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JlanHbple Tabn. 2 MOKa3bIBAIOT, YTO MPHU
MOCTOSTHHOM PacXo/ie IEMEHTa COOTHOLICHHE
MEXIy (pakuusMu, (B TOM YHCIIE BBEICHHUE
KEepaM3UTOBOI'O TI€CKa) OKa3bIBaeT 3HAYM-
TEJIbHOE BIUSHHUE HA POYHOCTh. [Imactudu-
KaTtop CcyJIbPuUTHO-ApoxoKeBas Opaxkka. JICT
BBEZICHA [T CHHKCHUS BI3KOCTH IIEMEHTHOM
CYCIIEH3HH C IIeJIbI0 CO3JIaHUSl YCIOBHUM st
6osee TIIyOOKOro ee MPOHMKHOBEHUS B TIOPHI
3anonHuTens. Hanbonplryo IpoYHOCTh MO-
KazaJgu 00paslbl, U3TOTOBJICHHBIE U3 3aI10JI-
HUTEJIA, POILEIIINEe BaKyyM-00paboTKy mpu

nepememuBanuu. (R,,=2,44 Mma). CpaBHe-
HHME TaHHBIX TaOmI. 2 u Tabia. 1 mokasbIBaer,
YTO MPUMEHEHUE BaKyyM-0OpaOOTKH MO3BO-
JIWJIO MIPAKTUICCKU TOCTUYh POYHOCTH, pac-
CUMTAaHHOH TEOPETUYECKH.

UccnenoBanue cTpykTypsl 6€TOHA OBLIO
npoBeJeHO Ha aHnumdax u3 QparMeHToB
pa3pylIeHHBIX MPU HCTBITAaHUSIX 00pa3IoB.
[TeTrporpaduyeckue wuccieqOoBaHUS TMOKa-
3aJld, YTO 3€pHa IOPUCTOrO 3aIlOJIHUTENS 110~
Clie BaKyyM-0OpaOOTKH OKPYKEHbI TUIOTHOM
000J7109YKOl  HOBOOOPA30BaHUM  TOJIIIUHON
0,05-0,1 mm. Xapakrep paspyuieHus: OeToHa
COOTBETCTBYET THITy 3, T.e. MIPOYHOCTH Ke-
pam3uTa, pacTBOPHON YacTH W KOHTAKTHOM
30HBI paBHBL. [IOBBINICHWE TPOYHOCTH TPH

UDC 666.97 (075.8)
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EFFECT OF THE SHEAR AND BENDING ON THE HOLLOW CONCRETE BEAMS
MANUFACTURED BY VIBRO-VACUUM

Introduction

Concrete cylinders with hollow section of
different purpose are characterized by the ex-
tensive application. These sections are used
for the various fields such that in buildings,
hall reinforced concrete bridge piers, offshore
structure and towers [1]. For example, in
modern building where utility ducts and pipe
are being accommodated below floor beams
in the space above the false ceiling, the use of
non-prismatic beam with a recess would al-
low these ducts to pass through the beam,
eliminating a significant amount of dead

space [2-4]. This would reduce the height of

story, leading to substantial savings in the ma-
terials and construction costs. Hollow section
is often adopted in order to increase flexural
rigidity and reduce the self-weight of beam.
However, there is possibility that RC mem-
bers with a hollow section may not have
enough plastic deformation capacity and en-
ergy dissipation since it is generally difficult
to ensure effective confinement of the con-
crete and the thinner web causes the deterio-
ration of shear resistance of the members. So
for ensuring reliable operation of this type of
structures throughout the entire lifetime is as-
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sociated with maintaining their integrity un-
der various load conditions. In the present
study was used the vibro-vaccum for increas-
ing the strength of concrete beams.

As early as in the 30s of the previous cen-
tury vacuum compaction of concrete mixes
has been used successfully in the construction
of buildings and structures of mass concrete
[5, 6, 7, 8]. In practice, back at that time the
advantages of vacuum compaction of con-
crete mixes in monolithic structures had al-
ready been convincingly proved. The main
ones are the following: increase in labor
productivity; reduction of the period of con-
struction of buildings or individual structures;
significant reduction in metal consumption
(material consumption) by formwork; en-
ergy savings; reduction of specific consump-
tion of cement; significant improvement in
concrete quality.

