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PRESENTATION OUTLINE &
OBJECTIVES

*  PARTI-WHY POST-TENSION?

+  Whatis post-tensioned concrete? When does it make sense
to use PT as a structural system? Benefits? Drawbacks?

* PARTII - DESIGN & DOCUMENTATION

+ After deciding that a post-tensioned system makes sense for
your project, how do you go about designing and
documenting?

*  PART Il - CONSTRUCTION ADMINISTRATION

« Afterissuing construction documents for a post-tensioned
concrete design, what can you expect during CA?

* PRESENTATION GOAL

+ Help you decide when, where, and how to use PT while
avoiding common traps.

* PRESENTATION FOCUS

» Practical decision-making, constructability, and field
coordination - not just theory.
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PART | - WHY POST-TENSION?

CONCRETE BEHAVIOR

* The tensile strength of concrete is approximately 10% of its
compressive strength. When it cracks in flexure, there is no
mechanism to regain flexural capacity, and brittle failure
occurs.

¢ When mild reinforced cracks, it engages the rebar and
thus has a much greater flexural capacity than
unreinforced. At ultimate conditions, the rebar yields and
ductile failure occurs.

e Prestressed and post-tensioned concrete add an
additional compressive force to reduce or even
eliminate tensile stresses.

« In prestressed concrete, steel strands are tensioned
before the concrete is placed and then released (cut)
to induce compressive stress in the concrete.

+ In post-tensioned concrete, tendons are stressed after

the concrete is placed and has reached a typical
minimum compressive strength of 3,000 psi.

bending

MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): POST-TENSIONING Concepts; Design; Construction
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PART | - WHY POST-TENSION?

POST-TENSIONING BENEFITS

* Structural efficiency
« Longer spans with thinner slabs
*  Fewer columns and lighter floor systems
* Architectural and height efficiency
* Reduced floor-to-floor height or more floors for

the same building height | L n

« Lower exterior cladding and finish costs ‘ :‘iri.‘; ‘,‘: f
* Material, cost, and sustainability Hel

+ Less concrete and reinforcing steel

* Reduced construction cost and embodied carbon
* Seismic and foundation benefits

* Reduced seismic mass

*  Smaller column and foundation loads
* Serviceability and durability

« Improved crack control with smaller, tighter

cracks
+ Reduced long-term deflections

MNSEA ANNUAL SEMINAR 2026
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PART | - WHY POST-TENSION?

MILD REINFORCED BENEFITS

* Simpler design and construction
* No specialized PT design by the SEOR
+  No PT-qualified suppliers, labor, or stressing
technicians
» No stressing equipment or stressing operations
+ Simpler inspection and quality control during
construction
* Lower upfront cost
+ Reduced mobilization and initial construction
costs
*  Well-suited for simple or isolated conditions
« Often preferred for one-off slab conditions or
simple structures
* Greater flexibility for future modifications
+ Easier coring and creation of new openings for
MEP reroutes
+ No long-term tendon maintenance or protection

MNSEA ANNUAL SEMINAR 2026 SESSION 1: PRACTICAL PT FOR BUILDINGS 5/12/2026 7
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HOW TO DECIDE?

* PT benefits scale with project size
« Greater square footage, more floors, or taller buildings
increase PT efficiency
* Evaluate early
« Perform a cost-benefit analysis during pre-design or
schematic design to finalize the structural system.
* Useinternal cost estimating when available, or consult
trusted suppliers for current cost data
* Consider total project value
» Structural cost is only one component of the Owner's
overall project cost
+  Floor-to-floor height, usable areq, schedule, and
long-term performance may govern
* Construction type and use matter
»  Structural system selection is influenced by construction
type and building use
* Common scenarios where PT is preferred or competitive
+ Mid- and high-rise buildings
» Parking structures
«  Podium slabs (5-over-1 construction)

MNSEA ANNUAL SEMINAR 2026 SESSION 1: PRACTICAL PT FOR BUILDINGS 5/12/2026 8
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PART Il - DESIGN & DOCUMENTATION

CODES

» Building Codes
+ Jurisdiction will be governed by IBC, state, or local codes

»  Provides legal framework and adopts ACI 318. Governs seismic
category, special inspection, and enforcement.

