M)
\\L‘\l__-?“‘

- Ne3-4

VK 691.32:614.841.2
DOI 10.23947/2541-9129-2018-3-4-64-78
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Pabora mocBsIeHa yIBTPA3BYKOBOMY METOAY
UCCIIEIOBAHMS KEJIe300€TOHHBIX KOHCTPYKIUI
nocJje noxapa. MetroJ OCHOBaH Ha CBOMCTBE YJib-
TPa3BYKOBOW BOJIHBI H3MEHATH CKOPOCTb IPO-
XOXKICHHUSI B 3aBUCHUMOCTH OT CTEIEHH MOBpe-
KJICHUS JKEJIe300€TOHHOW KOHCTPYKIMH B pe-
3ynbTaTe moxkapa. MeToj MIMPOKO MPUMEHSETCs
IpY TPOBEJICHUH TOXKAPHO-TEXHUYECKUX IKCIep-
THU3 7151 YCTAHOBJICHHSI Oovara rokapa B Imomerie-
Huu. Llens HacTosme paboThl — BBIBECTH (POp-
MYITy, CBSI3BIBAIOIIYIO KOX(DOHUIIMEHT MPOXO0XKIIe-
HUSI YIBTPA3BYKOBOM BOJIHBI C TeMIEpaTypoun
HarpeBa OeroHa. B mporpamMmHOM KOMILIEKCe
Microsoft Excel aBropoM ObUIM MOCTPOCHBI Tpa-
GuKM I8 M3ydeHUs JIMHEHHOW W TOJMHOMHU-
HAJIbHOW 3aBUCHUMOCTH KO3(HIIHEHTa TPOXOXK-
JICHUs YJIBTPa3BYKOBOW BOJIHBI M TEMIIEpaTypbl
HarpeBa OceToHa. B pesynprare ObUIO MOTydeHO
ypaBHEHHE, KOTOpPOE€ YCTaHABJIMBAECT 3aBUCH-
MOCTh MEXIy KOIPOUIMESHTOM MPOXOXKICHUS
YJIBTPa3ByKOBOM BOJIHBI U TEMIIEPATypOM Harpesa
O6eroHa. MakcumalibHasi MOTPEUIHOCTDh PE3yNbTa-
ToB cocTtaBwia 20 °C mpu Temneparype Harpesa
6erona, paBHoii 400 °C. Ha ocHoBaHuM mOIy-
YEHHOT'0 YPaBHEHHUS ObLI MOCTPOEH aJIFOPUTM IS
pacuera TemrepaTypbl HarpeBa O€TOHa U €ro oc-
HOBHBIX TPOYHOCTHBIX XapaKTEPUCTHK IO U3-
BECTHOM CKOpPOCTH MPOXOKJIEHUS YIbTPa3ByKO-
BOW BOJIHBI.

Co3nanue mporpaMmbel Ha 0a3ze OINMCAaHHOTO B
JTAHHOM CTaThe aNropuTMa MO3BOJIUT YCOBEPILEH-
CTBOBaTh YJIbTPa3BYKOBOH Ne(EeKTOCKON U pac-
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The article is devoted to the ultrasonic method of
investigation of reinforced concrete structures
after a fire. The method is based on the property
of an ultrasonic wave to change the speed of pas-
sage, depending on the degree of damage to the
reinforced concrete structure as a result of a fire.
The method is widely used in the practice of fire
and technical expertise to establish a fire in the
room. The aim of the work is to derive a formula
relating the transmission coefficient of an ultra-
sonic wave to the temperature of the concrete
heating. The resulting formula should transmit the
temperature of the fire impact to the reinforced
concrete structure in the event of a fire as accu-
rately as possible.

In the Microsoft Excel software system, graphs
were constructed to study the linear and polyno-
mial dependence of the ultrasonic wave transmis-
sion coefficient and the temperature of concrete
heating. The equations obtained as a result of the
study were tabulated and compared for the pur-
pose of determining the equation with a minimum
measurement error.

As a result of the study, an equation was obtained
that establishes the relationship between the
transmission coefficient of the ultrasonic wave
and the temperature of the concrete heating. Veri-
fication of the equation obtained showed that the
maximum error in the results is 20 ° C at a con-
crete heating temperature of 400 ° C, which is
very insignificant. On the basis of the obtained
equation, an algorithm was constructed for calcu-
lating the temperature of heating concrete and its
main strength characteristics at a known rate of
passage of an ultrasonic wave.
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VIBTPa3BYKOBON nedexTockon OyaeTr mose3eH
KaK COTpPYAHHKaM CyJIeOHO-IKCIEPTHHIX Yyupe-
KIEHUN (eaepaTbHON MPOTHUBOMOKAPHON CITYXK-
On1 «McmpITaTenpHas MOXKapHas JadopaTopus» B
OTIpe/IeNIieHUU odara Toskapa, Tak U OpraHu3aIu-
SIM, OCYILECTBIIIOIIUM OIIEHKY OCTAaTOYHOH He-
cyuien
CTPYKLIUH IIOCIIE IT0XKapa.

CIOCOOHOCTH  K€JIE300€TOHHBIX KOH-

KuroueBble cjioBa: yIbTpa3ByK, yIbTPa3ByKOBast
ne(heKTOCKOHS, yIbTPa3ByKOBOU 1e(hEKTOCKOTI,
OETOH, KeIe300eTOHHAsI KOHCTPYKIIHS, TTOXkKap,
oyar noxapa, Ko3(QpGHUIHEHT MPOXOKACHUS YIIb-
TPa3BYKOBOW BOJIHBI, TEMIIEpaTypa Harpesa Oe-
TOHA.

BBenenue. VYibTpa3sByK IPUMEHSIOT B pas-
JUYHBIX OTPACISAX YEJIOBEYECKOW NEATENbHOCTU
— TPOMBIIIJICHHOCTH, MEIUIMHE, CTPOUTEINb-
CTBE. YIbTPa3BYKOBbIE METOJbl HCCIIECIOBAHUS
OCHOBBIBAIOTCSl Ha CBOMCTBax YJIbTpa3ByKa Mpo-
HUKAaTh 4yepe3 paziuyHble cpepl. CKOpOCTh yiib-
TPa3BYKOBOW BOJIHBI CYIIECTBEHHO 3aBHCHUT OT
BUJa cpenbl. HamMmeHbIIyl0o CKOpOCTh pacmpo-
CTpaHEHUs YJIbTPAa3BYKOBBIE BOJHBI UMEIOT B Tra-
3aX M KHJAKOCTSAX, HAMOONBIIYI0 — B TBEPABIX
Tenax. Tak, CKOpOCTb yIbTpa3ByKa B BO3AYyX€ CO-
crapisier 331 m/c [1].

