lapaBArKa. MHXeHepHas ruapoAorus. [MAPOTEXHUYECKOE CTPOUTEALCTBO

VESTNIK
MGSU

rMAOPABJTUKA. UHXXEHEPHAA r’MAOPOINOIUA.
MAPOTEXHUYECKOE CTPOUTENIBCTBO

YIK 627.82+693.5

H.A. Anunckun, Hryen Xoanr
QI'6OY BIIO «MI'CY»

ITPOI'HO3
TPEIIMHOOBPA3OBAHUA
BETOHHbBIX MACCHUBHBIX
IIVIOTHUH ITPH BO3BEJIEHHNU

B CYPOBbBIX KNIMMATHYECKHX
YCJIOBUAX

MpencraBneHa co3gaHHas maTtema-
TUYeckasi Mofenb TEMNEePaTypPHOro PeXu-
Ma MOCMONHO YyknagbliBaemoro 6eToHHOro
MaccvBa B 3aBUCMMOCTU OT OCHOBHbIX BfK-
aowmx dakTopos. Vcnonb3oBaHne Takon
MOAENN NO3BOMUT ONpeaensiTe Xenaemble
cocTaBbl OETOHHOM CMECU W TEXHOMOruio
ee yKnaaku, NporHo3npoBaTh BO3MOXHOCTb
TpewmnHoobpasoBaHNA B COOTBETCTBUM C
onpefeneHneM BO3HMKaKLWMUX TeMmnepaTyp-
HbIX Nepenazos.

KnioueBble cnoBa: maccuBHbI Oe-
TOH, nepenag TemnepaTypbl, TPELMHOO-
OpasoBaHue, CypoBbI Knumat, Temnepa-
TYPHBIN PEXNM.

beroHHble TpaBUTAIMOHHBIE M Mac-
CUBHO-KOHTP(OPCHBIC TUIOTUHBI SIBIISIFOTCS
HanOoJiee pacHpOCTPaHEHHBIM THIIOM BO-
JIOTIOATIOPHBIX COOPYKEHHH B palioHax C
CYpPOBBIMH KJIIMMaTHYECKUMHU YCIOBUAMU. B
KadecTBe MpUMepa MOKHO MTPUBECTH OETOH-
Hble IUI0TUHBI bparckoi, KpacHospckoid,
Mawmakanckoii, 3eiickoit ' 9C (Poccuiickas
Oenepanus), miotnHa Jaamdas J[xoHCOH
(Kanazma). B rurotmHax Takoro Tuma, Kak U
B JIPYTUX MAaCCHUBHBIX OETOHHBIX TUIOTHHAX
B MEPHOJ BO3BEIEHUS, OJHON U3 OCHOBHBIX
Mpo0JIeM ABISETCS TEMIIEpaTypHOE TPeIIn-
HoOoOpazoBanue. OCHOBHbIE Mephl OOPHObI
C TpemrHOo0Opa30BaHNEM B MAaCCUBHOM Oe-
ToHE ObUTH pa3padotansl eme B 1930-x rr.,
KOTJIla MHTEHCHUBHO Pa3BMUBAIOCh OETOHHOE

N.A. Aniskin, Nguen Hoang

PREDICTING CRACK
FORMATION IN SOLID
CONCRETE DAMS

IN SEVERE CLIMATIC
CONDITIONS DURING
CONSTRUCTION PERIOD

In this paper we attempt to
create a mathematical temperature
model of concreting in lifts, that
depends on the various funda-
mental factors. The use of such
a model will help to determine
concrete  composition  (cement
consumption and heat generation)
and the technological scheme of
building solid concrete dams. As
a result of the analysis of various
factors influence on the temperature
during a construction concreting,
we obtained a mathematical model,
allowing to determine the maximum
temperature inside the concrete
block body and temperature
variations.

Key words: solid concrete,
temperature variations, crack
formation, severe climatite, temper-
ature conditions.

Concrete gravity and solid coun-
terfort dams are the most common
type of backwater structures in the re-
gions with harsh climatic conditions.
The examples are concrete dams of
Bratsk, Krasnoyarsk, Mamakansk,
Zeysk hydroelectric power stations
(Russian Federation), Daniel Johnson
dam (Canada). The main problem of
such dams, as well as other concrete
solid dams during the construction, is
crack formation. Key measures with
cracks in the solid concrete were de-
veloped in 1930s, during intensive
concrete dam construction.
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IoTHHOCTpOoeHue. CeronHs OHU JOTIOJTHE-
HBI U yCOBEPIIIEHCTBOBAHBI, OTHAKO ITPO0IIe-
Ma TPEeIHO0OPa30BaHNS BCE €IIe HE MOYKET
cuuTarthea penieHHol. TemneparypHoe Tpe-
ITTHOOOPa30BaHNE HAOIIOAACTCSI BO MHOTHX
COBpEMEHHBIX IUIOTHHAX, B T.4. U B BO3Be-
JICHHBIX 110 TEXHOJIOTHH YKaTaHHOTO OeToHa
C MaJIBIM KOJIMYECTBOM IeMeHTa [1, 2]. Ota
mpoOyiemMa 0COOEHHO OCTPO CTOHUT IS TIIO-
THH, CTPOSIIMXCA B CypOBOM KJIMMAre, TJie
JTMAITa30H TOMOBBIX W3MEHEHHI TeMITepary-
pBI BO3Myxa MOXKeT goctrurath moutu 100 °C.
Tax, B patione Mamakanckoir I'9C Temme-
parypa caMoro XOJOJHOTO MecsIa — SHBa-
ps — magaet go —60 °C, a caMoro TeIo-
r0 — mrons — moxHumaetcs o 37 °C.

