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{a} Reinforced concrete
cracked under load.

(b} Post-tensioned B - )
concrete before loading. e T -—

(c) Post-tensioned S :
concrefe after loading. _d_ - ; F

A

Simply-Supported Beam Cantilever Beam
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Pre-tensioning : Gl 2ddl

Post-tensioning : (3} adll
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POST-TENSIONED CONCRETE

USES OF PRE-STRESSING IN THE U.S.A.

13%
HOLLOW
ORE SLAB 20%

BRIDGES 25%
BRIDGES

60%
7% BUILDINGS

EARTH WOR
RETAINING

STRUCTURES
8%

PRE-TENSIONING POST-TENSIONING
APPLICATIONS APPLICATIONS

Prepated by :M.Anass Alakhrass 20-12-2010 Source SUNCE L




___Post Tensioni

: '“""S\ 4.;3 ;\-QJ-U*"‘
(4 5 JS Al qua (Sa) £ 9 iall e Jlaldl AU g5
acil) CNla Jia Jaad) 8 de pu il Al A jad) alad) B elth o By >

gl
(%30-20) e @ AddLll 8] o594

daglia Ao ol Cpwad Al Ladall Sl 0590 Cra ciidddl) ) ol ol
LN

Osil) (a8 S a g cual dalal) ase Aol Adl) LAT 8 A

(s 45 o Guplill) Liiall 59 8 Gauldd qtlali Al el 8 Saday

Prepared by :M.Anass Alakhrass 20-12-2010 Source: Post-tensioning Institute (2006)




___Post Tensioni

rial) aladi) & i ddg e ary Mg aas ) G puS) ) Jlaas
BS54 51 58 p s JLEL frand Y () Raal) ) B prkte
. addiciall (galall aaad) dasS & b gil) -

. £ 9 iall da P Jilheul) dgas B b i)

Aldad) ) 3 o) A (anddse

Prepared by :M.AnaSS Alakhrass 20_12_2010 Source: POSt-tenSioning InStitute (2006)




__Post Tensionif

Alaall Goudl B3 Bgia & Ml A daddioial) 3 gall#
SJ*\i:u.ALQ &y allatie

Gl (e £ 5l 1R asanaly Galiia Cpudiga qullalie

Prepared by :M.Anass Alakhrass 20-12-2010 Source: Post-tensioning Institute (2006)




PAM (Metres)

Sraph 1la) — FLAT PLATE

-
O

100 DNILHOIIN [TT2M] IH LT Y ALY T3H

Post Tens

M.Anass Alakhrass 20-12-2010

Prepared by




Post Tension

Lo
=
=
=
=l
[
L
=
=
—
[
[
el
o
o
e
=
=
5
—
o
=
Lil
sl
—
u
=
L
b
=T
=
o=
N
o =
LN
a
—_
o
—
-
L
=
P
-
T
=

SPard (Metresd
Graph 1{b} — OMNE WAY SLAB WITH SLAB BAMND

Prepared by :M.Anass Alakhrass 20-12-2010



Uplift 224
Precompression kbl dbaliail

Q1b’0’ :,,.S‘ .w S.'S...'S‘

M\&adm\

Prepared by :M.Anass Alakhrass 20-12-2010




l[dealized tendon profil

w/unit length

—-_\__‘__‘____‘___ !

Bending moment

Source: The Concrete Society (1994)
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Cantilever
Span 1:
Wy L12
2

Source: The Concrete Society (1994)
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|-
; a
opan 1; Total drape = e; + Tz Span 2: Total drape = e4 + TE

Balanced load w, = P x totaldrape x 8/L,” Balanced load w, = P x total drape x 4L,
P is the prestressing force at the section under consideration.

