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1. INTRODUCTION 

Quality of life and industrial development of a country are directly 

related to its energy pro~uction potential. During the last two decades 

a world-wide ch2~0~ in power generation po:icy took place. The limited 

supplies of coal and oil, which are extrernely valuable ;>rimary 11.c:.terials for 

industrial and petrochemical products call for decreasing use in direct 

energy production. Nuclear power generation is hotly debated in a lot 

of countries. Further more the aspects of import costs and especially 

the environmental consequ~nces are to consider. 

For these reasons the importance of undeveloped water power resources 

has gained increased significancy and priority. 

Yugoslavia is facing the problem of shortage of energy especially at 

the peak time, it utilizes appx. 50 % of available hy~r~ electric ~otent~als 

anj is in need of increasing its hydro-power plants. 

The electrical energy consumption is expected to increase particularly 

in the Socialist Republic of Slovenia, and ~ill probably need additional 

350 M\.i by the year 1990. 

In view of above stated conditions it is well justified that necessary 

exploitation and assessments should be made in order to utilize ~he ;1ydro­

power potential of rivers in the Socialist Republic of Slovenia. 

The experience gained through the construction of hydro·-power ;;i.ant 

dams on the rivers Sofa and Sava have shown that cnnstructing da~s 

particularly their concr2ting process represents the most c~ucial point 

and one of the esser~ial barriers for fast execution cf work. 

It has been proved that the reason for this obstacle is the limited 

size of the successive concr~te blocks. The size of these blocks has b~en 

kept limitrd in order to ~void ~he danger of shrin~age cracks which appear 
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during cement hydration, volume and temperature changes during the hardening 

period, and other reasons which cause appearance of cracks on the surface 

of cone rete. 

Considerable research has been carried out in other regions in order 

to control the shrinkage of concrete in the construction of dams, hcwever, 

it is required to adopt particular steps concerning the specific conditions 

in the Socialist Republic of Slo·1enia in order to enlarge the sizes of con­

crete blocks which will result in a reduction of the power plants con­

struction ti~e to a notable extent. 

2. CRACKING IN MASS CONCJU;fE STRUCTURES 

The development of crack-like defects in mass concrete structures 

is a well known phenomenon and may be attributed to a rnultituGe of 

effects such as: 

Inadequate design i~d construction 

Notches 

Corners 

Jagged darn-foundation-interface 

Deformation restraint 

Rock-dam bond of up- or downstream surface 

Improper injection of joints 

Insufficient pr~paring of construction joints 

Volumetric change 

Drying shrinkage 

Creep under sustained load 

Therm;l stresses caused by heat of hydration 

Chemically incompatibility of concrete components 
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Direct stress due to applied load or reaction 

Unusual load cases 

Earthquake 

Excessiv~ change of climate 

etc. 

Th€ most important factor on cracking during the construction state 

is given by hydration process heat generation accorr.panied with uneven 

_emperature distribution. 

3. PREVENTION OF HYDRATION-PROCESS INDUCED CRACKING 

The measures for the pre·rention of those volumetric-change-induced 

cracks may be listed as follows: 

Conditions for prevention of cracking in mass concrete 

Cement of low heat generation 

Low cement content (permitted by low design stress) 

Concrete with large strain capacity to failure 

Low degre~ of restraint 

~recooling of concrete components (low casting tem~erature) 

Postcooling (embedded pipe system) 

Short blocks 

Insulation 

Low heat generation cement is obtained u~ually by additives as 

pozzolans (blast-fPrnace) and fly-ash. The optimum ratio of cement 

to additiv2 volume should be determined by experiment • 

(Annex 1, pag~ 6). 

The influence of cement-additive-admixtures content on the temperature 

rise during the hydration process is shown in Annex l, pa~~ 17. 
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Large strain capacity of concrete to failure reduces cracking sensitivity 

especially in regions of interfaces. The main factors for obtaining 

large strain capacity are shown in Annex 1, page 7. The influence of 

block-length to block-width ratio on restraint is documented in Annex 1, 

pages 8 and 9. 

The strongest influence on the avoidance of thermal cracking is the 

control of the concrete placing temperature by precooling (Annex l, 

pages 12 and 13). 

Postcooling (Annex 1, pages 13 - 16) serves as temperature reg~lating 

system both in placing and final construction period. 

Insulations may be a sufficient measure to take precaution against 

cracking to reC:uce tne tempe•ature gap oetween the ::ore anci surface of the block. 

Tte construction blocK size depends on the optimum combination of the 

above mentioned crack-prevention measures. 

4. INVESTIGA~TON OF CRACKING 

The design criteria DIN 19702 (FRG) and Bureau of Recla~ation (USA) 

incorporate and regard potential crack formation in plain concrete 

structures. The proposed method r~sts on the rather suspicious assum;.tion, 

that a horizontally oriented edge crack would propagate horizontally and 

Pxtend into the strucutre up to the point of equilibrium between water 

pressure acting inside the crack and the compressive stress in the concrete 

section. 

This procedure (called Lieckfeldt method), for a3scssment of the 

influence of cracking on bearing resistance of plain concrete structures 

is considered as a rough engineering method. With reference to the 

oasic assumptions - planar crack extension, zero stress at the crack 

tip and linear shape of stress distribution - this method is not compatible 

wlth the principle ot continuu~ (fracture-) mechanics. 
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Basic Principles of Fracture Mechanics 

The procedure for invPstigation of cracking in mass concrete is based 

usually on the methods of linear elastic fracture mechanics (LEFM). 