Bo3HuKHOBEHHNE TpEIIWH B CTPOUTEINb-
HBIA TIEPHOJ YacTO CBSI3aHO C OIMMOKaMH B
MIPOEKTUPOBAHUH COCTaBa OETOHOB M PEKH-
MOB BO3BEICHHSI IUIOTUHEL. B manHO# pabo-
T€ OMUCAHO CO3/IaHNE MaTeMaTHIeCcKOi MMpo-
THO3HON MOJIETH TEMIEPaTypHOTO peXnMa
MOCIIOMHO YKJIaJBIBAEMOTO OETOHHOTO Mac-
CHBA B 3aBUCHMOCTH OT OCHOBHBIX JICHCTBY-
omux (akTopoB. Vcmonp3oBaHUE TaKOM
MOJIENIA TIO3BOJIUT MPHHAMATHh DPAlMOHAIb-
HBIC PEIICHMUSI TT0 COCTaBY OCTOHOB (Pacxomy
[IEMEHTa ¥ €r0 TEIUIOBBIEIEHUIO) U TEXHO-
JIOTHYECKON CXeMe BO3BEIEHHS OETOHHBIX
TUIOTHH (MHTEHCHUBHOCTH BO3BEJCHHS ILIO-
THHBI TI0 BBICOTE, TONIIMHA YKIAABIBAEMOTO
ciost 6eroHa). IlompITKM co3maHUs aHAIO-
TUYHBIX MaTeMaTHYeCKUX MOJeel mpen-
MIPUHAMAJIACh paHee, OJHAaKo, OHU paccMa-
TPUBAJIN KOHKPETHBIE OOBEKTHI W YCIOBHUS
BO3BEAICHNS W OTPAHMYEHHOE KOJHMYECTBO
BIUSTIONINX Ha Mporiecc GakTopos [3, 4].

B mannO# paboTe paccMOTpPEeHO BO3BE-
JleHne OCeTOHHOTO CTOoi0a pa3IMIHON TOJI-
MUHBI (IPUHATHl BapUAHTHI C TOJIIMHOM
10 m 20 M) Ha MaccuBe ocHOBaHUS (puc. 1).
[IpunATa CKOPOCTH BO3BEICHUSI MACCHBA IO
BBICOTE, paBHas 0,6 M/cyT (4acTo BCTpeda-
OIasicsl B COBPEMEHHOM TMpaKTHKE TJIOTH-
HOCTpOoeHHs). Ha MOBEpXHOCTH pacueTHOM
001acTH TI0 KOHTAKTy OCHOBaHHME — BO3IYX
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Nowadays they are updated
and improved, but the problem of
crack formation still exists. Ther-
mal cracking is observed in many
modern dams, including those
built with rolled concrete technol-
ogy with a small amount of cement
[1,2]. Thisproblemisespecially acute
for dams built in severe climatic con-
ditions, where annual temperature
variations can reach almost 100 °C.
So, near Mamakansk HPS the tem-
perature in the coldest month — Jan-
uary — 1is falling down to —60 °C,
and the warmest — July — rises up
to 37 °C.

Crack forming during construc-
tion is often associated with errors
in concrete composition and dam
construction modes. This paper de-
scribes the development of the math-
ematical forecasting of temperature
model of concreting in stacks de-
pending on the main acting factors.
The use of this model will allow ra-
tional concrete composing (cement
consumption and heat emission) and
technological scheme of concrete
dam construction (intensity of dam
construction height along, thickness
of a concrete layer). There have been
a number of attempts to create simi-
lar mathematical models; however,
they consider the specific objects and
terms of erection and a limited num-
ber of acting factors [3, 4].

This article considers the erec-
tion of concrete pillars of different
thickness (variants with thickness
of 10 and 20 m are adopted) on a
mass basis (Fig. 1). The speed of
constructing dam body is assumed
equal to 0.6 m/day (often used in
modern dam building). On the sur-
face of the computational region at
the joints "foundation — air" and

ISSN 1997-0935. Vestnik MGSU. 2014. Ne 8



lapaBAnKa. MHXeHepHas ruaApoAorus. [MAPOTEXHUYECKOE CTPOUTEALCTBO

VESTNIK
MGSU

1 OCTOH — BO3AYX (BEPXHSS TOPU30HTAIH-
Hasi 1 OOKOBbIC BEPTHKAIILHBIC TOBEPXHOCTH
HapalMBacMOr0 MAacCHBa) 3aJ[aBalliCh Tpa-
HuuabIe yenosus 111 poaa ¢ koadunmentom
remonepenaun B = 20 Br/(m?°C). dus pe-
NICHUS MOJJOOHBIX 3a/1ad B MOCIEIHIE TOJIbI
NIMPOKO MCHOJNB3YIOTCS YUCICHHBIE METOJIbI
[5—7]. B mamnHoif pabote pemieHHE TEMITe-
parypHOil 3a7a4u MPOBOAMIOCH C HMCIOJb-
30BaHMEM METOJ[d KOHEYHBIX DJIEMEHTOB
(MKD) mo MeTonuke W MporpaMMme pacdera
TEMIIePATYPHBIX PEKUMOB OETOHHBIX COOPY-
x)enwui [8, 9].

Puc. 1. Cetka MKD-pa36uBku OETOHHOTO
MacCUBa U OCHOBAHUsI HA KOHEYHbIC DJIEMEHTBI

PacueTtsl mpoBeseHbI U1 IByX CIy4yaeB
TEMIIEPaTyPHOTO BO3JEHUCTBUS BO3LYLIHON
cpensl. PaccmarpuBaiich BeCEHHE-JIETHUM
nepuoj ¢ Temmeparypoil Boayxa 20 °C u

"concrete — air" (upper horizon-
tal and and vertical lateral surfaces
of the increasing body) we defined
boundary conditions of the third kind
with heat emission coefficient = 20
W/(m? °C). For solving similar prob-
lems nowadays numerical methods
are widely used [5—7]. In our work
we solve the temperature problem
with the use of finite element method
(FEM) by the method and program
of calculating temperature behavior
of concrete structures [8, 9].

