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AHHOTALMUA

BBepgeHwue. [poaHann3npoBaHo BO3HUKHOBEHME AeDEKTOB Ha ene30beToHHbIX CTBOMAaXxX AbIMOBbLIX TPY6 B HACTOSALMX yC-
NoBUAX 3KcnnyaTauun. MaydeHa nctopms CTpouTenbCTBa Xene3o0eToHHbIX AbIMOBbLIX TPy6. Vcnonb3oBaHbl obLienpusHaH-
Hble 0030pHO-aHanuTU4Yeckne MeToabl uccnenoBaHus. NpoBefeHa aHanuTMYeckasa pabota no AenCTBYOWMM criocobam
yCTpaHeHus AepeKTOB Ha >Kene3obeToHHbIX CTBOMax, CAeNaH BbIBOA O HE3((EKTUBHOCTY AAHHBIX PELLEHUNA.
MaTepuansi u MetoAbl. BbinonHeHbl o6cnenoBaHns xene3obeToHHbIX AbIMOBbIX TPY6, noctpoeHHbix B 1950-1980 rr.,
BKITO4aIOLLME U3y4eHNe KOHCTPYKTUBHBIX OCOOEHHOCTEN U CNMOCODOOB CTPOUTENBLCTBA, aHanM3 yCroBuUii 3KCNIyaTaumm, BUsy-
anbHoe obcnefoBaHue, a Takke obcnegoBaHne CTPOUTENbHBIX KOHCTPYKLMIA paspyLuaioLwnM 1 HepaspyLuaoLmMm metoaa-
MW KOHTPOISi. BbisiBNIEHbI B3aMMOCBSI31 KOHCTPYKTUBHBIX PELLIEHWI ene306eToOHHOro CTBONa K AEACTBYOLLMM Harpyskam ot
NOAOKIMHOYEHHbIX YCTPONCTB K ra300TBOASLLEMY CTBOMY, BUSIIOLLMX HA BHYTPEHHIOK U, KaK CNeACTBUE, BHELLHIO 060MOoYKy
Xene3obeToHHbIX TPyD, B CBA3M C MEpexoAoM Ha ApYroi BUA TOMNuBa, KOTOPOe He COOTBETCTBYET AbIMOBOW Tpybe no npo-
ekTy. OcyLLecTBNEH aHanu3 BO3HUKHOBEHUSI AehEKTOB 1 COBPEMEHHLIE CMOCOOLI X YCTPaHEHUS.

Pesynbrathl. YcTaHoBneHo B xofe obcrnefoBaHust, YTo ¢ BO3HUKHOBEHUEM AedeKToB, 06pa3oBaHHbIX OT Nepexoaa C TBep-
[0ro Ha ra3oobpasHoe ToNMMBO, HecyLas CNoCOBHOCTb Xene300eTOHHbIX AbIMOBbLIX TPYO pesko CHmKaeTcs, YTO NpUBOAUT
K aBapurMHOCTK coopyxeHuii. CoBpeMeHHble METOAbI YyCTPaHeHNs AedeKTOB Bbi3biBaOT 6ONbLUME MO Nrowaan paspylue-
HUS, TaK Kak BPEMEHHO YCTPaHSIOT TONbKO MOCMNEACTBUSI, HO HE YCTPaHSIOT NPUYMNHBI BO3HUKHOBEHUS AeDEKTOB XKene3o-
BGETOHHBIX AbIMOBbLIX TPYy6. B CBSI3M C 3TMM NOSIBNSIETCS ONacHOCTb AN paboTbl TEXHUYECKUX YCTPOWCTB, NOAKMHOYEHHbIX
K AbIMOBbIM Tpy6aMm, 34aHuAM, HaXOAAWMMCS B HEMOCPEACTBEHHOW BNM30CTU K COOPYXEHUsIM, @ Takke OnacHOCTb ANs
XM3HKU paboTaroLLero nepcoHana.

BbiBogbl. [MonyyeHHble pesynbraTbl NMo3BOMNsST 060CHOBAHHO FOBOPUTL O HES((EKTUBHOCTU COBPEMEHHBIX Crocobos
yCTpaHeHus AedeKToB, KOTOPblE NMEKT KPaTKOCPOUHbIA ahdeKT 1 cnocobCTBYOT B6OMNbLUNM paspyLUEeHUsM, NPUBOASA CO-
OpPYXEHUS K aBapUNHOMY COCTOSHUIO.
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ABSTRACT

Introduction. The paper is devoted to the analysis of the occurrence of the defects on reinforced concrete chimney shafts
under current operating conditions. The history of the construction of reinforced concrete chimneys was studied. This paper
uses generally accepted survey and analytical research methods. Analytical work was carried out on current methods for
eliminating defects in reinforced concrete shafts and a conclusion was made on the ineffectiveness of these solutions.
Materials and methods. Inspections of reinforced concrete chimneys built in 1950-1980 were carried out, including
the study of design features and construction methods, analysis of operating conditions, visual inspection, as well as inspec-
tion of building structures using destructive and non-destructive testing methods. An analysis was carried out to identify
the relationships between the design solutions of the reinforced concrete shaft and the current loads from the connected
devices to the gas outlet shaft, affecting the internal and, as a consequence, the outer shell of reinforced concrete pipes,
in connection with the transition to another type of fuel, which does not correspond to the chimney according to the project.
An analysis of the occurrence of defects and modern methods for eliminating them were carried out.

Results. It was established during the survey that with the occurrence of defects formed from the transition from solid
to gaseous fuel, the load-bearing capacity of reinforced concrete chimneys is sharply reduced, which leads to the failure
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of structures. Modern methods of defect elimination cause greater destruction in terms of area, as they temporarily eliminate
only the consequences, but do not eliminate the causes of defects in reinforced concrete chimneys. In this connection, there
is a danger to the operation of technical devices connected to the chimneys, to the buildings in close proximity to the struc-
tures, as well as a danger to the life of the operating personnel.

Conclusions. The results obtained allow us to reasonably speak about the ineffectiveness of modern methods of eliminat-
ing defects, which in turn has only a short-term effect and contributes to great destruction, leading structures to an emer-
gency condition.

KEYWORDS: reinforced concrete chimneys, defects, gas exhaust shaft, concrete, reinforcement, condensate, leaching
of free lime, bearing capacity, residual life
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BBEJAEHHUE

CTpOI/ITeIII:CTBO IMECPBLIX MPOMBIIIJICHHBIX ObIMO-
BEIX TpyO Havanocs B X VIII B. Oun 66U HEOOXOAUMEI
U (PYHKITMOHUPOBAHUS TOMEHHBIX ITe4ell, UCTIONb3Y-
eMBIX JUIS BBITUIaBKU uyryHa. [lepBas joMeHHas 1edb
noctpoeHa B 1709 r. mo mpoekTy aHmTUHCKOTO n300pe-
tatens AOpaxama Jlepou [1]. s Takux medeit u s
WHBIX TIPOIECCOB MPOU3BOJCTBA HE TPEOOBAIKCH BbI-
cokMe JBIMOBBIC TpyObl. IIpoxoamia momepHM3aLUs
B KOXJOM OTpaciu, B TOM YUCIIE U IPOU3BOACTBEHHOM,
KOTOpasi ¥ MPEIpacioiIoKuia K BO3BEICHHIO O0JIee BHI-
COKHX, YeM B T€ BpPEMEHa, ILIMOBBIX Tpy0. OCHOBHBIM
MaTepHaJIOM I CTPOUTENBCTBA TAKUX COOPYKEHHH
CTaJH ’KeJe300eTOHHbIE KOHCTPYKIHHU .

B Hacrosimiee Bpemst B Poccun skcmmyarupyercs
OIPOMHOE KOJIMYECTBO IKEJIE300€TOHHBIX JBIMOBBIX
TpyO, ToIpKO B MOCKBE Ha CTaHIHMAX TEIIO- M DJICK-
TPOCHAOKEHUsI B SKCIUTyaTaIl[Mi HAXOAMUTCS CBBIIIE 35
MOZ0OHBIX COOPYKCHUI.