The application of LEFM requires some fundmental attributes, as notch 

sensitivity, homogeneous material behaviour and a small fracture pro­

cess zone cornparec to the dimension of the structure. 

Con~rete dams and asscciated hydraulic structures as weirs, lock walls, 

abutments etc. may be considered as perfect exemplars for the use of 

LEFM in case of cracking. 

A topic of utmost importance is the formulation and testing of suitable 

and ap?ropriate fracture criteria for crack extension. Crack initiation 

criteria base on a physical parameter (such as crack extension-force, 

stress intensity factor, J-Integral, T-Modulus, etc.) and compare an 

analytically calculated value for this physical parameter with on 

experimentally determined critical value of material. In linear-elastic 

fracture mechanics most often the stress intensity factor, K, is 

identified with the parameter in the fracture criteria, and one writes: 

The stress field in 

K Ianalyt. 

the vicinity 

Cij :: 

" 

K ICexper. 

of the crack tip 

3 

E . 
21rr n=l 

is given in the 

n 

Kn fij ce> 

where the K 
n 

are the stress intensity factors, n denotes the mode 

form 

of fracture (n=l : normal tensile fracture, n=2 inplane shear fracture, 

n=3 : antiplane shearin;:;). and the f~. (6) are functions of the co-
l] 

ordinate 6. 



- 7 -

The stress intensity factors K may be considered a measure of 
-1/2 n 

the intensity of the r - singularity at the crack tip. The 

first basic relation of fracture mechanics then reads 

K d~ .Y 

where ~ is the nominal stress (stress at infinity or stress in 

the uncracked structure at the location of the ~respective crack), 

a is the crack length and Y is a correction function ~hich ~epends 

on the geometrical and loading configuration. The correction 

function takes into account the influence of finite dimensions, i.e., 

the effect of close boundaries on the state of stress in the crack 

tip region • 

For a~plication of fracture mechanics principles to hardening 

concrete a detailed analytical and experimental investigation 

concerning the time-dependent development of the Stress-Intensity­

Factor K
1 

<K
11

) and the time-dependent behaviour of material para­

meters including Fracture Toughness KIC or Fracture Energy GF is 

necessary. 

The complexity of the hydration process is descriptive demonstrated 

by results of tests using the thermal stress testing ~achine 

(page 11 - Annex 1) where e.g. the influencP of the relaxation 

of the "young" (green) concrete is demonstrated by the difference 

between the measured and calculated time-dependent stress distribution. 

S. PROJECT ACTIVITIES 

The previous project activities include a three days work session 

and an ex?erimental investigation concerning temperature measurement 

in a hardening concrete cube. 
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WORKSESSION 

Vorkschedule 

Ho 07.03.88 

Lectures at the Institute for Testing and Resear~h in 

Materfals (Doz. Dr. Linsbauer} 

Participants 

20 persons from ZRMK (Zavod za raziskovo materiala in konstrukci= 

Institute for Testing and Research in Materials and Structures, 

Ljubljana) , SCT (Slovenija cesta Tehnika Obnova = Slovenijia Roads 

and Construction Enterprise) 

University of Ljubljana 

IBE (Ir.zenirski Biro Elektroprojekt = Power Engineering Enterprise) 

GIB GRADIS - Civil Engineering Enterprise 

Contents 

A - Application of fracture mechanics principles to cementitious 

materials 

B - Demonstration of case studies concerning cracking in Koelnbrein 

arch dam (Malta power plant Austria) 

C - Mass concrete - special problems in mass concrete during 

hydration process 

D - Fracture mechanics philosophy adapted to very young (green) 

concrete 

Discussions 

Intensive and detailed questions and discussions covering the field 

of the lectures 

Tu 08.03.88 

Meeting at SCT 
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Participants 

SCT Andrej KERIN, riipl.civ.eng. , Project Manager - NPD 

Alojz SEVER, mgr. tech.science, Laboratory Manager 

Franc KAVCIC, rlipl.civ.eng. , Laboratory staff member 

Vlado ZERJAV, dipl.civ.eng. , Site Manager - P•oject Co-ordinator 

Vladimir SOKOLOV, d:pi.el.eng., Measurement Technics 

Viljem CELCER, dipl.civ.eng. , Designer 

Ivan KOCUVAN, dipLeng .• dr. , Cement Technology 

University of Ljubljana 

ZRHK 

Aloijz KODRE, prov. of physics and mathematics 

Ada DE COSTA, dipl. civ. eng. , Concrete Technology 

Jadran KORLA, dipl. civ. eng. , Concrete Technology 

Jakob SUSTERSIC, dipl.civ.eng., Concrete Technology 

UNIDO Doz. Dr. H. LINSEAUER - Expert 

We 09.03.88 

Meeting at SCT 

Participants 

SCT Andrej KERIN, dipl. civ. eng., Project Manager - NPD 

Alojz SEVER, mgr. tech. science, Laboratory Man.'.lger 

Franz KAVCIC, dipl.civ.eng., Laboratory staff member 

Vlado ZERJAV, dipl. civ.eng., Site Manager - Project Co-orinator 

Vladimir SOKOLOV, dipl.el.eng., Measurement Technics 

Viljem CELCER, dipl. civ. eng., Designer 

Ivan KOCUVAN, diyl.eng., dr., Cement Technology 

IBE Savo JANEZIC, dipl.civ.eng., D~signer dam construction 
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Edvard MALI, dipl, civ.eng., Concrete Technology 