Fig. 1. Finite element grid of
concrete body and foundation

The calculations are made for
two cases of external effects. We
considered the spring and summer
period, with temperatures of 20 °C

Hydraulics. Engineering hydrology. Hydraulic engineering
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OCEHHE-3UMHUI — C TeMmIeparypoul Bo3-
nyxa 5 °C (mpemycMaTpuBaeTCsl BO3BEIe-
HUE CTON0a B 3MMHHUX YCIOBHSIX TIOA 3a-
IUTON TeIUIKOB). [IpuHMManmucey ciemy-
OIITHE TETUIO(PU3NIECKUE XapaKTePUCTHKH
OeToHa: KO (HUIIUEHT TETIOMPOBOTHOCTH
B = 2,23 B1/(M°C); k03pduImeHT remre-
paryporpoBogHoctd a = 0,0042 (Mm%/4).
XapakTepUCTHKH OCHOBAHHS TPUHHMA-
JIUCHh aHAJOTHYHBIMHU.

Pacuersr TerutoBBIENeHNs OeTOHA
MIPOU3BOMIINCE TI0 (OpMYyIIe, YIUTHIBAIO-
Ie BIMSHUE BPEMEHH U TeMITepaTypsl Ha
TeroBsIaecHue OeTona [10]:

Qermax 1_(1+A20J-2 ¢ dT] | )

rae Q, — TEIUIOBBIIEICHUE LIEMEHTA B
paccMarpuBaeMblii MOMEHT BPEMEHHU T;
Q.. — MakcumaibHOe (IIOJHOE) TEIIOo-
BBIIEJICHUE LEMEHTa; A, — KO3 uuu-
EHT TeMIIa TeIUIOBBIACICHHS OeTOHAa MPHU
MOCTOSIHHOM ~ TeMIlepaType  TBEpIEHUS
t=20°C, A, = 0,014 4-1 (o0 pexomen-
nmarsiM [ 10]); € — xapakTepHas Temiepa-
TypHas pa3HOCTh OOBIYHO TPUHUMAETCS
pasHoit 10 °C [10].

B macrosmeir pabore mius moctpoe-
HUS IPOTHO3HOM MOJIENTN NCIOIh30BAIACh
METO/IMKA TJIAHUPOBAHUS IKCIIEPUMEHTOB.
PaccmarpuBasics moHOGaKTOPHEIH KCIIe-
PUMEHT, /U1 KOTOPOTO (PYHKITUS OTKIIMKOB
MpUHUMAET cheayromuii Bum [11]:

Y, =b, +b, X, +b,X, +b, X, +b, X, +b, X, X, +b, X, X, +b, X, X, +

and autumn-winter period with tem-
perature of 5 °C (considering the con-
struction of pole in winter conditions
under protection of enclosures). We
took the following thermophysical pa-
rameters of the concrete: heat conduc-
tivity coefficient f = 2.23 W/(m°C);
temperature conductivity coefficient
a = 0.0042 (m%h). Base parameters
were similar.

In calculating heat emission of
concrete we used the formula that con-
siders time and temperature influence
on the heat emission of concrete [10]:

T t(1)-20

M

where Q_— heat emission of cement
at a given moment of time 7; Q_—
the maximum (full) heat emission
of cement; A, — speed coefficient
of heat emission of concrete at a
constant temperature of solidifying
t =20 °C, A, = 0.014 h-1 (recom-
mended [10]); € — the characteristic
temperature difference usually equal to
10 °C[10].

In order to build a forecast-
ing model in our work we used the
method of planning experiments. We
considered full factor experiment, for
which the response function takes the
following form [11]:

)

+b23X2X3 + b24X2X4 + b34X3X4 +b1234X1X2X3X4'

B xauectBe GakTOpOB B MPOBEICHHBIX
UCCIIEIOBAHUSIX PACCMATPUBAIIUCH CIICHY-
IOIIME BEJIMYMHBL: X — Pacxojl IEMeH-
ta (BapbupoBajcs or 200 mo 350 kr/md);
X, — TOJIMHA yKJIaJbIBAEMOIO cjlost Oe-
tona (ot 1,0 mo 3,0 m); X, — Temneparypa
ykiaasiBaemoro 6erona (ot 10 mo 22 °C);
X, — TOJIHOE TEIUIOBBIICICHUE HEMEHTa
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As factors in the researches
we considered the following val-
ues: X, cement consumption
(varied from 200 to 350 kg/m®),
X, — concrete layer thickness (from
1.0 to 3.0 m); X, is concrete tem-
perature (from 10 to 22 degrees);
X, is a full heat emission of cement
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(ot 350 mo 500 x/lx/kr). B kagectBe OT-
KITUKOB PAacCMAaTPHUBAIUCH Tepenag MExXIy
MaKCHUMaJIbHOM TeMIlepaTypoll B OCTOHHOM
MacCHBE M TEMIIEpaTypol Ha €ro moBepX-
Hoctu At. Ilpm 3TOM OBUTH BBIIETICHBI IBE
30HBI MaccuBa [12, 13]: mpuckagpHas 30HA
«3ameMIeHns» (30Ha y OCHOBAaHUS C BBI-
COTOH, paBHOH TOJIOBHHE ITUPHHBI OJIOKA);
«cBOOOMHAS» 30HA (yOAJCHHAs] OT OCHOBa-
Hus). llman skcrepuMeHTa W pe3yiabTaThl
pacyeToB B COOTBETCTBYIONINX TOYKAX Ijia-
Ha TIpUBeNeHbI B Tabmuie. Taxke mpuBesie-
HBI 3HAYCHHUS MAKCUMAJIbHBIX TEMIIEPATYp B
BO3BOJIMMOM O€TOHHOM MmaccuBe { B Ta-
omume. B pesynsrate 06paboTKH pe3yibTa-
TOB JKCIICPUMEHTa OBUIM TONYYCHBI (PyHK-
[IUU OTKJIMKOB B BH/JIE TIOJTMHOMOB, TI03BOJISI-
TOIIME OMPEIEIATh Tepernaabl TEMIIeparyp B
3aBHCHMOCTH OT 3HaYCHHUH PACCMOTPEHHBIX
¢axTopoB. OyHKIIUN OTKIMKOB UMEIOT CIIe-
TYIOIIUH BHJ TIPH TEMIIepaType Hapy>KHOTO
Bozmyxa 5 °C B «CBOOOTHO» 30HE MacCHBa:

At=40,94+8,54X,+1,63X,+5,26 X, +5,51X, +0,35X, X, +

(from 350 to 500 kJ/kg). As a re-
sponse we considered the difference
between the maximum temperature
in the concrete body and tempera-
ture on its surface At. At that we
allocated two body areas [12, 13]:
rock "crushing" area (area at the
base with a height equal to half of
the block width); "free" zone (re-
mote from the base). The experiment
plan and the calculation results in the
relevant points of the plan are given
in the table. The table also shows
maximum temperatures values t
in the constructed concrete body. As
experimental results we obtained re-
sponse functions in the form of poly-
nomials, which help to determine the
temperature variations depending
on the factor values. The response
functions have the following form at
outdoor temperature of 5 °C in the
"free" area of the body:

3)

+1,51X.X, +0,2X,X, +0,23X,X, +0,05X,X,X;

B 30HC «3alICMJICHHU))» MaCCHBa:

In the "crushing" area:

At=36,28+7,08X, +1,85X, +5,59X, +4,46X,, +0,5X,X,, +

+0,14X, X, +1,24 X, X, +0,11X,X, +0,24X, X, +0,03X, X, -

(4)

— 0,14X,X, X, +0,02X X, X, + 0,1X,X,X, —0,02X,X,X,;

pv  TEMIIEpaType Hapy»KHOTO BO3ayXa
20 °C B «CBOOOIHOIT» 30HE MACCHUBA:

at outdoor temperature of 20 °C in
the "free" area of the body:

At=27,98+8,52X, +1,11X, +509X,+5,52X,+0,34X X, +
+0,03X,X, +1,51X, X, +0,22.X, X, +0,22X,X, +0,06.X, X, X ;

B 30HC «3alllCMJICHUA» MaCCHUBa:

©)

In the "crushing" area:

At=22,65+7,05X,+1,3X, +5,56 X, +4,64X, +0,5X, X, +

+0,14X, X, +1,26X, X, +0,00X,X, +0,26 X, X, +0,03X,X,, —

(6)

—0,14X,X, X, +0,02X, X, X, +0,09X,X,X, —0,03X,X,X,.

Amnanorudnsie (PyHKIIUH OTKJINKOB OBIITH
TIOTYYEHBI U [T MAKCUMAJIbHBIX TEMIIEpaTyp
B OeToHHOM MaccuBe. IIpoBepka amexBarHo-
ctu (pacder 17 B Tab:1.) mMokazaga XOPOIIYIO
COIIOCTaBUMOCTh ~ TOYYEHHBIX  (PYyHKIHH
OTKJIMKOB ¢ pacuetamu. Ha ocHoBe momy-

Similar response functions were
obtained for the maximum temperatures
in the concrete body. Test for adequacy
(calculation 17 in the tab.) showed
good comparability of the obtained re-
sponse functions with calculations. On

Hydraulics. Engineering hydrology. Hydraulic engineering
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YEHHBIX 3aBUCHMOCTEH MOCTPOCHBI HOMO-
rpaMMbl [14], TTO3BOJISIONTNE ONPEICITUTE
3HAQUCHUSI TEMIIepaTypbl WM Mepenajia
Temrieparyp B OSTOHHOM MAaccHUBE B 3aBH-
CHUMOCTH OT PacCMOTPEHHBIX (HaKTOPOB.
HomorpaMmbl Takxke TO3BOJISIIOT PEHIUTh U
00paTHyIo 3a/ia4y: M0 BEJIMYHHE KeTaeMOi
TEMIIEpaTypbl ONPECIUTh HEOOXOIUMBbIE
3HadeHus: Qakropos. [Ipumep mocrpoeH-
HBIX HOMOTpaMM TIpEICTaBJICH Ha puc. 2, 3.

Marpuiia IIaHUPOBAHHS YKCIIEPUMEHTOB
(pacxon nemenra 200...350 xr/m°, TonmuHa
cnost 1,0...3 M, TeMnepaTypa yKJaabIBaeMoOi
oeronnoi cmecu 10...22 °C, makcumanbHOE
teroBbaenenue 350...500 k/x/kr)

the basis of the obtained dependencies
we built charts [14], which help to deter-
mine temperature values or temperature
variations in concrete body depending
on the considered factors. Nomograms
also allow us to solve the inverse prob-
lem: to determine the required factor val-
ues by the desired temperature values.
The example of the chart is presented in
Fig. 2, 3.

Planning matrix experiments (cement
consumption of 200 to 350 kg/m?® and layer
thickness of 1,0...3 m, temperature of con-
crete composition 10...22 °C, maximum
heat emission 350...500 kJ/kg)

