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Myask L.C.

moJ0 YAOCKOHAJVIEHHA JTUHAMIYHOTI'O METO4Y
BUITPOBYBAHDb JIOPOKHIX KOHCTPYKIIIA

AHoramnis. B crarti fizerbes npo HOBUH crociO BU3HAYEHHS (PAKTUYIHOTO MOIYJS MPYKHOCTI 32
TPUBAJICTIO YAapy, SIKUM J1a€ 3MOTY YIOCKOHAJIUTH METOJ JMHAMIYHMX IITAaMIIOBUX BUIPOOYBaHb
32 paxyHOK BHUKJIIOUEHHS HEOOXITHOCTI 3aCTOCYBaHHS penepHUX OanoK, 0 B CBOIO 4Yepry
MiBUIILYE MPOAYKTUBHICTh, TOYHICTH Ta O€3MeKy BUIPOOYBaHb.

OO0’ €eKT TOCTIKEHHS — TOPOKHI KOHCTPYKIIIi.

Mera poOOTM — yOOCKOHQJIEHHS JIUHAMIYHOIO METOJy OLIHIOBaHHS Je(OpMaTUBHUX
XapaKTePUCTHK JOPOXKHIX KOHCTPYKIIM MUISXOM CHPOIICHHS BHUMIPIOBAIBHUX OIEpamind i
3MEHIIEHHS OXUOKU BUMIPIOBaHb.

Metoau AOCHTIHKEHHS. — METO/IM TEOPii MPYKHOCT1, TEOPETUIHOT MEXaHIKH, MAaTEMaTHYHOTO
MO/ICJIFOBAHHS.

Kurouosi cioBa: 1uHaMivyH1 IITaMIOBI BUIPOOYBaHHS, JOPOKHS KOHCTPYKLIS, TPUIIaA TUHAMIYHOT
i1, IpY>KHUH MPOTHUH, perepHa 6ajka, TPUBAIICTh yaapy, GaKTUUHUN MOYNb MPY>KHOCTI.

UDC 625.7/.8
Shuliak 1.S.

ON IMPROVEMENT OF THE DYNAMIC TESTING METHOD
OF ROAD CONSTRUCTIONS

Abstract. This paper discusses a new method of determining the actual modulus of elasticity for the
duration of the impact, which allows improve the method of dynamic stamps tests by eliminating
the need for application of reference beams, which in turn increases productivity, accuracy and
safety of tests.

The object of study — road constructions.

Purpose — improving the dynamic method of evaluation the deformability characteristics of road
constructions by simplifying the measurement operations and reduce measurement error.

Research methods — methods of the theory of elasticity, theoretical mechanics, mathematical
modeling.

Key words: dynamic stamps tests, road construction, dynamic action device, elastic deflection,
reference beam, impact duration, actual elastic modulus.
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Myasx U.C.

O COBEPHIEHCTBOBAHNHA TUHAMHUYECKOI'O METOJA
HUCIIBITAHUU JOPOXKHBIX KOHCTPYKIIUHN

AnHoTanmusi. B crathe waer peyb O HOBOM crmocoOe ompeneiacHus (HaKTHIECKOTO MOy
YOPYroCTH MO JIJUTEIBHOCTH  yAapa, KOTOPBIM TMO3BOJIAET YCOBEPUICHCTBOBATH METO]
JTUHAMHAYECKHX INTAMIIOBBIX HCIBITAHUNA 3a CYET HCKIIOYEHUS HEOOXOAMMOCTH TMPUMECHEHUS
peNnepHBIX 0ANOK, YTO B CBOKO OUEPE/lb IMOBHIIIACT MMPOU3BOIUTEIILHOCTD, TOYHOCTh U 0€30MacHOCTh
HCITBITAaHUH.

OOBeKT HccaeoBaHus — JOPOKHBIE KOHCTPYKIIUU.

