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Column Cap:
- Extend horizontally from column
at least the depth below slab. — Flat Plates with Column Caps (Two-Way)
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Drop Panel: !

- Extend horizontally from center line
column at least 1/6 center line span.

- Project below slab at least 1/4 slab

thickness.

Flat Slab w/Drop Panels (Two-Way)
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Secondary reactions at supports due to prestressing
M,

W

Secondary Moments (M,) vary linearly between supports

Post-Tensioning _
Tendon Neutral Axis

Continuous Post-Tensioned Beam
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Loadings at various stages

94

GL = Girder load \
DL = Dead load :
LL = Live load Ultimate
ke(DL + LL)
Yielding
k(DL + LL) — n
R
DL+LL — 3 Cracking
———— No tension
No deflection
DL Z
GL
Camber Deflection
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BANDED / DISTRIBUTED
TENDONS IN 2-WAY SLABS

= Span length:

= Openings:

= (antilevers:

= Column shape:

97

Banded Tendon Direction
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8.7.2.3 For prestressed slabs with uniformly distributed
loads, maximum spacing s of tendons or groups of tendons
in at least one direction shall be the lesser of 8k and 5 fi
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Table 8.6.2.3—Minimum bonded deformed
longitudinal reinforcement A; i, in two-way slabs
with bonded or unbonded tendons
Calculated f; after all
Region losses, psi A, iy 02
Not required (a)
Positive moment
Negative moment >
<61 .00075. 21
at columns /. JT‘ 0.000734 ©
104
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ES=0.505 f

ci
E,=MOE of Prestressing Steel
Ei; =MOE of Concrete.
— ( % jl/z
28
f,, = Concrete stress at the center of
gravity of the prestressing steel
due to prestressing force and dead
load of beam immediately after

transfer.
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SH =8.2(10)K, E{l—0.06%)(lOO—RH)

V )
§: Volume to surface ratio

RH =Relative humidity

Time after end of moist curing to application of prestress
days 1 3 5 7 10 20 30 60
Ksh 0.92 0.85 0.80 0.77 0.73 0.64 0.58 0.45

113

K, =1.6(post—tensioned)
fepa =avg. compressive stress in the
concrete at the time immediately

Es
CR= Kcr (E_j( fcir - fcds)

c

after stressing.

K, =1.6(post—tensioned)
f 4 =Stress in concrete due to all
superimposed permanent dead

loads that are applied top the

member after it has been prestressed.

114
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C (Low-lax
fpi/fpu Strand)
0.80 1.28
0.79 1.22
0.78 1.16
RE=[K,.-J(SH+CR+ES)IC &» ¥
0.76 1.05
0.75 1.00
0.74 0.95
0.73 0.90
0.72 0.85
0.71 0.80
270 Grade Low-lax Strand 00 | 075
0.68 0.66
K re 5000 0.67 0.61
0.66 0.57
J=0.040 0.65 0.53
0.64 0.49
0.63 0.45
0.62 0.4
0.61 0.37
0.60 0.33
115
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Floor System ggag{pepth
One-way slabs 48
Two-way slabs 45
Two-way slab with drop panel 50
(minimum drop panel L/6 each way)

Two-way slab with two-way beams 55
Two-way waffle slab E?Sﬂxissnzt) grid) 35
Beams (b~ %) 20
Beams,(b~3h) 30
One-way joists 40

122
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Aggregate Type 4 hr

7.0 (180)

oo

SELER e T 5.4 (135)
51130

Slab Thickness for Fire Endurance [in. (mm)]

3 hr 2 hr 1 hr

6.2 (155) 3.5 (90)

5.7(145) 4.6(115) 3.2 (80)

4.6(115) 3.8(95)  2.7(70)

4.4 (110) 2.5 (65)

123
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Cover Thickness for Fire Endurance — Carbonate and sand-lightweight aggregate

concrete - in. (mm)

Restrained /
Structure Type 4 hr 3 hr 2 hr
Restrained Solid Slabs 1% (32) 1(25) -

Beams & Girders 8" _ | .
Wide 2%(63) 2(51) 1% (44)