Temmneparypa t, °C / Temperature t, °C
siapo naana/Plancore | R e e
M t_=5°C[t_=20°Ct_=5,C[t_=20,°C
21’3 Zy 7 Kﬁi;c/
X, | X, [ KM I | | X, o X k|t | AU [t | At [t [ ALt | AL
kg/m?| | ™ KI/kg
1+ —[200 [=[1[=[10] =] 350 |24.4|21.4|26,4]23.4|27,2[22.2[30.0] 10,0
2 |+|+]350|-|1/|—-|10|—| 350 |34,8{31,8(36,7|33,7|40,7(35,7(43,4| 23,4
3 |+|—-1 200 3 |—|10| —| 350 |26,3|23,3{27,2(24,2|29,0(24,0({30,8 10,8
4 |+ |+ 350 3 |- |10]— | 350 [38,8]35,8]39,6|36.6|43,7(38,7|45,3] 25.3
5|+|—-1200 |-|1|+|22|—| 350 |34,8/31,8(36,8|33,7|37,4(32,4|39,7| 19,7
6 |+|+] 350 |[—-|1]|+|22|—| 350 |46,2|43,2148,0]45,0|50,8(45,8(53,2| 33,2
7 [+ — 200 3 |+ (22| = | 350 [37,7]35,7]38,5]35.5 [40,0|35,0(41,3| 21,3
8 |+|+ | 350 3 |+]22| —| 350 [50,2{47,2|50,9(47,9|54,6(49,6/56,0| 36,0
9 |+ —[200 [ —[1|—[10]+] 500 [30,9]27.9/32,8]39.8[34,9[29.9[37.7] 17.7
10+ |+ | 350 1 |- (10| +| 500 [45,7|47,7|47,6|44,6|54,2149,2|156,9| 36,9
11|+ | - | 200 3 |—-|10| +| 500 |33,4/30,4(34,3(31,3|37,4(32,4|39,1| 19,1
12+ +] 350 3 |- |10[+ | 500 [51,0[48,2]52,1[49.1]58,3[53.3]59,9] 39,9
13(+|—]200 | —| 1 |+|22|+ | 500 |41,3|38,3|43,2|40,2(45,0|140,0|47,4| 27,4
141+ +]350|—| 1 [+|22]|+| 500 [57,4|54,4|59,3|56,3|64,3|59,3|66,7| 46,7
15|+ -] 200 | +| 3 |[+|22]| +| 500 [44,8|41,8|45,6|42,6|48,3|43,3|49,7| 29,7
16|+ |+ | 350 |+| 3 |+]22| + | 500 [62,7[59,7|63,4|60,4|69,2(64,2|70,6| 50,6
17 [+|0| 275 | 0| 2 [0[16] 0] 425 [42,5(39,5(43,2[40.6|46,7|41,7[47,9] 28.5

* [IpoBepka aJJleKBaTHOCTH
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* Test for adequacy
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Puc. 2. Homorpamma 1y1s onpeiesieHust
nepernazga MeXIy MaKCUMajbHOW TeMIle-
parypoii B LeHTpe OloKa W TeMIeparypoii
OceTOHA Ha TpaHsSXx OJoKa JJIsi «CBOOOTHOM
somel (t, =5 °C, pacxon nementa 200...350
kr/M®, Q 350...500 kJIx/Kr)

max

Puc. 3. Homorpamma 1 onpeneneHus
mepernaga MeXIy MaKCUMajbHOW TemIle-
parypoil B LeHTpe OloKa M TeMmeparypou
OcToHA Ha TpaHAX OJOKa IS «CBOOOTHOM
sombl (t, =20 °C, pacxon uemenra 200...350
kr/m, Q_ 350...500 kJIx/kr)

OnHUM M3 OCHOBHBIX (DaKTOpPOB,
ONPENEIAIOINX BO3MOXKHOCTh U CTe-
NEHb TEMIIEPaTypHOTO TPELUIMHOO00pa-
30BaHUSl B HapamyBaeMOM OETOHHOM

Fig. 2. Chart for determining the dif-
ference between the maximum temperature
in the center of the block and concrete tem-
perature on the block faces for "free" areas
(t,, =5 C, cement consumption of 200 to
350 kg/m®, Q _ 350...500 kJ/kg)

max

Fig. 3. Chart for determining the dif-
ference between the maximum temperature
in the center of the block and concrete tem-
perature on the block faces for "free" areas
(t,,, = 20 °C, cement consumption 200 to
350 kg/m?, Q_ 350...500 kl/kg)

One of the main factors, determin-
ing the possibility and the degree of ther-
mal crack forming in increasing concrete
body is the temperature variability. For

Hydraulics. Engineering hydrology. Hydraulic engineering

171



BECTHMK 3/2014

MaccCHBe, SBISETCS Teperaji TeMIepaTyp.
Jns OetoHa, HaXOASAIIETOCS B 30HE «3a-
HIEeMJICHIS, OJJHOW M3 OCHOBHBIX MPUYHUH
TPEIMNHOOOPA30BAHMS SIBIISIETCS TIEpera
MEXJly MaKCHUMaJbHOM TemIeparypoil B
MacCHBE B MEPHOA IK30TEPMHU H OCPEJ-
HEHHOW TeMIepaTypoil B epuoj dKCIuTya-
taruu. J[11sg 6eToHa B «CBOOOHOM 30HE —
nepemnaj Mexx, Iy MaKCUMaJIbHOU TeMIiepa-
TypO# B MacCUBE B MEPUOA IK30TEPMHU H
TEMIEPaTypoil Ha MOBEPXHOCTH OJIOKA.
Pacuersr TepMOHANpPSDKEHHOTO — CO-
CTOSTHUSI OETOHHBIX MaCCUBOB IIPU UX BO3-
BEJICHUU SIBJIAIOTCA JOCTATOYHO TPYA0EM-
KOM 3ajJiayeil, KoTopasi CEroAHs pelaeTcs,
KakK IMPaBIJIO, C TMOMOIIBIO CIIEIHATBHBIX
BBEIYHCIUTEIRHBIX TIporpamm [15, 16]. B
pe3ynbTare MHOTOJIETHEH MPaKTHUKW TPO-
eKTUPOBaHMUS W WHKEHEPHBIX pacueToB
BbIpabOTaHa JOCTYMHAs METOINKA OLIEHKN
BO3MOXKHOTO TPEIIMHOOOPa30BaHMsI, KOTO-
pasi Jaet mpruemMIIeMble IS PEIBAPUTEIh-
HBIX pacdeToB pe3ynsTaTsl [12, 13]. B co-
OTBETCTBUU C ITOW METOIMKON BEIUYUHY
JIOTTYCTAMOTO TEMIIEpaTypHOTO Tepernaa
MaKCHUMAaJIbHBIX TEMIIEPATyp B OJI0KE MOXK-
HO BBIPA3HTH CIeAyomuM obpaszom [12]

concrete, in the "crushing" area, one
of the main causes of cracking is the
difference between the maximum tem-
perature in the body in heat evolution
period and averaged temperature dur-
ing operation. For concrete in "free"
zone — the difference between the
maximum temperature in the body in
the heat evolution period and temper-
ature on the block surface.