Llenp pabGoOTBI — COBEPIICHCTBOBAaHWUE JWHAMHYECKOTO METOJa OLEHKH Je(hOopMaTHBHHUX
XapaKTEPUCTUK JOPOKHBIX KOHCTPYKLUMH IIyTEM YIPOLICHHUsS W3MEPUTEIbHBIX Ollepauuil u
YMEHBILIEHUS TOTPEIIHOCTH U3MEPEHUH.
Metonel  uccienoBaHMS  —  METOZBI
MaTE€MaTH4YeCKOro MOJAEIMPOBAHMUSL.
KiroueBble ci10Ba: JUMHAMUYECKHE IITAMIIOBBIE HUCHBITAHUA, JAOPOKHAs KOHCTPYKLHUS, HpUOOp
JMHAMUYECKOTO JIEHCTBUS, YIPYTHil IPOruod, pernepHas Oanka, JTUTEIBHOCTD yaapa, (pakTHYecKHi

TCOpUHU TeOpeTquCKOﬁ MCXaHHUKH,

ynpyrocty,

MOJyJib YIPYTOCTH.

Beryn

Ha croromuimHii neHp sk B YKpaiHi Tak 1 3a
KOPJIOHOM LIMPOKO 3aCTOCOBYIOTHCS IMPHUIIA/IH, 1110
peani3yloTb JHWHAMIYHMA METOJ| OI[IHIOBaHHS
ne(GOopMaTUBHOCTI JOPOXKHIX KOHCTPYKLiH. BoHU
MalTh OUIBII  BUCOKY HIPOAYKTUBHICTH B
MOpIBHSAHHI 3 MeToJaMH Ta 3aco0amu, IO
peaiti3yloTh CTaAaTUYHUNA METOJ] BUIPOOYBaHHS.

[lpyHimn poOOTH LMX NPUIAAIB TMOJSIrae y
BHUMIPIOBaHHI MaKCHUMAaJIbHOTO OCIJJaHHS IITaMIIa,
Ha SKWA i€  KOPOTKOYACHE  JUHAMIYHE
HAaBaHTA)KCHHS. 3a BEIMYMHOI0 MAaKCHMAalIbHOTO
OCIJIJaHHSl IlTaMIa OIIHIOITh  Je(opMaTHBHI
XapaKTePUCTUKHU JTOPOKHBOI KOHCTPYKIIIi.

OcCHOBHA YaCTHHA

T'ooBHMM  HEHOJIKOM  OLIBIIIOCTI  BIZOMHX
3aco01B IS JTUHAMIYHUX LITAMIIOBUX
BunpoOyBanb [l — 4] € HagBHICTH penepHoOi

0anku, HEOOXiTHOT JUIsl BUMIPIOBAHHS MPYKHOTO
NPOTMHY 1 BU3HAYCHHS JUHAMIYHOTO MOIYJIS
PYKHOCTI 3a hopmysioro [5, 6]:
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Introduction

For today, both in Ukraine and abroad
widely used devices that implement
dynamic evaluation method of deformability
of road constructions. They have better
performance compared to the methods and
means that implement the static test method.

The principle of these devices is to measure
the maximum subsidence of stamp, which
operates short-term dynamic loading. The
magnitude of the maximum subsidence of
stamp evaluate deformability properties of
road construction.

Main part

The main disadvantage of most known
means for dynamic stamps tests [1 - 4] is the
availability of reference beam, necessary for
measuring the elastic deflection and
determination of the dynamic elastic
modulus by the formula [5, 6]:
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_ KpDA-p7)
(4 |

: )

ne K, — koedimieHT, M0 3aJ€XKHTh Bif

q
XapakTepy mepenavi HaBaHTaKEHHS HA MOKPUTTSL:
TaK MPU BUITPOOYBaHHI 3a TOTIOMOTOI0 KOPCTKOTO
ramma Kq =0,257 , a 3a JOIOMOT0IO CITAPEHOTO

KoJjeca — Kq =10;

P — THCK Ha MOKPHUTT,

D — niamerp mramra;

U — xoedimient [lyaccona;
| — nporuH NoKpuTTS, M.

HeoOxigHicTh B yCTaHOBII penepHOi Oanku
MPU3BOAMTH JIO JOJATKOBUX BHUTPAT CHJI Ta Yacy
omepatopa. Ilix 4yac BuMmipiOBaHb oMY
HEOOXIOHO BHXOIOWTH 3 AaBTOMOOLIA, a Ie
nigBuinye Hebesneky BumpoOyBaHb. [lokazaHHs
MIPOTHHY MOKPHUTTS BiJl CTBOPEHOTO
HABaHTAaXXCHHs HEOOXIHO 3alMCyBaTH BPY4HY,
[0 CTBOPIOE JIOJATKOBI HE3PYYHOCTI, OCOOJIMBO
MIPU HECTIPHUSITIMBHUX TIOTOJAHUX YMOBaX.

