Contents

1.1

1.2

1.3

21

2 Z
23

[
W~
=9

3.1

v
fad b

= &
o -

Lol himio =

IJ b2 b b2 D B !-J E-J !\-J !-J ‘[J .["J E-J

L L e L

12 B B 12
Bk =

L e 1 e e
led fad el Ll
LS S R B

FEp
2 12 b2
L I —

4.3
4.3.1
432
433

44

4.5

4.6

4.7

4.8

5

5.1

5.2
521

IR O L1 G N e e e Tty e s 7
Principle of prestressed concrete 7
History of prestressed conerete 8
Structural behaviour of prestressed concrete 9
MATERIAL PROPERTIES ... i iossmssiisinisiasmssemimiisids 11
Concrete 11
(B0 1313 o1 (o) efora o d-1e e 11 (A e e e e et b o Do Rty U |
Stress-strain relationship...... 12
Tri-axial stress conditions........ .14
Fatigue propertics of concrete. 15
Modulus of elasticity............ R Sl e s .16
Ageing of concrete .....oovvcviunne R RS s A A SRS TR,
Creep and shrinkage of concrete. 18
Components of conerete strain... S I
Calculation of strain in concrete Under CONSIANL SIIESS 1..vvveverrriricreseeeresnrsssssessreresessssesssmssssssinsensnesins 21

0 Calculation of strain in conerete under variable stress ]
1 Selected rheological models... g
2 Example of calculation of concrete strain undcr \earmb & SHESS s G
3 Example of calculation of creep of axially loaded member ......oovviieeiinniiiieens 28
Reinforcement RE]
Prestressing reinforcement 34
Production and basic characteristics of prestressing reinforeement. ... ciio e 34
Relaxation of prestressing reinforcement.............. .. 36
Fatigue propertics of prestressing reinforcement ... PSR L
Bond between prestressing reinforeement and CONCTELE ... eruvvmrecivssarsnssssseesssresesmrsarisssensss 40
Grout 40
TECHNOLOGY OF PRESTRESSED CONCRETE...........cccceuvenne. s 42

Basic terminology
Pre-tensioned prestressed concrete
Post-tensioned prestressed concrete
Bonded multi-strand prestressing systemu: i i il S
Unbonded single-strand prestressing systems
Prestressing systems using prestressing bars .. a
Prestressing systems with external unbonded rcmlurcumm ;
Wire wound concrete structures and circumferential prestressing...
LOSSES OF PRESTRESSING v sisansinimiiianiiain svissvsnaaisivassids
Loss of prestressing due to friction
Anchorage set loss
Anchorage sct loss with [riction not taken iNfo ACCOUNT i
Anchorage sct loss when tendon is stressed from one end only R R
Anchorage sct loss when tendon is stressed from both ends.....c..oii
Loss of prestressing due to immediate elastic strain in concrete
Loss of prestressing due to immediate clastic strain in CONCrete at SESSINE . coo.ovovvevevcicieniaiinerorin 13

Loss of prestressing due to sequential stressing...

Loss of prestressing due to elastic strain in concrctc rcsultln" Ir()m uu,mal Ioad
Loss of prestressing due to relaxation of prestressing reinforcement
Loss of prestressing due to deformation of end abutments of stressing bed ...
Loss due to differences in the temperature of the prestressing reinforcement and stressing bed . 81
Draw-in loss of prestressing... 82
Loss of prestressing due to creep and shrinkage of concrete 82
EFFECTS OF PRESTRESSING ON CONCRETE ELEMENTS AND
STRUCTURES, DESIGN OF PRESTRESSING............ P e 86
Action stages of prestressed structure 86
Equivalent load method 89

Force action:ofatendonion the Comerile: s i i e s s s s oot R

Prestressed Concrete Structures, Jaroslav Navratil, page 3



5.22  Equivalent load for a parabolic tendon profile........oco i er s srasssssnsenss D)

523  Beams with variable cross-section.. N T A S S s D b b s tas T
53 Statically indeterminate effects of preslressm[_ 93
54 Concordant tendon 95
5.5 Linear transformation of a tendon 97
5.6 Statically indeterminate effects of prestressing on prestressed slabs 98
5.7 Design of prestressing by using the load balancing method 99
6 LIMITATION OF STRESSES DUE TO SERVICE LOAD, LIMITING ZONE

FOR THE LOCATION OF THE TENDON ..........ccccciiiiniinniiiinicsenecnnanscneees 103
6.1 Limitation of normal stresses due to service load effects 103
6.2 Crack resistance and brittle failure 105
6.3 Limiting zone for the location of the tendon 107
6.4 Limiting zone for the pressure line 110
T STRUCTURAL ANALYSIS OF SEGMENTALLY CONSTRUCTED

PRESTRESSED STRUCTURES............... R e a7
7.1 Properties of modern segmentally constructed structures 112
7.2 Non-homogeneity of structures 112
73 Closed form solution of rheological effects on the structure 114
74 Time discretisation method 123
75 Example of calculation using time discretisation method 126
7.6 Simplified methods for the analysis of rheological effects on structures 133
T Time-dependent analysis of prestressed concrete structures 135