Calculations of thermostressed
state of the concrete bodies dur-
ing construction are rather time-
consuming, which is usually solved
nowadays with the help of special
computer programs [15, 16]. As a
result of long-term experience of
design and engineering calculations
the methods of assessment of pos-
sible crack forming were elaborated,
which give acceptable results for
preliminary calculations [12, 13].
In accordance with this method the
value of allowable temperature vari-
ations of maximum temperatures in
the block can be expressed as fol-
lows [12]:

(AT | =[ AT K, g )

rne K — ko3¢ duimeHT nepexoaa ot

M. TIepex
CpemHell TeMmepaTypsl B OJIOKe B MEPHOI
9K30T€PMUH K MAKCUMAaJIbHOM; [ATGCP] —
JIOIYCTUMBIN TeMIIepaTypHbId Iepenas
CpeaHUX Temreparyp B Oioke. Benmnuuna
xkoo(puunenra K nepex

BUI TeriooOMeHa OJI0Ka ¢ OKpY»Karolien

3aBUCUT OT YCJIO-

CpeIoi M OIpeneNnsercs Mo pe3ylbTaraM
pacdeTa TeMmepaTypHOTo oSl (B HaIleM
coyqae K o = L,5).

JomycTuMeblil TemMneparypHbIil nepe-
Majl CpeTHUX TeMIIeparyp B OJ0Ke MOXKET
OBITH ompeneneH 1o ¢opmye [12]
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where K nepex is transition coefficient
from the average temperature in the
unit during heat evolution period to
the maximum one; [ATgp] — the
allowable temperature variation of
average temperatures in the block. The
value of the coefficient K nepex depends
on the conditions of heat exchange of
the block with the environment and is
determined by the results of calculation
of the temperature field (in our case
= 1)

Permissible temperature difference

of average temperatures in the block

can be determined by the formula [12]
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(AT =

Tae € — HpPEeNbHAS PACTAKUMOCTD Oe-
TOHA; 0. — K03(pPHUIMEHT TUHEHHOTO pac-
mupenus Oerona; K| o ko3 urmeHT
3ameMIIeHUS (CPeTHMA); K ., — ko3 hu-
IIUCHT peJaKcaruu (CpeaHuil); KTp — KO-
s dunmenT 3amaca Ha TPEIIMHOOOpa30Ba-
HHE.

IpenenbHas pacTsHKUMOCTb 6ETOHA €
ompenensieTcss T1a00paTOPHBIMU HCCIEI0-
BaHUSIMH TIpH TIOA00Ope cocTaBa OeTOHA U
3aBUCHT OT ero Mapku. Jlns 6eTtoHa ¢ Map-
Koii M250 npunumaem ¢ = 0,8-10[12].

KoadpduumenTt nunelHoro pacmmpe-
HUS 0. B 3aBHCHMOCTH OT COCTaBa OeToHa
m3mensiercss B mpenenax (0,75...0,1)-107.
Jnst Hammx pacyetoB nmpumem o= 1,1-1075.

Kosddunment penakcaruu
K, ., =o(t,, T, A7) yuuThIBaET MOM3Y-
uecThb OeTona [12]. 3nech T, — Bo3pact Oe-
TOHA B MOMEHT HaJalla OXJIQKJICHHUS OETOH-
HOM KJIaJIKK; T — BO3pacT OeToHa K MO-
MEHTY OXJIQXKJCHUsI OCTOHHOHM KIaJIKh JI0
TEeMIIepaTypbl OMOHOJMYMBAHUSI CTPOU-
TEJILHBIX MIBOB; At — MPOIOIKUTETHHOCTD
OXJIKICHUSI.

B 3aBHCHUMOCTH OT pPacHONOKCHHUS
Oroka GETOHMPOBAHUS BEIMYUHA JIOMYCTH-
MOTO Tiepenajia TeMIIepaTyp MOXET oIpe-
TIETISATHCS CICTYIOIIM oopazoM [12]:

Uit OJOKOB B 30HE «3alIEMIICHUS
(pacmonoKeHHBIX BOMM3M OCHOBAHHA) OC-
HOBHOW TPHUYUHON TPEeUMHOOOpa30BaHuUs
SBISIETCSl TIEperaj] MEXIy OCpPEIHEHHOM
TeMIIeparypoii B OJIOKe B MEpUOJ] DK30Tep-
MWW U OCPETHCHHON TeMIteparypoi B 6110-
Ke B IIEPUOJ] IKCILTyaTaIlUH;

JUTs OJTOKOB B «CBOOOTHOMY 30HE — Te-
penam MexIy TeMIIepaTypoi B IIEHTpE OJ1o-
Ka M TEMIIepaTypoi Ha ero MOBEPXHOCTH.

OmnpenenuM  3HAYEHUS JTOMYCTHMBIX
TEMIIepaTyPHBIX TepenagoB JUIis TMPHHS-
TBIX KOHKpPETHBIX ycioBui. Ilpm OGetoHm-
poBaHMH OJIOKa B 3UMHHN TIEPHOJ OXJIaXK-

cpK

€
p 8
ok, ®)

b
K,

p-cp
where g, 1s the limit compliance con-
crete; o — linear concrete expansion
coefficient; K, o crushing factor
(average); K . is relaxation factor
(average); K — factor of crack for-
mation ignorance.

Ultimate concrete elongation
is determined by laboratory tests in
the selection of concrete composi-
tion, depending on the brand. For
M250 brand concrete we assume
g, =0.810*[12].

The coefficient of linear expan-
sion o depending on concrete compo-
sition varies between (0.75...0.1)-1075.
For our calculations we take a =
=1.1-107.

The relaxation coefficient
K, ., =o(t,, T, Ar) considers con-
crete creep [12]. Here 7, is a concrete
age at the start of cooling concrete ma-
sonry; T_— concrete age by the time of
cooling concrete masonry to the tem-
perature of joint grouting of construc-
tion joints; At — time of cooling.

