHHbIX
KOHCMpYKyUl, YeM 8bICOKOCOPMHbIU. B kadecmee pekomeHOayuu: npoyecc cmpoumesibcmea xene3o06emoHHbIX
30aHull 8 bypyHOu Heobx00uMO peayuposams U KOHMPOIUPO8amkb.

KIMMHOYEBBIE CITOBA: 6emoH, xene306emoHHbIe KOHCMPYKUUU, ghakmopbl 0bpywieHuUss KoHcmpyKkyud, obpyuwe-
Hue 30aHuli 8 bypyHdu.
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ABSTRACT

Introduction. This paper presents the results of the assessment in-situ of the involvement of the concrete in the
collapse of reinforced concrete buildings in Burundi.

Materials and Methods. The study consisted in the identification of the compressive strengths of the concrete
structural elements of the reinforced concrete buildings under study. The compressive strengths were identified on
the columns, beams and slabs using an industrial SCHMIDT 2000 sclerometer according to the protocol described
in NF EN 12504-2(2003). Seventeen (17) three-storey buildings under construction were studied. For each
building involved in the study, the reinforced concrete bearing elements of the first floor were studied. The results
obtained were classified according to the cement grades (32.5) and (42.5) that were used in the studied buildings.
A comparison of the compressive strengths obtained in-situ was established in relation to the normative values
according to the cement grade used. The reliability of the obtained results was confirmed by the correlation between
the results obtained in the laboratory conditions on the reinforced concrete experimental samples.

Results. This study showed that in Burundi up to 100% of collapses are caused by privately built structures. It
was proved that the compressive strengths of 100% of the columns, 82% of the beams and 82% of the slabs that
were made with a low-grade cement (32.5) had compressive strengths lower than the normative value (25MPa).
In addition, the compressive strengths of 50% of the columns, 50% of the beams and 84% of the slabs made with
a high-grade cement (42.5) were also proved to have compressive strengths lower than the normative values
(35MPa).

Discussion and conclusion. In this study, the reliability of the results obtained by sclerometer test in-situ on the
reinforced concrete buildings has been proved. Concrete has been shown to be a factor in the collapse of privately
built reinforced concrete buildings in Burundi. Low-grade cement was observed to have a high impact in the collapse
of reinforced concrete structures than the high-grade one. Therefore, as a recommendation, the process of building
reinforced concrete buildings in Burundi needs to be regulated and controlled.
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INTRODUCTION

In Burundi, architectural and structural de-
sign are the mainly documents required to obtain
a building permission. These are issued by the
urban planning authorities. Thereafter, no mea-
sures are planned by the competitive authority for
the verification of the material quality, technology
and workforce involved in the construction works
specifically for structures erected by individuals.
Usually, the collapses happen during the con-
struction process. For example, some known cas-
es of collapse of reinforced concrete buildings are
the Tankoma, Kinindo, Winterekwa and Buterere
cases. In general, the causes are not known.

a

Buildings collapse in cities is a real risk in town
planning in developing countries [1, 2]. Thatis why
there exist a number of norms that gives a proto-
col of procedures for non-destructive approach-
es in order to conduct assessments on the me-
chanical performances of the concrete in-situ or
on the precast-concrete'? [3, 4]. These are used
to identify whether the concrete is or not one of
the factors of the collapse of reinforced concrete
buildings. In foreign literature, a number of as-
sessments have been conducted on the causes
of the collapse of reinforced concrete structures
[5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18].

b c

Figure 1 — Experimental samples preparation (a) and compression testing under hydraulic press (b)

and sclerometer (c) used in the laboratory and in-situ study
Source: compiled by the authors.

a b c

Figure 2 — Random example of source of construction materials (a)
used in manufacturing concrete (b) used in individual reinforced concrete buildings (c) in Burundi
Source: compiled by the authors.

" TOCT 22690-88 «beToHbl. OnpeaeneHe NpoOYHOCTU MEXaHUYECKUMU METOAaMMN Hepa3pyLuatoLLlero KoHTponsi. MNMonpaeka
NYC Ne 5 1989».