C menpio o0ecriedeHns: TOPOIOB TEIJIOM U JICK-
TpOdHEeprueil B OONBIIMX O0BEMaxX W C TEPEXOIOM
OT IeYei B JIoMax K MNPEANpPHUSTHSAM 110 BBIPaOOTKE
SHEPrUH 3aITyCTUIIN CTPOUTEIHCTBO TEILUIOIEKTPOLICH-
tpaneit (TOL). Hu oqHO pennpusTie, HCIOIb3YIONIee
B CBOEM IIepeyHe 000PYIOBAHUS ISl COKUTAHHS TOTLTH-
Ba, HC 00XOMUTCS O3 CTPOUTEILCTBA ABIMOBBIX TPYO.

B mepuon 1950-1980 rr. MHOTHE cTapble yroib-
Hbie TOL ObUTH 3aKPBITHI WM IIEPEOOOPYIOBAHBI IS
cxxuranus npupoanoro rasa (IIN). 3t1o cBsa3aHo ¢ TeM,
gro I1I" 6oee 3heKTUBHOE M IKOJOTHUCCKHA YHCTOEC
TOIIMBO, K TOMY >K€ 3alachl YINIs HAauyald HCTOIIATh-
cs [2]. IIpousonuia MoaepHU3aLUsl KOTJIOB C TEpexo-
JIOM OT TBEPIOTO TOIUTKBa [3] Ha ra3000pa3HOE, OHAKO
BO3HHUK BOIIPOC, KaK HOBOE TOIUTMBO OyIeT B3aMMO/ICHi-
CTBOBATh C KOHCTPYKIHMSIMH K€JI€300€TOHHBIX JBIMO-
BBIX TPYO M Kak 3TO MOBJIMsET Ha padoTy Bcex TOLI.

MATEPHUAJIBI U METO/JbI

JlpIMOBast TpyOa — BEpTHUKAJILHO PaCIIOIOKEHHOE
COOpY)KEHHE, KOTOPOE CIy:KUT IJII OTBOJA IPOIYK-

' CIT 13-101-99. IpaBuna Hag30pa, 00CIe10BaHuUS, TPOBE/IE-
HHSL TEXHHYECKOTO OOCITY)KUBAHHMS U PEMOHTA HPOMBIIUICH-
HBIX JIBIMOBBIX U BEHTHJISILIMOHHBIX TPYO.

TOB CTOpaHUs B BepXHHUE ciion atMocdepnl. [TpuHimm
NEeUCTBUST OcHOBaH Ha d(dexTe TATH, KOTOPBIA obec-
[ICYMBACT IMECPEMCIICHUE Ta30B [0 BCCH JUIMHE CTBO-
Jla OT BIYCKHOTO K BBIITYCKHOMY OTBEPCTHIO TPYOBI.
CtBoJ TpyOBI HMeeT (POopMy IO TOPU30HTATH KPYIIIYIO,
OBaJbHYI0 WJIM MHOTOYTOJNBHYIO, 10 BEPTUKATH —
(dbopMy HWIMHIpPA WM YCEYEHHOrO KOHyca. BwicoToi
MIPOMBIIIJICHHBIE TBIMOBBIE TPYOBI MOTYT IOCTHTaTh
HECKOJILKMX COTEH METPOB, K IMPUMEPY, BBICOTA CaMOU
BBICOKOH TpPyOBI Ha CETOAHAIIHWN JEHb COCTaBISIET
420 M, oHa Obuta Bo3BeneHa B 1988 . Ha Dkubacrys-
ckoii 'POC-2 (Kazaxcran) [4].

Bakneiiiieir yacTbi0 IBIMOBOW TPYOBI SIBIISCTCS
XKene300eTOHHAsT 000JI09Ka — CTBOJ IBIMOBOM TPYOBI:
O)lHOCTBOH])HI)Iﬁ WJIM MHOTOCTBOJIbHBIHN. O)IHOCTBOJ'II)-
HBIC JBIMOBBIC TPYOBI COCTOAT W3 HAPYKHOTO CIIOS
000JI0YKH, TOTHA KaK MHOTOCTBOJIbHAsS KOHCTPYKIIHS
TIpe/roNaraeT yCTpoiCcTBO «Tpyba B TpyOe», MHBIMH
CIIOBaMH, B TpyOe COOPYKatoT HECKOJIBKO CTBOJIOB OT T€-
IUIOBBIX arperaToB ¢ BEHTHIIMPYEMBIM IIPOCTPAHCTBOM
MEXIy HUMH, B KOTOPOM IPEIIIOIAracTCs yCTPOWCTBO
miomanok. OCHOBHBIM JTOCTOMHCTBOM MHOTOCTBOJIb-
HOW TpyOBI CIYXKHT 3aIllUTa HECYIIETO XXele300eTOH-
HOTO CTBOJIA OT arPECCUBHOM CPe/Ibl OTBOAUMBIX Ta30B.
["a3o0TBOASAIINI CTBON BHIMONHACT (DYHKIIMN HECyIIeH
KOHCTPYKIIUH U OOCCIICUYHUBACT YCTOHYHBOCTH TPYOBI
TIPH BO3ICUCTBUU PA3TUYHBIX (PAKTOPOB OKPYIKAIOIIEH
cpeapl. [TodToMy emie Ha dTare MPOCSKTUPOBAHUS HE-
00XOIMMO MMETh CIIEAYIOIINE MCXOAHBIC JaHHBIE, KO-
TOpBIC U OYIYT OCHOBOIIOJATAIOIINMH IIPH CTPOUTEITh-
CTBE COOPYKECHHIA’:

1. Pesxxum paboTHI TPYOBI B XapaKTEPUCTUKA OTBO-
JUMBIX Ta30B (COCTaBa, KOHIIEHTPAIIUH, TEMIIEPaTypEI,
BJIQKHOCTH, KOJIMYECTBA M CKOPOCTHU IBIIKCHHS Ia30B
B CTBOJI€, COCTaBa M KOIIMYECTBA MBUICBUIHBIX YaCTHII,
XMMHUYECKOTO COCTaBa M KOJIMUECTBA KOHICHCATA).

2. DCKH3Bl TONEPEYHOTO CEYCHHUS Ta30XOIOB
y BBOJIa B TPYOy C yKa3aHHEM OCHOBHBIX Pa3MepOB.

2 THCTPYKIHSI TTO IPOESKTUPOBAHHIO KETE300E TOHHBIX TBIMO-
BoIX Tpy0. HUMKDB, I'maBremnnomonTax, Beecoro3uslii HaydaHO-
HCCIIE0BATENIbCKUN U MPOEKTHbIM MHCTUTYT «Teromnpo-
exT». 1962.
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3. Mudopmarmro o rpyHTax (TCOJIOTHYCCKUX pas-
pe30B OypOBBIX CKBR)KHMH B KOJIMYECTBE HE MEHEE TPEX
CKBaXUH TiTyonHoN 10—12 M, paBHOMEPHO pacIioIOKeH-
HBIX C Hapy»KHOM CTOPOHBI MPE/IIoIaraéMoro o Tpy-
Oy dyHImaMeHTa Ha paccTOSHUH He Oojee 5 M OT Kpas
TUTUTHI), BO3MO)KHOM 3aKHCIICHUN MM 3allelaqiBaHIN
rpyHTa B IIEPUOJ SKCILIyaTaly TPYObI, MOJOKEHHN
TPYHTOBBIX BOJI 1 X XUMHUYECKOM COCTaBE.