Jadran KORLA, dipl.civ.eng., Concrete Technology 

Jakob SUTERSIC, dipl.civ.eng., Concrete Technology 

Doz.Dr. H. LINSBAUER , Expert 

A - Report of activities by members of SCT, ZRMK and associated 

institutions 

Preliminary tes; 5 for designing of concrete mixtures 

Concrete technology for dam constructions 

Description of the cube model - (2x2x2 m cube. ceme~t 

heat generation 222 ~/q - after 7 days - cement content 

180 kg/m
3

, Superplasticizer, 2,5% of cement content, 0.17~ 
air entraining agent) see Annex 2 

Measuring system (cube geometry, temperature measuring system, 

location of measuring points, etc) 

Spe~ial problems (thermal coeficients of concrete - during 

hardening process) 

Methods of dam construction in Yugoslavia 

B - Discussion of mass concrete problems on basis of papers 

- Linsbauer (see Annex 1) 

C - Report by Linsbauer concerning fracture mechanics 

material paraneters testing - methods (comparison between RILEM 

- 3-point bending and Vienna-cube method) 

D - Interim conclusions 

E - Demonstration of Cube Model (MERILNI SERVIC SCT POLJE) 
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EXPERIMENTAL INVESTIGATION 

The experimental investigation covers temperature measurements 

in a hardening concrete block with size of 2x2x2 m and speciai boundary 

conditions (insulation) accompanied by highly and user-friendly de­

velopeo computer controlled data transfer and data processing system, 

which is implemented on a mini PC. 

The experiment is running since Decembe~ 1987. The concrete mixture 

is shown in pages 1 and 2 of Annex 2. The dimension of the cube with 

positions of the temperature measuring points is represented in page 3 of 

Annex 2. Temperature measuring data concerning the period 22.12.1987 

are graphically shown on pages 4 - 10 Annex 2, for thermocouples 1 to 14. 

6. CONCLUSIONS AND RECOMMENDATIONS 

The activities within the worksession resulted in the following 

conclusion~ and recommendations. 

F 1 Scientific engineering and laboratory potential covered by SCT, 

ZR~iK, Faculty of Natural Science and Technology, Faculty of 

Civil Engineering, Architecture and Geodesy, University of 

Ljub 1 jana, IBE. 

- Cement technolcgy 

- Concrete technology 

Temperature measuring system 

Computer software conce~ning measuring data 

collection, input routines (data transfer) and 

software for heat transfer problems. 

F 2 Support by UNIDO 

F 2.1 Special training programme for strain measurements in 

concrete structures. 
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F 2.2 Laboratory visiting tour 

- ZemEntforschungsinstitut Vienna (Dr. Sormner) 

- Materials Laboratory - Tauernkraftwerke AG 

Strass (Dr. Huber) 

- Technical University Munich - Prof. Springenschrnid 

Demonstration and training advice Thermal Strain (Stress) 

- Testing Machine 

- Laboratories Prof. Wittmann - ETH Zurich - Prof. Hilsdorf 

- University of Karlsruhe (young concrete) 

F 2.3 Cooperation anc exchange ~f experience between Prof. Kodre, Faculty 

of ~atural Science and Technology and Prof. M. Saje, Faculty 

of Civil Engineering, Architecture anc Geodesy on the project 

side, and Doz. Dr. Linsbauer on the VNIDO side concerning 

development of computer software for concrete hydrati0n 

?rocess problems. 

F 2.4 Training surport concerning test methods for fracture 

toughness and fracture energy of young and hardened concrete. 

Place: Universit•· of Technology of Vie11na (Linsbauer, Tschegg. 

F 2.5 Fracture mechanics materials testing for 15 test samples of 

different special con~rete mixes produced by ZR~K at the 

University of Technology, Viennd. 

F 2.6 Support in identifying speciali~ts for determination of thermal 

constants of young and hardened concrete rlnd sources. 

F 2.7 Measuring and computer equipment (data acquisition station). 

Listing and firm~ (see Annex 3). 

7. PROPOSED TIME SCHEDULE 

The proposed time schedule according to the recommendat1ons of 

part F2 is represented in page~ l and 2 of Annex 4. 
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CRACKING IN l"IASS CONCRETE STRUCTURES 

ACI - DEFINITION OF MASS CONCRETE 

MASS CONCRETE IS: 

Any large volur.en of cast-In-place concrete with 

d1DEnstons large enough to require that OEasures 

be taken to cope with the generation of heat and 

attendant volunE change to mlnlmtze cracking. 

1 



CRACY.ING IN l'lhSS CONCRETE STRUCTURES 

i 

CRACKINC CHARACTERISTICS AND CAUSES 

INADEQUATE DESIGN AND CONSTRUCTION 

Notches 
corners 
Jagged dam-foundat1on-1nterface 
Deformation restraint 
Rock-dam bond of up- or downstream surface 
Ir11>roper 1nJect1on of Jolnts 
Insufflclent preparlng·of construction Joints 

VOLUMETRIC CHANGE 

Drying shrinkage 
Creeo under sustained load 
Thermal stresses caused by heat of hydration 
Chemically lncont>atlb1lltY of concrete components 

DIRECT STRESS DUE TO APPLIED LOAD OR REACTION 

Unusual load cases 
Earthauake 
Excessive change of climate 
etc. 

