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A STUDY OF DYNAMICALLY COMPACTED CONCRETE DEFORMATION
BY LASER INTERFEROMETRY METHODS

Introduction

Dynamically compacted concrete is ob-
tained by mechanical casting of mixture to the
surface to be poured [1-3].

To study the deformation peculiarities
of dynamically compacted heavy-weight con-
crete such methods are necessary that enable
registration of deformation fields of its
macro- and microstructure. To this end laser
holographic interferometry methods were ap-
plied. There methods ensure contact-free in-
ertialess registration of deformation fields in
a wide range of dynamic and static loads [4].

Methods and equipment

In the course of study holographic inter-
ferograms were registered under “countercur-
rent beams” scheme (method by Y.N.Denis-
iuk) (merom FO.H. J[lenwucroka) [5]. Such
scheme (fig.1) is exceptionally simple, but
enables registration of displacement field at
high spatial frequency of interference fringes.
This is especially important in study of high
gradient deformation areas. Presence of such
areas is typical for complicated structure sys-
tems, such as dynamically compacted con-
crete.

L]

\9| w?n

Fig. 1. Hologram registration scheme under
Y.N.Denisiuk method (see explanation in
text)

We used double exposure method with
registration of displacement vector normal
component. Interferograms were registered at
increment Ao of stresses acting on the sample
which are minor as compared to concrete
sample strength occr.

Under double exposure registration of
interferograms (see Fig.1) gas laser 1 radia-
tion comes via light gate 2 to mirrors 3 and 4.
Light flux formed with the help of micro-
scope objective 5 and collimator lens 6 passes
through transparent hologram photoplate 7
and illuminates object surface 8 under study.
Axis of collimated beam and optical axis of
digital registratory camera 9 were so arranged

[
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to ensure maximum sensitivity of measure-
ment device to displacement vector normal
component.

The experimental results were subdued
to qualitative and quantitative analysis.

Under qualitative analysis interfero-
grams were collated with photos of the sur-
face under study. Deformation gradients were
evaluated by interference fringe frequency,
whereas cohesion disturbances of system and
cracking area were determined by ruptures of
interference fringes.

Quantitative analysis method was based
on normal displacement field registration
scheme wherein an alteration of displacement
value between adjacent interference fringes
was equal to half wavelength of laser radia-
tion [6]. In this work we used He-Ne gas laser
with wavelength of 633 nm. In order to im-
plement this method in practice each of bright
fringes was described with a set of points con-
taining information on its coordinates in the
sample plane and fringe sequential number.
The obtained array of points was used for 3D
visualization of data. The subsequent analysis
was performed with due consideration of
loading conditions and structural peculiarities
of concrete.

Experimental research

Experimental research was performed
on slices of concrete samples. Testing action
was effected by application of compressing
force to samples.

Laser interference research showed that
with increase of stress ¢ from 0% to about
27% of concrete sample strength occr abnor-
mal deformation of sample does not take
place, which is evident from uniform distri-
bution of interference fringes on holographic
interferograms.

When compressing stress in the sample
reaches o = 14,77 MPa (30% of occr), harbin-
gers of visually unobserved cracks appear as
abnormal high gradient deformation areas,
and besides, block formation begins and par-
ticular aggregates commence turning (Fig. 2
a,b). According to classification of O.Y.
Berg, those processes correspond to lower
parametric point of microcrack formation [7].

With growing stresses in the sample the
network of abnormal high gradient defor-
mation areas develops, forming additional

blocks. These processes are accompanied by
development of microcracks formation and
their merging into macrocracks. Fig.3 shows
a 3D interpretation of displacement field ob-
tained for the sample under study at o = 16,24
MPa (at 40 = 1,47 MPa) for better visual per-
ception of structural changes.
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Fig. 3. 3D plot of sample surface displace-
ment field at o= 16,24 MPa specifying typi-

cal structural changes in concrete
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At o= 23,2 MPa a part of aggregates is
separated by tracks from the bulk and turned
through under load as shown in Fig.4. Area 1
in Fig.4a is a block in the form of rigid ele-
ment which is deformed only slightly and
separately from the bulk. Aggregates 2 and 3
are turned in different way from the common
displacement field. Values of turn angles are
negligible, they equal at stress difference of
Ao = 2,1 MPa only 0,003 degrees, neverthe-
less, interferogram enables clear detection of
abnormal behavior of those structural ele-
ments. Signs of such processes were observed
in [8]. Such condition of structure corre-
sponds to o= 0,460ccr.

Fig. 4. Sample slice with marked interfer-
ence fringe rupture lines embracing charac-
teristic areas 1, 2, 3 (a) and interferogram of

concrete surface displacement field at o =

23,2 MPa (b)

The obtained data enable to refer aggre-
gate intense turning through processes, for-
mation of clearly expressed concrete block
structure concomitant with partial violation of
integrity of high gradient deformation areas in

the form of cracks along block boundaries, to
top parametric point of microcrack formation
(according to O.Y.Berg) [7].

At o = 34,8 MPa the fragments of sam-
ple formed at previous stress level begin con-
stant displacement even within a short time of
photoplate exposure, which is evident of in-
tense violation of sample structure integrity.
Such areas are clearly visible in interferogram
in Fig.5 in the form of sections with low con-
trast of interference fringes.