+  Structural Codes
« AC/ 318 - Building Code Requirements for Structural Concrete

«  ACI/PTI 320 - Post-Tensioned Structural Concrete - Code Requirements
and Commentary

« ACI/PTI CODE-320-25 is a new joint code that merges PTI's technical
specialization with the format of ACI's code requirements.

«  Written in mandatory language. Contains PT specific requirements.
« Construction / Material Specification
«  ACI/ 3071 Specifications for Structural Concrete
« Reference standard cited in project specifications.
«  ACI 4237 Unbonded Single Strand Tendon Materials

«  Minimum material requirements referenced by ACI.

MNSEA ANNUAL SEMINAR 2026

IN-LB Inch-Pound Units

An ACI Standard

Building Code for
Structural Concrete—
Code Requirements and
Commentary

Reported by ACI Committee 318

ACI CODE-318-25

( aci W American Concrete Institute
i Aiways advoncing
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TYPES OF PT FLOOR SYSTEMS
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PART Il - DESIGN & DOCUMENTATION

TENSIONING TERMINOLOGY

*  Pre-Tensioning

+ Tendon stressing occurs priorto concrete pour.

+ Common in precast plank, double tees, bridge girders.

» Straight or harped profiles are most common.
+ Post-Tensioning

+ Tendon stressing occurs after concrete pour.

+  Common in building slabs and beams.

*  Profiles can be more easily customized to be whatever you want.
+ Bonded Tendons

+  Concrete (or grout in ducts) hardens and bonds to the tendons.
Tendons transfer compression along their length

* Unbonded Tendons

+ Tendons are placed in sheathing with grease, so no bond. Tendons
transfer compression at anchorages only

For buildings, unbonded post-tensioning is the most common.

MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): Noor Prestressing SESSION 1: PRACTICAL PT FOR BUILDINGS | 5/12/2026 | 12
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'ART Il - DESIGN & DOCUMENTATION

Table 2.1—One-way framing systems

Floor system and layout of post-tensioning tendons

One-way slab and beam

TYPES OF PT FLOOR SYSTEMS

* 1-way systems
* 1-way beam and slab
«  Parking structures and office buildings
* Slab, beam and girder

+ 1-way slab with wide shallow beams

« Onedirection short span, other direction long span

+ If bay geometry is driving 2-way behavior,
force a 1-way system selection.

Table 3.1—Post-tensioned structures: span-
depth ratios for one-way slabs and beams

Suggested span-depth ratios for one-way systems (where LL/DL < 1)

One-way slabs 43

" Narow beams with b= hi3 0
Wide shallow beams with b= 3k 0
ﬂru:-\\'-ly“il.ﬁd* ) J_ a0
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Postlensioning used in: beams, slabs (main and

temperatune}

3to20

Typical span range
{column center-to-conter)

Beams = 501065 1

m

Slabs =150 3011
@5109m)

It

(5to 10 kN/m?)

Slab, beam, and girder system

‘Post-tensioning used in: skabs (main and lemperatuce),

beams, and git

Onc-way slab plus wide shallow beam

(151020

(101012

Slabs = 151020 ft
(#5106 m)

Beams = 50 o 65 i

m)

Ginders =30 10 40 ft

)

Beams = 25 1o 40 ft
Bto12m.

{(SkNfm?)

w

(5 t0 10 KA’y

Light: Up to 100 b/
(5 KNy

Light: Up to 100 Ib/gt®

Light: Up w 100 b4
(§ kNfm?)

