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Definition of Prestressing

**It consists of preloading the structure
before application of design loads in such
a way so as to improve its general
performance.
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Objectives of Prestressing

s»Control or eliminate tensile stresses In the

concrete (cracking) at least up to service
load levels.

o»» Control or eliminate deflection at some
specific load level.

“*Allow the use of high strength steel and
concrete.
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Net Result of Prestressing

“*Improved performance of concrete In
“ordinary” design situations (compared to
R/C).

“*Extended range of application of structural
concrete (longer spans).

*Innovative forms of structures.
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Extended Range of Applica
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non-prestressed 28:1 |

prestressed 45:1

These 90 in. (2300 mm) deep pretensioned precast I-girders will be
post-tensioned after erection. Photograph courtesy of Con-Force Structures Ltd.
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Partial Prestressing

“*Intermediate state, in which tension and
usually flexure cracking is allowed at full
service load level. Some advantages are:

- Prevents excessive camber at more

typical loads less than full service
loads.

- Reduced prestressing force (less $$9$)
compared to full prestressing (zero
tensile stresses at full service load).
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Applications of Prestressed
Concrete in the US and Canada —

Figure 1

*» About 200,000 tons of prestressing steel used in

US/Canada each year (~ Y4 of the total world
consumption)
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Prestressing Methods

** Pretensioning: suited for mass production.

stressing removable abutment end

formwork
/

jack _original length = L

abutment

pretensioning bed

(b) Tendons detensioned (elastic shortening= A )

*Video (PCI)

CES572/Spring 04/JAR



Prestressing Methods

*» Post-Tensioning: jacking against the member
and the eccentricity Is easily varied along the
length of the member.
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Post-Tensioning Sequence

*» Place reinforcing cage and post-tensioning ducts
inside the formwork.

¢ After casting and curing of the concrete, the
tendons are tensioned and anchored with
special jacks that react against the member.

*+Unless unbonded tendons are being used, the
duct is then grouted to complete the post-
tensioning operation.

% Slides (PTI)-------
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Profiles of Post-Tensioned Tendons

centroidal axis tendon profile
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(a) Parabolic tendon profile for simply supported beam
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(b) Parabolic segments used to describe tendon profile
of three-span continuous beam
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Geometry of Parabolic Profiles
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(b) Parabolic segments with compatible slopes
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Location and Eccentricity of
Tendon in Duct After Stressing

duct centerline—

centerline

strands at top strands at bottom
of duct of duct

tendon size sheath diameter | eccentricity
in. (mm) in. (mm)
no. of 1/2 in. dia.
(13mm) slrands
3 1.25 (32) 0.28 (7)
4 1.63 (41) 0.28 (7)
7 2.00 (51) 0.32 (8)
12 2.50 (64) 0.43 (11)
19 3.13 (80) 0.51 (13)
22 3.38 (86) 0.47 (12)
3 4.00 (102) 0.55 (14)
55 5.50 [140) 0.90 (23)
no. of 0.6 in. dia.
(15mm) strands
3 1.50 (38) 0.20 (5)
4 2.00 (38) 0.20 (5)
7 2.25 (57) 2.40 (10]
12 3.00 (78] 0.50 (13)
19 3.75 (95) 0.70 (18]
3 5.00 (127) 0.90 (23)
55 6.50 (165) 1.20 (30)
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Materials: Types of Prestressing
Steel

\
tendon

nominal
dia.

(a) 7-wire monostrand tendon (b) Multi-strand tendon

bunont head

—threaded anchor head

(c) Single bar tendon (d) Multi-wire tendon
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Production of Seven Wire Strand

+Low relaxation versus stress-relieved
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MATERIAL PROPERTIES
PRESTRESSING STEEL