VYAbTpa3ByKOBbIE  METONbI  HUCCIIEOBAHUS
HAITU IHPOKOE PAaCIpPOCTPAHEHUE B CTPOUTEINb-
CTBE M MOKapHOH Oe3omacHocTH. MeToJ, OCHO-
BaHHBIH Ha HUCCJIEAOBAHUM CTPOUTEIBbHBIX KOH-
CTPYKLHUH IOCPEACTBOM YJIbTpPa3ByKa C IIEJIbIO
orpeneneHuss NeeKTOB U MOBPEXKACHUM, Ha3bl-
BaeTcs yJabTpa3BykoBou nedexrockomnuenr. CTpo-
WUTEJIbHbIE KOHCTPYKUUH 3JaHUNA U COOPYKEHUU
MOTYT OBITh M3TOTOBJIEHBI U3 PA3NIUYHBIX MaTe-
pHUaoB: Kene300eToHa, CTalH, IPEBECUHBI U T. [I.
Kaxxnprit MmaTepuai B HOPMJIBHBIX YCIOBHUSAX 00-
JasaeT ONpPEJECIECHHBIMH CBOMCTBAMM U HMEET
OIIPEEIEHHOE 3HAUEHUE CKOPOCTHU MPOXO0KIAECHUS
yABTPa3BYKOBOH BOJIHBL IlocKoibKy 00BEKTOM
HAYYHOTO MCCIIEJOBAHUS SBIAIOTCSA JKee300e-
TOHHBbIE KOHCTPYKIHMH 3[aHUM, CJIEeIyeT OTMe-
TUTh, YTO CKOPOCTh IOBEPXHOCTHOW YIbTpa3BY-
KOBOIl BOJIHBI B O€TOHE MpPHU HOPMAIbHBIX YCIIO-

Creating a program based on the algorithm de-
scribed in this article will improve the ultrasonic
flaw detector and expand its functions. The im-
proved ultrasonic flaw detector will be useful
both to the staff of forensic institutions of the fed-
eral firefighting service "Test Fire Laboratory", in
determining the fire site, and to organizations car-
rying out an assessment of the residual load-
bearing capacity of reinforced concrete structures
after a fire.

Keywords: ultrasound, ultrasonic flaw detection,
ultrasonic flaw detector, concrete, reinforced con-
crete structure, fire, fire center, ultrasonic wave
transmission coefficient, temperature of concrete
heating.

Introduction. Ultrasound is used in various
branches of human activity (industry, medicine,
construction). Ultrasonic methods of investigation
are based on the properties of ultrasound to pene-
trate through various media. The speed of an ul-
trasonic wave varies and depends on the type of
medium. The lowest velocity of propagation is in
ultrasonic waves in gases and liquids, the largest
in solids. So, the speed of ultrasound in the air is
331 m/s[1].

Widespread ultrasonic
found in construction and fire safety. A method
based on the study of building structures by
means of ultrasound for the purpose of determin-
ing defects and damages is called ultrasonic flaw
detection. Building structures of buildings and
structures can be made of various materials: rein-
forced concrete, steel, wood and others. Each ma-
terial under normal conditions has certain proper-
ties and has a certain value of the transmission
speed of an ultrasonic wave. Since the object of
scientific research are reinforced concrete struc-
tures of buildings, it should be noted that the
speed of the surface ultrasonic wave in concrete
under normal conditions is about 2000-2500 m /s
[2]. The change in the structure of the material

research methods
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BHUX coctaBisieT okoio 2000-2500 m/c [2]. U3-
MEHEHHE CTPYKTYphl MaTepuana IpUBOJUT K H3-
MEHEHHUIO €ro CBOMCTB M, CJIEeOBaTeNbHO, K H3-
MEHEHHUIO CKOPOCTH MPOXOXKJIECHUS YIbTPa3BYyKa.
UccnenoBanue CBOWCTB YJIbTPa3BYKOBBIX BOJIH,
MNPOLIEAIINX Yepe3 MaTepuai, OCYIIECTBISICTCS
CHEIHUAIBHBIM TPHOOPOM —  YIBTPa3BYKOBBIM
ne(hEKTOCKOTIOM.

Metoa yJabTpPa3sBYKOBO#H 1e()eKTOCKONUU B
NPaKTHKe TMO0KAPHO-TEXHUYECKOH 3JKCIepTH-
3bl. B pe3ynbTaTe moxkapa BO3J€HCTBUE BBICOKHX
TEMIEpaTyp Ha >KeIe300€TOHHYI0 KOHCTPYKIIHIO
MPUBOAUT K OOpa30BaHUIO B CTPYKType OeTOoHa
nedekToB W TOBpexaeHuiu. McmapeHwe B 1ie-
MEHTHOM pacTBOPE XMMUYECKH CBSI3aHHOW BOJIbI
U JIETHIpaTalus TUIPOKCH A KAIBIHUS TIPU BICO-
KUX TEMIIepaTypax CIOCOOCTBYET IMOSBICHHUIO B
CTPYKType OeToHa MHKpO- W MakpoTpemmH [3].
PazymioTHeHne CTpyKTypbl O€TOHA MPUBOAUT K
00pa30BaHUIO B €r0 CTPYKType Bo3ayxa. Kak or-
MEYajoch BHIIIE, YJIbTPa3BYKOBBIE BOJIHBI B BO3-
IyXe HMMEIOT HauxXyJllee paclpocTpaHeHHE I10
CPaBHEHHIO C TBEPJBIMH MaTepHaliaMu (B HaIleMm
cilyyae TBepJblii MaTepuan — 0eToH). Takum 00-
pa3oM, MOBpEXIEHHUS M Je(EeKThl >KeIe300eTOH-
HOM KOHCTPYKIIMH BBI3BIBAIOT YMEHBIIEHUE CKO-
pOCTH TPOXOXKACHUS YJIbTPA3BYKOBOM BOJIHBI.
JlaHHO€ CBOWCTBO HCHOJIB3YIOT COTPYIHHKH CY-
NeOHO-IKCTIEPTHBIX  YUPESXKICHUN deaeparTbHOn
MIPOTHBOIIOXKAPHOU  CyKObl  «lcribITaTenbHas
noxapsas nadoparopusi» (COY ®IIC UILI).

YApTpa3ByKOBYIO Je(EKTOCKOIHIO B TIPAKTUKE
AKCIIEPTHU3HI MOXKAPOB CIEAYET OTHOCUTH K TOJIE-
BBIM METOJIaM HcclieloBanus. JIJisi yCTaHOBIICHUS
ouara noxapa corpyaauk COY ®IIC UILI ¢ mo-
MOIBIO  YIBTPA3BYKOBOTO JePEKTOCKONA OCY-
HIECTBIISIET H3MEpPEHUE CTENEHU MOBPEKIACHUS
CTPOUTENIbHBIX KOHCTPYKIMI B pe3ynbTare Io-
*kapa [2,4]. 3nanus | u |l crenenn orHecToiko-
CTH, KaK MpPaBWJIO, U3TOTOBJICHBI U3 HUCKYCCTBEH-
HbIX KaMeHHbIX MmaTtepuanoB. lllupokoe pacmpo-
cTpaHeHue B 31aHudX | u |l crenenu ornecroiiko-
CTU UMEET KOHCTPYKTUBHASI CXEMa, COCTOAILAs U3
MOHOJIMTHOTO eJIe300€TOHHOro Kapkaca. 3a-
MOJIHEHUE MPOEMOB B TAKUX 3JaHHUSIX OCYILIECTB-
JSIeTCSl ¢ MUCMOJb30BAaHUEM KHUPIMUYHOU KIIAJAKU

leads to a change in its properties and, conse-
quently, to a change in the ultrasonic transmission
rate. Investigation of the properties of ultrasonic
waves transmitted through the material is carried
out by a special instrument — an ultrasonic flaw
detector.