Kpim 1poro, mexaHism migiioMy — OIYCKaHHS
PYXOMOTO HITaMITy Ta perepHoi OaaKu Mae JOBOJI1
CKJIaJJHYy KOHCTPYKIIIIO 1 YaCTO BUXOAMTH 3 JIany,
MOIIKO/DKYIOUM  MPU  LbOMY  BHUMIPIOBAJIbHI
JATYUKH.

OquI/II[HI/IM € TC, 110 H036YTI/ICB JaHOTIo HC,ZLOJ'IiKy

Ta CHOPOCTUTH TMPOIEC BHMIPIOBaHb  IPHU
JUHAMIYHUX [ITAMIIOBUX BUNPOOYBaHHSIX
MOXJIMBO  JIMIIIE  MIIIXOM  BIAMOBU  BiJ

BUKOPHUCTAHHS pelepHUX OanokK.

I[le B cBoro uyepry moTpeOye BUOOpPY HOBOTO
napameTrpy, SKMA CIIiJl BH3HA4YaTH 3aMICTh
NPY)XHOTO  TIPOTUHY TpH  BUIPOOYBAHHSX
JTOPOXKHIX KOHCTPYKIIIH.

3a KOpAOHOM ICHye cmoci0  BU3HAYEHHS
nepopMaTUBHUX  XapaKTEPUCTUK  JOPOXKHIX
KOHCTPYKIIN 3 BUKOPUCTAHHAM NpUCTporo «ZFG-
2000» [7], 3a mOMOMOTOIO SIKOTO TPOBOASTH
JMHaMIYHE HaBaHTA)XEHHS MOBEPXHI JOPOKHBOTO
OJIATY, PEECTPYIOTh CHUTHAJN Bix OOJagHAHHS,
OTPUMYIOTh  CEpEeJHE  3HAYCHHS  OCIJaHHA
JOPOKHBOT ~ KOHCTPYKIII Ta  pO3paxoOBYIOTh
JUHAMIYHUNA MOJYb Aedopmatii 3a GopMyInoro:
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_ KpDA-p7)
(4 |

, 1)

where K, — coefficient, depending on the

character of the transmission load on
pavement: so when tested using rigid stamp

K,=0,257, and using twin wheels —
K,=10;
p — pressure on pavement;

D — diameter of stamp;
u — Poisson's ratio;
| — deflection of pavement, m.

The need to install the reference beam leads
to additional costs time and effort of
operator. During the measurement, it must to
leave the car, and this increases the risk of
testing. Indications of pavement deflection
created by the load must record manually,
which creates additional inconveniences,
especially  during  adverse  weather
conditions.

In addition, the mechanism of recovery —
lowering rolling stamp and the reference
beam is rather complex structure and often
breaks down, damaging the measuring
Sensors.

It is obvious, that to get rid of this
disadvantage and simplify the measurements
at the dynamic stamps tests, can only by
abandoning the use of reference beams.

This in turn requires the selection of a new
parameter that should be measured instead
of elastic deflection during testing of road
constructions.

Abroad, there is a way to determine the
deformation  characteristics of  road
constructions using the device «ZFG-2000»
[7], by which conducting dynamic load the
surface of pavement, recording the signal
from equipment, get the average of
subsidence of road construction and
calculate dynamic deformation module by
the formula:
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E,=15r ==, (2)

ne r — paaiyc mramIa;

S S

S.ax — CepemHe 3 ocimaHb S

4max ! Smax ! 6max

HITaMIia Ipyu TphOX yJapax;

Gmax

o= 0,1 MH/M).

— HOpMaJIbHE HAINPYXXEHHS MiJ ITamroMm (

He3Baxaroum Ha Te, MmO TPH NPOBEICHHI
BUNIPOOYBaHb  BIJACYTHA  HEOOXIOHICTH Yy
BHKOPHUCTAaHHI pPENepHUX OajoK, JaHUH CIocio
TAaKOXX HE € JOCKOHAJIMM Ta Ma€ CBOI HEIOJIKH,
TOJIOBHUM 3 SKHX € CKJIAJHICTh BHU3HAUCHHSI
OCiJIaHHS JOPOKHBOT KOHCTPYKIIIi.