4. CxeMbl (yHZaMEHTOB CMEXHBIX C TPyOO#l co-
OpY’KE€HUH U JaBJICHUH Ha TPYHT 1107 HUMHU.

5. CBenenust o BEICOTE TPYOBI M IMAMETPE YCThHSL.

6. lns celicMuUecKknx paioHOB — HH(OPMAIIHIO
0 MaKCUMAJIBHOHU CUJIe 3€MIJICTPSICEHUN 3a IOCIIEAHUE
20 ner.

7. i palloOHOB BEUHOM MEP3JI0Thl — O MOILHO-
CTH U I‘J'IyGI/IHe 3AJIOKCHUA ACATCIIBHOTO U BEYHOMEP3-
JIOTO TPYHTA.

CTBOJIBI OZJHOCTBOJIBHBIX JKEJIE300€TOHHBIX MOHO-
JIUTHBIX JIBIMOBBIX TpYO (puc. 1) mpencTapisiioT co0oit
YCEUEHHBIH MOJBIH KOHYC, HO C IEPEMEHHBIM YKJIOHOM
oOpasytomieii HapykHOH moBepxHocTH OT 8 10 1,5 %
c yObIBaHMEeM [0 BbicOTe. BepxHIOI0 4YacTh cTBOJIA
Ha 1/3 BBICOTBI TpPYOBl PEKOMEHIYETCS BBITIOIHSITH
OuIAHAPHIecko Gopmel. [lo BEICOTE CTBOI Kene3o-
OCTOHHOW MOHOJIMTHOW TPYObl HMMEET IEPEMEHHYIO
TOJIIMHY, TPUYEM MUHHMAJIbHAs TOJIIIMHA B BEpXHEU
€ro YacTH 1O COOOpPaKCHMSM JOJITOBEYHOCTH W JUIS
obecrieueHns: BO3MOYKHOCTH Ka4€CTBEHHOTO YIUIOTHE-
HUsI OETOHHOW CMeCH BHOpaTtopoM NMPHHUMAETCS MpU
BEPXHEM BHYTpPEHHEM auamerpe a0 4,8 M He MeHee
160 MM; pu nuametpe ot 4,8 10 7,2 M — He MeHee
180 mMm; ot 7,2 10 9 M — He MeHee 200 MM; CBEIIIE
9 M — He meHee 250 mm [5].

CtBOJ TpyOBI pa30MBAETCS IO BBICOTE HA YYACTKH
C TNOCTOSIHHOM TONIMHON cTeHku. TonuHa CTEHKU
CTBOJIa HM3MEHSIETCS B MECTax Iepexoia OT OJHOTO
y4JacTka K Jpyromy, Kak IpaBuiIo, B MECTaxX yCTPONCTBA
KOHCOJICH Ul omupaHust (yTEpOBKH MM HECYIIUX
KOHCTPYKIIMH BHYTPEHHHX Ta300TBOASAIINX CTBOJIOB.
CTBOJIBI MOHOJIMTHBIX JKeNIE300€TOHHBIX TPYO apMu-
pYIOTCSl BEpTUKAIBHOM M TOPU30OHTANBHOM apMaTypoH,
YCTaHaBIMBAEMOM KaK y Hapy>KHOH, Tak M y BHYTpEH-
HEH TOBEPXHOCTH CTEHKH CTBOJA. CedeHue apMaTypsl
oTpesiesIeTCs pacyeToM. J[i1st apMUpOBaHUS HUCTIONb3Y-
eTcs apMarypa nepuogudeckoro npodumirs. B crapbix
Tpybax apMarypa MOXET OBITh IIAJKOTO MPOduIIs,
MIpUYEeM OFHOPSIHASA, TOIBKO y HAapyKHOW MOBEPXHO-
CTH CTECHKH?.

[IpoexT AbIMOBOM TPYOBI TOTDKEH CONEPKaTh pac-
YCThI:

1. Pacuer mpo4yHOCTH M YCTOWYMBOCTH JKese300e-
TOHHOW ABIMOBOM TPYOBI.

IIpu pacuere NPOYHOCTU U YCTOMYMBOCTH ABIMO-
BBIX TPYO YUHTHIBAIOTCS CIIEAYIONIHE (PaKTOPbI:

* Harpy3Ka OT COOCTBEHHOTO Beca TPYOHI;

* BETPOBas HArpys3Ka;

* TeMIIepaTypHbIC BO3CHCTBHS;

* ceificMuuecKast akTHBHOCTb.
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Puc. 1. Cxema xene300eTOHHON TBIMOBOI TPYOBI:

1 — dynnament; 2 — ctBoi; 3 — dyrepoBka; 4 —
TETUIOU30JISILINS; 5 — XOJ0Bast JIECTHHIA; 6 — CBEeTO(OpHAs
IUIOIa/IKa; 7 — MOJIHMEOTBOJ; 8 — 3a3eMJICHHE
MOJIHHEOTBO/Ia; 9 — BXO]] ra30Xo/1a

Pacuer npoyHoCTH U YCTOMYMBOCTH OCYILIECTBIIS-
€TCsl C UCIOJIb30BAHUEM METOJOB CTPOUTEIBHON MeXa-
HUKH U CONPOTUBIIEHUS] MAaTEPUAIIOB.

2. Pacuer 1pIMOBOTO TpakTa.

[Tpn npoeKTHpOBaHUM ABIMOBBIX TPYO TakKe He-
00XOIMMO BBINOJHUTH PAacyeT ABIMOBOTO TpPaKTa, KO-
TOPBI BKJIIOYAET OINpPEAEICHUE adPOAMHAMUUYECKHUX
XapaKTepUCTHUK JBIMOBOI TPYOBI, BEIOOP ONTUMAIBHO-
TO IMaMeTpa 1 BBICOTHI TPYOBI, @ TAK)Ke pacyeT IoTephb
JIaBJICHUs B JbIMOBOM TPaKTE.

3. Pacyet KOppO3MOHHOH CTOMKOCTH.

Jis obecrieueHHs OATOBEYHOCTH IHIMOBBIX Ke-
J1e300€TOHHBIX TPYO CliellyeT IPOBECTH pacueT Koppo-
3MOHHOM cTOMKOCTU. IIpu 3TOM YyUyUTBIBAIOTCSA TaKUE
(akTOpBI, KaK COCTaB ABIMOBBIX Ta30B, TEMIIEpaTypa
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U BJIQXHOCTh BHYTPH TpPYyOBI, HAJIIMYME arpecCHBHBIX
BEIIECTB B ABIMOBBIX Ta3ax H Jp.

4. PacyeT TEIIOTEXHUYECKNX XapaKTEPHCTHK.

TeroTexHMYeCKHil pacyeT ABIMOBBIX TPYO HPOBO-
JATCS JUISL OTIPE/ICIICHUSI ONITUMAJTBHBIX TTApaMETPOB Te-
IUIOM30JISILIMH 1 BEIOOPA MaTePHAIIOB U1 €€ BBIIIOIHEHHS.

JIist 3aIuTBl HECYIIETO CTBOJIA ABIMOBOH TPYOBI
OT TEMIIEPAaTyPHOTrO U arpecCMBHOIO BO3AEHCTBHUS OT-
BOJMIMBIX T30B B HEOOXOIMMBIX CITydasix IPUMEHSETCS
(dyTepoBka M TeIuIoBask M30JLILMS CTBOJA. B 3aBucH-
MOCTH OT TEMIIEPaTypbl U arpeCCUBHOCTH OTBOANMBIX
ra3oB (yTEpOBKY CIEIyeT BBINOIHATH U3 IIAMOTHOTO,
KHCIIOTOYIIOPHOTO HJIM TJIMHSHOTO OOBIKHOBEHHOTO
KHpIIN4a, CHEHUaIbHOTO OETOHA, KepaMHKH, CTallH,
a Takxe miaactmacc [6].