Method of ultrasonic flaw detection in the
practice of fire and technical expertise. As a
result of the fire, the effect of high temperatures
on the reinforced concrete structure leads to the
formation of defects and damages in the structure
of the concrete. Evaporation in a cement solution
of chemically bound water and dehydration of
calcium hydroxide at high temperatures promotes
the appearance of micro- and macrocracks in the
structure of concrete [3]. Distortion of the struc-
ture of concrete leads to the formation of air in its
structure. As noted above, ultrasonic waves in air
have the worst spread in comparison with solid
materials (in our case, solid material — concrete).
From all the above it follows that the damage and
defects of the reinforced concrete structure cause
a decrease in the speed of passage of the ultrason-
ic wave. This property is used by forensic experts
of the federal firefighting service "Test Fire La-
boratory” (FEI FFS TFL).

Ultrasonic flaw detection in the practice of
fire examination should be attributed to field re-
search methods. In order to establish a fire center,
a FEI FFS TFL officer, armed with an ultrasonic
flaw detector, performs a measurement of the de-
gree of damage to building structures as a result
of a fire [2, 4]. Buildings | and Il degree of fire
resistance, usually made of artificial stone materi-
als. A constructive scheme consisting of a mono-
lithic reinforced concrete skeleton is widespread
in buildings of I and Il degrees of fire resistance.
Filling of openings in such buildings is carried
out using brick masonry or concrete blocks.
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win 0eTOHHBIX 0J0KOB. M3MepeHue CTerneHu mo-
BPEXKJCHUS KeJIe300€TOHHBIX KOHCTPYKLMHA CO-
tpyasukom COY ®IIC UIUI, cormacno [2],
OCYIIIECTBIISICTCS B CIIEAYIOIIEM OPSIKE:

1. mamMeyaroTcs KOHCTPYKIMH JJIs 00CienoBa-
HUS. DTO MOTYT OBITh Kele300€TOHHBIE CTEHBI,
TUTATHI TIEPEKPBITUS, HECYIUE KEeIe300€TOHHbBIE
KOJIOHHBI,

2. COCTaBJISETCS TJIaH KOHCTPYKIUU (TIOTOJIKA,
CTEHBI WJIX KOJIOHHBI) B MacIiTaoe;

3. ¢ marom 25, 50 wim 100 cM Ha KOHCTPYK-
[IUY HAMEYaIOTCs yYaCTKU MPO3BYUMBAHUSI.

Hanee corpynuuk COY ®IIC UITI Bkatouaet
neeKTOCKOM, MPUKUMAET JaTIYUKUA K KOHCTPYK-
MU W TPOBOJUT HM3MEpPEHUE HA TEPBOM Hame-
4eHHOM y4acTke. [T0CKOJIBbKY B jKene300eTOHHBIX
KOHCTPYKIIUSAX HAXOAWUTCS apMarypa, yBEIUYH-
BalOIasi CKOPOCTh MPOXOXKICHHS YIBTPa3BYKO-
BOIl BOJIHBI, TO M3MEPEHHs] HEOOXOAMMO IMPOBO-
JUTh B IBYX MEPHEHAUKYISPHBIX HANpPaBICHUSIX.
Bribupaetcst To u3MepeHue, rie CKOpocTb Ipo-
XOXKICHHUSI  YIbTPa3ByKOBOM

BOJHBEI  ObLIA

HauMEHbIIeH [2, 5].

bopmyny (1),
OTIpeNeNAI0T KOAPPHUIHUEHT MPOXOXKICHHUS YiIb-

BHOCHGI[CTBI/II/I, HCIIOJIb3Ys

TPa3BYKOBOW BOJIHBI

Safety of Technogenic and Natural Systems . 2018

Measurement of the degree of damage to rein-
forced concrete structures by the FEI FFS TFL
employee, according to [2], is carried out in the
following order:

1. Designs for inspection are planned. It can
be reinforced concrete walls, slabs, bearing rein-
forced concrete columns;

2. A design plan (ceiling, wall or column) is
drawn in scale;

3. With a step of 25, 50 or 100 cm on the con-
struction of sound areas;

Further, the employee of the FEI FFS TFL in-
cludes a flaw detector, presses the sensors to the
structure and conducts the measurement on the
first target section. Since in reinforced concrete
structures there is an armature increasing the
speed of passage of an ultrasonic wave, meas-
urements must be made in two perpendicular di-
rections. Of the two measurements, the measure-
ment is chosen, where the velocity of the ultra-
sonic wave was the smallest [2, 5].

Subsequently, using the formula (1), deter-
mine the transmission coefficient of the ultrasonic
wave.

K= Cqb /Co, (1)

rae Cy — CKOpOCTh IPOXOXKIEHUs YyIbTpa-
3BYKOBOM BOJIHBI B TOUKe U3Mepenusi; Co — CKo-
POCTh TIPOXOKACHUS YIBTPa3BYKOBOW BOJHBI B
OeToHe, HE ITOIBEPraBIIEMCS] HATPEBY.

Kax BumnHO 13 hopmyns (1), yem MeHbIe 3Ha-
yeHue koddouimenta K, rem Gonee cHIIbHOE MO-
BPEXKICHUE HMEET 3>KeIe300eTOHHAss KOHCTPYK-
UL,

OmnpenenuB 3HaueHue kodpduiuenra K B
HaMEUYECHHBIX TOYKaX KOHCTPYKIMH WM TIOMellie-
Husl, cotpyaHuk COY ®IIC UITI moxer nenath
BBIBOJIBI O MECTaX BOSHUKHOBEHUS TOPCHUS U Y-
TSIX €r0 PaCIpPOCTPAHCHUS.

B kauecTtBe mpumepa MOKHO NMPUBECTH TIOMe-
IIEHHE, B KOTOPOM CTEHBI BBITIOJHEHBI U3 JKelle-
300eTOHa WM OETOHHBIX OoKOB. Oyar moxapa
pacrosiokeH B yrity nomeineHus. Ecnu noxxapras

where C, is the velocity of the ultrasonic
wave propagation at the measurement point;

Cy is the speed of passage of an ultrasonic
wave in concrete that has not undergone heating.

As can be seen from the formula (1), the
smaller the value of the coefficient K, the stronger
the damage has the reinforced concrete structure.

Having determined the value of the coefficient
K, at the designated points of the structure or
premises, the employee of the FEI FFS TFL can
draw conclusions about the places of origin of
combustion and the ways of its spread.

An example is a room in which the walls are
made of reinforced concrete or concrete blocks.
The fire is located in the corner of the room. If the

s
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Harpy3ka B IOMEIICHUHU pa3MelleHa paBHOMEPHO
U TOoploure MaTepuaibl UMEIOT OJMHAKOBBIE IO-
’)KapoomacHbIe CBOWCTBAa, TO COTpyAHUKY CIY
OIIC UIT metonoMm ymbTpa3BYKOBOH Ae(EKTO-
CKOIIMHU HE COCTaBUT TpyJa ONpeAeIUTh ovar Imo-
*apa B momenienuu (puc. 1, a).