2 CTO 56947007-29.240.55.269-2019. TpeboBaHus k kKa4eCTBY KOHCTPYKLMIA, MaTepuanos 1 BbINOMHEHHbIX paboT npu
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Figure 3 — Designation of the type of the investigated bearing elements (column,

However, these assessments cannot totally
be related to Burundi because they do not take
into consideration the local conditions.

MATERIAL AND METHODS

The main instrument that was planned to be
used in the investigation of the studied structures
was the sclerometer «SCHMIDT 2000». Thus,
the first step of the research was to identify the
correlation between the results obtained from the
compression test under the hydraulic press and
the results given by the sclerometer on the same
experimental samples of the ordinary concrete
(Fig.1). Two cement grades were considered for
the concrete: low-grade cement (32.5) and high-
grade cement (42.5).

The next step was to visit the construction
sites in progress in order to observe visually the
quality of the construction materials, technology
and workforce used in the execution of reinforced
concrete constructions (Fig. 2).

The study continued by the analysis of the re-
ports provided by the staff from the civil protec-
tion agency about building collapse in Burundi.
Finally, in-situ experimental tests on compressive
strengths were carried out with the sclerometer
on the columns, beams and slabs of the first floor
(Fig.3) of seventeen (17) three-storey buildings
under construction in Bujumbura Mairie, Bujum-
bura Rural and Gitega. The tests were performed
according to the European norm [3].

The in-situ measurements were recorded in
tables designed for further processing according

beam and slab) on the seventeen (17) three-storey buildings
Source: compiled by the authors.

to the cement grade (32.5 or 42.5) used for the
concrete of the investigated buildings.

RESULTS

To start with, the results obtained show a good
correlation between the tests obtained under the
hydraulic press and the sclerometer (Fig.4; Fig.5).

As the results show (Fig.4, Fig.5), for con-
cretes aged 28 days, the compressive strengths
obtained by crushing under the hydraulic press
are lower than those determined by the sclerom-
eter with a maximum difference of 7%.

Furthermore, tests in-situ showed that there
may be remarkable difference between the com-
pressive strengths of the concrete for columns,
beams and slabs for a given reinforced concrete
building. That difference was found to be more ac-
centuated for buildings with concrete made with
high-grade cement (42.5) than those with con-
crete made with low-grad cement (32.5) (Fig.6).

Thus, a detailed analysis of the previous re-
sults (Fig.6) show that a 100% of the columns,
82% of the beams and 82% of the slabs of the
reinforced concrete buildings made from cement
grade (32.5) had compressive strengths lower
than the required normative compressive strength
(25MPa). In addition, it was also found that 50%
of the columns, 50% of the beams and 84% of
the slabs of the reinforced concrete buildings
made with cement grade (42.5) had compressive
strengths lower than the required normative com-
pressive strength (35MPa) (Fig.6).
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Figure 4 — Comparative results of compressive strengths obtained under t
he hydraulic press and the sclerometer on the same experimental concrete samples with cement grade (32.5)
Source: compiled by the authors.
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Figure 5 — Comparative results of compressive strengths obtained under
the hydraulic press and the sclerometer on the same experimental concrete samples with cement grade (42.5)
Source: compiled by the authors.
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Figure 6 — Compressive strengths determined by sclerometer test in-situ for concrete from columns,
beams and slabs of the investigated reinforced concrete buildings
Source: compiled by the authors.
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Figure 7 — Concrete bearing elements whose compressive strengths are under normative compressive strengths in studied

DISCUSSION AND CONCLUSION

In this study, the reliability of the results
obtained by sclerometer test in-situ on the
reinforced concrete buildings has been proved.
It is demonstrated that the concrete is one the
factors of the collapse of reinforced concrete
buildings constructed by individuals in Burundi.
Low-grade cement is observed to have a high
impact in the collapse of reinforced concrete
structures than the high-grade one. Therefore,
as a recommendation, the process of building
reinforced concrete buildings in Burundi needs to
be regulated and controlled.
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