Note:

The center of gravity of the concrete and the center of gravity of the tendon coincide
at the end of the member so that no equivalent load moments are applied at the end
of the member

Source: The Concrete Society (1994)
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#7Un-bonded Post-tensioning System

Y Single strand

#Bonded Post-tensioning Systems

Y Single strand

U Multi strands flat duct

U Multi strands round duct
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Bonded vs.Unbo

Source: PBL THAILLAND
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Bonded vs.Unbonc
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Bonded vs.Unbon
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Bandecd flat slab
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Solid: flat-slab:

Banded coffered tlar glah

'Cl:lffe-@'gd- flat sldh with- solid panels

Coffered -flat slab

Bcan and slab

Ribbed slab
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2.5 40*/45**

4k 4k 5.0 36*/40**

10.0 30*/36**

2.5 44*[48**
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slab

beam
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slab

18*/25**
beam

2.5
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20%/25**
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10.0
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13*/15™*

* Recommended by The Concrete Society

** Recommended by The Post-Tensioning Institute
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Design Considerations and Selection of Suitable Floor Systems

Flat plate system : 43 k8 s>

Flat plate with drop panels/caps: Olad ga 4y jhd clads

Slab with banded beams : ((ladl-slad) ddlu ) g aa Adadly
(one/two ways)

Slab with long span s Al 8ailu palic gl jlaall dbsh g pa AlD

beam/other supporting structures
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Prepared by :M.Anass Alakhrass 20-12-2010

Common geometries*

Two-way system

Suitable span: 8 m

Limiting criterion: Punching
shear

Rebar¥*: 1.08 kg/m?
PT: 2.84 kg /m?

Source: Aalami & Bommer (1999)
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Common geometries*

Two-way system

Suitable span: 12.2 m

Limiting criterion: Deflection
Rebar¥*: 2.94 kg /m?*
PT: 3.87 kg/m?

Source: Aalami & Bommer (1999)




lab with Banded Beam

Prepared by :M.Anass Alakhrass 20-12-2010

Common geometries*

Two-way system

Suitable span: 13.4 m

Limiting criterion: Rebar
congestion

Rebar**: 2.01 kg/m?
PT: 4.16 kg /m?

Source: Aalami & Bommer (1999)
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Common geometries*

One-way system

Beam spans: 18-20 m
5.5-6.0 m
125-150 mm
750-900 mm
400-460 mm

Slab spans:
Slab thickness:
Beam depth:

Beam width:

Source: Aalami & Bommer (1999)
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Jazdl s

Post tension J) &S xia -3
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{a} Reinforced concrete
cracked under load.

(b} Post-tensioned B - )
concrete before loading. e T -—

(c) Post-tensioned S :
concrefe after loading. _d_ - ; F

A

Simply-Supported Beam Cantilever Beam
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INecide (from approximatsse design checks s
— structural lLayout

= COMCrehe gracde

- floor thickness

v

IDetermmine:
remnckomn peofile
force per tendon
load vo be balanced
reqguired presiress forces
nurmber of rendons

Suouctural amnalysis:

- bending morments ard
shears due o exterrvally
applicd loads
prirmary and scocomndarys
ceffects of presress

!

Check Serviceability flexural adeguacy
- after all losses

- under transfer conditions

Check Tlltimate capacity
- flexure
- shear

¥

CTheck Serwviceabiliny
deflections and wibratiomns

v

Consider rewvisions or refinerments o design
Camount and profile of tendons, an-rensionaed
reinforcerment, lloor thickness, shear heads

Ccomncrebe grade, Layowwely .

!

| If saunsfacuory , detail siructure
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~ " Strands test

Chemical test for CARBON ,PHOSPHORUS,SULPHUR,

NITROGEN

Relaxation test (1000 hours )

Tensile Test
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Bandecd flat slab
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Solid: flat-slab:

Banded coffered tlar glah

'Cl:lffe-@'gd- flat sldh with- solid panels

Coffered -flat slab

Bcan and slab

Ribbed slab
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2.5 40%/45™

4,ké 43l 5.0 36*/40**

10.0 30*/36**

2.5 44*/48™*

g LY AL Al ) s ae 4y yhad Ala3l 5.0 40*/45**

10.0 34*/40

slab

beam

2.5

45*/48™*

254/35**

5.0

40%/45**

22%/30™*

10.0

35*/40**
slab

18*/25**
beam

2.5

45*/48™*

20%/25™*

5.0

40*/45™*

16*/20**

10.0

* Recommended by The Concrete Society

** Recommended by The Post-Tensioning Institute
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35*/40**

Source: Aalami & Bommer (1999)