B pesynbraTe mokapa B 3JaHUU WIH IIOMeELIe-
HUHU MOT'YT BO3HHKATh BTOPUYHBIC OYaru Iroxapa
WM HaXOJUTHCA MECTa C COCPEIOTOUYECHHOU IO-
JKapHOM Harpy3koi. DTH (GaKTOpPbl MOTYT OCIIOXK-
HUTBH paboty cotpyaauky COY ®IIC UILJI B Bo-
Mpoce OMpEeNeTeHUsT HCTUHHOTO (IIEPBUYHOTO)
ouara moxapa (puc. 1, b).

Ouar noxapa
800-1000 °C

02 03 o4 05 06 07 08 09 1
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fire load in the room is evenly distributed and the
combustible materials have the same fire hazard
properties, then it will not be difficult for the em-
ployee of the FEI FFS TFL to determine the fire
in the room by the ultrasonic flaw detection
method (Fig. 1, a).

As a result of a fire, secondary fire centers or
places with a concentrated fire load may appear in
a building or a building. These factors may com-
plicate the work of the FEI FFS TFL employee in
determining the true (primary) focus of the fire
(Fig. 1, b).

Ouar noxapa
800-1000 °C

MoxapHan Harpyaka
(BTOpMYHBEIE O4ark noxapa)

0.7

05

— 03

= 0.7

~ 0.7

—05

03

—05

0,7

b)

Puc. 1. Pacnpenenenue koadunuenta K B noMemeHnn noxapa ¢ paBHOMEPHO

pacIpe/eieHHOM moKapHOH Harpy3Koi (d) U ¢ COCPeNOTOYEHHOM TToKapHO# Harpys3koii (b)
Fig. 1. Distribution of the coefficient K in a fire room with a uniformly
distributed fire load (a) and with a concentrated fire load (b)

OcHoBHas yactb. TemnepaTypy Harpesa Oe-
TOHAa BO3MOKHO ONPEACTUTh B 3aBUCUMOCTH OT
3HayeHus kod¢pouimenta K [6, tabmuma 8]. Oxn-
HAKO B HACTOSIIEEC BPEMSI OTCYTCTBYET METOIHKA,
COTJIACHO KOTOPOH, 3Has 3HaUYeHHE Kod(PduImeH-
Ta K, MOXHO OBLITO OBl ONIPENETUTh TEMIIEPATYPY
HarpeBa OeroHa. [l HaxoxmeHus (GopMyIbl,
CBSI3bIBAIOILCH TeMIepaTypy HarpeBa OeTOHa C
KO3(PPHUIIMEHTOM MPOXOKIECHUS YIbTPA3BYKOBOM
BOJIHBI, BOCIIOJIb3YEMCSl IPOrPaMMHBIM Cpe[-
creoM Microsoft Excel.

OueBUIHO, YTO 3aBUCUMOCTb MEXKIY TeMIIepa-

Main part. In effect since May 1, 2018 [6]
there is a table 8 according to which the tempera-
ture of heating of concrete can be determined de-
pending on the value of the coefficient K. How-
ever, in no normative document there is no for-
mula by which, knowing the value of the coeffi-
cient K, it would be possible determine the tem-
perature of the concrete. To find the formula link-
ing the temperature of heating concrete with the
transmission coefficient of ultrasonic waves, you
need to use the software package Microsoft Ex-
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Typoi HarpeBa OeToHa Ipu mokape u Kodpduiu-
EHTOM IPOXOKICHHS YIbTPa3ByKOBOM BOJHBI (K)
— 93TO0 00paTHO MPOIMOPLUOHAIbHAS 3aBUCHU-
MOCTb, TO €CTb C YBEJIMYEHHUEM TEeMIIepaTyphl
HarpeBa OeToHa 3HaueHne Kodpdumumenta K
YMEHBIIIAETCSI.

s HaX 0K IeHHs] JaHHOW 3aBUCHUMOCTH B IPO-
rpamMHOM Komruiekce Microsoft Excel na ocHo-
BaHWUU TaOMUIBI 8 [6] OBLI MOCTPOEH TOYCUHBIHA
rpaguk, TIA€ MO OCH aOCIHCC OTKIIAIbIBACTCS
3HauYeHHE Kod(pPuImeHTa MpOXOoXKICHUS YIIbTpa-
3ByKOBOM BosiHBI (K), a Mo ocu opauHaT — 3Ha-
YeHHe TeMIlepaTyphl HarpeBa OeTOHA MpHU MOXKa-
pe. 3HauanpHO mpeamnonaras, 4To 3aBHCHMOCTh
0o0paTHO TMpPOIOpIHOHANIbHAS, OblIa MpOBEICHA
JTUHEHHAsT TUHUS TPEHJA W MOJTYYCHO ypaBHEHUE
y=—719,54x+768,28. IlpoBepka MOIYYEHHOTO
ypaBHEHHUS IOKa3aja, 4YTO 3HAUCHUS TeMIlepaTy-
pBl HarpeBa O€TOHA CHJIBHO OTJIMYAIOTCS OT TeX,
KOTOpBbIE yKa3aHbl B Tabymie 8 [6]. Makcumans-
Hasi IOTPELIHOCTh Pe3yAbTaTOB HAOII0AaeTCs MPH
3HaueHnn kodddurnmenta K=0,7 u cocraBiseT
35 °C.

Hanee mis ananu3a ObUia B3SITa MOJTHMHOMU-
aNbHAs JIMHUS TPEHAA W ObUIM PACCMOTPEHBI Ye-
ThIpE YypaBHEHHs pa3HOro mopsaka. [locTpoeHbl
COOTBETCTBYIOIIME IpaUKu, IPeICTaBICHHbIE Ha
puc. 2-5.
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cel.

According to logical considerations, the rela-
tionship between the temperature of concrete
heating in a fire and the transmission coefficient
of an ultrasonic wave (K) is inversely proportion-
al, that is, with an increase in the temperature of
heating concrete, the value of the coefficient K
decreases.

To find this dependence, a point chart was
plotted on the basis of Table 8 [6], where the ul-
trasonic wave transmission coefficient (K) is plot-
ted along the abscissa axis, and the value of the
concrete heating temperature during the fire is
plotted along the ordinate axis. Initially assuming
that the relationship is inversely proportional, a
linear trend line was drawn and an equation y = -
719,54x + 768,28 was obtained. Verification of
the equation obtained showed that the values of
the temperature of heating concrete are very dif-
ferent from those indicated in Table 8 [6]. The
maximum error in the results is observed at a val-
ue of K=0.7 and is 35 °C.

Next, a polynomial trend line (quadratic de-
pendence) was taken for analysis and four equa-
tions of different order were considered. The cor-
responding graphs shown in Fig. 2-5.