2 



CRACKING IN tlASS CONCRETE STRUCTURES 

CONDITIONS FOR PREVENTION OF CRACKING IN Ml'.SS CONCRETE 

Cement of low heat generation 

Low cement content (permitted by low deslgr. stress> 

Concrete with large strain capacity to failure 

Low degree of restraint 

Precoollng of concrete cont:>onents Clow casting temoerature> 

Postcoollng <entledded pipe system> 

Short blocks 

Insulation 

Avoidance of stress raisers (galleries etc.> 

3 



CRACY.:ING IN l'IASS CONCRETE STRUCTURES 

CEMENT OF LOW HEAT GENERATION 

CHEMICAL COMPOSITION OF PORTLANDCEMB~T 

Silica <Kleselsaurel s102 
Alumina <Tonerdel Al 203 
Iron oxide CElsenox.> Fe 203 
LIDE (Kalk) C,O 
Magnesia MQO 
Sulphurtrloxlde S03 
<~elsatreailYdrtdl 

% 

18-24 
4- 9 
1- 4 

60-67 
1- 5 
1- 2 

CEMENT CLINKER MATERIALS Abbreviated 

Tr1-ca1c1um Silicate 
DI-Calcium Silicate 
Tr1-ca1c. Alumlnate 
Tetra-Cale. Alumina­
Ferrite 

3caos102 
2CaOSI02 
3Ca0Al 203 
4CaOA1 203Fe203 

ASTM - TYPES OF CEMENT 

Type I Regular - standard cement 

Type I I ~derate heat of h~dratton 
Moderate sulfate resistance 

Type I I I High early strength 

Type IV Low heat of hydration 
c3s max 35'.4 

Type v Hlgh sulfate resistance 

max c3A cont.<%> 

15 

8 

15 

7 

5 
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CRACKING IN HASS C~NC;RETE STRUCTURES 
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CRACKING IN f".ASS CONCRETE SThUCTURES 

LOW CEMENT CONTENT Special types of cement 

Blast furnace slag ceREnt: Slag-cement ls finely divided material 
consisting essentially of an Intimate and uniform blend of granu­
lated blast-furnace slag and hydrated llRE. 

Pozzolan cements : Pozzolan ls defined as s111ceous or siliceous 
and alumlnous material wh1ch Itself passesses little or no cemen­
tltlous value ~ut wlllJ ln finely divided form and tn the presence 
of lllllsture1 chemically react with calcium hydroxide at ordinary 
terroeratutes to form corq>ounds possessing cementlttous properties. 

(haracterlsttcs 

@ 
I 

"' IT, 

• 
0 • 10 » .. IO • .,. 

Saving of cement<Low heat development> 
Reduction of water reQulrement 
Slow strength aevelooment - design of 
mass concrete structures on the basis 
of 90-day to I-year strength. 

@l f3 T Temperature Induced 
tensile stress 

f3F Flexural strength 

0 10 20 JO .. 10 IO'• 

Optimization of blast-furnace slag<A> and fly-ash CB> contents 
In case of ZlllergrUndl arch dam <Widmann> 
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CONCRETE WITH LARGE STRAIN CAPACITY TO FAILURE 

The straln capac!ty of concrete varies greatly with the coni>o­
sltlon of the concrete and the speed at whtch strain ls aoplted. 

Aggregates: The size of aoareaates Is a maJor factor - small 
maxl111Jm aggregate size allows a high tensile strain 
to failure but reaulres 111>re cement for a given 
strength and vice versa causes 111>re heat of hydration. 
Coeff lclent of thermal expansion - low thermal ex­
~anslon ls favorable1for temperature change ls the 
main contributor to tensile strain In mass concrete 
durtng the hardening process 
Modulus c~ elasttctty - regarding large strain capa­
ct ty a low nKJdulus of the aggregate material would 
be preferable. 

Loading rate: The tnfluence of Ioadtng rate on tensile strain 
. capacity ls shown ln Flg.2.7 
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RESTRAINT 
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CRACKING !N MASS CONCRETE STRUCTURES 

Deflnltlon - Hold back from action 

Restraint acts to llmlt the the change ln 
dlmenslons. 
Contlnous restraint exists along the contact 
surfac of concrete and any material agatnst 
whlch the concrete nas been cast. 

er- Tefll)erature stress 
KR Restraint factor 
Ee Mo~ulus of elastlcltY of concrete 

.<.\; Tenl>erature dl fference 
a Coeff, of thermal expansion 
~ MultlPller regarding Ee/ER 
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CnACl(ING IN MASS CONCRETE STRUCTURES 

CFuJtgawa/Nagayama> 
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PRECOOLING The strongest lnf luence on the avoidance of thermal 
cracking ts the control of concrete placing temperatures. 

Tp Tf -= + C/C a KR> ~T 

1· = Placing temperature rf = Final temperature p 
Strain capacity c10-6> c = a = Coeff. of thermal exo. 