7.7.1  Structural analysis, static model............c......... e D) 1 )

7.7.2  Modelling of changes in the conﬁbumtmn of strut.tun.s e N e e e [

T.33  Analysisofrheplogical’ctfectsion the SHUCTURE . .oianiin sisisisiyimssissarissmniamdzmss L 97

7.74  Calculation procedure ... . 138

8 ULTIMATE RESISTANCE OF ELEMENTS SUBJECTED TO AXIAL FORCE
AND BENDING MOMENT .c.cnnoiisnmsammmivsnisimsmnmissssac 140

8.1 Prestressed member subjected to tensile axial Iuad 140
8.2 Ultimate resistance of cross-section subjected to flexure using the state of decompression......... 144
8.2.1 Determination of the decompression stress in the cross-section subjected 1o flexure.......oooovvin. 144
8.2.2  Determination of ultimate resistance of the cross-scction subjected to flexure ... 146
8.23  Universality of solution... 151
8.3 Ultimate resistance of cross- scclmns wbjtctcd tn !lexurc mlh regnrd ID the mmal stress- slatc of
the cross-scction 153
8.4 Secondary effect of prestressing in the ultimate limit state of the Structure ....ocvviieciesnninnns 155
9 ELEMENTS SUBJECTED TO SHEAR AND TORSION ..........ccccovninninnen. 157
9.1 Nature of the action of prestressed elements 157
9.2 Design based on condition of elastic behaviour 158
9.3 Ultimate resistance of prestressed concrete members 163
9.3.1  Pnnciples of variable-angle truss model .. o e A N R TN, [
9.3.2  Some remarks to variable-angle truss mudul i snaiainas o8
94 Shear at the interface between composite par!s ul' prcslressed cuncrelt’ M.'l:lmn B 1 |
94.1  Shear at the interface according to EN 1992-1-1 .. 1T
9.4.2  Shear at the interface calculated from difference ol le'ma! ioru.s RSO (7.
94.3  Composite concrete bridge analysm 175
9.5 Interaction of internal forces 176
10 ANALYSIS OF THE ANCHORAGE ZONE .........ccciiininninnninnnnnsseesencrenenss 180
10.1 Anchoring by means of anchors 180
10.1.1 Stress distribution in anchorage zones . I o o R D) ¢
10.1.2 Calculation model and check of zones unds.r dmhors IV e e e U S ey |
10.1.3 Reinforcement of the anchorage zone. ” R P Y ).
10.2 Anchoring through the bond between the reml’urcement and concrctv 187
10.2.1 Stress distribution in pre-tensioned anChOTAZE ZONES.....c.oiviimiiiniimiiieeiesssssiesisieines 187
10.2.2 Check of anchoring in pre-tensioned concerete............ .. 188
10.2.3 Direct support of pre-tensioned beam ., B U o 1
10.2.4 Check of splitting forces in amhurau. zone ol prc lx.mlomd h;am 191
11 SERVICEABILITY LIMIT STATES iiiiicuniiiiiamnsiiisssiarissnsstsss 192
11.1 Limitation of stress 192

Prestressed Concrete Structures, Jaroslav Navratil, page 4



11.2 Crack control 192
11:2:1 Tensile stresses inthe concrete:afterserackinga i inibs e GG amiimaniimnn 193
11.2.2 Calonlation af erack VN ..o wsommmpinmsms i s i s S st g

11.3 Deflection control 197

11.4  Study of serviceability limit states of pre-tensioned girder 199

12 ADDENDUM A — PRINCIPLES OF PLASTIC ANALYSIS USING STRUT

AND LR MOB L o B 5 e ans R O TR TR R e TR AR amam TEE ey b ik 202

12.1 Extremum principles explained in laymen’s terms 202

12.2 Analysis of concrete structures using the strut and tie model S 203
k221 Subdivision of the structure into B- and D-regions...........ccooovreoiinisioiniiseniennnes ... 204
1222 Definition of the geometry of the strut and tie model ... 204
12,23 Caleilation O ITEMAl TORCES: ... oornisronssssnconsasissssnsnsassnrsnpsssnsronsnsonssassnssnssssnsssmsinesarsssisssigsdionsrs S
1224 Sizing of tics and struts .. 205
12.2.5 Model optimisation .............. A NSNS SN et ok P Prep oty ) )
12.2.6 Check that detailing pmmslons arc foilmud T L

13 SYMBOLS .....ccovimmssimns s sisomess R eSS 208

13.1 Latin letters 208

13.2 Greek letters 210

14 LITERATURE ... cooscicmmimmsmmnssssmssmmms somsns s saeis i 6 euss oot e st sawasas s 213

14.1 Monographs and textbooks 213

14.2 Technical papers and reports 214

14.3 Standards and regulations 214

14.4 Computer programs 215

Prestressed Concrete Structures, Jaroslav Navratil, page 5