13*/15**




Load balancing for uniform distributed load
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For external and internal spans |

Load balancing for concentrated load.
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Pre-compression

ACT 2008 JJ 358 Cona (S3Y) 2]l
0.85 Mpa —

pranaill Ja3ale andiing L G
1.00 Mpa —

UPPER OPTIMUM : ACI 2008 J) 35S cawss e W) asll
2.50 MPa Jisally 2.0 MPa : <l

PT. J b Jo o AY Aulady) jualial) LAl olady) caay —
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e

4’Tendon shape (profile)

*Tendon drape

*:Banded/distributed layout

*?Tendon stressing

*iSpecial layout arrangement
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Tendon Layout Over and Adjacent to a Wall

(b) ELEVATION AT WALL

Prepared by :M.Anass Alakhrass 27-12-2010 Sourecs Aalami ()




e

Tendon Layout Over and Adjacent to a Wall

O O COLUMN —>O
TRIBUTARY WALL

DI DY VE DYDYV

NS ST RS S S

REGION OF,
STRAIGHT

O TENDONS

(c) PARTIAL PLAN OF SLAB
DISTRIBUTED DIRECTION
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(a) SLAB/BEAM AND EXTERIOR WALL
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(b) ANCHORAGE AT EXTERIOR SUPPORT
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Tendon Layou

Fully banded tendon

Source: The Concrete Society (1994)
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Source: The Concrete Society (1994)
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50% banded plus 50% evenly distributed tendons over full width

Source: The Concrete Society (1994)
Prepared by :M.Anass Alakhrass 27-12-2010




Source: The Concrete Society (1994)

Tendon Layo
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Tendon Layout

Tendon Arrangement

Use banded tendons in one-direction,

distributed in the orthogonal direction.
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Tendon Layout

Tendon Layout Options

Aligned Columns
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Tendon Layout

Banded tendon swerves over non-aliened supports

Prepated by :M.Anass Alakhrass 27-12-2010 Source: Adlami ()




Liuall 2 Tendons

s<8h
- s 1500mm
-

-;—DETWBUTEDTENDON

(a) MAXIMUM SPACING OF DISTRIBUTED
TENDONS

. /
REBAR
52 db >d
(b) MINIMUM SPACING BETWEEN
BUNDLED TENDONS

Source: Aalami and Bommer (1999)
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Liuall 2 Tendons

Tendon placement at horizontal curves

1000mm (36")
e i

TENDONS

GAP <50mm (2°)

(a) MAXIMUM OFFSET (b) MAXIMUM OFFSET

-HAR PIN

(c) PLACEMENT OF HAIR PINS

Source: Aalami and Bommer (1999)
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ACI| 2008 J! 28

Service conditions: Jliiuyl as dlls
1.0 (SW+DL)+0.3 LL+1.0 P.T .Sustained condition .1
1.0 (SW+DL)+1.0 LL+1.0 P.T . Total service condition .2

Initial condition : (Al 24l Al
1.0 SW+0.0 LL+1.15 P.T.

Ultimate condition : .==8¥) aall Al
1.2 (SW+DL)+1.6 LL+1.0 P.T. : 4hes s A gas
1.4 (SWH+DL)+1.0 P.T. . lasé 4% 4 gas

Source: ACI318-08
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EC J) 268

Cracked Long Term Deflection : Gaiiall sl Jysh agud) s 4
3.0 DL+1.5 LL+3.0 P.T.

Taablfe 6 Footor ralkfng accownt aof fang-revmr effe r;'j'_:.i'_

Loading Factor relared to short-term elastic
deflectiom valwe

Post-tensioning
(after losses)

Mote: The factor shoold be applicd to the deflections obtained

from an elastic analysis of rthe structurc using the quasi-poermancnt
load combination.