Although, extensive work has been done
on the advantages of vibro-vacuum compac-
tion of concrete mixes in monolithic struc-
tures, little or no work has been previously re-
ported on the effect of the shear and bending
on the hollow concrete beams manufactured
by vibro-vacuum.

Significant Study:

This research project is an attempt to eval-
uate the behavior of reinforced concrete beams
with different section (solid or hollow), exam-
ined hollow (shape and casting method), deflec-
tion, strains and failure mode under concen-
trated static load. In mainly to help get equiva-
lents hollow beams manufactured by vibro-vac-
uum and by vibration that give same capacity of
solid beam sections [1, 6].

Materials and Methods:

The mix proportions of one cubic meter
are obtained by series test of trial mixes [9].

| I
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The final adopted mix designs are shown in
Table (1). The adopted mix these mixers give
average standard of 28 days compressive
strength of concrete fc about 25 to 27 MPa.

Table 1 - Mix proportions for (1 m®) of con-

crete.
Cement| Sand | Gravel (\:/Z ?T:Z:]/t Water
(kg/m®) | (kg/m®) | (kg/m?) ratio (kg/m?)
420 630 1260 0.5 210

In industrial practice a result is known
that the application of vibro-vacuum treat-
ment of concrete mixes when forming precast
products and erecting structures of monolithic
concrete allows eliminating the problem of
water consumption by concrete aggregates
and, accordingly, considerably improving the
quality of concrete (e.g., in terms of strength,
frost resistance, etc.) [8]. Simultaneous appli-
cation of vibration action significantly in-
creases the efficiency of concrete mix com-
paction [6], [7]. On this basis, we proposed a
new method for the manufacture of hollow
beams by vibro-vacuum technology.

This method allows the acquisition by
concrete of positive properties: intense rise in
strength during the initial period of harden-
ing, reducing the time for thermal treatment
of products, reduction in metal consumption
by processing equipment, etc. The degree of
concrete mix compaction depends on the fre-
quency and amplitude of vibrator, as well as
on the duration of vibration.

Beams Details: three beams with details
shown in Table 2 were designed, fabricated
and tested up to failure. All beams are simple
support, a one beam was solid a two beams
with hollow section.
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Fig.1. Schematic representation of hollow R.C. Beams Sections.
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Table 2 - Details of R.C. Solid and hollow
Beams Specimens.

Bot- Top | Stir- | Hol-
tom . Hol-
Beam . | Rein- | rups | low
Rein- ' - low
type f forc- | Rein- | size
orc- | . . shape
. ing [forcing| mm
ing
04
Bl |3012 2010 @150 | | T
B2 [3012 2010 04 100 | circle
@150
B3 |3012|2010| 2% | 100 | circle
@150
Table 3 - Properties of Steel Reinforcement
[10].
Nominal | Measure Yield | Ulti-
. Tensile | mate
Diamete d As
. o | Strengt | Strengt
r Diameter|(mm?) h fy h fu
(mm) | (mm) (MPa) | (MPa)
4 413 |13.39| 395 480
10 9.88 |76.67| 421 520
12 | 122 |M2°) 480 | 570

Table 4 - Compressive Strength of Concrete
Cylinder (28 days) [11]

and crack patterns were recorded. A sche-
matic representation and photographs of the
test setup (and instrumentation) are shown in
Figure.(3).

Fig. 2. Testing Machie and Sample.

Experimental Results: The test results
of all specimens based on load carrying ca-
pacity, deflection, and strain and crack pat-
tern. The comparisons are shown in the fol-
lowing:

First Crack and Ultimate Load: Table
5, show the hollow section decrease in load
capacity and increase in corresponding de-
flection for the same properties, also when
used hollow beams manufactured by vibro-
vacuum give more load capacity and decrease
in deflection.