» 300

. 200

® 120

v =-283,01x2-377x+685,13 ® 20

0,6 0,8 1 1,2

3Ha4yeHue KoadpduumenTa K

Puc. 2. VpasHeHue 2-ro mopsiaka y = —283,01x% — 377x + 685,13

Fig. 2. Equation of the second order y = —283,01x° — 377x + 685,13
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Fig. 3. Equation of the third order y = -302,1x* + 258,7x* — 663,38x + 726,9
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Fig. 4. Equation of the 4th order y = -1300,4x" + 2857,2x> — 2390,2x* + 218,98x + 632,36

700

B al [=)]
g 8 8
.'.
."‘."
Y

w

8
»
S W
Qo
o

8

@200

Temnepatypa Harpesa 6eToHa, °C

8

e 120

y = 25124x°- 79838x" + 95994x>- 54088x? + 13393x - 563,18."' 20

=]

0 0,2 04 0,6 0,8 1 12

3HaueHne KoadduumenTa K

Puc. 5. Ypasnenue 5-ro mopsizka y = 25124x° — 79838x* + 95994x° — 54088x° + 13393 — 563,18
Fig. 5. Equation of the 5th order y = 25124x> — 79838x" + 95994x° — 54088x” + 13393x — 563,18




a—

Iy . ——
oS Safety of Technogenic and Natural Systems d 2018
[Ipoananu3upoBaB  MONXy4eHHBIE  TpapuUKU Thus, analyzing the obtained graphs, we can

MO’KHO CZeNIaTh BBIBOJ, YTO C YBEJIHYEHHUEM IIO-
psAKa ypaBHEHHUS TOYHOCTh PE3yJbTaTOB CTaHO-
BUThCA BbIIE. B ypaBHeHMU 5-To mopsijka, Tak
Ha3bIBaeMasi «oOpaTHO MPONOPIHUOHATIBLHOCTHY»
HapylIaeTcs, YTO 3aMETHO B MHTEpBajie K03 u-
nuenta K ot 0,2 1o 0,4. CBezem Bce MOTyYEHHBIE
YpaBHEHUS B OJHY TaOJIMIy M OINpPEACTUM MakK-
CUMAJIbHYIO TIOTPEUTHOCTh Pe3yIbTaTOB IS KaxK-
noro 3HavyeHus kodddumuenta K (tabdn. 1). [lpu
9TOM MO MOJIYYEHHBIM YpPaBHEHUSIM PacCuUTaeM
TeMriepatypy HarpeBa 6erona mpu K = 0,1; 0,3;
0,6, TOCKONBKY 3HAUEHUN TEMIIepaTyphl AJIsl JaH-
HBIX KO3 UIMEHTOB HEeT B Tabmuie 8§ [6].

say that with an increase in the order of the equa-
tion, the accuracy of the results becomes higher.
In the fifth-order equation, the so-called "inverse
proportionality™ is violated, which is noticeable in
the range of the coefficient K from 0.2 to 0.4. We
shall not consider this equation further.

We reduce all the equations obtained in one
table and determine the maximum error of the
results for each value of the coefficient K (Table
1). In this case, from the equations obtained, we
calculate the heating temperature of concrete at K
= 0.1; 0.3; 0.6, since there are no temperature
values for these coefficients in Table 8 [6].

Tabnuna 1
Table 1

3HayeHue TeMIIepaTyphl HarpeBa OeToHa B 3aBUCUMOCTH OT 3HaUeHUs Kod(pPUIMeHTa

IPOXOXKICHHS YIbTPa3ByKOBO# BOJHBI (K)
The value of the temperature of concrete heating, depending on the value of the
transmission coefficient of the ultrasonic wave (K)

3Havenne ko3 punmrenta K MaKCHMATE-
YpaBHEeHHE IS The value of the coefficient K
Has Iorper-
HaXO0XIACHUA TGMHepa-
TyphI HarpeBa O0eToHa Hoctp f/I 3:45 )
The equation for find- e,

) 01/0203|04/05/06|07]08|09]1 Maximum
ing the temperature of measurement
heating concrete o

error, °C
ITo TaGmure 8 [6] — |600| - | 500|400 — |300 200|120 1|20 -
JIuneiinoe:
y =719 54x + 768,28 696 | 624 | 552 | 480 | 409 | 337 | 265 | 193 | 121 | 49 35
ITomuHOMHUAJILHBIE:
y= -283,01x° —377x + | 645 | 598 | 547 | 489 | 426 | 357 | 283 | 202 | 117 | 25 26
685,13
y =-302,1x° + 258,7x°
_663.38x + 726.9 663 | 602 | 543 | 484 | 422 | 357 | 286 | 207 | 119 | 20 22
y =-1300,4x" +
2857,2x°3 — 2390,2x* + | 633 | 601 | 550 | 487 | 420 | 352 | 282 | 208 | 123 | 18 20
218,98x + 632,36

OdeBHuaHO, YTO Hanbojiee TOUYHBIM ypaBHEHH-
eM IS OmpelesieHHs] TeMIlepaTypbl HarpeBa Oe-
TOHA SBJIAETCS ypaBHEHUE 4-TO NOpsAIKa:

Thus, by calculating the temperature of heat-
ing concrete for each value of K, we can conclude
that the most accurate equation for determining
the temperature of heating concrete is the equa-
tion of the 4th order:

y = =1300,4x" + 2857,2x° — 2390,2x* + 218,98x + 632,36 . (2)
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MakcumManbpHasi TOTPENIHOCTh  Pe3yJIbTaTOB
atoro ypaBHeHus cocrtasisier 20 °C, yTo sBISET-
Csl HE3HAUUTEIbHBIM NpU TeMIlepaType HarpeBa
6etona, paBuoi 400 °C.

3Hasi TeMmeparypy HarpeBa O€TOHa, MOYHO
OTIPEICIUTh OCHOBHBIC MPOYHOCTHHIE XapaKTepH-
CTUKU OETOHA MOCIIe MokKapa — HOPMAaTUBHOE U
pacdeTHOE COMPOTHUBIIEHHUE OETOHA OCEBOMY CiKa-
THIO (Rpnt, Rptem) ¥ HOpMATUBHOE U PACUETHOE
COTIPOTUBIIEHHE OCEeBOMY pacTshKeHHIO  (Rpint,
Rot).

[IpencraBieHHbIE BbIIIE TPOYHOCTHBIE Xapak-
TEPUCTHKU MOKHO HalTH 1Mo popmyiam (3—6):

Safety of Technogenic and Natural Systems . 2018

The maximum error in the results of this equa-
tion is 20 °C, which is quite insignificant at a
concrete heating temperature of 400 °C.