Typical additional DL+ LL |

Medium: 100 to 200 b’

Madium: 100 to 200 1b/fE

Comments

+ Commonly used tking
structures but hes also been used
effectively in office buildings with
Tong, spans

* Specialized forming systems
have been designed for this system
tsteel beam forms and large-panel
slab forms)

* Genenully more economical than
spanning a very thick slab between
beams located on column lines

« Commonly used in parking
structures a1 “or-around” aislex
and in other oceupancies with
short-direction spans of 30 (9 m)
and more

= Effeetive for column layouts
with short span in one dircction and
long span in ortkogonal direction

beams span long
direction, slab spans short direction

don't

Post tensioning used in: (&) bea
and (¢) beams and slab

Wide beam with joists (ribbed slab)

oty (5) slab only:

* Used primarily where structural

Posi-tensioning uscd in: beams and joists

Note: Beams and joists should have the same deprhs

Wide: e with skip joists (ibbed slab)

Post.tensioning used in: beams and joists, occasionally

i slab, Note: Beams and joists should have the same

degth

6oll

(1030

Slabs =Typ

[

Boams =

(11017

approximately 3 ft (1 m)

Beams =20 10 35 1t
m)

Joists = 35 10 65 ft

m)

ically

approximarely 3 (o 12
4m]

Joists = 3510 55 ft

m)

©

{510 10 KN/?)

Light: Up 0100 I/t
(5 kN/m)

Medium: 100 10 200 T/

o * Nomally
Slabs= 1R 1025 ft
(5.5107.5m) Medium: 100 to 200 Ih/fi*
€510 10 kN/m?)
depih is limited
Slabs = Typically

- Effective for eohusn layouts
with short span in onc direction and
Tong span in orthogonal direction

* Nommally besms span short dires-
tion snd joists span long dircction

+ Minimized stractural depth

01035 1t t©
(61011 m)

(5 10 10 kN/m?)

Light: Up to 100 1b/ft?
(5 kN/m?)

Medium: 100 to 200 /i

+ Spreads joists as far as possible
without increasing cost of slab

+ Often allows more eff
of post-tensioning in joists (force
per 1 ft (0.3 m] of widthy

Image(s) Source(s): PTI DC209-11 SESSION 1: PRACTICAL PT FOR BUILDINGS | 5/12/2026 | 13
Table 2.2—Two-way framing systems
o I Ispan range
Floor system and layout of posi-tensioning tendons | (column center-ta-center} | Typical udditional DL + LL Commerits o
ey + Lowest formork cos
« Fleaibility in column arrangement
3 = Hat ceiling
Light: Up 10 MO |+ Greacest flexbilty i under-
6N ceiling services layout
210300 « Most efficient if bay size is
(6109 m) @ approximately squarc
Medio: (0010 200 e | RPN R RS
. 5 10,10 ko) be increased using stud rails,
2-way systems Bands i one dinection,imd i forrly A ouathend, o somvesthonal oo
tendons in the other o 7'eu\mmm.:nl7
Flat slab with columa capitals
+ Flat plate
"‘*‘“‘”{"‘,‘\‘,’,"}‘”N" - Effective system for increasing
. . (G ENm) punching shear capacity if archi-
+ Most efficient with square bays 250350 . eeteal sonidertons permi
o {8101l m) -
Medium: 10010200 I | 5, Smallcaps e minor efect on
. 5 ta 10 kN/m)
F I Ot S I a b Bands in one direetion, and uniformly distributed
tendons in the other .
. Column ca pit0|s Flut slab with drop panels
Light: Up t 100 forfe®
. . 5 KN/im?) « Tamger drop pancls can be
» Increased punching shear capacity i octhe in nohelog Tl
[ < B0 Sfeament
Medium: 100 to 200 Ib/fe* = Normally used for longer spans
° Drop pOnelS (5 to 10 KN’y
Bands in one direction, and uniformly distributed
ndons in the o
« Larger panels can reduce flexural demands e
Stab with slab band
. % Light: Up 0 1001 |, ¢y e yery eftective in pancls
Slab bands o o™ | s gt vy e
b 2510401t = i b be
«  Effective for rectangular bays S W e | e S e A
Medium: 10010200 0 | L oot equirements
. 7 Bands in one direction, and uniformly distributed
Waffle slab Table 4.1—Suggested span-depth ratios for cadans fn the ocher
two-way systems (where LL/DL < 1) PRatlE i W ey
- = Mediom: 100 10 20 1hi
Two-way slabs (510 10 kN/m?) + Very effective for heavy loading.
po e 7 = N and relatively fong spans
Tows y slabs with drop panel 3010 601t “
— — ©to18m) « Most clficient if bay sie is
Two-way slabs with two-way beams Heavy: Over 20102 | approximately squarc
e - (10 KN’y
z it botn
Two-way waffle sinb (5 x 5 ft [1.5 x 1.5 m] grid 35 Note: ol she “drops” and “ribs Rave he same ‘
depth P ,
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PT COMPONENTS, TENDON