Table 5 - Fist Crack, Ultimate Load and de-

Sam- | Diameter | Load, | Compres- | Average
ple (mm) [ (KN) sive | Strength
No. Strength | (MPa)
fc, (MPa)
1 150 450 26 28
2 150 520 30 28
3 150 480 28 28

Instrumentation and Testing Proce-
dure:

After complete the curing of beams (i.e.
after the resin is final curing), the specimen is
placed in position, and load was applied at the
compression fiber of beam as shown in Figure
3. The load was applied as two concentrated
points load and increased gradually at incre-
ments of (5 KN). The deflections were meas-
ured at center of specimens at each load in-
crements using Digital dial gauge of accuracy
of (0.01). The strain in concrete also meas-
ured at center of top and bottom fiber at three
locations of distance (60mm) between demec
points as shown in Figure.(3). Test was car-
ried and continued till failure. Failure mode

flections.
Beam  First  Ultimate Deflec- Failure
No. Crack Load, tion mode
Load KN KN mm
B1 30 70 7.1 shear
B2 15 50 12 shear
B3 15 35 10 shear
4 N\

N

N Deflection mm )

Fig.3. Load deflection of all Beams.
1-solid beam, 2- hollow concrete beams
manufactured by vibro-vacuum, 3- hollow
beam manufactured by vibration.
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Crack Patterns: It is clear that in all
beams the hollow beams cracked at signifi-
cantly lower loads than the solid ones. This
indicates that the concrete core in the solid
beams participates in increasing the cracking
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load. In general, the larger the applied loading
relative to applied points loads, the larger the
difference in the cracking loads as shown in
Figure 4.

s

1N\

\\'~; \:,)
\ '\"\\ =

Fig. 4. Crack Pattern of Tested Beam.

Concluding Discussion

Two hollow cross section beams were
tested. Solid and hollow (Circle) beams sub-
jected to two points concentrated load. The
experimental work involved in this study was
mainly to evaluate the effectiveness of hollow
beams manufactured by vibro-vacuum. Based
on the experimental results, in terms of load-
carrying capacity and strains in concrete, ob-
tained from tests on hollow concrete beams
manufactured by vibro-vacuum, it can be
concluded that:

1. The (hollow beam manufactured by vi-
bration) contribute at decrease of load carry-
ing capacity by about (53%) and increased in
deflections and strain by about (40% and
25%) respectively compared with solid
beams. For same properties. Also the (hollow
beams manufactured by vibro-vacuum) that
same function of hollow beam manufactured
by vibration but led to decrease in load carry-
ing capacity by about (17%) and increased in
deflection and strain by about ( 33% and
21%) respectively.

2. At two cases of hollow sections the in-
creases in shear reinforcement led’s to in-
creases in load capacity by about (30%) and
decrease in deflections by (24%).

3. Hollow beams manufactured by vibro-
vacuum give more enhancement by about
(56%) compared with hollow beam manufac-
tured by vibration.

4. Crack are concentrated near support of
hollow beams manufactured by vibro-vac-
uum to formulated shear failure due to vibro-
vacuum give more strength at this location to
prevent failure of flexural.
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Kpemenuyackuii nayuonanvuwiti ynusepcumem umenu Muxauna Ocmpoepadckozo