3.0 DL+1.0 LL+3.0 P.T.: s 3ale a5 L

Source: ACI318-08
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18.3.3 — Prestressed flexural members shall be classi-
fied as Class U, Class T, or Class C based on f;, the
computed extreme fiber stress in tension in the
precompressed tensile zone calculated at service
loads, as follows:

(a) Class U: f;< 0.62 /f/
(b) Class T: 0.62 [f. <f<1.0,[f;
(c) Class C: f;> 1.0, [f!

Prestressed two-way slab systems shall be designed
as Class U with f;< 0.50 /f; .

Source: ACI318-08
Prepared by :M.Anass Alakhrass 27-12-2010
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TABLE R18.3.3 — SERVICEABILITY DESIGN REQUIREMENTS

Prestressed
Class U Class T Class C Nonprestressed

- T o "'k Transition between o ~g
Assumed behavior Uneracked recckal andtmskad Cracked Cracked

Section properties for stress calculation at
service loads

Allowable stress at transfer 18.4.1 18.4.1 18.4.1 No requirement

Gross section 1834 | Gross section 18,34 Cracked section 18.3.4 No requirement

Allowable compressive stress based on 1842 1842
uncracked section properties

Tensile stress at service loads 18.3.3 <l ,‘,{r"’f" (.62 N[ff’ <fis Jfr_."' No requirement No requirement

054.1 9542 9542 052,953
Gross section Cracked section, bilinear | Cracked section, bilinear |Effective moment of inertia

Crack control No requirement No requirement Mo djﬂej ':Ilil btﬁ 8441 10.6.4

No requirement No requirement

Deflection calculation basis

Computation of Afy, o f; for crack control = G Cra:;l;eﬁ;;itinn MIA; x Ilﬂi};, army, or

Side skin reinforcement No requiremem No requirement 10.6.7 10.6.7

Source: ACI318-08
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18.4.2 — For Class U and Class T prestressed flaxural

members, stresses in concrate at service loads (based
on uncracked section properties, and after allowance
for all prestress losses) shall not exceed the following:

(a) Extreme fiber stress in comprassion due
to prestress plus sustained load.................... 0.45F/

(b) Extreme fiber stress in comprassion due
to prestressplus totalload .............c.ccceeei i, 0.60F

Source: ACI 318-08
Prepared by :M.Anass Alakhrass 27-12-2010




18.4 — Serviceability requirements —
Flexural members

18.4.1 — Siresses in concrete immediately after
prestress transfer (before time-dependent prestress
losses):

(a) Extreme fiber stress in compression except as 5 . 5
permitted in (b) shall not exceed ................ 0.60f/; f Cl — 075 f C

() Extreme fiber stress in compression at ends of
simply support members shall not exceed ...... 0.70f/;

(c) Where computed concrete tensile strength, £,
exceeds 0.5 /fl;, at ends of simply supported

members, or D.EEJf‘;f at other locations, additional
bonded reinforcement shall be provided in the
tensile zone to resist the total tensile force in
concrete computed with the assumption of an
uncracked section.

Source: ACI 318-08
Prepared by :M.Anass Alakhrass 27-12-2010
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Permissible stresses in prestressing steel

18.5.1 — Tensile stress in prestressing steel shall not
exceaed the following:

(a) Due to prestressing steel jacking force ....... 0.941f,,

but not greater than the lesser of 0.80f,, and the
maximum value recommended by the manufacturer
of prestressing steel or anchorage devices.

(b} Immediately after prestress transfer........ 0.82f,,
but not greater than 0.74f1,,,.