Beams & Girders > . .
12" Wide 2(51) 1% (44) 1%(38) -

nrestrained Solid Slabs - 2 (51) -

Beams & Girders 8" \ ) .
Wide 4% (114) 2% (63) 1% (44)

Beams & Girders >
12" Wide

3(76) 2% (63) 2(51) 1%(38)

125

Unrestrained | Restrained | Unrestrained

126
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Table R24.5.2.1—Serviceability design requirements

Prestressed
Class U | Class T | Class C _Nonprestr
A . Transition between uncracked -
Assumed behavior Uncracked 2 Cracked Cracked
and cracked
Section properties for stress caleula- Gross section Gross section Cracked section No rec at
k 4 No requiremen
| tion at service loads 24522 24522 24523 o
Allowable stress nsfer 2453 2453 2453 No requirement
Allowable compressive stress based :
sy A 2454 2454 No requirement No requirement
on uneracked section propertics
Tensile stress at service loads = i
: " N ’ < -.__4\.' 5 * 1__<J; - No requirement No requirement

24.5.2.1

2423824242 |

non basis

Deflection ¢

Giross sechion

924242

Cracked section, bilinear

2423

i}

2423924242

Cracked section, bilmear

2423,24241

Effective moment of mertin

Crack control

No requirement

No requirement

243

243

Computation of Afl, or f; for crack
control

Side skin remforcement

* [s 0.&25’.'[;? mm-rr)

No requirement

No requirement

[ -
** {u.azs\u', <fo= | metric)

Cracked section analysis

9.7.23

MI(A; = lever ann), or 273f,

9.723

134
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Guide for Design of
Post-Tensioned Buildings
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Slab Types Covered

[]

Slab System

A. Beams + Joist
B. Wide Beam +

Slab System

Narrow Beam +

Flat Slab with
No Drops

143

Tahle 6.2—Preliminary design table for one-
way parking structures (beam and slab system) Vi~
PO O e A T
Basie desiign parametons and assumptions:
+  Losding: DL = Self Weight + % paf(SDL) S ” x
LL = 40 puf
o Slab amd bearm minmm FA = 125 el (0.9 MPa) L
+  Shriskage and serperature minimum FA = 100 pei (0.7 MPs) i p— t
based om AT 31800
o : Li302 MPs)
. A . ims
o3[ Design Parameters i [ Slab Layout
. M 156 E
(36 mm) tog, 10 in. (25,4 mum) bettonr-interior spam. 1.7 in. il
(44,5 mm} bostom-cxterior span
*  Cover o nonpeestressed reinforcement: Bearms 2.0 in. (51 rmm) i ik Sy B |
top and botsom, Siak .25 in. (1,74 mms} top and 0.75 m. {19
mom)
*  Column size: 34 % 24 im {610 x 610 mm} #
L s
T fr=ta
s e oM
Aaterat Muatwrial Temp. atwrial
r i [r— requined Tend. P
wedth configur ation Spanto Span to
(X, | Lyl Lyd o), depth P, Rebar, S, oepth PT, Retar, r, T, Rebar,
L3 L3 Sire, . rata ol ot in rata ol o ) ool o
5,54, 58 132 1A oo | a8 s 06 Lm
1= 60, 60, 60 5 a4y 028 | 0450 | 1634 n: 6180 | 0827 ooe 15 L
6.62,62 wow | 200 lozo| g | oo | o0 | s
LEE] Member sizes || o | aa | va
Eo] 0.0, 60 5 a7 ocal L L
62,62,62 PT Quant'ty 247 | ocar | om | as
o4,90,58 m| oo | om | s
u [(waw | 6 Rebar Quantity || e [on |
62,62, 82 \ TEE T TS [ a7 oos on L
598,58 wa | as e [om | o | om |
n 060, 60 T w1 2327 | a9 | N34 na oam | anz oM 0 T
62,62, 82 Hwib nr 03 | arns (51 08 ey
58 58,58 Ma32 na e | oM .08 0B L4
k-] 60, 60, 80 = 48 oy | o Mals na o400 | arrr 0.108 LE o) Lan
6L6.8 T4x36 mr o2 | o 0108 o8 a8

Book
Extract
of Design
Tables
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Table 6.2—Preliminary design table for one-