Peectpamiss curHamy BigOyBae€TbCs JaTINKOM
npuckopeHHs. OOpoOka CHrHayly HpPUCKOPEHHS
IUIs OTPUMAHHS OCiTaHHS JOPOKHBOT KOHCTPYKIIii
BUMarae MojBiiHOro iHTEerpyBaHHs, a el Mmporec
€ JIOCUTH CKJIAJIHUM

B pob6oti [8] bymaxom €.0. Oyna moOymoBaHa
MaTeMaTM4yHa MOJIeNIb  B3a€EMOJIl  yIapHUKa
yctaHoBkH «Y IBO-HTY» 3 nokputrtsm.

®opmyay (1) MokHaA TOJATH Y BUTIISAL:

4£P
i 3
DI
ne & — koedillienT;
P — HaBaHTaXCHHA Ha IITaMII,

3BIAKM 3HAWAEMO 3alEeKHICTh MDK MPYXKHOIO
peakiiiero P i mporuHoM noKputTs |

P:ﬂED|' @)

45

HH 3aJIEKHICTD 6yna BUKOPUCTAaHA IUIs CKIIaJaHHS

pIBHAHHA pyxXy yaapHuka «YABO» micns
JOTUKAHHS JI0 TOBEPXHI MOKPUTTH [8].
[Toznaunmo
ED
A=""2 (5)
4s
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E, =15 r Zmx 2)
where r — radius of stamp;
S.x — average of subsidence S, .., Sgm

Sgnax OF stamp with three strikes;

0, — hormal stress under stamp (o, =0,1
MN/m?).

Despite the fact that during the tests there is
no need to use reference beams, this method
also is not perfect and has flaws, chief
among which is the difficulty determination
of subsidence of road construction.

Registration of signal happening an
acceleration  sensor.  Processing  of
acceleration signal for getting the

subsidence of road construction requires
double integration, but this process is quite
complex and leads to significant error.

In [8] Bulakh E.O. was built mathematical
model of interaction of the device drummer
"UDVO-NTU" with pavement.

Formula (1) can be represented as:

e 4P

zDI’ @)

where & — coefficient;

P —load on stamp;
where find the relationship between the

elastic reaction P and deflection of
pavement I
P:7Z'ED|. @)
4

This relationship was wused for the
preparation the equation of motion drummer
"UDVQ" after touches to the surface of
pavement [8].

Denote

A=""2 (5)
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Toni Bupaz (4) wmarume BUIISIL — JTiHIAHOL

3aJIEYKHOCTI:
P = Al (6)

[Ipu mamiHHi ygapHHKa, BiAgpasy MICIAsS KOHTAKTY
HOro miZomBY 3 MOKPHUTTSAM, Ha HBOTO Jli€ CHUJa
ONOpY pYyXy, $Ka HE BHYEPIYETHCS TiJIbKH
npyxHoro peakuiero P. Hacnpasni, mae wmicie
CKJIaJIOBA CWIM ONOpYy, WIO 3aleXKHUTh Bij
IIBUJIKOCTI PyXy YAapHHKa BHU3 [8].

Bbyno BupimeHo BpaxyBaTh B S3KICTh, fK
CKJIQIOBY 4acTuHY cmuii N B’SI3KOro omnopy pyxy
ylapHUKa, 1o Ji€ 3 OOoKy JIOPOKHbBOT
koHcTpyKuii (puc. 1) [8].

E
o[

N

Pucynok 1 — Po3paxyHkoBa cxema 0 CKJIaJaHHS
pPIBHAHHA pyXy VyAapHUKAa TPH KOHTAKTI 3
MOKPUTTSAM

s cuna npomopiiiiHa MWBHUAKOCTI Aedopmarii
MIOKPUTTS:

dl
N=c—, 7
ot (7)

e ¢ — Yy3arajJbHEeHUM Koe(IilieHT B’A3KOCTI
JIOPOXKHBOT KOHCTPYKIIii, KM Mae pO3MIpHICTh

H/(m/c) [8].