@dyTepoBka W3 KHpNWYA IPEAyCMaTpHBACTCS
3BEHBSIMH, OINUPAIOIIUMHUCS Ha KOHCOJIBHBIC BBICTY-
Bl B CTBOJIE. BhIcoTa 3BeHbEB NOIDKHA OBITH He Goee
25 M 1pH TOJIIMHE B OJMH KUpNHUY 1 He Oonee 12,5 m
npu TonuuHe B 1/2 kuprnuva. B 30He npoemMoB st ra-
30X0/I0B TOJIIMHY (YTEPOBKH CIIEAYET yBEIMIHBATH
o 1,5-2 xupnuueit. I1pn npuMeHeHNH criennanbHOM
(hacOHHOU TITYHTOBOW KEpaMHKH TONIIHMHA (yTEpPOB-
KM MOXET ObITh yMeHbIleHa. [IpuMblkaHne HUKHETO
3BEHA K BBINIEIIEKAIEMY HEOOXOIMMO MPOEKTHPOBAThH
C y4eToM pocTa (yTepOBKHU (B pe3yibTare MpoLeccoB
cyib(aranny MaTepyuaia BOB KJIaJKH) U TeMIepaTyp-
HOTO PacIIMpeHns Marepuaina GyTepoBKH KakK MO BBICO-
T€, TaK U 10 JUaMeTPy-.

OO0cnenoBaHne JKeIe300eTOHHBIX JTBIMOBBIX TPYO
SIBJSIETCSL  00513aTEIbHON YacThI0O MX OKCILIyaTallHu.
[IpoBenenne MOHMTOPUHTA COCTOSHUSI TPOMBIIUICH-
HBIX COOpPYXXEHHI ITO3BOJISIET CBOEBPEMEHHO BBISIBIISITH
HapyUIEHHs, BO3HHUKAIOIINE B KOHCTPYKLIUSIX B MPO-
Lecce dKCIUTyaTaluy, U ONIEPaTUBHO UX YCTPAHATS [7].

3 CII 375.1325800.2017. TpyGbl MPOMBIILICHHBIC JBIMOBBIC.
ITpaBuia NpoeKTUPOBAHHUS.

Jl1st OLIEHKM TEXHUYECKOTO COCTOSIHUS JIBIMOBBIX TPYO
00CIIeI0BaHNE BKIIOYAET ' :

1) Bu3yanbHbIN U H3MEPUTEIBHBIN KOHTPOIb;

2) TeJIOBU3MOHHBIN KOHTPOJIB;

3) reone3udeckuil KOHTPOIIb;

4) KOHTPOJIb TTPOYHOCTHBIX XAPAKTEPHCTHK KOH-
CTPYKIIHIA;

5) pacdeTsl CTPOUTENBHBIX KOHCTPYKIIUI;

6) OLIEHKY OCTAaTOYHOTO pecypca.

OCHOBHBIMU BIIUSIOIIMMU (haKTOpaMH Ha HeCy-
LIyO KOHCTPYKIIHIO, 8 IMEHHO JKeJ1e300e TOHHBIH CTBOJ,
SBIIAIOTCS OTVIOKCHUSI N3HYTPH, MHAYE 30JI0BBIE OTIIO-
skeHus [8, 9], KOTopble B CBOIO OYEPEh COKpAIIAOT
CEUEHHE JIHIMOXOJIa U pa3pyLICHUs] H3HYTPU JIBIMOBOU
TpyOBI 1OJ] IEHCTBUEM arpeCCHBHBIX Ta30B M BIIMSIHUC
OTXOJISIINX JABIMOBBIX Ta30B OT KOTJIOArperaros’.

Taknm 00pa3oM, ¢ mepexooM Ha ra3zoo0paszHoe
TOIUTMBO HACTOSIIUE JABIMOBBIE TPYOBI HE COOTBETCTBY-
I0T KOHCTPYKLHHU II0 MPOEKTY, YTO OKa3bIBaeT Cyllle-
CTBEHHOE BIIMSHHE Ha XKeJIe300€TOHHBIH CTBOI.

JlarHbIe 1e(EeKTHI MOKHO HAOJIFONaTh HA Hayajlb-
HBIX CTausIX UX pa3ButTHs. OJUH 13 coco00B HAOIIIO-
JICHUSI — TeIJIOBU3HOHHOE oOcienoBanue (puc. 2),
Ha KOTOPOM MOXXHO 3aMETHTh TEMIIEpPaTypHBIC C/IBUTH,
YTO B CBOIO OYEpEb MOATBEP)KIAET CHIDKCHHE Ta30-
IUTOTHOCTH (DyTepOBKHU IMOBOM TpyO®I [10, 11].

PE3YJIBTATHBI HCCIEJOBAHUA

ITo pesyabraram 0OCICIOBAHUS B HACTOSIIEE BPe-
MsI CTaJIM BBUIBIITHCS Ae(EKTHI U ITOBPEKICHHS KaTe-
ropun «B» n «b»°, a uMeHHO IedeKThI Kene300eToH-
HOTO CTBOJIA:

4 PJ1 34.20.328-95. Mero/uka 00CIe0BaHus IBIMOBBIX TPYO
TETUTOBBIX JIEKTPOCTAHIIHIA.

5 CTO 17230282.27.010.001-2007. CranaapT opraHu3aiuu
OAO PAO «EDC Poccum» «31anust U COOpPYKEHHUsI 00BEKTOB
9HEPreTHKU. MeToIMKa OLEHKH TEXHUUECKOTO COCTOSHUS.

[=]
200 €

14,6

Puc. 2. Pe3ysbTar TeI0BU3HOHHON CHEMKH KeNNe300eTOHHON JBIMOBO# TpyObI BhicoTOM /2 = 120,0 M, Ha KOTOPOM

MPOCIICKUBACTCS TEMIIEpaTypHbId cABUT Af > 9,0 °C, CBHCTEIbCTBYIOUIMI O HAPYIICHUH Ta30IIOTHOCTH (QyTEPOBKH

1 pa3pyIICHUHN 3aIUTHOTO CJI0st OeTOHA
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* pa3pyIlIeHHs 3aIUTHOTO CJI0s OETOHA;

* (uIBTpaNys BIATH CKBO3b TEJIO OCTOHA,;

* OrOJICHHE U KOPPO3HOHHBIH H3HOC OTOJIEHHOM
apMarypsl;

* 00paTHBIN YKJIOH 4yTYHHOTO OTOJIOBKA JIBIMOBOM
TpyOBI;

°* OTCYTCTBHE 3aIIUTHON 00Ma3KH Ha (yTepOBKe.

Jlarnbie neeKTh BBI3BaHBI OTHOM U3 CIICIYIOIIHX
TIPUYHH.

IIpu cxuranum III" nmpoucxonar Xumudeckue
peakuuu oxucieHus komroHeHToB IIIT kuciopomom.
dopmyna peakuu:

2H,S + CH, + 30, — 250, + 2H,0 + CO, + Temo.

Conepyxamutiics B 1" cepoBogopon (HQS) MOJKET
00pa30BbIBaTh COCAMHEHHUSI Cepbl PU CIKUTAHUU Ta3a
na TOL. Cepa, npucyrcrBytomias B [1I, moxxer obpa-
30BBIBaTh OKCHUJIBI CEPBI MPH CIKUTAHUH, TAKAC KaK JTU-
okcuzt ceprl (SO,) n Tpexokuck cepol (SO,). B ciy4ae,
eclli B TpyOe o0pasyeTcsi «TOUKa pOChI», HAUMHACTCS
KOHJICHCAIMS Ta3000pa3HbIX 0TXx0n0B. KoHnencar 6e3
npuMecell KHCJIOT U CyJIb(aToB BbI3BIBAET KOPPO3UIO
Marepuasa IIepBoro Braa — BhIIIeIa4uBaHue CBOOOI-
HOMW M3BECTH M3 IIEMEHTHOTO KaMHsI OETOHOB M PacTBO-
pos [12]. [Tpu Hanu4IMM B KOHJICHCATE CEPHON KHCIIOTHI
[IPOHMCXOIUT KOPPO3Usi BTOPOrO BUJIA — pa3pylieHHE
KHCIJIOTOW 1IEMEHTHOTO KaMHsi B OETOHAX M pacTBOpax
W KUpIMya B Kiajike. Peakiyst Boeipakaercs: popMyion
[13, 14]:

Ca(OH), + H,SO, = CaSO, + 2H,0.