KR = Degree of restraint ~T = Initial temperature 

METHODS OF PRECOOLING 

M1x1ng water: 

Agaregate cooltng: 

Cement1t1ous matertals: 

Effect of placing temperature 
on temoerature rtse of mass 
concrete contatnlng 225 Kgtm3 
of Type I cement 
CACI> 

rise of concrete 

Chilled mtx1ng water 
Ice mixing water 

Processing f lne aggregate ln 
chll led water 
Sprinkling of coarse a~gregate 
stockplles 
Inmerslon cooling of coarse 
aggregates · 
Chilled water spray 
Vacuum cooling of aggregates 

Cooling unfavorable 

100 

10 

10 
I' 

" ; 10 
"' i 
- 10 ! .. 
• ,0 

i 
:: 40 
v .. 
t JO 

! zo 

so 

I' 
•O ! -.. i -• 
JO ~ c • -' -. zo ~ 

c • .. 
i5 
c 

10 

oLL---------~,~---,.~~11o I I I 4 
TIMI llf DAYS 
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POSTCOOLJt«j SYS"IDE 

1he prlrclple of tx>stcoollng svstam cooststs In c1rculat1ng cool water 
throtJJh thln walled pipes aTt:m:ied ln the coocrete. 
1he heat ramved dJrlng the first days following placarent wlll reduce the 
lnltlal peak tamerature,, but the prlnery PUnx>se ls to accelerate the 
slbseQWlt heat ramval during early ~s Wien the rrodulus of elastlclty 
ls relatively low. 
In the final ccnstru:tlon perlod the cooling svstan ls used for regulating 
the concrete tamerature to gain ful 1 cmtlnuun balavlor 111 Cvertlcal > 
Joint grouting. 

Materials of pipes: Aluminium or thln walled steel tublng,, 25 nm · 
outside dlameter-1.5 111J1 wall thlckness 

Spacing: 

Pipe layout: 

Cool Ing rates: 

Te~erature moni­
tor ng 

Cooling water supply: 

Vertical plpe-spactng ls due to the llft 
thlckness. Horizontal soactng very often ls 
the same as the vertical one 

Max plpe length should be 250 m accordung 
to the heating of the cooling water during 
the process 

The coollng rate for long tlme period should 
not exceed 0.6° c - for short period of 
cooling 1.0° c. c10° to 20° c wlthln a 30 
day period 

A perpetual monltorlng of temperature situ­
ation ls reoutred CReststance type thermo­
meters> 

Refrtgeratton plant or natural water sources (glacier> 
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POSTCOOLING <PIPE> SYSTEM 

I 
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t 
I 

Ill 

"" 
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u 
c 
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15 

----------~_,_-----·~----------------...._ ___ __ . 
~ i llifin Tagtn - tine In days 

; }, ~ ,J~~~;,, IO Ja tl!IU l/Jf/10 

AuPerer ltohrdurrhmtss1r ZS mm 
Slnltrtthttr Rahrabsltmd 1,50m 

' , or tzontal soac tng (lll'l ,w,aagtrtcnt1r AIJstand dlrKilhtrohrt inm 

1p ~ J (fO (ZO _..----;a 
Outside PlPe dtarn. 25 nm 
Verttcal spacing 1.5 m 

I .,..,_. \ , ...... flO 11,10 4f0 

• I , • ---i· ' T1mp1raturt1il1a11tinm1/h Dlffuslvtty 
____ _.:.•:..00_10......;u_a~spr.i'~-..;.40_0_•0_·_· __;4~00_1_0 ____ 4_DD_za __________ ''"" 

Flnal mean temperature difference ln percent per degree lnltial 
temperature difference CRawhouser/Wischers> 
BetonkUhlung ln Prozent des ursprUngllchen Temperaturunterschiedes 
zwlschen Beton und KUhlwasser 
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POSTCOOLING <PIPE> SYSTEM 
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\ W:ogmctttrr M#Ontl dn' lfii/llrWn ism 
I ' I l 

1 
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Temperature rise of water ln plpes ln percent per degree 
lnltlal tefll)erature difference <Rawhouser/Wlschers> 
Erwarmung des KUhlwassers ln Prozent des ursprUngllchen 
Temperaturunterschledes zwtschen Beton und KUhlwasser 
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I Anford~n: Otuddesligkeil ld: 1:: 5N/mm1 

B>d: a:.28N/mm1 Anfor•rungen: Drucktnligli": 2.Sd: it J2Nfmm2 

Zement PZ 375 Z, HS D'S 115 kg/m1 

Augosche $kg/ml 

21 d: ill!! 50N/mm2 

B 500 
Zftnlfll PZ J151HJ. HS J75. 390 kg/1111 

115 kglmtz D'S zl ., 
•c . ..,_~~"1 I 

~ ~C--.---JU·c 
m. _ . ..,.. -t- , h!"C 

it/ 115 kglm' I HS 375 ! C,& ... 

&f 
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a> (j) 

a> Cement content and heat development of mass concrete 
b> Cement content and heat development of construction concrete 

CH.Huber - Zement und Beton 4~ 1987> 

Anfordenm 

Dru:kfesttgkett 

Detalj 

CcJJpresslve Strength 

Elu:ias~ Fly ash 

Pdlcmttsche Teuperaturertm.ng 

Betaial ter ln Tagen 

Betontameratur 
'#fret ~ free 

\Urkillh.ng Prec:ooll!l1 

Nachklllllll9 Postcool1ng 

lttlrtmeil<Ul i.m Ptpe cool Ing 

Adiabatic tsnJerature rise 
Cin:rete age ln days 

Terperature of CCJlCrete 

I 
I 

I 
I 
I 
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CRACKING IN l'IASS CONCRETE STRUCTURES 

Statements concerning the efficiency of different measures 
referring to the tefll)erature development In mass concrete 
structures during construction 

Quotation Ukra1n1cyk1V.1Mlcullc1D·1~ekhlle1Y.: Cracks In 
mass concrete at early ages In Hadltha dam. 
isth ICOLD1 Lausanne 

1) Influence of concrete placing temperature (T J 

18 

A 1• C increase of T results in the increase of 1. .. 1.2• C of maximum • temperature in the block. 