3a npyrum 3akoHOM HbroToHa:

d?l dl
m—-=—-Al-c—. 8
dt? dt ®)
Taxum YUHOM, 311MCHUBIIH HEeOOX1IH1
MEePEeTBOPEHHsSI  aBTOpoM pobotu [8]  Oymo
OTpUMaHO JliHIHE OJHOpPiNAHE [udepeHIliiiHe
PIBHSHHS  3aTyXalOYMX KOJHMBAHb  JPYroro
MOPSIKY
d?l |
— +2n—+k?% =0 9
dt? dt ®)
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Then expression (4) will have form of a
linear relationship:

P=Al (6)

With falling drummer, immediately after his
sole contact with pavement, it operates
resistance force, which is not limited only
elastic reaction P. In fact, there is a
component of the resistance, that depends on
the velocity of drummer down [8].

It was decided to consider viscosity as part
of the force N of viscous resistance to
movement of drummer, acting by of road
construction (fig. 1) [8].

k
o[

N

Figure 1 — Diagram to compile equation of
motion drummer in contact with pavement

This force is proportional to the deformation
rate of pavement:

dl
N=c—, 7
ot (7

where ¢ — generalized coefficient of
viscosity of road construction, which has the
dimension N/(m/s) [8].

According to Newton's second law:

d?l dl
m— =—-Al-c—. 8
t? dt ®)
Thus, by making the necessary changes by
the author of [8] was obtained homogeneous
linear differential equation of second order
of damped oscillations

d—2|+2n—|+k2I—0 9)
dt? dt
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ac
E w
m
n=—, (11)
3 TaAKUMHU ITOYAaTKOBHUMH YMOBAMM:
dl

t=0; 1=0, —=V =V, 12
o 0 (12)

ne V, — mouatkoBa LIBHIKICTh yJapHHUKa Iepen

NOTUKAaHHSIM 10  TOKpuTTs.  JlogaTtkoBo
npuiiMaemMo: ¢ =0.
Po3B’s3kom piBHSHHES (9) € dyHKIIs

| =C, coskt+C, sinkt. (13)

3 ypaxyBaHHSIM TOro, L0 HIBHJKICTh € IOXIJHA
OCIZIaHHA TIO Yacy, Ta MOYaTKOBUX yMOB (12) mis
IIBUJIKOCTI1 yJIJapHUKa MaTUMEMO BUpa3:

V =V, coskt. (14)

MaxkcumanbHU TPOTWH TOKPUTTA Oyae MaTu
Miclle Tpu MOBHIM 3ynuHIi ynapHuka V =0.
[IpupiHioroun Bupa3 (14) no Hyns, 3Haiinemo
MOMEHT 4acy, KOJH L€ TPAIUIA€ThCA:

T
T=— 15
o (15)

SIkmo BUMIpATH Yac T yaapy, sSKuii Oyae B ABa

pasu OimpImMif, HIXK Yac, BH3HAUEGHUH 3a
dbopmymoro (15):
V4
T=—, 16
" (16)

TO MOJKHA IMIpaxyBaTH BEJIMYUHY TTapameTpa K :

k:

z (17)
.

3 ypaxyBanHsaMm Bupazis (5), (10), (11) matumemo
kiHnesuid  Bupaz  (18) gns  BU3HAYCHHS
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where
k= |2 (10)
m
c
n=—, 11
o 11)
with the following initial conditions:
t=0;, 1=0; ﬂ—V—V (12)
’ "t o
where V, — initial velocity of drummer

before touches to the pavement. Additional
accept: c=0.
The solution of equation (9) is a function

| =C, coskt+C,sinkt. (13)

Given the fact that the rate is the derivative
of subsidence by time and the initial
conditions (12) to speed of drummer will
have expression:

V =V, coskt. (14)

The maximum deflection of pavement will
take place with the full stop of drummer
V =0. Equating the expression (14) to zero,
find point in time when this happens:

T
T==. 15
o (15)

If measure the time z of impact, which will

be twice more than the time specified by the
formula (15):

T=—, (16)

it is possible to calculate the value of the
parameter k :

k=", (17)

T

Given the expressions (5), (10), (11) will
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(aKTHYHOTO MOJYJISI IPYXKHOCTI E :

_Axm(l-u)

E
°D

: (18)

e M — Maca yJIapHHKa, KT;
U — xoedimient [lyaccona;
T — TPUBAJIICTb yaapy, C;
D — miamerp mrammy, M.