Tak kak B TpyOe NpPUCYTCTBYEeT BOISHOM Tmap,
TO CEPHHCTBIC COCIMHEHHMS JAI0T C HUM CEPHYIO KHC-
noty. O6pa3oBaHNe TaKOTO arpecCHBHOTO KOHJCHCATa
MIpe/CTaBISIET Ul TPYObI OONbLIyIO OnacHOCTh. Ecin
MMEET MECTO CHIIBHBI Iepenaj TeMmIeparyp Hapyxk-
HOTO BO3/yXa M JBIMOBBIX T'a30B BHYTPH TpPyOBI, Ha-
YMHAETCS MHUTPAlUs BIArd: NMPOHHUKAs BHYTPH JKelle-
300€TOHHOTO CTBOJA, KHCJIOTa HAYMHAET pa3belaTb
apMatypy u kamens [ 14, 15]. [losBuBIIMECS TPEIIUHBI
B pe3ysibTare KOPpO3HUHU apMaryphl (LIMPUHON PacKpbl-
s 1o 0,05 MM) He IPECTaBISAIOT HEMOCPEICTBCHHOM
OIIACHOCTH PAa3pyIICHUS, OJHAKO OHH CIIOCOOCTBYIOT
YCKOpEHHIO pa3pylueHus xenezobetona [16]. Ha Ha-
PY’)KHOW MOBEPXHOCTH TPYO HMHOIIA MOXHO YBHUJETbH
Oenecele mATHA (pUc. 4) — 3TO ¥ €CTh KOH/IEHCAT, MPO-
HUKAIOMMK CKBO3b (yTepoBKy M cTBON [17]. 3mmoit
Takas Biara npespamaercs B yex [ 18, 19]. Obpa3zoan-
HBIIl KOHJIEHCAT BO3HUKAET HAa BHYTPEHHEH IIOBEPXHO-
CTH CTBOJIa JBIMOBOI TPYyObl, @ UMEHHO Ha KOHCOJISIX
st yrepoBku (puc. 3), 310 BbI3BaHO NepexogoM TOL]
¢ cxuranus TBepporo Toruusa (yrist) Ha 1T, kak oc-
HOBHOTO TOIUINBA, a TAKXKE CHIKCHUEM (DaKTHIECKUX
PEKUMOB IKCIITyaTaluu.

OO0pasyromnuiics KOHICHCAT IPUBOJIUT K IPOIIEC-
Cy (GUIbTpalMM BJIAard CKBO3b TEJO OETOHA, COIPOBO-
JKJIAIOIIAICS BBINIEIAYMBAHUEM CBOOOIHON HW3BECTH
10 OCJIA0JICHHBIM CEUCHMSAM, YMEHbIIas 3HAUYCHMS
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Puc. 3. Konconu ¢hyTepoBKH, Tlie OOMIBHO CKAITUBACTCS
KOHJICHCAT IPU CpeiHed BbICOTe JBIMOBOM TpyOsI 120,0 M
OT NMOBEPXHOCTH 3eMJIM M iMaMeTpe ycTbs 7,0 M

Puc. 4. IIpouecc BrimenaqnBaHus CBOOOTHON H3BECTH

I10 OCJIa0JICHHBIM CEUYECHMSIM OEeTOHA

mpogHocTy O6eToHa (Tadi., puc. 4), a Tak)Ke K KOPPO3UH
apmarypsl [13, 15, 20].

AHanmu3 pe3ylbTaToB HCHBITAHMH OKa3bIBaeT
CHIDKEHHE TPOYHOCTH KETe300€TOHHOTO T'a300TBOIS-
1Ier0 CTBOJA OT MPOEKTHOro kiacca Oerona (B22,5)
¢ ormeTkd +53,500 u Berme. Camble CyIIEeCTBEHHEIC
OTKJIOHCHUS HaOIIOMAIOTCS HAa OTMETKaX OT 2/3 BBICO-
TBI JIBIMOBOI TPYyOBbI. DTO CBSI3aHHO C TE€M, YTO JIBIMO-
BEIC TPYOBI Pa0OTAIOT HE B MTOJHYIO MOITHOCTH, B XOZC
Yero BHYTPH JIBIMOBOM TPYOBI CO3a€TCs U30BITOUHOE
JaBJieHue. BoIxojsiine JbIMOBBIE Ta3bl 10 MEPE IBAKY-
aIlK U3 IBIMOBOM TPYOBI OCTHIBAIOT U, 33JICPKHUBASChH
B Ta300TBO/ISIIIIEM CTBOJIE, JIOCTUTAIOT TOUYKH POCHI, 00-
pa3oBbIBas Ha BHYTPCHHCH MOBEPXHOCTH KOHJICHCAT.
OceBliiasi Blara CKaruiiBaeTCs Ha KOHCOJISIX U CTEHKaX,
MIPOHUKAsT BHYTPh JKEIIE300€TOHHOTO CTBOJA, TEM Ca-
MBIM CHIDKAS IPOYHOCTHBIC XapaKTEPUCTUKU OETOHA.

Jaunbie geeKThl CBHICTEILCTBYIOT O Hapy-
IICHUW Ta30IUIOTHOCTH JIBIMOBOW TPYOBI, YTO B CBOIO
o4epelb MOXKET TIPH PA3BUTHH MTOBPEIKACHHS TIEPEHTH
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PeSyJ'[I:TaTLI H3MepeHHﬁ (baKTPI'-IeCKOﬁ MPOYHOCTH OeToHa Ha Pa3HbIX BbICOTHBIX OTMETKAX )ILIMOBOﬁ prGI)I BBICOTOM

h=120,0 m
[IpoexTHEI Ki1acc (Mapka) OeToHa 3Ha4eHne TPOYHOCTU CooTBeTcTBHE (paKTHIECKOMY
OTMeTKa ypOBHS N N
JKeNe300eTOHHOM 060iMBI R Ha yactkax R, MITa Kraccy (Mapke) OeTona

+1,800 M300 28,9 B22,5 (M300)
+15,500 M300 29,1 B22,5 (M300)
+38,500 M300 32,0 B22,5 (M300)
+53,500 M300 23,9 B15 (M200)
+68,500 M300 09,5 B7,5 (M100)
+83,500 M300 09,3 B5 (M75)
+95,500 M300 22,5 B15 (M200)
+100,000 M300 259 B20 (M250)
+113,000 M300 14,3 B10 (M150)

B KaTeropuio «A»°® u IpUBECTH K aBAPUUHOMY COCTOSI-
HUIO JILIMOBOU TPYOBI B IIEJIOM.