PROFILES, AND LAYOUT
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PART Il - DESIGN & DOCUMENTATION

PT COMPONENTS

strand paper
noy: Wi
« %" diameter strand e _
(2] Paper-wiapped 1955 - 187G
*  Low-relaxation ASTM A416 {a) Seven Wire Strand  (b) Monostrand Tendon
sheath
. H H H H H FIGURE 3.2.1-1 Unbonded Strand 5
270 ksi (vs 60 ksi for mild reinforcing) S _l%..ﬂp.

« Strand area = 0153 in"2

«  #4rebar=020in"2 e STAMmARD MicHORS

(b) Flastic sheath types 1960 - present

graasa filled plastic cap -
shedth -, tubn: i

+  (270*0.153)/(60*0.20) = ~3.4 more force

* Tendon sheathing

¢ (Crease {c) Encapsulated - PT! recommended system 1485
* Anchorages st cosied anchorayo -
sheath - tubs
« Dead ends, stressing ends, & intermediate stressing AA—#
+ Unbonded tendon systems must be fully {3 Eveotcalyfeckated tendon. 1853
encapsulated by code FIGURE 2 2.1-2 Chrouicle of Major

Developments in Unbonded Tendons (yrs204i

MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): POST-TENSIONING Concepts; Design; Construction SESSION 1: PRACTICAL PT FOR BUILDINGS 5/12/2026 16
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PART Il - DESIGN & DOCUMENTATION

TENDON DRAPE

MNSEA ANNUAL SEMINAR 2026

What is tendon drape for?

o If all post-tensioning in a slab were run at mid-depth
and flat, the result would be uniform compression (P/A)

BANDED TENDON
[~ DISTRIBUTED TENDONS

>
J | |=
n
o

"\ I

only L

o This is still beneficial, but leaving a lot of potential
capacity and deflection control on the table

Maximize tendon impact
o Provide drape

o Cables are given specific heights at regular intervals
along their length

o Results in a specific tendon profile
o Drape is accomplished with slab bolsters and chairs
with support rebar at specific heights

o SEOR typically gives drape (CGS) at supports and mid-
span, and PT supplier builds the rest of the profile

Image(s) Source(s): PTI M10.3-16

SUPPORT REBAR IN SAME PLANE AS DISTRIBUTED
TENDONS (NOT SHOWN FOR CLARITY)

DISTRIBUTED
—— TENDON ——
Y DISTRIBUTED TENDON —
SUPPORT REBAR | \
) -~ SUPPORT REBAR—,
/

Al \ \

— N\ \
= ! \
— \ \
CHAIR WITH CHAIR WITH ?\"t:ﬁ ——
REQ. HEIGHT - REQ. HEIGHT . SLAB BOLSTER ="\

DETAILB DETAILC DETAILD

Fig. 4-2—Distributed tendon support details at columns.
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PT PROFILES

