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1. Views of Post-Tensioned Floors

Bonded construction

Unbonded construction
Two-way post-tensioned flat slabs ready to receive concrete

@ PT-Structures

2. Selection of Structural System; Member Sizing

Consider the aspect ratio of a

panel to determine the structural < Two-way system

system » Flat slab
s » Flat slab with drop
s £ 3 3 = Slab band
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70— [BIEEEER - —gessssesem = Beams both ways
Ll o psamnag R S ' = Slab with interior beams
L G o e
AN U
slab band “slab - beam




4/10/2021

Example of flat slab construction, using slab band
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Limiting Dimensions of a Slab-Band

Typically
b =36"
h=18"

Examples of flat slab construction, using slab
band
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Slab band using unbonded Slab band using bonded
tendons tendons
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(3) Obtain and verify

3 — Design Procedure

2 — Define post-tensioning

(5) Design strips in orthogonal

(4) Design strips in one

g PT-Structures

(1) Define geometry

(4) Identify support lines;
assign tributaries

(5) Create design sections
values

(6) Integrate for design

solution direction direction p337
3 — Design Procedure
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(3) Obtain solution; validate
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4 — Loads; Materials; Boundary Conditions

Define slab’s role in resisting lateral loads
= Part of lateral load resisting system in framing with columns.
» Assume column slab connection fixed

= Not required to resist moment as part of the lateral force resisting

system
Shear walls; moment frames or their combination are the

primary lateral force resisting system.
* Assume column slab connection rotationally free

The assumption of rotationally free joint simplifies the punching
shear computation and detailing

g PT-Structures

5 — Punching Shear Check

1. Determine factored load
2. Use tributary approximation to estimate the column loads

Calculate the demand shear
vy = Vu/Ac

— !
Maximum allowable shear Vemax = 894/ fc

If demand exceeds the maximum allowable value, revise
the preceding design parameters
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6 — Selection of PT Tendon and Layout

Select common unbonded tendons; 0.5-in.; 270 ksi
Start by assuming 25k of effective force per tendon
Select the critical span — typically the longest
Target providing post-tensioning to meet the following for the
critical span
= Uplift w, 60 to 80% of span’s dead load
= 150 psi or more average precompression (P/A)

Use the following approximate P = PT force
relationship to estimate uplift a = tendon drape
wy, = 8P a/L? L = span length

6 — Selection of PT Tendon and Layout

Arrange tendons grouped in one-direction and distributed
in the other direction

When tendon has flexible sheathing, swerve the
grouped tendons over the supports and place
distributed tendons normal to it

Example of typical banded-distributed
tendon layout

171-3;P1120
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7 — Obtain Solutions; validate analysis model; validate sizing

= View deflection profile under selfweight to

validate the computer model

Check live load deflection to validate member sizing and
concrete strength

Maximum allowed live load deflection is (span/360)

Change design parameters and re-calculate the values if live load
deflection criterion is not met

g PT-Structures

8 — Design for Service Condition

= Stress check
= Average precompression (checked before)
= Deflection check; long-term
= Visual effects (span/240)
= Damage to non-structural members
= Minimum nonprestressed rebar
= Vibration

Load combination for stress check
U=1.0DL + 1.00LL + 1.00PT

Long-term combination
Deflection = (1+2)(DL + PT) + 0.3LL + 0.7LL




8 — Design for Service Condition

= Stress check

= Calculate hypothetical extreme fiber tension stress f

f=Mp+ M, + Mp;)/S+P/A

= Increase PT or make other changes if f < 6/,

= Otherwise continue with design

8 — Design for Service Condition

Minimum bonded reinforcement
= Top over the support
= Bottom in span

= Rebar over support is function of
geometry of the design strip and the
strip in the orthogonal direction

Area of minimum rebar Ag

Ag = 0.000754,f

Acf = Larger of cross-sectional area
of the strip in direction of analysis and
the direction orthogonal to it.