Takum oOpa3oM, Ha MaHHBII MOMEHT BpPEMEHHU
C HepexoJoM C TBEPJAOro Ha razoo0pa3HOE TOILUIMBO
BO3HHUKIIH JE(EKTHl Ha JKeJIe300€TOHHBIX CTBOJAX JIbI-
MOBBIX TpyO. YCIIOBHUS SKCIUTyaTalliy JbIMOBOH Tpy-
OBl He coomeemcmeyom KOHCMPYKYUU COOPYIHCEHUs
no npoexmy. JISWCTBYIOIIME CIIOCOOBI JIMKBHIAIMH
Ie(PEeKTOB YCTPAHSIOT JHIIb NOCAIe0Cm8Us yxkKe 00-
Pa30BaHHbIX Jle(i)eKTOB Ha rasooTBOIAAIIMNX CTBOJAX,
HO HE YCTPAHSIOT NputiHbl BOSHUKHOBEHHS 1E(EKTOB.
B Mecrax 00pa3oBaHHBIX JIE(EKTOB JKele300eTOHHOTO
CTBOJIa MCIOJB3YIOT HAHECEHHE PEMOHTHOTO COCTaBa,
HMEIOIIETO XOPOLINH YPOBEHb aJre3un ¢ OETOHOM, Ma-
CKUpYS pa3pymIeHus: 000I0uKH J6IMOBOH TpyOBl. Kak
MIPaBUIIO, PEMOHTHBIE COCTaBbI, HAHECCHHBIC HAa Mare-
pHa, IMEIOT MapKy 110 BOIOHEIPOHUIIAEMOCTH BEIIIE,
yeM y O€TOHa, NPHUMEHSIEMOro IIPU CTPOHUTENIHCTBE
JBIMOBBEIX TPYyO, TEM caMbIM Bilara Ha4WHAeT NPOHH-
KaTh I10 MEPUMETPY HAaHECEHUs] PEMOHTHOIO COCTaBa.
Co BpeMeHeM TIPOUCXOINT MPOIECC OOPYIICHHS Oca-
OJeHHOro OeTOHa BMECTE C HAHECEHHBIM PEMOHTHBIM
COCTaBOM, YTO KPAaTHO YBEJIWYMBACT IUIOLIATb Pa3py-
IIEeHUH.

3AKJIIOYEHHUE U OBCYXIAEHHUE

OmHUM U3 OTBETCTBEHHBIX AteMeHToB TOL] sB1sI-
I0TCSI ILIMOBBIE TPYOBI, pe/IHa3HAuYCHHBIE U1l OTBOAA
MIPOIYKTOB CTOPAHUSA OT KOTioarperatoB. HanGomnpmiee
pacIpocTpaHeHHe TIOJyYHIH JIMOBBIC TPYOBI U3 Ke-
ne3oberora. C 1960 mo 1980 . GompmmuaCcTBO TOIL]
OBUTO TIepeopHeHTHpPOBaHO Ha cxuranue [1IT BMecTo
TBepaoro Torumsa (yrist). [Ipu sTom ObUM MOmepHU-
3MPOBaHbl KOTJIOArperarbl, a KOHCTPYKIMU JBIMOBBIX
TpyO ocTanuch B IEpBOHAYATHHOM COCTOsSHIH. CMeHa
THUIIa TOIUIMBA TPUBEJA HE TOJHKO K W3MEHEHMIO XH-

¢ CTO 17230282.27.010.001-2007. CranaapT opraHu3aiuu
OAO PAO «EDC POCCHUMN» «3nanust U cOOpyKeHHs 00b-
eKTOB HHEPreTHKU. MeTo/MKa OLIEHKH TEXHHYECKOTO COCTO-
STHUS.

MHYECKOTO COCTaBa OTXOJSIINX I'a30B, HO U K KOPPEK-
THUPOBKE PeXrMa pabOThl KOTJIOATPETaToB, YTO OTpa3-
WIOCh HA TEPHOJMYHOCTH W BEIMYUHE BO3JCHCTBHN
ra3oB Ha HECYIUEe KOHCTPYKIIUH TPYOBI.

Pesynbrarer 00cnen0BaHui ABIMOBBIX TPYO U3 JKe-
ne3o0eToHa, padoraronmx B ycinoBuax ckuranus [T
TIOKA3bIBAIOT, YTO OCTATOYHBIM PECypc CTPEMHUTEIBHO
COKpAIIIaeTCs 32 CYET YCKOPEHHOTO Pa3BUTHS ePEKTOB
U TIOBPEXICHUH KOHCTPYKLHH, IO OIBITY HPOBE/ICH-
HBIX 00CIIeIOBaHHMI 3TO He HaAONIIONAIOCh B JBIMOBBIX
TpyOax MpH CXKUTAHUU TBEPJOTO ToruHBa. OTMeuaeTcst
(akTHUeCKOe CHIDKCHHE Ta30IUIOTHOCTH (DyTEpOBKU
1 TIOBBIIICHHOE CKOIIJICHHE KOHJIEHCAaTa Ha KOHCOJISX
JBIMOBBIX TPYO H3-3a HEPaBHOMEPHOCTH IIOAAYU OT-
XOMSAIIMX Ta30B OT KomioarperatoB. OOpasyromuiics
KOHJACHCAT MPUBOAUT K BbINICIAYMBAHUIO CBO60HHOﬁ
U3BECTH MO OCHAONCHHBIM CEYEHUSIM KOHCTPYKIMH
1 KOPPO3UH apMaTypbl BCIEICTBUE (HUIBTPALIMN BIIATH
CKBO3b TeJI0 OeToHa.

B Hacrosiniee Bpemst 11t BOCCTaHOBJICHUS HECY-
1Iei crocoOHOCTH e1e3006TOHHOTO CTBOJIA B OCHOB-
HOM HCIIOJIB3YIOT PEMOHTHBIE COCTaBbI, 00Ja/at0II1e
BBICOKOM IpPOYHOCTBIO. B pesynprare cymecTByeT
OTIaCHOCTH OTAEICHHSI PEMOHTHOTO COCTaBa €INHBIM
MaccHBOM C (parMeHTaMu OETOHa, YTO IIPH MaJCHUN
MOJKET MPHUBECTU K TPAaBMUPOBAHMIO MEPCOHANA, I10-
BPCXKICHUIO TEXHUYECKOTO O0OpYyIOBaHHS U OJIU3-
JIe)Kalux KOHCTpykuui. IIpumeHeHne peMOHTHBIX
CcOCTaBOB Masod(p(EeKTHBHO, TaK KaK HE peIlraer
mpobiaeMy BO3HHKHOBEHHMSI M Pa3BUTHS Ie(PEKTOB
U JMIIb BPEMEHHO MacKHpyeT MpoOJIeMHBbIE ydacT-
ku. [Ipu sTOM BOCCTaHOBIEHHE HeCylleHd Ccrocoo-
HOCTH OCYIIECTBJIsIETCS 0€3 JOJDKHOTO PacdyeTHOTO
o0ocHOBaHMUS.

Taknm 00pa3om, akTyaslbHa 3a/ada OLCHKH He-
Cylueil crtocoOHOCTH KOHCTPYKIMH TPyO ¢ y4eToM H3-
MEHEHHH YCIIOBHH SKCITyaTalllu, 9YT0 CTAHET OCHOBOU
Juist onpenesieHnst 3QGEKTUBHBIX METO/I0B BOCCTAHOB-
JICHUS U 3alUThl KOHCTPYKIMM. /1 perieHns nocras-
JICHHOW IIeJM IUIAHUPYIOTCS TPOBEICHHWE UYUCICHHBIX
pacyeToB HeCyIel CIIoCOOHOCTH ITBIMOBBIX TPYO, MC-
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CJICZIOBAHKE 3alUTHBIX COCTABOB U MATCPUAIIOB IS
BO3MOXKHOCTH (D)YyTEpOBKH BHYTPEHHHX [MOBEPXHOCTEH,
OIICHKA Ta30IUIOTHOCTH 3JICMEHTOB (DyTEPOBKH U TPY-
OBI B IICJIOM.

[IpakTuyeckass 3HAUUMOCTh PaOOTHI 3aKIFOYACT-
Cs B BO3MOXKHOCTH OILICHKH HeCyIlel CHOCOOHOCTH
1 OCTaTOYHOTO pecypca CyIIeCTBYIOIINX JKele300eTOH-
HBIX JIBIMOBBIX TPYO.
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INTRODUCTION

Construction of the first industrial chimneys
began in the 18th century. They were necessary for
the functioning of blast furnaces used for iron smelting.
The first blast furnace was built in 1709 according to
the project of the English inventor Abraham Derby [1].
These furnaces and other manufacturing processes did
not require high chimneys. Modernization was taking
place in every industry, including manufacturing, which
predisposed to the construction of taller chimneys than
in those times. The main material for the construction
of such structures were reinforced concrete structures'.