®dopmymna (18) mae MOXKIUBICTh BIIMOBUTHUCH Bif
BUKOPUCTaHHA Tpanuuiitaoi dopmynu (1), sxa
BKJIIOYA€ MPYKHUM MPOrWH, A7 BUMIPIOBAHHS
SKOTO HEOOXiTHO BHKOPHCTOBYBAaTH pemepHi
OaNKHu.

TakuM  YWMHOM, OTpPUMaHO
BU3HA4YEeHHSA J1e()OpMATUBHUX
JTOPOXKHIX KOHCTPYKIIiii [9].

HOBUU  crioci0
XapaKTEPUCTHK

3anmpornoHoBaHU CIOCIO J03BOJISE BiIMOBUTHCH
BiJl CKJIaJHHUX OIEpaliid peecTparii CUTHAILY Bin
oOnagHaHHA, [MOABIAHOTO IHTErpyBaHH1,
OTPUMaHHS CEpPEAHBOIO 3HAYCHHS OCITaHHS Ta
PO3PaxXyHKY TUHAMIYHOTO MOMYJS MPY>KHOCTI Ha
OCHOBI IIHOTO OCIJaHHS, IO 3HAYHO CIIPOIIYE
MpolLeC JMHAMIYHUX MITAMIIOBUX BUIPOOYBaHb.

Bennuuny TpuBanocTi ynapy, HeoOXimHy JUIs
oO4McieHHs. (AKTUYHOTO MOJIYJ TPY>KHOCTI
MOKHa JIETKO BH3HAYUTH SK PI3HULIO MDK
abcuucamu A 1 B 3 rpadiky 3anexHocTi
IPUCKOPEHHS yJapHUKA BiJ Yacy, MPHUKIIAJ SKOro
HaBEJICHO Ha puc. 2.

1200

1000 1

&
5
]
g

@
=
=

.

0 \J_.
085 0.56 057 038 ¢ 2T 042 0.43 0.6 045
-200

Yag, ©

Tpucioperas, uf

Pucynok 2 — I'padik 3a1eXHOCTI TPUCKOPEHHS
yJIapHUKa Bij 4acy

binbm  TOYHO  TpPUBAIICTH  yAapy  MOXHa
BH3HAYaTu 3 rpadika 3al1eKHOCTI HaBaHTaKEHHS
BiJI 4acy.
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have the final expression (18) to determine
the actual modulus of elasticity:

B Axm(l- 1)

E
°D

, (18)

where m — mass of drummer, kg;
1 —Poisson's ratio;

7 —duration of impact, s;

D — diameter of stamp, m.

Equation (18) makes it possible to abandon
the use of traditional formulas (1), which
includes elastic deflection, to measure that
requires use of reference beams.

Thus, received a new method of determining
the deformation characteristics of road
constructions [9].

The proposed method allows to refuse of
complex operations on registration signal
from equipment, double integration, get the
average subsidence and calculate the
dynamic elastic modulus on the basis of this
subsidence, which greatly simplifies the
process of the dynamic stamps tests.

The value of the duration of impact, required
to calculate the actual elastic modulus, can
be easily identified as the difference
between abscissas A and B with the graph of
acceleration drummer from time, an
example of which is shown on fig. 2.

1200

1000 1

a0

o
1=}
=

. 2
Acceleration, m/s

a0 Mx Lo
i

200

-200

Figure 2 — Graph of acceleration drummer
from time

More accurately, the duration of impact can
be determined with the graph of load from
time.
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BucHoBxu

1. Po3pobmeno HOBHII cmocid BU3HAYCHHS
(haKTUYHOTO MOJYJIS TMPYKHOCTI 32 TPUBAIICTIO

yAaapy.

2. Jlanwii crioci0 Ja€ 3MOTY yIOCKOHAIUTH METOJ
IMHAMIYHMX  IOTAMIIOBUX  BHUIPOOYBaHb  3a
paxyHOK BUKJTFOYCHHS HEOOX1THOCTI
3aCTOCYBaHHs PEIEPHHUX OAJOK, [0 B CBOKO Yepry
MiJBUIIYE TPOAYKTUBHICTh, TOYHICTh Ta OE3MEKY
BHUIPOOYBaHb.
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Penenzentn:

Conclusions

1. Received a new method of determining
the actual modulus of elasticity for the
duration of the impact.

2. This method makes it possible to improve
the method of dynamic stamps tests by
eliminating the need for application of
reference beams, which in turn increases
productivity, accuracy and safety of tests.
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