(c) Post-tensioning tendons, at anchorage devices and
couplers, immediately after force transfer........ O.70F,,,

Source: ACI 318-08
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The bending moments calculated from the critical loading
conditions given, including the tendonn effects, provide the
serviceability stresses at each section using:

Top fiber stress

Bottom fiber stress

Where: z, = the top section modulus e = eccentricity of tendons, taken as positive below
z,, = the bottom section modulus M, = applied moment due to dead and live loads
M = the total out of section moment Mg = moment from prestress secondary effects

Source: The Concrete Society (1994)
Prepared by :M.Anass Alakhrass 27-12-2010
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Deflection limitation: ) da y

TABLE 9.5{b} — MAXIMUM PERMISSIELE COMPUTED DEFLECTIONS
Type of mambsar Deflection to be considarad Deflection limitation

Flat roofs not supporting or attached to nonstructural elements - : - .
likely to be damaged by large deflactions Immeadiate deflection dus to live load L £M80

Floors not supporting or attached to nonstructural elemeants - : -
likely to be damaged by large deflactions Immeadiate deflection dus to live load L £1360

Roaf or floor construction supporting or attached to nonstructural | That nart of the total deflaction oocuming after atachme it t
slements likely to be damaged by large deflections of nanstuctural elements (sum of the long-term i

Roof or floor construction supporting or attached to nonstructural | deflection due to all sustained kbads and the immediate

alements not likely to be darﬁgged large deflections deflection dus to any additional live load) £fz40%

*Limnit not imended & safeguand agairst F-nn-:lirg. Ponding should be checked by suitable calculations of deflection, including added deflections due to ponded

water, and considenng long-term ts of all sustained loads, camber, constiuction tolerances, and reliakiliby of prosisions for dranage.

TLorg-term deflaction shall be determined in accordance with 2.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calulated to cocur before attachment

of nonatnuctural elements. This amount shall b determined on basiz of accapted enginesning data relating to time-deflection charactenstics of membsars similar

those being considernad.

¥ imit may be soceadad if adequate measures are taken to prevent damage to supported or atached elements,

gLimitrztl'ﬁll n-:gé:uia_u Q_IEB-HIBF than tolerance provided for norstructural elements. Limit ray be exceeded if camber is prosided so that total deflection minus camber
oes rod esoceed limit,

ACI 318 Building Code and Commentary

Source: ACI318-08
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oM, = o{A ¥ (d-a/2) + A* (d-a/2)}
18.7 — Flexural strength

1871 — Draesigm moarment stremgtih L) § flexural
mamibeaers shall be computed by the strength desigm
methods of the Code. For prestressing steel, M. shall
be substituted for r, in strength computations.

18. 7.2 — As an altermnative o a more accurate
determination of ;. based on strain compatibility. the

following approximate wvalues of e shall be permitted
o be used It Fge is Not less thamn O.5 Mgy, -

(&) For membaers with bhbondaed tendcdons

W r of
__E _E P P r
= |3.1[':"p ror dp':m = }] c18-3)

wwhere o is _,.:nj"f.ul"il"c.', 2’ s o IS . and o is O.55 for
Ty MMy Not less thamn O0.80; A0 for oyl Mo, not less

thamn 0.85; and 0.28 for M, T ,, not less than 0.90.

Prepared by :M.Anass Alakhrass 27-12-2010



18.7.3 — Nonprestressed reinforcement conforming to

3.9.3, If used with prestressing steel, shall be permitted
to be considered to contribute to the tensile force and
to be included In moment strength computations at a

stress equal to .. Other nonprestressed reinforcement

Prepared by :M.Anass Alakhrass 27-12-2010




concrete for prestressed members

11.3.1 — For the provisions of 11.3, d shall be taken
as the distance from extrems compression fiber to
centroid of prestressed and nonprestressed longitu-
dinal tension reinforcement, if any, but need not be
taken less than 0.80h.

11.3.2 — For members with effective prestrass force
not less than 40 parcent of the tansile strength of flexural
reinforcement, unless a more detailled calculation is
made in accordance with 11.3.3,

{11-9)

- v,d
V. = (0.052 fF; +4.BT‘;-:E} b,d

but V¥, need not be taken less than D.1?'I,E,u."f_¢:' bpd V.
shall not be taken greater than 0.424 [f! byd or the
value given in 11.3.4 or 11.3.5. i-"udp.n'ﬂ-lu shall not be
taken greater than 1.0, where M, occurs simulta-
neously with ¥, at the section considered.