At present, a huge number of reinforced concrete
chimneys are in operation in Russia, only in Moscow
there are more than 35 such structures in operation at
heat and power stations.

In order to provide cities with heat and electricity
on a large scale and with the transition from cookers
in homes to power generation enterprises, the construc-
tion of combined heat and power plants (CHP) was
launched. No enterprise using in its list of fuel combus-
tion equipment is without the construction of chimneys.

In the period 1950-1980, many old coal-fired CHP
plants were closed or converted to natural gas (NG)
combustion. This was due to the fact that NG is more
efficient and environmentally friendly fuel, and coal re-
serves were beginning to be depleted [2]. Boilers were
modernized from solid fuel [3] to gaseous fuel, but
the question arose how the new fuel would interact with
the structures of reinforced concrete chimneys and how
it would affect the operation of all CHP.

MATERIALS AND METHODS

A chimney is a vertically located structure that
serves to discharge combustion products into the up-
per atmosphere. The principle of operation is based
on the draught effect, which ensures the movement of
gases along the entire length of the trunk from the in-
let to the outlet of the chimney. The trunk of the chim-
ney has a horizontal shape of round, oval or polygo-
nal, and a vertical shape of cylinder or truncated cone.
The height of industrial chimneys can reach several

"CP 13-101-99. Rules for supervision, inspection, mainte-
nance and repair of industrial chimneys and ventilation pipes.

hundred metres, for example, the highest chimney to
date is 420 m, and it was erected in 1988 at Ekibastuzs-
kaya GRES-2 (Kazakhstan) [4].

The most important part of a chimney is the re-
inforced concrete shell — the chimney shaft: single
or multi-barrel. Single-barrel chimneys consist of
the outer layer of the shell, whereas the multi-barrel
construction implies a “pipe-in-pipe” device, in other
words, several barrels from thermal units are con-
structed in the chimney with a ventilated space be-
tween them, in which the arrangement of platforms is
assumed. The main advantage of the multi-bore pipe
is the protection of the supporting reinforced concrete
shaft from the aggressive environment of the dis-
charged gases. The gas outlet shaft acts as a load-
bearing structure and ensures the stability of the pipe
under the influence of various environmental factors.
Therefore, it is necessary to have the following initial
data at the design stage, which will be fundamental for
the construction of the facilities?:

1. Mode of operation of the pipe and characteri-
zation of the vented gases (composition, concentration,
temperature, humidity, quantity and velocity of gases
in the shaft, composition and quantity of dust particles,
chemical composition and quantity of condensate).

2. Sketches of the cross-section of the gas ducts at
the pipe inlet with the main dimensions.

3. Information on soils (geological sections of
boreholes at least three boreholes 10—-12 m deep, even-
ly located on the outer side of the foundation proposed
for the pipe at a distance of not more than 5 m from
the edge of the slab), possible acidification or alkaliza-
tion of the soil during the pipe operation, groundwater
position and its chemical composition.

4. Diagrams of foundations of adjacent structures
and ground pressures beneath them.

5. Information on pipe height and mouth diameter.

6. For seismic areas, information on the maximum
magnitude of earthquakes over the last 20 years.

7. For permafrost areas — the thickness and depth
of active and permafrost ground.

The barrels of single-barrel reinforced concrete
monolithic chimneys (Fig. 1) are truncated hollow

2 Instruction on design of reinforced concrete chimneys.
NIIZhB, Glavteplomontazh, All-Union Research and Design
Institute «Teploproekt». 1962.
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cone, but with a variable slope of the outer surface from
8 to 1.5 % with decreasing height. It is recommended
to make the upper part of the shaft cylindrical for 1/3 of
the pipe height. The height of the barrel of reinforced
concrete monolithic pipe has a variable thickness, and
the minimum thickness in its upper part for reasons of
durability and to ensure the possibility of quality com-
paction of the concrete mixture with a vibrator is ac-
cepted at the upper inner diameter up to 4.8 m not less
than 160 mm; at a diameter of 4.8 to 7.2 m — not less
than 180 mm; from 7.2 to 9 m — not less than 200 mm,;
over 9 m — not less than 250 mm [5].

The pipe barrel is divided by height into sections
with constant wall thickness. The wall thickness of
the barrel changes at the transition points from one sec-
tion to another, as a rule, in the places where cantilevers
are installed to support the lining or bearing structures
of internal gas discharge barrels. Monolithic reinforced
concrete pipe barrels are reinforced with vertical and
horizontal reinforcement installed both at the outer and
inner surfaces of the barrel wall. The cross-section of
the reinforcement is determined by calculation. Peri-
odic profile reinforcement is used for reinforcement. In
old pipes, the reinforcement can be of smooth profile,
with single row reinforcement only at the outer surface
of the wall®.

The design of the chimney must contain calcula-
tions:

1. Calculation of strength and stability of rein-
forced concrete chimney.

The following factors are taken into account when
calculating the strength and stability of chimneys:

* load from the pipe’s own weight;

e wind load;

* temperature effects;

* seismic activity.

Strength and stability calculations are carried out
using methods of structural mechanics and resistance
of materials.

2. Calculation of the flue duct.

When designing chimneys, it is also necessary
to perform the flue duct calculation, which includes
the determination of the aerodynamic characteristics of
the chimney, the selection of the optimum diameter and
height of the chimney, as well as the calculation of pres-
sure losses in the flue duct.

3. Calculation of corrosion resistance.

To ensure the durability of reinforced concrete
chimneys, corrosion resistance should be calculated.
Such factors as flue gas composition, temperature and
humidity inside the chimney, presence of aggressive
substances in flue gases, etc. are taken into account.

4. Calculation of thermal performance.

Thermal calculation of chimneys is carried out to
determine the optimal parameters of thermal insulation
and the choice of materials for its performance.

To protect the supporting shaft of the chimney
from the temperature and aggressive influence of
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Fig. 1. Scheme of reinforced concrete chimney:

1 — foundation; 2 — trunk; 3 — lining; 4 — thermal
insulation; 5 — running ladder; 6 — traffic light platform;
7 — lightning rod; 8§ — lightning rod grounding; 9 — gas
duct inlet

the exhaust gases, where necessary, lining and thermal
insulation of the shaft is used. Depending on the tem-
perature and aggressiveness of the discharged gases,
the lining should be made of fireclay, acid-resistant or
clay ordinary bricks, special concrete, ceramics, steel,
as well as plastics [6].

Brick linings are provided in links resting on can-
tilevered projections in the shaft. The height of the links
should be no more than 25 m with a thickness of one
brick and no more than 12.5 m with a thickness of 1/2
brick. In the area of openings for gas ducts, the thick-
ness of lining should be increased to 1.5-2 bricks. By
using special shaped sheet piling ceramics, the thick-
ness of the lining can be reduced. The connection of
the lower link to the overlying link must be designed
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taking into account the growth of the lining (as a result
of sulphating processes of the masonry joint material)
and the thermal expansion of the lining material both in
height and diameter®.

Inspection of reinforced concrete chimneys is
a mandatory part of their operation. Monitoring of
the condition of industrial structures allows timely de-
tection of violations occurring in the structures during
operation and their prompt elimination [7]. To assess
the technical condition of chimneys the inspection in-
cludes':

1) visual and measurement control;

2) thermal imaging;

3) geodetic control;

4) control of strength characteristics of structures;

5) calculations of building structures;

6) residual life assessment.

The main influencing factors on the load-bearing
structure, namely the reinforced concrete shaft, are de-
posits from inside, otherwise ash deposits [8, 9], which
in turn reduce the cross-section of the chimney and de-
struction from the inside of the chimney under the ac-
tion of aggressive gases and the influence of exhaust
flue gases from boiler units*.