Design Ald 11.2.4  Properties and design

of pr

g bars

Plain Prestressing Bars, f,, = 145 ksis

Nominal Diameter, in. u " 1 1T 1 1%
Area, sq. n, 0.442 0.601 0.785 0.994 1227 1.485
Weight, pif 1.50 204 2,67 338 417 508
0.7 1y Agy, kips 449 610 787 1009 1245 150.7
0.8 1,y Ag,, kips 513 6.7 91.0 1153 142.3 1722
Tu Ay kips 64.1 a7 1138 144.1 1779 2153
Plain Prestressing Bars, f,, = 180 ksiv
Nominal Diameter, in. * LY 1 " " AL
Area, 5q. in. 0.442 06N o.7es 0894 127 1.485
Woight, pif 150 204 2.67 338 a7 505
0.7 Ly gy, kips 495 67.3 678 ma 137.4 1663
0.8 fyy Agy, kips 56.6 770 100.5 1272 157.0 180.1
Tou Agy, kips 0.7 962 1258 159.0 196.3 2376
Deformed Prestressing Bars

Naminal Diameter, in. i 1 1 LA % T

Area, sq. In. 028 0.85 0.85 125 125 158

Weight, pit 098 3 am 439 4,39 556
Ui, strength, f,, ks 157 150 160 150 160 150
0.7 fpu Aga. Kips W05 83 %2 ma 140.0 1659
0.8 fo, A, kips 348 1020 1088 1500 160.0 8e6
o Ay, kips 435 1275 136.0 187.5 2000 237.0

Stress-strain characteristics (al prestressing bars)
For design purposes, following assumptions are satisfactory:
Ey = 29,000 ksi
fy = 095 foy
o Vory svaiabity befors specing
P o Harchch A Eitaon 1=-21
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MATERIAL PROPERTIES

PRESTRESSING STEEL
Design Ald 11.2.5 Typical stress-strain curve, 7-wire p g strand
2 T T
e LI I
250 |—— .
20| ——— __ —
o MINIMUM YIELD STRENGTH AT
1% ELONGATION FOR 250 ksl
(ASTM A 418)
izw = ——— —
2
:
9 —_— —p T —
!
ASTW A 416
o |———— - T MIN, YIELD STRENGTH AT 1% ELONGATION
FOR 270 KSI; 243 KSI
FOR 250 K5I 225 KSI
|
e oolﬁ 0010 0018 0020 0.025 0030
STRAM 54 in,/in)
These curves can be appraximated by the following equations:
250 ksi 270 ksl
e S 0.0076 I, = 28, 500, (ksi) £, = 0.0086: f,, = 28, 500¢, (ksi)
= 280 = —204__ g w70 - — 004
£ > 00076 f, = 250 T - 0.0068 (ksi) £pe = 0.0086 1, = 270 i = 0.007 (ki)
11-22 PC1 Demign Handboci P Exdion
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Concrete
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strain, €.y ,caused by stress
Table 3-3 Compressive stress-strain coefficients for normal-weight concrete.
. psi 3000 3500 4000 5000 6000 8000 10,000 12,000 16,000
“ (MPa) (20.7) (24.1) (27.6) (34.5) (41.4) (55.2) (69.0) (82.7) (110.3)
E ksi 3191 3366 3530 3828 4098 4578 5000 5382 6060
t__ (MPa) | (22000) | (23200) | (24300) (26400) | (28300) | (31600) | (34500) | (37100) (41 800)
€. % 1000 1.88 1.91 1.94 2.03 2.13 2.33 2.53 2.71 3.07
n_ 2.00 2.20 2.40 2.80 3.20 4.00 4.80 5.60 7.20
k 1.00 1.06 1.11 1.23 1.34 1.56 1.78 2.00 2.45
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Hognestad Parabola

( gj (gjz 2 (fomax)
fc(g) :=| fcmax:| | 22— | - | — Ec := 57000 .

&0

Calculate ¢, (strain corresponding to peak stress, fcmax)
using the secant Modulus of Elasticity at 0.5fcmax. Thus, fit
The Hognestad expression through a point corresponding to
0.5fcmax and 0.5fcmax/Ec.
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Prestress Force Levels

[ P; = Initial (Transfer) Force ]

1 1 1
[ Creep ] [ Shrinkage ] [ Relaxation ]
I
[ P. = Effective Force ]