PASPABOTKA OJHOBAJIBHOI'O BUBPAIITMOHHOI'O
CMECHUTEJISA BETOHA

BBeaenue. beronHocmecurenu npuHyau-
TEJIBLHOTO IEUCTBUS IIMPOKO UCTIOIB3YIOTCS B
CTPOUTEIILHOM IIPOU3BOACTBE /JIs IPUTOTOB-
neHusi OETOHHBIX cMecel U pacTBopoB. Mc-
MOJIB3YIOTCSL POTOPHBIE [ 1], oAHOBaNIBHBIE |2,
3] u 1ByXBasibHbIE OETOHOCMECHUTEIH MPUHY-
JTUTENbHOTO neiicTBus [4]. OqHoBanbHbIE Oe-
TOHOCMECHUTENIN MMPUHYAUTEIBHOTO JEHCTBUS
[2], mpenHa3HAauyeHbl MAJ1 TMPUTOTOBJIEHUSA
MJIACTUYHBIX M JKECTKUX IIEMEHTOOETOHHBIX
cmeceil. OHM codeTaroT B ce0e BHICOKYIO (-
(EeKTUBHOCTh W TPOCTOTY KOHCTPYKIIUU.
DHEpProeMKOCTh OJHOBAIBHBIX OETOHOCME-
cuTesel MPUHYIUTEIBLHOTO AeHCTBUA [2] OT-
BeyaeT TpeOOBaHMIM CTaHAapTa [5] u umeet
Ha 30 — 40% MeHBIIYIO YHEPTOEMKOCTh, YeM
JBYXBaJlbHbIE OETOHOCMECHUTENICH MPUHYIHU-
TebHOro AeicTBHUs. COBpEMEHHOE MPOU3-
BOJICTBO TpeOyeT co3/laHusi OeTOHOCMECH-
TEJIBHOT0 000PYJOBAHUSI C MaJION HEproem-
KOCThIO. DTH MAIIIMHBI JOJKHBI 0Oecredn-
BaTh 2((HEKTUBHOE MPUTOTOBJICHUE KECTKUX
O0eToHHBIX cMecell. CHIDKEHUSI SHEPrOeMKO-
CTH U MOBBIIIEHUs 3P PEeKTUBHOCTH Mpoliecca
MPUTOTOBJIEHUSI MOXKHO JOCTUYb MYTEM HC-
MOJIb30BAaHUsI BHUOPAIIMOHHOTO BO3JCUCTBUS
Ha OETOHHYIO CMeCh B Ipolecce e€ MpUro-
TOBJICHUSI 4Yepe3 Kopryc cMmecurtens [6], B
TPAaHCHOPTUPYIOIIEM B 30HY IE€peMelInBa-
HUS BUOPOJIOTKE [7] Wik 4epe3 BCTPOEHHYIO
B KOPIYC CMECHTENs BUOPAlMOHHYIO 3a-
CIOHKY [8]. DTu BHOpAIlMOHHBIE CMECUTEIH

cHaOXeHbl BHOPOBO3OYAUTENSIMU HaIpPaB-
JICHHBIX [6] WM KpyroBbIX Kojebanuii [7, 8].
Onu oOecneunBarOT MPUTOTOBICHHUE KECT-
KHX OCTOHHBIX CMECEi, HO TpeOyIT IOMOJ-
HUTEJIBHOM 3alllUThl 3JIEKTPONPUBOAA OT
BpPEIHbIX BUOPAIMOHHBIX BO3JIEHCTBUH, Iie-
pellaBaeMbIX OT BUOPHPYIOIIUX MEXaHU3MOB.
JlanpHENero CHUXEHHUsI YHEPrOEMKOCTH H
YIOPOIIEHNU KOHCTPYKLMH  OJHOBAJIbHBIX
cMecHuTeNel MPUHYAUTEIHHOTO NEeUCTBUS [2,
8], mpenHa3HAYEHHBIX JJIS NPUTOTOBIICHUS
JKECTKUX U CBEPX)KECTKUX OETOHHBIX cMecei
MO’KHO JIOCTHYb IIyTEM BHEAPEHUS B TEXHO-
JIOTUYECKU IMpoliecc MnepemMelinBannus Bro-
pPallMOHHOTO BO3JEHCTBHS Ha OETOHHYIO
CMECh, CO3/IaBa€MOr0 KPYTHJIbHBIMH KoJieOa-
HUsIMH BHOpo3acaoHku [9].

eab u 3apaun. MccnegoBanue u paspa-
00TKa OJJHOBAJIBHOTO JIONACTHOTO OETOHOC-
MeCHUTeNss  NPUHYIUTENIBHOTO  JecTBUS,
CHa0XEHHOT0 BUOPAIIMOHHBIM yCTPOHCTBOM
1 00J1a/1al01IEro MaJloi SHEPrOeMKOCTHIO.

PesyabTaTsl ncciaenoBanusi. Ha puc. 1
U 2 mpesicTaBieH BUOPAaLMOHHBIN CMECUTEIND
OeToHa, KOTOPbII BKJIIOYaeT kopnyc 1 ¢ 3a-
TPY304HBIM 2 ¥ BBITPY30YHBIM, 3aKPBITHIM 3a-
CJIOHKOH 3, OTBEPCTHSIMH U LIEHTPAIIbHBIN JIO-
MMacTHOW Basl 4, CMOHTUPOBAHHBIN B MO IIITUII-
HUKOBBIX OIIOpax 5, BRIHECEHHBIX 3a MPEIEibl
obrmacti mepememmuBaHusA. Ha nomactHoM
Bajly 4 CMOHTHPOBAHbI LIEHTPaJIbHBIE 6 U TE-

HAYKOBHH BICHUK BY/[IBHUI[TBA