MNSEA ANNUAL SEMINAR 2026

Common Tendon Profiles
o  Reversed Parabola
o  Partial Parabola
o Harped Parabola
o  Straight

o Extended Reversed Parabola

Applied Loads Are Important

o  Parabolicis most common for continuous slabs and beams that are
designed for uniform loads

o  Curvature of tendon profile is what provides lifting effects

o  The parabolic profile mimics the parabolic moment diagrams that
result from uniform loading

o  Fortransfer beams or members that take large point loads, harped
or another profile may be appropriate

o  Forshorter spans, and spans where you don't want upward load
balancing, straight tendon profile may be appropriate

Image(s) Source(s): ADAPT PTRC

3 X1 X3 ke 3 1 X3
X
3 L +—= L
1 = Reversed Parabola 2 = Patial Parabola
Xq X3
A
L
L L L
3 = Harped Parabola 4 =Straight
3 x1 X2 e
L

5 = Extended Reversed Parabola
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PART Il - DESIGN & DOCUMENTATION

WAYS TO LAYOUT PT

-

Bl
* Banded tendons 1{*’}' :::::s
o B\t ]
* Uniform tendons e -/ﬁ?@mm
+ Banded-uniform ek it - j ™ e s , _ over oolumn
Siepe “l\ p ﬁm o1 s (a) Banded-distributed
« Banded-banded | e 18 8 -
* 7WIIL" 3 7 7F£m{m ! | —hr’_kﬁp-—_u_-—)
- rior rior & 1| :
Reinforoement required by Wil f"‘ - = iBa‘Y i o \ + & =8 |
8.6.2.4 not shown for clarity |
WNIlEEeE I l
Et'f = £ — l = \( - | 4
iSRS Corter LI | o] \ ‘ ‘
Extend Imnnm bars Bay Bay o =
:;:;:rlls ) Im]:\:- T T i J ﬁ__ L?—-—\__,-—-, _",—?_
b D . il ‘ ‘ min two strands
' o i 7 ‘ over column
° (c) Distributed-distributed (d) Mixed
Fig. R8.7.5.5.2—Two-way slab system with banded-banded
tendons and minimum bonded deformed longitudinal rein- FIGURE 36.2.1-1 View of Several Tendon
Jforcement between banded tendons. Arrangement Options (PTs1102)
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Image(s) Source(s): ACl 320-25, POST-TENSIONING Concepts; Design; Construction
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BANDED-BANDED

Il

il

= -
005 01 015 02 025 03 035 04 045
inches

Fig. 5.6—Instantaneous elastic deflection contours of distributed-
banded tendon distribution.
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Image(s) Source(s): PTI TN22

0.4

005 01 015 02 025

inches
Fig. 5.7—Instantaneous elastic deflection contours of dual-banded
tendon distribution.

03 035
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|

S

PT TENDON LAYOUT ON PLAN [~ rF £ rd D

r L~ 6.00"
L 04
=t STAR2-SEE 1B E i
X $209.T FOR TEV VN 2
e Horizontal tendon sweeps T | OMENSIONSAND |75 |
5 STEEL FRAMIN
+ Offset columns/walls g = i

+  Around openings e ? 3

* Approximate tendon lengths for one-end, two-end,
intermediate stressing

» <=120 ft one-end stressing

+  <=240 ft two-end stressing
+  >240 ft intermediate stressing required

+ Length limits are a way to control friction losses

e Stressing locations

e 2 continuous tendons over columns for integrity
requirements

MNSEA ANNUAL SEMINAR 2026 SESSION 1: PRACTICAL PT FOR BUILDINGS 5/12/2026 ‘ 21
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PT DESIGN CONSIDERATIONS
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PRELIMINARY DESIGN

1-way or 2-way?