11.3.3 — V¥, shall be permitted to be computed in
accordance with 11.3.2.1 and 11.2.3.2, where ¥, shall
be the lessar of V,; and V.

Prepared by :M.Anass Alakhrass 27-12-2010

11.3.3.1 — V,; shall ba computed by

- VM,
Voi = 0.052 (. b d, + Fd+-ﬂ‘f—mf (11-10)

where dp need not be taken less than 0.80h and

Mere = (HyM0.54,/F + fpe = fg) (11-11)
and values of W, and V;shall be computed from the
load combination causing maximum factored moment

to occur at the section. Vg need not be taken less than
0174, /f b,d.

11.3.3.2 — V_, shall be computed by

Vew=10.202 [T + 03fc)bydy + Vp  (11-12)

where d, need not be taken less than 0.80h.

Alternatively, V., shall be computed as the shear forca
corrasponding to dead load plus live load that results in a
principal tensile stress of 0.332 F" at the centroidal axis
of member, or at the intersection of flange and web
when the centroidal axis is in the flange. In composite
members, the principal tensile stress shall be
computed using the cross section that resists live load.




“Shear strength of sections- ACI 318-08 clause 11.11.2.2_

11.11.2.2 At columns of btwo-way prestressed
slabs and footings that meet the requirements of
293

Ve = (Bph /T +0.3f, b d+ V, (11-34)

where 3, is the smaller of 3.5 and 0.083(agd b, +
1.5), =g is 40 for interior columns, 30 for edge
columns, and 20 for cormeaer columns, b, is perimataer of
critical section defined in 11.11.1.2, fp.c is taken as the
avaerage value of fge for the two directions, and Vy is
the wvaertical componant of all effective prestress forces
crossing the critical section. VW shall be parmitted to
be computed by Eq. {(11-34) if the following are satisfied;
othaerwisa, 11.11.2.1 shall apply:

{a) Mo portion of the column cross section shall bea
closaer to a discontinuous edge than four times the
slab thickness;

() The wvalue of (fZ wused in Eq. (11-24) shall not
e taken greater than 5.8 MPa; and

(=) Im esch direction, fp: shall ot be baess tharm Ou9 MPa,
mor be takaen greataer thian 2.5 MPa.
compressive stress in concrete (after allowance for all prestress losses) at centroid of cross

section resisting externally applied loads or at junction of web and flange when the centroid lies

within the flange, MPa.
Prepared by :M.Anass Alakhrass 27-12-2010
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In a prestressed slab with distributed tendons, the V, term in
Eq. (11-34) contributes only a small amount to the shear
strength; therefore, 1t may be conservatively taken as zero. If

V, is to be included. the tendon profile assumed in the
calculations should be noted.

For an exterior column support where the distance from the
outside of the column to the edge of the slab is less than four
times the slab thickness, the presiress is not fully effective
around b, the total perimeter of the critical section. Shear
strength in this case is therefore conservatively taken the
same as for a nonpresiressed slab.

Prepared by :M.Anass Alakhrass 27-12-2010



At column of two way prestressed slabs and footings

11.11. 7.2 — Thse shear stress resulting from
moment transfer by eccantricity of shear shall be
assumed to vary linearly about the centroid of the cntical
sections defined inm 11.11.1.2. The maximum shear
stress due to V), and Af, shall not exceaed gwv,;:

(a) For membears without shear reinforcemant,

@V = SV N o) (11-358)
where Ve is as defined im 11.11.2.1 or11.11.2.2.

by For members with shear reinforcement other
than shearmheads,

PV = ¢ Ve + V(B od) (11-39)

where V. and Vg, are defined im 11.11.3.1. The
design shall takse into account the varation of shear
stress around the column. The shear stress dus to
factored shear force and moment shall not excead
HMOAT72 FL )y at the critical section located of2
outside the owuwtermost limne of stirmup legs that
surround the colurmim.