2) Influence of lift height change (h) 
Maximum lift temperature changes significantly by lift height change from 

1 m to 2 m. In cements with low heat of'hydration T _ increases by 4• C. The 
increase of maximum temperature with lift height change from 2 m to 3 m and 
4 m is not so great. tvlaximum temperature gradient changes negligibly with lift 
height change. 

3J Influence of period between pouring lift on lift 
The ch:mge :n the pe!iud betw~~n pouring lift on lift from one to three and 

seven days results in slight changes in maximum temperature ( 1. .• J• C). 

Maximum temperature gradient in a lift docs not change numerically with 
regard to the days of placing considered. 

4) Influence of cement quantity 
In cements with low hydration heat an increase of 10 kg per cubic metre 

increases the maximum temperature by t• C. ~laximum temperature gradient 
increases with a greater quantity of cement used per cubic metre. 

5) Influence of environmental temperature 
Constant environmental temperature provides for a constant maximum 

gradient of 6 ... 7° C/25 cm for different lirt heights and different days of 
pouring lift on lift. If the environmental temperature changes by IS• C, the 
maximum temperature gradient changes by 11. .. 12° 025 cm fur all heights 
and sequences of pouring. 



CRACKING IN 1'1ASS CONCRETE STRUCTURES 

COMPUTER PROGRAF1 FOR DETERMINING TEMPERATURE AND STRAIN CSTRESS> 
SITUATIONS IN MASS CONCRETE STRUCTURES DURING CONSTRUCTION PERIOD 

General remarks : CACI - Control of cracking> 

Tensile strain ln mass concrete results mainly from the restraint 
of thermal contractlon1 and to lesser degree from autogenous 
shrinkage, The predlctlon of probable strain requires the prediction 
of tefll)eratures to be espected. This prediction can be made quite 
reliably If the adiabatic terq>erature curve for the concrete Is 
known1 as well as the thermal dlffuslvltY1 boundary tefJ1>eratures 

-and dlDEnslons. 
The method Is one of e111>loylng f lnlte elements both as to space 
and tlme1 and lends Itself to solut•on for one1 two and three 
dimensions by digital co111>uter. 
The determination of probable tensile strain was considered Im­
possible until COfl1>Uter technlQues of sufficient versatility 
became available. Even with the flnlte element method1 the thorough 
analysts ls laborious because of the time dependent variables. 

The analysis must Include many steps of time to properly account 
for the te111>erature1 the creep Crelaxat1on>1 the modulus of 
elastlcltY1 varying boundary conditions etc. 

The possibility of determining the Influence of lift heights 
and lift placing tlDE on the strain development has to be In­
cluded In the program. 
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AC.(·F.EGA TE 
F~ACTIONS 

FlVEFi SAN(l 
0/4 HOTIC 
4/E. HOT IC 
8/16 HOTIC 
16/31.5 HOTIC 

1 -

~F.ADATION OF AGGREGATE FFACTIQNS 

.0 
7.3 

Sioev~ si~~ ir •1111, 

.25 .5 1.0 2.0 

.0 .0 .o • C· 
1!·. 5 30. c;. 45.2 t>t.. ~ 

.0 .o 2.~ 

.o • t> 
.0 

{.. 0 

• c: ~ ..... .c .Q 
f5. <;. ~9.G 1 C·'= • C: lGC.O 
10.8 99.2 lOC.O lC:O.O 
3.1 2".>. 0 96. !· 100.G 
.0 .5 17.4 100.0 

COMBINED GRADIATION F.OR MIXTURE FOR CONCRETE 0/31.5 mm 

AGGREGATE 
FRACTIONS 

PERC. 
USED .125 

Sieve.size in mm 
.25 .5 1.0 2.0 4.0 8.0 16.0 31.5 

---------------------------------------------------------------------------
RIVER SANO .o .o .o .o .o .0 .a .0 .0 .0 
0/4 HO TIC 36.0 2.6 5.6 11.1 16.3 24.0 30.9 35.6 36.0 3t-.O 
t../8 HO TIC 7.0 .0 .0 .0 .o .2 .8 6.9 7.0 7.0 
8/16 HOT IC 25.0 .o .o .0 .0 .2 .a 6.5 24.l 25.0 
16/31.5 HO TIC 32.0 .0 .o .o .o .0 .0 .2 5.6 32 .. 0 

SUM 100 2.6 ~-6 11.1 16.3 24.4 32.5 49.2 72.7 100.0 

~;:;_:_:·, '.:•-t. C··~~:.r- ~- .,... . -
.. ·-·4! 

f: --- -------------- ·----~ 

..:.. ------·-· ···-- ·-·- . -·-------··---
..:. 



.. 

Propose of ~~n~r~te: 
Mixt•..1re des1·~n: 

LJ/C r~tio : 
Quantity ·~·f •>:•n·:-r-!'t:e: 

( ompon~nt s ~·t 

concrete 
P~rc, 

% 

Cl1be 
200-1 

.6Q 
. 5'5') m3 

Content 
in lo:~ 

555 l 

Specific 
1;1ravity 

Oete :02.12.8? 