Now, knowing the temperature of concrete
heating, it is possible to determine the main
strength characteristics of concrete after a fire —
the normative and design concrete resistance of
axial compression (Rpnt, Rpem) and the standard
and design resistance to axial tension (Rpmt, Roit)-

The strength characteristics presented above
can be found from formulas (3-6):

Ront = Ron“Ybt , 3)
Rb.tem = Rbybt, 4)
Rbtnt = Rom vt ®)
Rbtt = Rotvit, (6)

rae Rpn, Ry — COOTBETCTBEHHO HOPMATHUBHOE U
pacyeTHOE COMPOTHUBIIEHWE HEHArpeToro OeToHa
CKaTHIO, OMPENENIIeMOe B 3aBUCUMOCTH OT KJiac-
ca 6erona o Taommne 2.1. [7]; Rym, Rpt — coot-
BETCTBEHHO HOPMAaTHUBHOE M PACYETHOE COMPO-
TUBJICHUE HEHArPETOro OETOHa PACTSKCHHUIO,
orpezieNiieMoe B 3aBUCUMOCTH OT KJlacca OeToHa
no tabmuue 2.1. [7]; Ypt, Yt — COOTBETCTBEHHO
K03 PUIMEHTH ycIoBUH paboThl OeToHa MpH
CXKaTUU U pacTsokeHud. JlaHHbie KO3 PHUITHEHTHI
3aBUCAT OT BHUAA OETOHAa W TEMIEepaTyphbl €ro
HarpeBa M onpeAesaroTcs mo tabdmure 2.2. [7].

[Tockonpky oOcnemoBaHUE KEINe300€TOHHBIX
KOHCTPYKIIUH TMPOBOIAT TOCJE TOXapa, TO 3Ha-
YeHUus: KOd(PPUIUEHTOB Ypt, Vit CIeAyeT OpaTh B
tabnuue 2.2. [7] mox 4epToi.

Jis  uccnenoBaHus KeNe300€TOHHBIX KOH-
CTPYKUHUH TOCIe MoKapa, HaXOKJICHHs TeMIiepa-
Typbl HarpeBa OeTOHa, HOPMATHUBHBIX M pacyeT-
HBIX COMPOTHUBJICHUN OETOHA CHKATUIO U pacTsiKe-
HUIO aBTOPOM OBbUI COCTaBJIEH alFOPUTM, Hpe.-
CTaBJICHHBIN Ha puC. 6.

Ha ocHOBaHMM NaHHOTO aJrOPUTMa MOKHO
paszpaboTaTh mporpamMmy i YJIBTPa3BYKOBOTO
nedeKTocKomna.

where Ryn, Rp are the normative and design re-
sistance of unheated concrete to compression, re-
spectively. It is accepted depending on the class
of concrete according to table 2.1. [7];

Rom, Rpt are the normative and design re-
sistance of unheated concrete to tension, respec-
tively. It is accepted depending on the class of
concrete according to table 2.1. [7];

Yot, Vit — respectively, the coefficients of work-
ing conditions of concrete under compression and
tension. These coefficients depend on the type of
concrete and the temperature of its heating. Ac-
cepted equal to the table 2.2. [7].

Since the survey of reinforced concrete struc-
tures is carried out after a fire, the values of the
coefficients ypi, v« should be taken in Table 2.2,
[7] under the bar.

For the investigation of reinforced concrete
structures after a fire, finding the temperature of
concrete heating, the standard and design re-
sistance of concrete to compression and stretch-
ing, an algorithm was compiled in Fig. 6.

Based on this algorithm, you can develop a
program for an ultrasonic flaw detector. The pro-
cedure for calculating the program using this al-
gorithm is as follows:
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Cq,. Co: Ron Ry Ro Ry

Owwnbka, HENPaBUNLHO
BBEMEHO 3HaueHue C,

I t; = -1300,4k"4+2857,2k"3-2390,2k"2+218,98k+632,36 I

Aa

fa Vo= 1
Va= 1

Bemow na cunuxamwos
Janomumene ?

05(1-20)/180
0)/180

bemow Ha cunuxamKoM
3anomwumens?

¥ = 1-0,05(t-20)/180
¥ = 1-0.35{1-20)/180

Vee = 0,95-0,05(1-200)/100
Ve = 0.6-0,15(t-200)/100

Riyne = Roalea
Bemon Ha cunuxamHost Rypom = RV
sanonHumens ? Ry = Renl'n
Rin = Ru¥e
e = 0,95-0.05(t-200)/100
Ve = 0.65-0, 15(t-200)/100
Ve = 0,9-0,1(1-300)/100
Ye = 0.45-0,15(t-300)/100
Riyne = Roa¥e
300 < ts 400 Bamon Ma cunuxamuos R
sanonuumene? g

Yee = 0,9-0,05(t-300)/100
o = 0,5-0,15(1-300)/100

Ve = 0,8-0,1(1-400)/100
Ve = 0,3-0,15(1-400)/100

Bemow Ha cunuxam-os
3anomwumene?

400 < t< 500

Ve = 0,85-0,05(1-400)/100
Va = 0.35-0,15(1-400)/100

Yee = 0,7-0,2(i-500)/100
Y = 0,15-0,12(t-500)/100

BOMONH Ha CUNUKGIMHOM
3anomumene?

Bemow Ha cunuKkamwom
3anonwumens?

500 < t < 600

U T T e

Vi = 0,80,2(1-500)/100
Vo = 0,2-0,15(1-500)/700

XBK umMeem cuneHble NOBPeXAeHUA, MOCKOMbKY
memnepamypa Hazpeaa Bemona > 600 °C.
Hopmamueroe conpomuenerue GemoHa
cxamuio < Ry, ;

Pacyemkoe conpomueneHue 6emoxa
oKkamuio <R, ¢

Hopmamueroe conpomuenerue 6emoHa
pacmaxenuo < Ry, ;

Pacuemroe conpomuene+ue 6emoxa

PacmaXeHuo < Ryy.

Puc. 6. biok-cxeMa anropuTMa Hax0XAEHUS TEMIIEpaTypbl HArpeBa U MPOUYHOCTHBIX
XapaKTEePUCTUK OETOHA MOCJe moXKapa
Fig. 6. Block diagram of an algorithm for finding the heating temperature and strength characteristics of
concrete after a fire
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[Topsimox paboThI MPOTPaMMBI 110 YKa3aHHOMY aJITOPUTMY CIIETYIOIINN

1. HeoGxomumo BbIOpaTh Kiacc OeToHa, W3
KOTOpPOT0 M3rOTOBJIEHA KOHCTPYKIHMS (aBTOMaTH-
yecku 3amarorcs 3HaueHus Co, Rpn, Rp, Rom, Rot),
3aTeM BBECTHU 3HaueHHE (DAKTHMUECKOW CKOPOCTH
MPOXOXKACHUS YIbTPA3BYKOBOH BOJIHBI B TOYKE
usmepenus Cy,

2. Brpruucnsercs 3Hauenue kodpduuuenta K
no ¢popmyie (1);

3. IIposepsiercs ycnoBue — xkodhdumuent K
JIOJKEH HaxoAuThea B uHTepBasie ot 0 1o 1. Eciu
«da», To mporpamma mpoaOIKaeT pacyer, eciu
«Her», Ha »5KpaHe mOSBISIETCS COOOILIECHUE
«Ombka, HenmpaBUILHO BBEJIEHO 3HaueHue Cg»;