[Design Para meters]

LL = 40 psf

Slab and beam minimum F/A = 125 psi (0.9 MPa)

Basic design parameters and assumptions:
Loading: DL = Self Weight + 5 psf (SDL)

way parking structures (beam and slab system)

Ly,

Shrinkage and temperature minimum F/A = 100 psi (0.7 MPa
based on ACI 318-08
Concrete: £, = 5000 psi (34.5 MPa). /°,; = 3000 psi (20.7 MP: _

Assumed final effective force per ¥4 strand tendon = 27 kips

(120 kN)

¥

SR —)

g = Slab Layout

Tendon CGS: Beams 3 in. (76 mm) top and bottom, Slab 1.5

(38 mm) top, 1.0 in. (25.4 mm) bottom-interior span, 1.75 in. ? . .
(44.5 mm) bottom-exterior span
Cover to nonprestressed reinforcement: Beams 2.0 in. (51 mn

top and bottom, Slab 1.25 in. (31.75 mm) top and 0.75 in. (19 =

mm) bottom

Column size: 24 x 24 in. (610 x 610 mm)

——

145

Table 6.2—Preliminary design table for one- way parking structures (beam and slab system)

Slabs Beams TOTAL
Material Material Temp Material
Bay Beam span required required Tend Required
width | configuration Span to Span to
(-dir), | (Lyl Ly2, Ly3), depth PT, |Rebar, size, depth PT, | Rebar, PT, PT, Rebar,
ft ft Size, in. ratio pst psf in ratio pst psf pst psf pst
58, 58, 58 16x32 218 0.290 | 0.827 0.09 0.60 1.28
18 60, 60, 60 5 43.2 0218 | 0450 | 16x34 212 0.290 | 0.827 0.09 0.60 1.28
62, 62, 62 16x36 207 0.290 | 0.827 0.09 0.60 1.28
58, 58, 58 16x32 218 o288 | 0746 | o0.081 0.62 118
20 60, 60, 60 5 48 0243 | 0425 | 16x34 212 o288 | 0.747 | o081 0.62 118
62, 62, 62 16x36 207 o288 | 0.747 | o081 0.62 118
58, 58, 58 18x32 218 0345 | o732 0.09 0.72 1.28
24 60, 60, 60 6 a8 0277 | 0543 | 18x34 21.2 0345 | 0.733 0.09 0.72 1.28
62, 62, 62 18x36 207 0345 | 0.735 0.09 0.72 1.28
58, 58, 58 20032 218 0373 | 0.737 0.10 0.80 137
27 60, 60, 60 7 46.3 0327 | 0.629 | 20034 212 0373 | 0.732 0.10 0.80 137
62, 62, 62 20x36 20.7 0373 | 0.738 0.10 0.80 137
58, 58, 58 2ax32 218 0402 | 0781 | o0.108 0.87 1.48
30 60, 60, 60 7.5 48 03s8 | 0.691 | 24x3s 212 0402 | 0777 | o108 0.87 1.48
62, 62, 62 24x36 207 0402 | 0781 | o108 0.87 1.48

146
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Slabs Beams TOTAL
Material Material Temp Material
Bay Beam span required required Tend. Required
width configuration Span to Span to
(¥-dir), | (Ly1, Ly2, Ly3), depth PT, Rebar, Size, depth PT, Rebar, PT, PT, Rebar,
ft ft Si_zc. in. ratio pif psf in. ratio pif pif pif psf psf
58, 58, 58 ¢ 1Ry32 218 0.290 0.827 0.09
18 60, 60, 60 5 43.2 0.218 | 0450 16x34 21.2 0.290 0.827 0.0% 0.60 128
62, 62, 62 16x36 207 0.290 0.827 0.09 0.60 1.28
Gravity Design Only —
Optimal Solution
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Post Tensioning

Non-Prestressed
Reinforcement

Exterior edge loads

Transverse beams

0.03 (assumed)

0.04 (assumed)

Ib/ft? Ib/ft?
Gravity Loads 0.60 1.28
Should precompression be increased from 125psi N/A -
Should load balancing be increased from 50% N/A -

0.1 (assumed)

0.2 (assumed)