Cross-sectional area of bonded
tendons is accounted for as part of the
minimum reinforcement

b} Examole of a oractical desian strio

PTS1832
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8 — Design for Service Condition

PTS14_02241

= Minimum rebar i (compression)
= Top over the support -
= Bottom in span ¢

* In span, provide rebar if the
hypothetical tensile bottom <+
stress exceeds 2\f”,

fl {tension)

The amount of reinforcement A, is given
by:
As =N/ (O-Sfy) h = member thickness;

b = design section width

where N is the tensile force in tension zone

g PT-Structures

9 — Design for Safety Condition

Corrected verbally during the presen-

Primary |Oad Combination £ —/ tation; PDF updated 5/16/2021

U=1.2DL+1.6LL+1.0HYP PT a

HYP is hyperstatic actions from prestressing /\_//\/\

la &
(c) POST-TENSIONED

Calculate moment capacity (pMn
Compare capacity with demand
Add rebar if required

CAPACITY

Calculate cracking moment Mcr at critical point
Check Mcr >= 1.2 (DMn

(d)PTMOMENT CAPACITY

Check punching shear



Jennifer Martin-Logan
Text Box
U=1.2DL+1.6LL+1.0HYP

Jennifer Martin-Logan
Callout
Corrected verbally during the presentation; PDF updated 5/16/2021
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10 — Design for Transfer of Prestressing;
Initial Condition

At stressing:

®  Tendon has its maximum force
®= Concrete has low strength

® Live load to counteract
prestressing is absent

= Stresses induced at jacking can
lead to spalling of concrete;
excessive creep, or cracking if
conditions are not right.

10 — Design for Transfer of Prestressing;
Initial Condition

Check the safe transfer of
Prestressing at jacking

= Add rebar where “representative”
(hypothetical) tension stresses
exceed the allowable threshold

= Do not exceed “representative”
hypothetical compressive stresses.
Wait until concrete gains adequate
strength

10
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10 — Design for Transfer of Prestressing;
Initial Condition

% Load combination at stressing PISTH_ 02241
> U =1.00Selfweight + 1.15PT o (compresior)

% Allowable stresses C[
> Tension 3\f,; h

»  Compression 0.60 f” <=

» If tension exceeds, add rebar in
tensile zone to resist N

As =N/ (0.5fy) N= 05 (h - c) bh

> If compression exceeds, wait until concrete
gains adequate strength

f. (tension)

g PT-Structures

11 — Detailing for Code Compliance

REBAR

= Calculate unbalanced moment Mc, if suas, RESAR ST SR
ar.|y- . . DROP :1.5(‘_1'5:07:_'0“4" 1.s;| 1.5Jn
» Reinforcement required to resist (a) SLAB WITH DROP (b) FLAT PLATE

unbalanced moment to be placed
within effective slab width
MOMENTS REBAR STRIP,

FRAME
DIRECTION

_“COLUMN

DESIGN
STRIP

¥

COLUMN

SLAB/BEAM LINE

(c) VIEW OF A SLAB JOINT

CENTER- LINE

Effective slab width

11
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11 — Detailing for Code Compliance

Detail the minimum and calculated rebar

.Minimum of 4 bars over the support
Minimum bars not spaced more than 12” apart
Minimum bars placed within the support width

Cut off lengths as shown.

post-tensioned

_ €

>

ST )
Lc

mpf_i

; support line
Elevation

"

mid-span

see:blan

eq | eq

_WTbop rebar at

support, typ.

- I
L

Extend bottom bars that are required for safety of the
span to the supports as follows;

= One fourth of the interior spans
= One third of the end spans

< — wall

PTS1168
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12 — Detailing for Performance

(=1

Slab band R\ -5-"

mmmm e
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Column drop

Identification of conditions where rebar is added for

improved in-service performance
Refer to handout supplement for details

PTS1045
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12 — Detailing for In-service Performance

Provide shortening provisions under prestressing force
The critical floors are:

= First elevated slab

= Possibly second and third, if restrained

View of delay strip View of wall-slab release

g PT-Structures

1. Views of post-tensioned floors
. Selection of structural system;
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13 — Summary

9. Design for safety condition
10. Design for transfer of prestressing

member sizing 11 Detailing for code compliance
- Design procedure . 12. Detailing for in-service performance
. Loads materials; boundary conditions 13Summary

. Punching shear check
. Select post-tensioning tendon and layout
. Obtain solution; validate analysis model;

validate parameters

. Design for service condition
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