4. TlonyuenHoe 3HadeHue koddpduuuenta K
noacrasusierca B ¢opmyiy (2) u ompenensercs
TeMIepaTypa HarpeBa OeToHa;

5. Ompenensgercs HHTEpBaJ TEMIEpATyp, B
KOTOPBIW TOMagaeT HalaeHHas mo ¢opmyne (2)
TeMIeparypa HarpeBa OeToHa;

Ecnmu temneparypa narpeBa Gerona () Haxo-
IUThCsl B uHTEpBasie oT 17,94 no 20 °C, to manee
nporpamMma jenaer 3amnpoc «beToH Ha CHUIMKAT-
HoM 3anosiHutene?». Oreer «Her» nonpaszymesa-
eT, 4To OeTOH Ha KapOOHAaTHOM 3amoiHuTene. B
JAHHOM JHara3oHe TEMIEpaTyp ISl CHIIHMKATHO-
ro U JUisi KapOOHATHOTO 3arOJIHUTENS 3HAYCHUS
KO3 PUITMEHTOB yCIOBUN pabOThl TPUHUMAIOTCS
paBabIMU | (Yot = 1; Y& = 1) ¥ 3Ha4YeHHS MPOU-
HOCTHBIX XapaKTEPUCTHK COOTBETCTBYIOT Xapak-
TEPUCTUKAM OETOHa B HEHAarpeTOM COCTOSHUU
(Ront = Ron; Rbtem = Rb; Rotnt = Ron; Rott = Rot);

Ecnu Temneparypa HarpeBa 6eToHa HAXOAUTCS
B uHrepBasie ot 20 no 200 °C, mporpamma BbI-
MOJIHSAET TOT K€ 3alpoc, YTO U B MPEAbLAYIIEM
nyHKTe anroputMma. Jlyis 6eToHa Ha CHIMKATHOM
3aIIOJIHUTENIC, Ha OCHOBaHHMH TaOmuiel 2.2. [7],
3Ha4YCHHUsI KOA(DPUIIMEHTOB YCIOBHH pabOTHI
ONPEACNISIOTCS METOJIOM JIMHEHHOM HHTEPHOJIS-
1uu o popmynam (7) u (8):

1. It is necessary to choose the class of con-
crete from which the construction is made (the
values Co, Rpn, Rp, Rum, Ryt are automatically set)
and enter the value of the actual ultrasonic wave
velocity at the measurement point Cy;

2. Calculate the value of the coefficient K by
the formula (1);

3. The condition is checked - the coefficient
K must be in the range from 0 to 1. If "Yes", the
program continues the calculation, if "No", the
message “Error, incorrectly entered value C,"
appears on the screen;

4. The obtained value of the coefficient K is
substituted into the formula (2) and the tempera-
ture of the concrete heating is determined;

5. Next, the program finds the temperature
range into which the temperature of the concrete
heating found by formula (2) falls;

If the temperature of concrete heating (t) is
in the range from 17,94 to 20 °C, then the pro-
gram makes a request "Concrete on silicate ag-
gregate?”. The answer "No" implies that the con-
crete is on a carbonate aggregate. In the given
temperature range, that for the silicate one, for the
carbonate filler, the values of the operating condi-
tions coefficients are assumed to be equal to 1 (ypt
= 1; vy = 1) and the values of the strength charac-
teristics correspond to that for concrete in the un-
heated state (Ront = Ron; Rotem = Rb; Romt = Ro;
Rott = Rot);

If the temperature of concrete heating is in
the range from 20 to 200 °C, the program per-
forms the same request as in the previous para-
graph of the algorithm. For concrete on silicate
aggregate, based on Table 2.2. [7], the coeffi-
cients of the operating conditions are determined
by the method of linear interpolation from formu-
las (7) and (8):

vt = 1-0,05-(t-20)/180, (7)
Vit = 1-0,4-(t-20)/180. (8)

Jns 6eToHa Ha KapOOHATHOM 3aIOJHUTEINE 110
dbopmynam (9) u (10):

For concrete on a carbonate aggregate accord-
ing to formulas (9) and (10):

Yot = 1-0,05-(t-20)/180, (9)
vt = 1-0,35-(t-20)/180. (10)

s
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B unrepsane ot 200 no 300 °C, ans 6eToHa Ha
CHUJIMKaTHOM 3aIlOJIHUTENe KO3 (PUIIUEHTHI yCII0-

BUI paboTHI onpeaensroTces mo Gopmynam (11) u
(12):

Safety of Technogenic and Natural Systems .. 2018

In the range from 200 to 300 °C, for concrete
on a silicate aggregate, the coefficients of operat-
ing conditions are determined by formulas (11)
and (12):

vot = 0,95-0,05-(t=200)/100, (11)
v = 0,6-0,15-(t=200)/100. (12)

s 6eToHa Ha KapOOHATHOM 3aIOJHUTEINE 110

dopmynam (13) u (14):

For concrete on a carbonate aggregate accord-
ing to formulas (13) an0d (14):

vot = 0,95-0,05-(t-200)/100, (13)
vt = 0,65-0,15-(t-200)/100. (14)

B unaTepane ot 300 no 400 °C, nis 6eToHa Ha
CHUJIMKATHOM 3aIlOJIHATENe KO3 (PUIIUEHTHI YCII0-
B paboTHI onpeaensroTces mo Gopmynam (15) u

(16):

In the range from 300 to 400 °C, for concrete
on a silicate aggregate, the coefficients of operat-
ing conditions are determined by formulas (15)
and (16):

vot = 0,9-0,1-(t=300)/100, (15)
vt = 0,45-0,15-(t-300)/100. (16)

Jns 6eToHa Ha KapOOHATHOM 3aIOJHUTEINE 110

dopmynam (17) u (18):

For concrete on a carbonate aggregate accord-
ing to formulas (17) and (18):

Yot = 0,9-0,05-(t-300)/100, (17)
vt = 0,5-0,15-(t-300)/100. (18)

B unaTepaie ot 400 no 500 °C, nns 6eToHa Ha

CHUJIMKATHOM 3aIlOJIHATENe KO3 PUIIUEHTHI YCII0-
BUI paboThl onpenenstores no Gopmynam (19) u

(20):

In the range from 400 to 500 °C, for concrete
on a silicate aggregate, the coefficients of operat-
ing conditions are determined by formulas (19)
and (20):

vot = 0,8-0,1-(t=400)/100, (19)
vt = 0,3-0,15-(t=400)/100. (20)

st 6erona Ha KapOOHATHOM 3aIOJIHUTEIIE TIO
dbopmynam (21) u (22):

For concrete on a carbonate aggregate accord-
ing to formulas (21) and (22):

Yot = 0,85-0,05-(t-400)/100, (21)
vt = 0,35-0,15-(t=400)/100. (22)

B unrepsane ot 500 no 600 °C, ans 6eToHa Ha

CHWJIMKATHOM 3amojHuTeNne KO3 UIIUEHTHI YCIIO-

BUI paboThI onpenenstoTes no Gopmynam (23) u
(24):

In the range from 500 to 600 °C, for concrete
on a silicate aggregate, the coefficients of operat-
ing conditions are determined by formulas (23)
and (24):

Yot = 0,7-0,2-(t-500)/100, (23)
vet = 0,15-0,12-(t-500)/100. (24)

st 6etona Ha KapOOHATHOM 3aIOJIHUTEIIE TIO
dbopmynam (25) u (26):