Transfer girders N/A N/A
Lateral load - N/A
Bottom mesh - N/A
Backup and support steel - 0.4 (assumed)
Misc. Steel (trim and openings) - 0.2 (assumed)
Pour strips - 0.3 (assumed)
Restraint - N/A
Punching shear N/A N/A
Total 0.67 2.48
149

150
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151

6.2.3.4 Expansion Joint and Closure Strip Spacing
Guidelines

The following general limitations on the lengths between

closure strips and expansion joints are recommended,

unless other details or methods are specified to mitigate

cracking caused by restraint to shortening:

s If the slab length is less than 250 feet, no closure

strip or expansion joint is necessary.

For slab lengths between 250-325 feet, provide one

ventrally located closure otrip.

If the slab length is between 325 and 400 feet, consider

using two closure strips open for at least 60 days.

o For slabs greater than 400 feet an expansion joint is
recommended.

152
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Arrangement of Shear Walls
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Movement Joints
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423.7-14—Specification for Unbonded Single-Strand |
Tendon Matenals
ACI 423.7 requures the use of encapsulated tendon systems
for applications subject to this Code
160

2020 EduCode Las Vegas - PTI 80



Design of Post-Tensioning Building
Structures

161

& ft maximum per 7.7.6.3.1 (typ.). Refer to 7.7.6.3.2
/\\ for additional reinforcement required

= when ds 4.5t

P 9

|
T
I
|
'
|
I
|
|
|
T
'
|
I
I
|
'
'
'
L

& & 4

!
‘= Slab shrinkage and Beam tendons
temperature tendons
Plan
Beam web width
Ly y L
| TS i |

Beam and slab tendons within the orange area must provide 100 psi
minimum average compressive stress in the orange area (gross area
tributary to each beam).

Section A-A

Fig. R7.6.4.2—5ection through beams cast monolithically with siab.
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action A-A

Fig. R7.7.6.3.2—Plan view at slab edge showing added shrinkage and temperature
reinforcement.
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7.6.2.1 For slabs with bonded prestressed reinforcement,

total quantity of 4, and A, shall be adequate to develop a

factored load at least 1.2 times the cracking load calculated

on the basis of f; as givenn 192 3,

7.6.2.3 For slabs with unbonded tend the

area of bonded deformed longitudinal reinforcement, 4, win
shall be:

Ay min 20,0044, (76.23)
where 4, 1s the area of that part of the cross section between
the flexural tension face and the centroid of the gross section.
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Table R24.5.2.1—Serviceability design requirements

Prestressed
Class U Class T | ClasC_ Nonprestressed
A . Transition between uncracked -
Assumed behavior Uncracked 2 Cracked Cracked
and cracked
Section properties for stress caleula- Gross section Gross section Cracked section No req at
k 4 No requiremet
| tion at service loads 24522 24522 24523 o
Allowable siress a sfer 2453 2453 2453 No requirement
Allowable compressive stress based :
P A 2454 2454 No requirement No requirement
on uneracked section properties
Tensile stress at service loads — o
: " N ’ < -.__4\.' %) * 7 ** No requirement No requirement

24521

Deflection calculation basis

[2423

824242 |

Giross sechon

section, bilin

2 9,24242

Cracked section, bilmear

242

Effective moment of mertin

Crack control

No requirement

No requirement

243

243

Computation of Af,; or f; for crack
control

Side skin remnforcement

* [s 0.&25’.'[;? mm-rr)

No requirement

*k {0.625 fr <y
Al

No requirement

'

—
= |f. rm'[ri.’.'}
v

Cracked section analysis

9.7.23

MI(A; = lever ann), or 2131,

9.723

167

24.5.4.1 For Class U and T members, the calculated
extreme concrete fiber stress in compression at service loads,
after allowance for all prestress losses, shall not exceed the
limits in Table 24.5.4.1.