Prepared by :M.Anass Alakhrass 27-12-2010



tressed isolated element

Unstressed element on supports Unstressed isolated element

- S
Stressed element still compatible
with supports

Prestressed element as part of a statically determinate structure

Source: The Concrete Society (1994)
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l Reactions applied to
Unstressed element : 5:% e

in structure T = T

through support
positions

Reactions applicd
to make beam have
compatible rotations

Unstressed isolated C
element

LN

Stressed isolated J Total secondary
element b e (’\ _} = forces and moments

Reactions on a prestressed element due to secondary effects

Source: The Concrete Society (1994)
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Shrinkage of concrete

Source: Concrete Society (1994)
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DESCRIPTION PERCE/NTAGE
(1)

SHRINKAGE (SH) 66
CREEP (CR) "

ELASTIC SHORTENING (ES)

TEMPERATURE (ES) 16

TOTAL 100

* For a parking structure in southern California
P g

Source: Aalami (d)
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Favourable Layout
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B) Unfavourable Layout

Source: ATKINS
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in slabs stressed in two directions. Where there is restraint in
the direction of prestressing (e.g. a shear wall) reinforcement
should be placed parallel to the restraint to reduce and
distribute any cracking as shown in Figure 57.

edge of slab

of depth 'E-,,

wall length

L

.’ reinforcement
5=035%xL2xh

Figure 57 Distribution reinforcement close to restraining
wall,

Source: TR43-2005
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Loss of Pre-stressing Forces

Immediate loss of stress
Friction loss
Seating loss (draw-in)

Elastic shortening

Long-term losses

Relaxation in prestressing
Shrinkage in concrete
Creep in concrete

Others, such as
Change in stress due to flexing of member under applied
loading
Aging of concrete
Temperature

Prepared by :M.Anass Alakhrass 27-12-2010




Loss due fo Friction and eating - AC/ -08 clause 18.6.

TABLE R186.2 — FRICTION COEFFICIENTS
FOR POST-TENSIONED TENIMONS FOR USE
IN EQ. i18-1) OR (18-2)

Wobhle Curvakure
coefficient, K per -:-:-e-fﬁ-:imt,,up per
melber radian

Wire tendons 0.0033-0.0049 0 15-0.25

High-strength bars | GL00035-0.0020 CLE-0L 30

T-wing sirand 0.00 1 6-000066 0L 150,25

Grouked tendons in
metal dheahing

Wire tendons 0L005 30000066 OO5-0L 15

Mastic
coated

T-wine sirand L0053 3-0000066 OOS-0L 15

Wire tendons .00 10-0 006G O05-0. 15

Unbondad tendons

Pre-
erensad

T-wime sirand .00 10-0. 006G O0E-0. 15

Friction coefficients for post-tensioned tendon

Source: ACI 318-08
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TENDON

- TR A

AN

(a) - ELEVATION OF A BEAM WITH TWO END
STBESSED TENDON

JACKING T |  ,FRICTION LOSS
STRESS . jwfmm

, : 4 STRESS AT
E 2 = “FAR END

(b) - DISTRIBUTION OF STRES;S DUE TO PULL FROM
LEFT PRIOR TO SEATING OF TENDON
-

=3

_ ,LOSS OF STRESS DUE TO SEATING
/—___MAX STRESS

LOCK OFF "
STRESS

STRESS AT
T_7EFJ'5LFIE END

(c) - DISTRIBUTION OF STRESS IN STRAND DUE
TO PULL FROM LEFT IMMEDIATELY AFTER
SEATING OF TENDON

Friction loss diagrams
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Source: Aalami (a)
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18.9.3.3 — In negative moment areas at column
supports, the minimum area of bonded reinforcement
A, in the top of the slab in each direction shall be
computed by

As = 0.00075A (18-8)

where Agsis the larger gross cross-sectional area of
the slab-beam strips in two orthogonal equivalent
frames intersecting at a column in a two-way slab.

Bonded reinforcement required by Eq. (18-8) shall be
distributed between lines that are 1.5h outside opposite
faces of the column support. At least four bars or wires
shall be provided in each direction. Spacing of bonded
reinforcement shall not exceed 300 mm.