For concrete on a carbonate aggregate accord-
ing to formulas (25) and (26):

vot = 0,8-0,2-(t=500)/100, (25)
vt = 0,2-0,15-(t—500)/100. (26)

Ecnu ke Temmeparypa HarpeBa OeToHa Ipe-
Bbimaer 600 °C, To mporpaMMa IMpUHUMAET IS
0eTOHa Ha CHJIMKATHOM 3arojHUTENe Ko3hduu-
€HTHI yCIIOBUM paboThI Yyt = 0,5; v = 0,03, a mst
OceToHa Ha KapboHaTHOM 3amoyiHuTene ypr = 0,6;
Yit = 0,05

If, however, the temperature of concrete heat-
ing exceeds 600 °C, the program takes the coeffi-
cients of the operating conditions y,; = 0,5 for
concrete on a silicate aggregate; y¢ = 0,03, and
for concrete on carbonate filler y,: = 0,6; vy =
0,05.
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6. Ha maHHOM STame OCYIIECTBISETCS pacder
MIPOYHOCTHBIX XapaKTePUCTUK OeTOoHa 1Mo Gopmy-
nam (3-6).

7. 3aKIIOYUTENBHBIM 3TAaloM pabOTHl TIPO-
IrpaMMbl SBIISIETCS BBIBOJ| PE3YJIbTATOB pacuera.
3mech BO3MOXKHO [[Ba BapHaHTa BHIBOJA PE3YIib-
TaTOB:

a) Ecnu temmneparypa HarpeBa O6eToHa Haxo-
nuThes B uHTepBaie ot 17,94 no 600 °C Bkiaouun-
TEIbHO, TO Ha JKpaH BBHIBOAUTCA 3HAYCHHUE TEM-
nepaTtypsl HarpeBa OetoHa (1), HOpMaTUBHOE CO-
npotuBieHne O6etoHa cxatuio (Rpnt), pacueTHoe
conpoTtuBiieHne 6etoHa cxatuio (Rytem), HOpMa-
TUBHOE COINPOTUBIIEHUE OETOHA PACTSIKCHHIO
(Rptnt), pacdeTHOe CONMPOTHBIICHHWE OETOHA pac-
TsoKeHHUIO (Rp);

6) Ecnu temmeparypa HarpeBa OeToHa mpe-
Boimaer 600 °C, To mporpaMMa BBIBOAMT Ha
9KpaH COOOIIEHUE, YTO KeIe300€TOHHAs KOH-
CTPYKLHS HMEET CHJIbHbIE MOBPEXKICHHUS, IIO-
CKOJIbKY TemIepaTypa HarpeBa 0erona > 600 °C.
HopmaTtuBHOoe conpoTHBieHne O€TOHA CKATHIO <
Rbnt, pacueTHOE CONMPOTHBICHHE OETOHA CIKATHUIO
< Rptem, HOPMATUBHOE COMPOTHBIICHHE OeTOHA
pacTspkeHuI0 < Ry, pacueTHOE CONMPOTHUBIICHUE
OeToHa pacTsHKeHHIO < Rpy.

3axiaouenue. IIporpamMmmupoBaHue yibTpa-
3BYKOBOTO Je(eKTOCKOoma Ha OCHOBE pa3pabo-
TaHHOTO aBTOPOM QJITOPUTMA MO3BOJUT MPU U3-
BECTHOW CKOpPOCTHU MPOXOXKIEHHUS YIbTPa3BYKO-
BOIl BOJIHBI OIpeNeNsaTh TEeMIIepaTypy HarpeBa
KEJIe300€TOHHBIX KOHCTPYKIIHMA, a TaK)Xe OCHOB-
HBIC MPOYHOCTHBIE XAPaKTEPUCTHKU OETOHA IIO-
Clie moxapa. Y COBEPIICHCTBOBAHHBIN YJIbTPA3BY-
KOBOH Jte(heKTOCKON OyIeT Moyie3eH KaKk COTPY/-
Hukam COY OIIC HUIIJI, Tak U opraHu3anusM,
OCYILIECTBIISIONIUM OIEHKY OCTaTOYHOM Hecyllen
CITOCOOHOCTH  KEJIe300€TOHHBIX  KOHCTPYKIIHI
nocJie moxapa.

N3ydeHne TEXHUYECKUX XapaKTEPUCTUK H
MPUHIIMIIOB PaObOThI COBPEMEHHBIX YIBTPAa3BYKO-
BeIX jaedekrockornoB (Starmans DIO 1000
LF, YCIO-60H, A1040 MIRA, A1220 MOHO-
JIMT), npenHasHayeHHBIX [JIs1 HCCIEIOBaHUMN
KaMEHHBIX MaTepuajoB, a TaKXKe aHalu3 Hayd-
HBIX paboT U cTarei, MOCBSIICHHBIX METOIY Yib-

6. At the next stage, after determining the co-
efficients of concrete working conditions, the
strength characteristics of the concrete are calcu-
lated using formulas (3-6).

7. The final stage of the program is the deri-
vation of the results of the calculation. There are
two possible output options:

a) If the temperature of the concrete heating is
in the range from 17,94 to 600 °C inclusive, the
value of the concrete heating temperature (t), the
concrete resistance of the concrete (Rpnt), the cal-
culated resistance of the concrete to compression
(Rptem), Standard tensile resistance of concrete
(Rptnt), design tensile strength of concrete (Ryy);

b) If the temperature of concrete heating ex-
ceeds 600 °C, the program displays a message
that the reinforced concrete structure is severely
damaged, since the temperature of the concrete
heating is > 600 °C. The normative resistance of
concrete to compression < Ry, the design re-
sistance of concrete to compression < Rptem, the
tensile strength of concrete < Ry, the design re-
sistance of concrete to stretching < Rpy.

The conclusion. Programming of the ultra-
sonic flaw detector according to the algorithm
presented in this article will allow to determine
the temperature of heating of reinforced concrete
structures, as well as the basic strength character-
istics of concrete after a fire, at a known ultrason-
ic wave transmission speed. The improved ultra-
sonic flaw detector will be useful both for the
employees of the FEI FFS TFL, as well as for or-
ganizations that evaluate the residual load-bearing
capacity of reinforced concrete structures after a
fire.

Study of technical characteristics and princi-
ples of operation of modern ultrasonic flaw detec-
tors (Starmans DIO 1000 LF, USD-60N, A1040
MIRA, A1220 MONOLITH) intended for re-
search of stone materials, as well as analysis of
scientific papers and articles devoted to the meth-

s
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Tpa3ByKoBOM nepexrockonuu [8—10], mo3BoIAIOT
TOBOPUTH O TOM, YTO MpEJUIaraeMblii B HACTOS-
nieil pabore MeTo ] ONpeiesieHUsl TEMIIEpaTypbl U
POYHOCTH OETOHa IMOocIie MoXKapa SBISETCS HH-
HOBAallHOHHBIM.
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od of ultrasonic flaw detection [8-10], allow us to
say that the method proposed in this article for
determining the temperature and strength of con-
crete after a fire is innovative.
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