Depending on the block location,
the value of permissible temperature
variation can be determined as fol-
lows [12]:

for units in "crushing" area (lo-
cated near the base), the main cause
of cracking is the difference between
the average temperature in the block
during heat evolution period and the
average temperature in the block dur-
ing operation;

for blocks in the "free" zone —
the difference between the tempera-
ture at the center of the block and the
temperature on its surface.

We determine the values of per-
missible temperature variations ad-
opted for specific conditions. During
concreting block in winter cooling

Hydraulics. Engineering hydrology. Hydraulic engineering
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JICHHE HAYMHAETCs I0CiIe Iepuoza 3K30-
TEPMHUYECKOTO pasorpesa: T, = 14 nHen;
T = 4 mecsma = 120 nueit; At= 106 nueit. I1o
rpacduxy [12] st onpeneneHus K =04

[Tpu GeToHMpOBaHWU OJIOKA B JICTHHI
HEPUOA OXJAXKAECHUE HAuMHAETCS MOCIe
TIEPHOJIA SK30TEPMUYECKOTO Pa3orpesa: T,
= 180 nuent; t = 10 mecsues = 300 auein;
At= 120 nueii. [To rpaduxy [12] s onpe-
JIeJIEHUS Kp'cp= 0,8.

KoaddurmenT «3amemiaeHus» K&CP
XapaKkTepu3yeT CTENEeHb OrpPaHUYeHUs
cBOOOIBI IepopMaInii U3-3a YKIIAJKU €ro
Ha JKECTKOE OCHOBaHHE (CKally, CTapbIi
Octon). Kak moOKaspIBalOT HCCIICIOBAHUS
[12], aTtoT kO3 (UIUEHT 3aBUCUT OT OT-
HOULICHUSI BBICOTHI OJIOKa K €ro JUIMHE

/ | u or orHOIIEHUs MOmyIiel nedop-
Mauuu 6eToHa M ocHoBanus: K = (p( /
I..E.. [E ) ITprMeM B HaITHX pacquax

oer, OCH
E_JE
oer, oc

Io rpagukam B [12] naxomum K, =

= 0,6 (mpu BeICOTE OJI0Ka 3 M), K .= 0,76
(pu BbICOTE OMOKa 1 M), K&Cp = 0,68 (mmpu
BBICOTE OJ0Ka 2 M — pacyeT MPOBEPKHU
aJIeKBaTHOCTH).

ITocne noacTaHOBKY HalJIEHHBIX 3HA-
yeHnit B popmynst (1), (2), momydnm 3Ha-
YEHHsI JIOIYCTUMBIX TIepEernaioB TemIepa-
TYp JUIS IPUHSTHIX KOHKPETHBIX YCIIOBHM.
Jns mepBoro BapuanTa (BbICOTa OyoKa
H_ =3 m): 1py GETOHMPOBAHUY B OCEHHE-
3UMHHH  TIepHOT [ATﬁMa“] = 50 °C; npu
OETOHMPOBAaHWU B BECEHHE-JICTHHNA TMEPH-
on [ATﬁ“‘“‘"] = 25 °C. [Ins BTrOporo Bapu-
anra (Bbicora Onoka H, = 1 m): mipu Geto-
HUPOBAaHUM B OCEHHE-3UMHHUN MEPHO.
[ATﬁMa““] = 39,5 °C; nmpu 6eTOHHPOBaHUHU
B BECCHHE-JICTHUM mepHuoa [ATﬁ“a“J =
= 19,7 °C. [ins BapuaHTa B IICHTPE IJIaHA
(pacuer Ne 17 B Tabm.) (BeIcOTa OJOKa
H_ =2 m): 1py GETOHMPOBAHKUY B OCEHHE-
SI/IMHI/II/I epuos [ATM“C] = 43 °C; npu
0EeTOHUPOBAHUM B BECEHHE-JICTHHUN Mepu-
on [AT;™ ] =21,5°C.
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| =2,6510°/2:10°

begins after exothermic heat period:
1, = 14 days; t =4 month = 120 days;
At =106 days. According to graph [12]
to determine K .,=04

When concreting of the block in
summer cooling begins after a period
of exothermic heat: t, = 180 days; t =
10 months = 300 days; At = 120 days.
According to graph [12] to determine
K =038

"Crushing" coefficient K , Tep-
resents deformation restrlctlon degree
due to its laying on a rigid base (rock,
old concrete). The researches show
[12], that this coefficient depends
on the ratio of the block height to its
length H_ / |, and on the ratio of con-
crete deformation module and base
module KLCp - (p(Hﬁn/ I6n’ B, Eocn)‘ In
our calculations we take:

=1,327.

By graphs in [12] we find K| o=
= 0.6 (at the block height of 3 m)
K__=0.76 (at the block height of 1 m),

3.C]

K . = 0.68 (at the block height of
2 m — adequacy test calculation).

After substituting the found val-
ues in formulas (1), (2), we obtain the
values of permissible temperature vari-
ations adopted for specific conditions.
For the first variant (block height
H_, = 3 m): during concreting in au-
tumn-winter period [ATQ“‘“] =50 °C;
during concreting in spring-summer
period [ATGM“CJ = 25 °C. For the sec-
ond variant (block height #_ = 1 m):
during concreting in autumn-winter
period [ATﬁ“amJ = 39.5 °C; during
concreting in spring-summer period
[ATg‘““C] =19.7 °C. For the variant in
the centre of the plan (calculation
Ne 17 in the table) (block height H, =
= 2 m): during concreting in autumn-
winter period [AT;‘“““] =43 °C; dur-
ing concreting in spring-summer peri-
od [AT;™] =21.5°C.
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[lonmy4yeHHble HA OCHOBE YHCICHHBIX
peLICHUH TeMIepaTypHOM 3a/1auu nepena-
Il Temreparyp (cM. Tabi.) cpaBHUBAJIHMChH
C JOMYCTHMBIMU TepenagaMi MaKCUMalb-
HBIX TEMIIEpaTyp B OJOKE IO YCIOBUSM
TPEIMHOCTONKOCTH. 3HAYEHMS], TPEBBIIIIA-
IOLINE IOIYCTUMBIC BEJTMUUHBI, BBIICIICHBI
JKUPHBIM pudToM. 7151 onpeneneHus mne-
pernaza TeMIepaTyp B 30HE «3aleMICHUS
CpemHsisi TeMIeparypa B OJIOKE B MEPHOL
9KCITyaTaluu npuHsTa paBuoil 3 °C (Ha
OCHOBE TEeMIIEpaTypHBIX PacdeToB IJIOTH-
HBI B OKCIUTYyaTaIlMOHHBIN Tiepuon B [9]).