Volume 
in litre 

Mixt1,;re for 
555 1 

---------------------------------------------------------------------------------
C~ment 

Ant1nv.-_. 5a 1r_,t;111r NHC: 180.0 3. 10 58.1 99.9 

Mixing wat~.- 118.5 1.00 118.5 65.~ 

AdrJi ti v~,. : 
l.Suo~rplasticiz 3.0 5.40 1. 13 4.?8 3.00 
2. Air-entr-in~r . 1 7 . 31 1. 02 .30 .17 
3. .0 .00 1. 00 .DO .00 

Precent air P•:>r-e 4.0 40.0 

A.;19re9ate : 21.'!.1 778.4 

RIVER SAND .o 0 2.73 .o 
0/4 HOTIC '36.0 765 2.73 280.2 424.4 
4/3 HOTIC 7.0 150 2.76 54.5 83.4 
.~/ 1 ~ .. H0T J( 2~.o 5..34 2.75 194.6 2~6.5 

1 ~.I ~ 1 • "· 1 tn r T <: ~2.Q ~!". t 2.74 249. l ~?8.2 

S,t UT1 :'4.'!.~ i.. 9/m.~ 1001') 1 

"' 
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CUBIC TEST SAMPLE 

.15 LOO 1.00 .15 Cm> 
~11-+1--~ -··---t-\t-
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_____ ._G_ ____ _ 

·4 

5 
9 

·------.. _ 
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Betonsk; t~nel j/ 

0 
C) -
0 
C) -
0 
(\J 

Betonska kocl<o 

Cube concrete 

Concrete bearing plate Temperature measuring points 
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22.12.1997 14..30 14.31 

9a BiliJ Temperature (oC) 

40 

30 

20 

10 
• 

TEMPERATURE DISTRIBUTION OVER THE PERIOD 
22.i2.1987 

neasur ing po int 2· 

. . 
.,~~.cl... ·~. ·._u\.·(~ • '1 . • •• I . JU.. •• . nL.(y.'.'f.-·. f lrne (days) 

• • • • ·.'1: . . ..... . . ... • ~-~ ... ·~.--1 .. ---.J .. ·/ •• ~-1. . . . . . 

Measuring point 
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ANNEX 3 LISTING OF EQUIPMENT AND FIRMS 
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SCT. TOZD Strojni inzeniring 
Kavciceva 66, 61000 LJUBLJANA 
(from Hr. Sokolov Vladimir) 
Tel.: (061}483211. tlx: 31753 

(Prosim, odposljite tri telekse na naslednje tri 
i•ajo enak angleski tekst, naveden za znakom ••• 

SOLID COHPUTER G•bH 

________ /sv. sv 

naslove:. ki pa 
Hvala! 

SokolovJ 

l. telex na naslov: 
8042 Oberschleishei• bei Huenchen. BRD 
Bruckaannring 28 
tel.: (9949 /0/89) 3151694 
tlx. : • 5213980 
Attention Hr. Schnabl 

• 
(sledi tekst po••• ... J. 

2. telex na naslov: HETRON COHPUTER G•bH 
8032 GraeEelEing, BRD 
Lochhammerschlag 12 
tel.: (9949 /0/89) 858060 
tlx. : 5214372 
Attention Hr. Wim•er 

(sledi tekst po••• ... J. 

3. telex na naslov: Intertrade. TOZD Zastopstva IBH 
61001 Ljubljana, YU 
Hose Pijadejeva 29 
tel.: (061) 325461 
tlx.: 31181 
Pozor tov. DERENDA ali tov. TUMA 

rsledi tekst po••• ... ) . 

• • • 

Subject: S'r'STEM PCAT & DATA AQVISITION STATION 

A. 01. 

A. 00. PC AT 

f1. ...... ppy= 
printer 
supply 

PC turbo AT 4/8 MH= with l MB memory, 360/1200 MB 
disk (5,25"). 40 MB harddisk. 2 parallel ports for 
and 4 serial ports RS232C, EGA for monitor, power 
200 W. math coprocessor. VT220 like keyboard. mouse 

A.02. NEC Multisync monitor or similar and monohromatic monitor 
conected on composite port of EGA card 

A.03. Printer Fujitsu DL2600 or similar 

A.04. Streamer for PC turbo AT. abel to be put in PC AT hausing 

A.05. Roland plotter for A3 format. 8 pens and proper accesoire 
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A.06. Software: HS DOS 3.2. "Borland" Turbo BASIC. Turbo PASCAL. 
Turbo c. good software for text and graphics processing, 
ACAD. Lotus 1-2-3. etc. 

A. 07. 12 boxes of floppydisks 5.25 .. for DSHD for•st and of good 
quality. 

B. 00. DATA AOVISITION STATION 

B. 01. Housing for DATA AOUISITION STATION 

B.02. Power supply for data aquvisition station. 220 V, 50 Hz 

B.03. 32 channel 12 bit A/D c6nverter (4x) 

B.04. Ti•er/counter 

B.05. 2 channel D/A converter 

B.06. 32 chennel digital I/0 port (4xJ 

B. 07. Interconection betven PCAT par.:Jllel port of PCAT and DATA 
AOVISITION STATION 

B.07. Software. witch support working of DATA AOVISITION STATION 
if posibel in Turbo PASCAL. 

Please. send Proforma invoice for abave konfiguration on 
following adress: UNIDO. Vienna International Centre. P.O. BOX 
300 A - 1400 Vienna, Austria; PURCHAESE AND CONTRACT SECTION, 
attention Hr. LOGAN; Project signature DP/YUG/87/003; and offer 
one or two systems. Instaed of PCAT it is possible to offer 
equal sistem (f.e. PS/2) witch is compatibel to HS DOS software. 

Please, be so kind and send us a copy from the abave Proforma 
invoice on ouer Adress SCT, TOZD SI. 61000 LJUBLJANA, Kavciceva 
66, attention Hr. Sokolov. Thank You and best wishes. 