Fig. 5. Interferogram of sample at o = 34,8
MPa

Conclusion

Thus, application of laser holographic
interferometry method enabled a more exact
definition of behavioral mechanism of dy-
namically compacted concrete under com-
pressing load and establishment of new ele-
mentary acts in destruction process of dynam-
ically compacted heavy-weight concrete.
They are:

- aggregate turning through in matrix;

- formation of concrete block structure;

- formation of high gradient linearly
spread areas of increased plasto-elastic defor-
mations along block boundaries.
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Tpukos JI.B., CaBuyk B.IO.
Yxpaincoxuii Oeporcasruii yHigepcumem 3ani3HUNHOZ0 MPAHCIOPMY

AOCAIZKEHHA 3AJIEZKHOCTI SMIHH IIMTOMOI'O OIIOPY I'PYHTY BIJ
KIVIBKOCTI AKTUBHOI'O MYJIY CTAHIIU BIOJIOT'TYHOI'O OYUIIIEHHSA

Beryn. YMmoBu ekcrutyaTariii 3ainizo0e-
TOHHUX KOHCTPYKIIilf, pO3TamIoBaHUX M00-
U3y eNneKTpudiKoBaHUX 00’ €KTIB (MICHKUU
€JIEKTPOTPAHCIOPT, 3ali3HMI, METPOIOJIi-
TE€H), MalOTh OJHY OCOOJIUBICTh, @ CaM€ BIpO-
TAHICTh A1l JOAATKOBOIO YMHHHKA — E€JIEKT-
pudaHoro cTpyMy. [Ipn npoxomKeHHi cTpymy
pelikaMy YacTHHA HOTO0 BIATaTyKy€EThCS B 3€-
MIIIO (CTpPYMH BHUTOKY, OJIyKaroul CTPyMH),
BUKOPUCTOBYIOUM 11 SIK IapajelbHUM iM IIpo-
BiIHUK. Po3paxyHKoBHIl mUTOMUIL omip Ipy-
HTY — II€ TapaMeTp, 110 BU3HAYAE OCOOIMBUI
PIBEHDb «EJIEKTPONPOBIAHOCTI» 3€MIIL SIK MTPO-
BiJTHUKA, TOOTO SIK IBUJKO Oy/ie pO3TiKaTHCS
B TAaKOMY CEPEJIOBHIII €NEKTPUYHUNA CTPYM.
Jist eneKTpuYHOro CTpyMy HPU3BOIHUTH J0
KOpO3ii apMaTypH 1 6€TOHY, 110 B KIHIIEBOMY
paxyHKY BHMKJIMKAa€ pyHHYBaHHS KOHCTpPYK-
1ii. Big nokazHuka MUTOMOTO OMOPY IPYHTY
3aJIEKUTh HAAIMHICTE Ta JOBIOBIYHICTH CIIO-
pPyA.

[pyHTH NOALIAIOTH Ha €JIEKTPOHHI IPO-
BITHUKHU, 200 MPOBIIHUKU TMEPIIOrO POy, B
SIKUX 3apsiid IEPEHOCATHCS BUIBHUMH €JIeKT-

pOHaMH, 1 Ha 10HH1 IPOBITHUKHU, a00O MPOBI1JI-
HUKHU JPYroro pojay, B SIKUX €JIeKTPHUHi 3a-
P TIEPEHOCATHCS I0HaMU Y PO3YMHAX, 10
3allOBHIOKOTH MOPU 1 TPIUHU TIpYyHTY. o
MepuIoi Ipynu IPYHTIB BIAHOCATHCS HEBE-
JUKa KUTBKICTh MOPIJl — TAaKHX, K CaMOpPiIH1
MeTanu, cyiabdinu, rpadit, antpauuT. [o
Apyroi BCi 1HIII MOPOJH, 3 SKUMHU 3a3BUYAl
JIOBOJIUTHCS TIPAIIOBATH TIPH iIHKEHEPHO-TE0-
JIOT1YHUX BUIIYKYBaHHSX, Y TOMY YHCII 1 IpU
MEePeANPOCKTHUX BUIIYKYBaHHX. Y PUPOI-
HUX YMOBAaXx 3aBXXJH € 00uJBa POy MPOBiJI-
HOCTI, ajie 3aJIEKHO BiJI TOr0, SKa 3 HUX JIOMi-
HYy€, TPYHTU BIJHOCSATBHCS JI0 Ti€l 4YM IHIIOL
rpynu. IIpoBigHICTE TPYHTIB Opyroi rpymnu
Oyze 3aiexxaTH BiJ 6ararbox (pakTopiB: BUAY
IPYHTIB, TPYHTOYTBOPIOIOUUX 1 T€OJIOTTUHUX
MOpiJ1, KOJIMBAHb PiBHIB IPYHTOBUX BOJI, KiJIb-
KOCTI OIaJiB, TEMIIEPATypH 1 BOJIOTOCTI MOBI-
Tps, KOHIIEHTpALlii B HUX PO3YMHHHUX XIMiy-
HUX PEYOBUH (COJIeH, KHUCIOTHHUX 1 JYXKHHUX
3aJIMILIKIB), XapaKTepy POCIUHHOCTI, TOCHO-
JApChKO1 MIsUTBHOCTI toaunau Ta 1H. [Ipu He-
raTUBHUX TEMIIEpaTypax IPyHT Pi3KO MiIBHU-
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