Table 24.5.4.1—Concrete compressive stress
limits at service loads

Concrete compressive stress
Load condition limits
Prestress plus sustained load 045
Prestress plus total load 0.607
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For slabs with h > 8 in., provide #4 or larger Bars to anchor hairpins
straight bars parallel to slab edge, in in accordance with
contact with or not farther than 4 in. ahead 25.7.1.2 3h/81o hi2
of bearing face of anchorage device PO . :
#3 or larger T -L
hairpins required h=8in h - (top + bottom cover)
ifss 12 in [r*
3 6in. extension 43 ot arger hairpin / Loser larger straight bars
- with minimum inside parallel to slab edge,
bend diameter in contact with or not farther
in accordance than 4 in. ahead of bearing
- with Table 25.3.2 face of anchorage device
| Anchorage .
spacing,s (b) Section A-A for slabs with h > 8 in.
sdin.
Edge hs8in| & h- (top + bottom cover)
RE— of slab -
A A #3 or larger hairpin 3h/Bto hi2
4 T with minimum inside
e e—— bend diameter #4 or larger straight bars
l- —§ Tendon in accordance paraliel to slab edge,
[WP-) with Table 25.3.2 in contact with or not farther
— —_— than 4 in. ahead of bearing
face of anchorage device
¥ ¥
(a) Plan view (c) Section A-A for slabs withh < 8 in.
Fig. R25.9.4.4.6—Anchorage zone reinforcement for groups of 1/2 in. or smailer diameter teridons in slabs (other reinforce-
mant nor hown,
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8.7.5.6 Structural integrity

8.7.5.6.1 Except as permitted in 8.7.5.6.3, at least two
tendons with 1/2 in. diameter or larger strand shall be placed
in each direction at columns in accordance with (a) or (b):

(a) Tendons shall pass through the region bounded by the
longitudinal reinforcement of the column.

(b) Tendons shall be anchored within the region bounded
by the longitudinal reinforcement of the column, and the
anchorage shall be located beyond the column centroid
and away from the anchored span.

8.7.5.6.3 Slabs with tendons not satisfying 8.7.5.6.1 shall
be permitted if bonded bottom deformed reinforcement is
provided in each direction in accordance with 8.7.5.6.3.1
through 8.7.5.6.3.3.

8.7.5.6.3.1 Minimum bottom deformed reinforcement 4
in each direction shall be the greater of (a) and (b):

(a) 4, =4'5‘/f_ﬂ (8.7.5.6.3.1a)
(b) 4, = 300fb"d (8.7.5.6.3.1b)

where b,, is the width of the column face through which the
reinforcement passes.

8.7.5.6.3.2 Bottom deformed reinforcement calculated in
8.7.5.6.3.1 shall pass within the region bounded by the longi-
tudinal reinforcement of the column and shall be anchored at
exterior supports.

8.7.5.6.3.3 Bottom deformed reinforcement shall be
anchored to develop f; beyond the column or shear cap face.

177
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X

Figure .95 - Add Tendons in Exterior Spans
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G SUPPORT

AT 100% BALANCED LOAD
- — —— b—-——-—1—--— NOCAMBER
l ; NO DEFLECTION

I | INITIAL N.A. (NEUTRAL AXIS OF CONCRETE)

PROPER TENDON PLACEMENT AT CANTILEVER
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25.9.4.4.3 For anchorage devices located away from the
end of the member. bonded reinforcement shall be provided
to transfer at least 0.35P,, into the concrete section behind
the anchor. Such reinforcement shall be placed symmetri-
cally around the anchorage device and shall be fully devel-
oped both behind and ahead of the anchorage device.
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EDGE FORM
18" b 1 i
@55 mm) | T (455 mm) |

® 18" (455 mm)
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PENETRATIONS IN THIS REGION A
MUST USE SCHEDULE 40 STEEL PIPE.
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(e) Prestressing force and friction losses shall be venified

by (1) and (2). |
(1) Measured elongation of prestressed reinforcement |
compared with elongation calculated using the modulus |
of elasticity determined from tests or as reported by the |
manufacturer.
(2) Jacking force measured using calibrated equip-
ment such as a hydraulic pressure gauge, load cell, or
dynamometer.

(f) The cause of any difference in force determunation
between (1) and (2) of 26.10.2(e) that exceeds 5 percent
for pretensioned construction or 7 percent for post-
tensioned construction shall be ascertained and corrected,
unless approved by the licensed design professional.
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De-Tension Tendons
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