Ljubljana, 19. 02. 1988 Sokolov Vladimir. dipl.el.ing. 



ANNEX 4 - PROPOSED TIME SCHEDULE 



.. 

.iect: YUG/871003 
W 0 R K P L A N 

da \.a: 09/0V19AA 
-----------------------------,------------------------------------------------~------------------·-· -·-----

1 9 8 8 

l1 Deac r i pli on 

-----------------------------
E ~ P E R T S a 

> 1 QmF TmfNlCAL ADVISD OR Sll>RT 
l 2 n:Jlt CXllSUl.TANTS ( 11-50, 51 ••• ) 

l 2 13 4 5 6 7 8 . 9 I 0 . 11 . ~ 2 

----i- --!~- ~~:.-r · ------j~f~-r--------·--
. IJ""iuel > l as recamended by CTA 

).I 

>5 
)6 

·----------------------------T R A l N l N G ea 
Fellowahips 

>O IM 11IE FmJ> OF HYDRO-P<Mm DAM 
<Xl«:RETE PRODUCTION AND CONSTRU- ,. 
Cl'I<Jf 
Study Toura 

>O FOR nx:HICAL P~ IN 1llE 
Fm..D OF HYDRO-PCMER DAM OON­
STRUCTION 

---.. ---. ---·- __ .,. ___ .._ __ -- ---·-- --

F 2,11 

1989 

I II.Ill ------

2,6 

.. _ .. 

P•2 

1990 

1vl 1 JI 1 II JV --· r--. --·-
paq 5m 

I 
I 

I 
--~--- .. ·-·---·--

·------------------------------------~---·---·---E Q U 1 PH EN T ••• 
Expendable Equipment 

---~---~----~---~---·--·---~--~---·--·---·--

>O 

Non-expendable Equipment 
>O PC DATA AQIDSITION SfATION 

pleaae draw o line bnd indicate on the line D: l~e duration of the expert'• ~i•aion 
~leaae draw a line und indiculc on lho line D: the duration of the fellowahip/alud1 tour 
and P: number of purlicipunls 
pleaae indicate R; dale of &cndin- the requisition and ED: date of expected delivery 

---~----~---~------·---·--~---·-··---~--

l.fr.~O: F2,... Activities according to Report No 1 (see PBP.e 3) 

.... 



hsk G.iintt ProJ•i~t: vuGe;-oo.i:-J 
L)C!!-03-90 22:50 R•"' i a i 1:ir1: 1 

. PP.OP OS AL FOR TIME SCHEDULE ACCOROJNG ·ro i:!EF-OR I N•:J l 
+ --- - --l u.:.y.a P•r Syn1bol 09 16 :! ;, 30 Cit) 1 .:. 1lJ ~7 0-4 11 lb 

10 Taal< N.11m.:. Mar 09 t':.&r M.;;,r ~hr hpr hf'r i=irir H1:w M.111.!, r1 .. y Mo11LJ 
------------ ·- ---- .. -~------

001 RE-port v.:r»ii:m 1 Ill~· ••••• ••••• -···· . .... • •••• ••••• . ...... . .... . .... ..... • • 
002 C.:.r rc-c ti c.ona ·111111 Ill···· ..... ..... . .... . .... ••••• . ..... . .... . .... . .... . . 
003 $i'nd1ng rwpllrt ••• ·111111111· .. ...... : ........ . ...... ••••• • •••• . .... • •••• ••••• . .... •• 

I 

004 Roi-port vE-rsion 2 ••• .... ,.. ....... " ........ . .... ..... . .... ..... . ..... . .... . . 
005 Sending report ••• :::.111 111111111ir :.•••:• •••••• •••••• • •••• . .... . .... . .... • •••• . . 
OOo Authorisation . ,.. ••••• ... 1111 ...... . ..... . ........ ••••• . .... ..... . .... . .... .. 
007 ficc•pting R•port ••• ..... •••• I 111>»> ;·>";·, > ·' ,t ~· :. , ······ . .... . .... ··-·· ••••• .. 
CIOS Fir:at .:ont.F 2.2 ••• •·· ••••• . .... ..... ····· ....... . .... . .... . .... . . 
009 t•l•phoniio hlk ••• •• ..... • •••• . .... ••••• • •••• . .... • •••• ..... ..... • • 
010 Pr•par prg F2.2 ••• • ••• 

[I~ ····- ..... . .... . .... . .... . .... ··-·· ..... . . I 
Cill co111pletirig STNF ••• •••• . .... ..... . .... . .... ... .... . .... . .... . .... . . 
01.2 s .. nd1r19 Off ic i •l· !!Ii. "' ••• ••••• . ..... • •••• . .... .. .... • •••• . .... • •••• . . 
013 Cc.nrirm.prg F·· ., ••• • •••• • •••• liiii ••••• • •••• . ..... ..... . ..... • •••• •• I .i:;.-
(;14 ~Ila tour F' ;.. ••• . .... . .... . .... - •··· . ..... . .... ...... . .... • • 

_,_ 

--.--..--. ........... _......._ ............. ...,...-.-.. _ .. _......, 

Irion crit .,, mil•5ton• .... flo•t/d&olil':I II f i r1 ~lo!' l. -t':I - ~!rob;~· 1 gro,;.d 
cr· 1 ! M o:.ri t '"'~est ·,, ~· .,. .=,. •• t I o-11t cr lt f , ,., d+lc.y - '~ 1 t 1Jf'I #~ .i 

~ 
... • 

. ' .. 