Thus, with the switch to gaseous fuels, the present
chimneys are not as designed, which has a significant
impact on the reinforced concrete shaft.

These defects can be observed at the initial stages
of their development. One of the ways of observation is
thermal imaging (Fig. 2), where temperature shifts can
be observed, which in turn confirms the reduction of
gas tightness of the chimney lining [10, 11].

3 CP 375.1325800.2017. Industrial flue pipes. Design rules.

4 GD 34.20.328-95. Methods of inspection of chimneys of
thermal power plants.

RESEARCH RESULTS

According to the results of the survey, defects and
damages of category “W” and “B’, namely defects of
the reinforced concrete shaft, have now become apparent:

« of the destruction of the concrete protective layer;

« filtration of moisture through the concrete body;

* Bare and corrosive wear of bare fittings;

« the reverse slope of the cast iron chimney head;

* no protective coating on the lining.

These defects are caused by one of the following
reasons.

During combustion of GHG, chemical reactions
occur to oxidize the GHG components with oxygen.
Reaction formula:

2HZS + CH4 + 302 — 2SO2 + 2H20 + COZ+ heat.

Hydrogen sulphide (H,S) in GHGs can form sul-
phur compounds when the gas is burned in a CHP plant.
Sulphur present in GHG can form sulphur oxides during
combustion, such as sulphur dioxide (SO,) and sulphur
trioxide (SO,). If a “dew point” forms in the pipe, con-
densation of the gaseous waste begins. Condensate with-
out impurities of acids and sulphates causes corrosion
of the material of the first kind — leaching of free lime
from the cement stone of concretes and mortars [12]. In
the presence of sulphur acid in the condensate, corrosion
of the second kind occurs — acid destruction of cement
stone in concrete and mortars and bricks in masonry.
The reaction is expressed by the formula [13, 14]:

Ca(OH), + H,SO, = CaSO, + 2H,0.

As water vapour is present in the pipe, sulphur
compounds give sulphur acid with it. The formation

5 0S 17230282.27.010.001-2007. Standard of the Organiza-
tion of RAO UES of RUSSIA, JSC “Buildings and structures
of power engineering facilities. Methodology of technical
condition assessment”..
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Fig. 2. The result of thermal imaging of the reinforced concrete chimney with the height # = 120,0 m, where the temperature
shift At > 9.0 °C can be traced, indicating the violation of gas tightness of the lining and the destruction of the protective layer

of concrete
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of such aggressive condensate is very dangerous for
the chimney. If there is a strong temperature difference
between the outside air and flue gases inside the pipe,
moisture migration starts: penetrating into the rein-
forced concrete shaft, acid starts to corrode the rein-
forcement and stone [14, 15]. The cracks that appear
as a result of reinforcement corrosion (opening width
up to 0.05 mm) do not pose an immediate danger of
failure, but they contribute to accelerating the destruc-
tion of reinforced concrete [16]. On the outer surface of
pipes, sometimes one can see whitish spots (Fig. 4) —
this is the condensate penetrating through the lining and
the shaft [17]. In winter, such moisture turns into ice
[18, 19]. The formed condensate occurs on the inner
surface of the chimney shaft, namely on the liner can-
tilevers (Fig. 3), this is caused by the transition of CHP
from solid fuel (coal) combustion to GHG as the main
fuel, as well as by the reduction of actual operating
modes.

The condensate formed leads to the process of mois-
ture filtration through the concrete body, accompanied by
leaching of free lime along the weakened sections, reduc-
ing the values of concrete strength (Table, Fig. 4), as well
as corrosion of reinforcement [13, 15, 20].

These defects indicate a violation of gas tightness
of the chimney, which in turn may, in case of dam-
age development, go to the category “A” and lead to
an emergency condition of the chimney as a whole.

Thus, at this point in time, with the transition
from solid to gaseous fuel, defects have occurred on
the reinforced concrete shafts of the chimney. The op-
erating conditions of the chimney do not correspond
to the design of the structure according to the project.
The current methods of defect elimination only elimi-
nate the consequences of already formed defects on
the gas discharge shafts, but do not eliminate the causes
of defects. In the places of formed defects of the rein-

¢S 17230282.27.010.001-2007. Standard of the Organiza-
tion of RAO UES of RUSSIA, JSC “Buildings and structures
of power engineering facilities. Methodology of technical
condition assessment”.

forced concrete shaft, the application of a repair com-
pound having a good level of adhesion with concrete
is used, masking the destruction of the chimney shell.
As a rule, the repair compounds applied to the mate-
rial have a water resistance grade higher than that of
the concrete used in the construction of chimneys, thus

Moisture accumulation
on liner cantilevers

TATHTHCNC e

+70.000

=
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Fig. 3. Lining cantilevers where condensate accumulates
abundantly at an average chimney height of 120.0 m from
the ground surface and a mouth diameter of 7.0 m

Fig. 4. Leaching process of free lime through weakened

concrete sections

Results of measurements of actual concrete strength at different heights of the chimney with height 2 =120.0 m

Design class (grade) of concrete of Strength value at Compliance with the actual
Level mark . .
reinforced concrete cage R sections R, MPa concrete class
+1.800 M300 28.9 B22.5 (M300)
+15.500 M300 29.1 B22.5 (M300)
+38.500 M300 32.0 B22.5 (M300)
+53.500 M300 23.9 B15 (M200)
+68.500 M300 09.5 B7.5 (M100)
+83.500 M300 09.3 BS (M75)
+95.500 M300 22.5 B15 (M200)
+100.000 M300 25.9 B20 (M250)
+113.000 M300 143 B10 (M150)
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moisture begins to penetrate the perimeter of the ap-
plication of the repair compound. Over time, the weak-
ened concrete collapses together with the applied repair
compound, which multiplies the area of damage.

CONCLUSION AND DISCUSSION

One of the most important elements of CHP are
chimneys designed for the removal of combustion prod-
ucts from boiler units. Reinforced concrete chimneys
are the most widespread. From 1960 to 1980, the ma-
jority of CHP was reoriented to combustion of GHG in-
stead of solid fuel (coal). At the same time, boiler units
were modernized, while chimney structures remained
in their original state. The change of fuel type led not
only to changes in the chemical composition of flue
gases, but also to adjustments in the operation mode of
boiler units, which affected the frequency and magni-
tude of the impact of gases on the supporting structures
of the chimney.

The results of inspections of reinforced concrete
chimneys operating under conditions of GHG combus-
tion show that the residual life is rapidly decreasing due
to accelerated development of defects and damages of
structures, according to the experience of the conduct-
ed inspections it was not observed in chimneys under
solid fuel combustion. There is an actual decrease in
gas tightness of the lining and increased condensate ac-
cumulation on the flue pipe cantilevers due to uneven

supply of flue gases from boiler units. The formed con-
densate leads to leaching of free lime in the weakened
sections of the structure and corrosion of reinforcement
due to moisture filtration through the concrete body.

Currently, high-strength repair compounds are
mainly used to restore the bearing capacity of rein-
forced concrete shafts. As a result, there is a risk of
the repair compound separating into a single mass with
concrete fragments, which, if it falls, may result in in-
jury to personnel, damage to technical equipment and
neighbouring structures. The use of repair compositions
is ineffective as it does not solve the problem of de-
fects occurrence and development and only temporarily
masks the problem areas. At the same time, the load-
bearing capacity is restored without proper calculation
justification.

Thus, the task of estimating the load-bearing
capacity of chimney structures taking into account
changes in operating conditions is relevant, which will
be the basis for determining effective methods of res-
toration and protection of structures. To solve the set
goal, it is planned to carry out numerical calculations
of the bearing capacity of chimneys, to study protective
compositions and materials for the possibility of lining
internal surfaces, to assess the gas density of lining ele-
ments and the chimney as a whole.

The practical significance of the work lies in
the possibility of assessing the bearing capacity and
residual life of existing reinforced concrete chimneys.
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