AHanu3 NOJyYeHHBIX Pe3yJbTaTOB MO-
3BOJSIET OTMETUTDH cliefytomee. [Ipu npu-
HSTBIX YCJIOBHUSIX BO3BEJCHHUS B 30HE «3a-
HIEMJICHUSD» TIpU OETOHUPOBAHUU B TEIJIOE
BpeMsl rofia TMPaKTUUECKH BCErna BEJHMKa
BEPOSTHOCTh TEMIIEPATYPHOTO TPELIMHOO-
OpasoBanus. B To xe Bpems npu OeTOHH-
POBaHUH MIPUCKAIBHBIX OJIOKOB B XOJIOAHOE
BpeMsl TeMIIepaTypHbIe Tepenaibl Ipe-
BOCXOAAT JIOMYCTUMBIC 3HAYCHUSI TOJIBKO
B CJydae HCIONB30BaHHS BBICOKOTCPMHY-
Horo OetoHa (pacuetsl Ne 10, 14, 16) wu
NpH yKJIaJIKe MporpeToii 0ETOHHOH CMecH 1
OonbIioM pacxozne uemeHta (pacuet Ne 6).

st 30H, yAaJeHHBIX OT OCHOBaHHS
TaKXKe TMPEINOYTHTEIbHO OCTOHMPOBAHHE
B XOJIOAHOE BpeMs rofa (HEIOIyCTUMBIE
nepenajsl MoMy4YeHbl Al pacueToB Ne 6,
7, 10, 12—14). B netHuit nepuon 3a cuer
BbIOOpa ONaronpusTHOTO COCTaBa M TEX-
HOJIOTUHU YKJIaJIKU TaKKe MOXKHO JIOCTHYB
0e30MacHOro ¢ TOYKU 3PEHHS TPEIIUHOO-
Opa3oBaHUs TEMIEpaTypHOIo pexuma Oe-
TOHHOTO MacCHBA.

Buigoowl. B pesynprare ananusa Bid-
SHUSL Pa3IMYHBIX (DAaKTOPOB Ha TeMIIepa-
TYPHBII peXHM IpPHU BO3BEACHUHM OCTOHA
Mojy4yeHa MaTeMaThdeckasi MOJEINb, I0-
3BOJISIIONIAsl OMPEACTUTh MaKCUMAaJIbHYIO
TEMIIepaTypy BHYTpH OJoka OETOHHOTO
MaccuBa M Iepernaj TeMIeparyp.

Ha ocnoBe mony4yeHnHoi mMaremarnye-
CKOM MOJENN COCTaBJIECHBl HOMOTPAaMMBI,

The results obtained on the basis
of numerical solutions of temperature
problems, temperature variations (see
table) were compared with the permis-
sible variations of maximum tempera-
tures in the block by crack resistance
conditions. Values that are larger than
permissible ones, are bold. To de-
termine the temperature variation in
"crushing" area, the average tempera-
ture in the block during operation is
assumed equal to 3 °C (based on tem-
perature calculations in the dam during
the operating run [9]).

The analysis of the obtained re-
sults helps to note the following. Un-
der accepted conditions of erection in
"crushing" area during concreting in
warm season there is nearly always the
probability of thermal cracking. At the
same time, during concreting of rock
blocks in cold season, temperature
variations exceed permissible values
only in case of high temperature con-
crete (calculations Ne 10, 14, 16), or
when laying heated concrete compo-
sition and large cement consumption
(calculation Ne 6).

For areas remote from the founda-
tion concreting in cold season is also
preferable (unpermissable variations
obtained for calculations Ne 6, 7, 10,
12—14). In summer due to the favor-
able choice of composition and technol-
ogy of laying you can also reach safe
concrete body temperature from the
point of view of crack formation.

The conclusions. As a result of the
analysis of influencing various factors
on the temperature during concreting
construction, we obtained mathematical
model, allowing to determine the maxi-
mum temperature inside the concrete
block body and temperature variations.

On the basis of the obtained math-
ematical models we composed no-
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MO3BOJISIIONIME PEIaTh KaK MPSIMYIO 3a-
nady (ompenemnsiTh MaKCUMaJIbHYIO TeM-
neparypy BHYTpH OETOHHOTO MacCHBa
NpU pa3inYHbIX COCTaBaX OETOHA, pe-
KUMaX €ro YKIaaKd), TaK U OOpaTHYIO
(ompenenaTh HyKHBIE COCTaBBl M PEKHU-
MbIl JIS TIOJTYUCHUSA HCOGXOI[I/IMOI\/'I TEM-
neparypsl).

IIpu NPHUHATBHIX KOHKPETHBIX YCIIO-
BUSIX JIaHA OIIEHKA BO3MOYKHOTO TPEIIH-
HOOOPa30BaHMs ISl PACCMOTPEHHBIX CO-

CTaBOB OETOHA M PEKUMOB €TI0 YKIAIKU.
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mograms, allowing to solve the direct
problem (to determine the maximum
temperature inside the concrete body at
various concrete compositions and its in-
stallation modes) and backward (to iden-
tify the necessary structures and modes
to obtain the required temperature.

Under assumed specific conditions
we estimate possible crack forming for
the considered concrete compositions
and the modes of its shifting.
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