Source: Aalami (2001)
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150
COLUMN

(a) SLAB WITH DROP (b) FLAT PLATE

STRIP /

/SLAB
REINFORCING / S
/
/ /

/ /

LRy
COLUMN 7
| \/
DESIGN

STRIP

FRAME
DIRECTION

(c) VIEW OF A SLAB JOINT

Strip for placement of minimum bonded top reinforcement

Source: Aalami (2001)
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18.9 — Minimum bonded reinforcement

18.9.1 — A minimum area of bonded reinforcement
shall be provided in all flexural members with unbonded
tendons as required by 18.9.2 and 18.9.3.

18.9.2 — Except as provided in 18.9.3, minimum area
of bonded reinforcement shall be computed by

A, = 0.0044;; (18-8)
where Ag;is arsa of that part of cross section betweaan

the flexural tension face and center of gravity of gross
section.

18.9.2.1 — Bonded reinforcement required by Eq. (18-
&) shall be uniformly distributed over precomprassad
tensile zone as close as practicable to extreme tension
fiber.

: ob LaS sl e Aa) aa aua gl dals aa g5 Unbonded J) byl & 1
; Saal) g (2 A yan 2

R18.9% — Minimum bonded reinforcement

R18.9.1 — Some bonded reinforcement is required by the
Code in members prestressed with unbonded tendons to ensure
flexural performance at ultimate member strength, rather than
as a ted arch, and to limit crack width and spacing at service
load when concrete tensile siresses exceed the modulus of
rupture. Providing the minimum bonded reinforcement as
stipulated in 18.9 helps to ensure adequate performance.

Research has shown that unbonded post-tensioned members
do not inherently provide large capacity for energy dissipation
under severe earthquake loadings because the member
response is primarily elastic. For this reason, unbonded
post-tensioned structural elements reinforced in accordance
with the provisions of this section should be assumed to
carry only vertical loads and to act as horizontal diaphragms
between energy dissipating elements under earthquake load-
ings of the magnitude defined in 21.1.1. The mininmum
bonded reinforcement areas required by Eq. (18-6) and (18-8)
are absolute minimum areas independent of grade of steel or
design vield strength.

R18.%4.2 — The minimum amount of bonded reinforcement
for members other than two-way flat slab systems is based
on research comparing the behavior of bonded and
unbonded post-tensioned beams.'®'? Based on this
research, it is advisable to apply the provisions of 18.9.2
also to one-way slab systems.

Source: Aalami (2001)
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Minimum reinforcement lengths and layout for common conditions

Source: Aalami (2001)
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Source: Adapt (2006)
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SLAB | 4—2 T

o] 5= —

DROP/ 15d 15d
— COLUMN

(a) SLAB WITH DROP (b) FLAT PLATE

UNBALANCED MOMENT
TRANSFER STRP __
"2’ STRP .

DIRECTION

(TRBUTARY)
(c) VIEW OF A SLAB JOINT

Source: Adapt (2006)
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CHAPTER 18

COMMENTARY

Plan
view
Bursting forces

7T B

H
i
]
¥
H
¥
v
i

it — T

Longitudinal edge tension force AN

(a) Local and general zones concept (c) Tensile stress zones

Behind anchorage device | Ahead of anchorage device

| 10h |1.0hto15h|
| | 1

Anchorage zone

(b} General zone for anchorage device
located away from the end of a member

Fig. RIS.13.1—Anchorage ;ones.
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(

0
ij[_ (RI18-1)

Tyurie = O25EP,,

Apyrerse = V.50 — 2eg, ) (R18-2)

the sum of the P, forces from the individual
tendons, IM:

the depth of anchorage device or single group of
clozely spaced dewvices in the direction considered.
mim;

the eccentricity (always taken as positive) of the
anchorage dewvice or group of closely spaced
dewvices with respect to the centroid of the cross
seCcilon, 1mimns

the dopth of the crosz scction in the dircction
considered. mim.

Source: ACI (2008)
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