Slab thickness

Span to depth ratios

Be mindful of loss of efficiency at end spans and try to
have shorter end spans or use add tendons

Fire endurance
Restrained vs unrestrained

Minimum precompression

T-way
« Aggressive environment >=200 psi
. Normal environments >= 125 psi
«  Temperature tendons =100 psi

2-way - 125 psi minimum

Increased cover for parking structures due to harsh
environment

MNSEA ANNUAL SEMINAR 2026

Image(s) Source(s): IBC 2018

Approx. Max
Floor System Span/Depth
Ratio
1-way slabs 48
2-way slabs 45
2-way slabs with drop panel 50
(min drop panel L/5)
2-way slab with 2-way beams 55
2-way waffle slab (5'x5' grid) 35
Beams (b h/3) 20
Beams (b 3h) 30
1-way joists 40

SESSION 1: PRACTICAL PT FOR BUILDINGS 5/12/2026 23
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TABLE 721.1(1}—continued
MINIMUM PROTECTION OF STRUCTURAL PARTS BASED ON TIME PERIODS
FOR YARIOUS NONCOMBUSTIBLE INSULATING MATERIALS™

T WINIMUM THICKNESS OF
PRELIMINARY DESIGN N
STHUGTURAL FOR THE FOLLOWING
PARTS TO 8 3k INSULATING MATERIAL USED ooty by
5 e |3 | 2 |1
* T-way or 2-way? hours | hours | hours | hour
Carbonate, lightweight, sand-lightweight and siliceous’ aggregate concrefe
. i Unrestrained members:
Slab thickness ry | Sakdsibe | ol 3 | =
i 4, Bonded or Sl Beams and girders
+  Span to depth ratios cbinded oot & wide . a4y | 2 |1y,
. . tensioned ten- greater than 12" wide 3 |2 1,
* Be mindful of loss of efficiency at end .1:;25 :cl‘apm— Carbonate, Tghtweight, ssnd-Tighiwelght and ilicoous sgaregato
spans and try to have shorter end e Restrained members:* vl g || —
i Solid slabs® i K
spans or use add tendons 412 | Beams end girders aii] a0 |
3" wide A8 ol I [
+ Fire endurance greater than 12" wide V| V| —
TABLE 721.1(3)
. Restrained vs unrestrained MINIMUM PROTECTION FOR FLOOR AND ROOF SYSTEMS®®
THIGKNESE OF FLOGR O wununémmq 5 OF
+  Minimum precompression ool BB CEILING CONSTRUCTION (inchas) (inches)
4 3 2 1 4 3 1
- l-way hours | hours | hours | hour {hours| hours |hours| hour
1. Biliceous aggra-
1 111 70|62 (50|35 —|—]—
«  Aggressive environment >= 200 psi SR Concoss
2, Carbonate 211 66 | 57| 46 |32
* Normal environments >= 125 psi aggregale concrete " | Siab (ceiling not required). Minimum cover over : i i
3. Sand-light- nonprestressed reinforcement shall be not less than %" "
«  Temperature tendons =100 psi weight concrete 311 ! 34 (46 |38 (27| —| — | —|—
L 4. Lightweight -
«  2-way - 125 psi minimum o 411 LR B Tl 6 o e (ESTR [PERSY

Increased cover for parking structures
due to harsh environment

MNSEA ANNUAL SEMINAR 2026

Image(s) Source(s): IBC 2018
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LOAD BALANCING

* Counteract part or all the downward external loads and a
portion of member self-weight.

«  Common economical ranges
«  ~60-70% of dead load for 1-way/2-way slabs
+  ~70-80% of dead load for beams

«  ~100% of dead load for spandrel beams supporting
exterior cladding

* End bays may require more PT for the same span due to loss
of drape from anchorage at mid-height of slab.

* Load balancing does not reverse gravity or remove weight.

+ Load balancing dees create lifting effects that counteract
the moments created by superimposed loading allowing
for thinner (and thus lighter) floors

MNSEA ANNUAL SEMINAR 2026

i i

PR AT

L1

Vo

H""ﬂ-.___/

=

Fig. I - Three-span posi-tensioned beam

':T%) )
v‘* I HD
skl 1
P “p

fa) Free-body diagram of beam after removal of ren-

don

' T

L TENDON

(b) Free-body diagram of tendon

Fig. 2 - Force system between tendon and beam

Image(s) Source(s): Load Balancing: A Comprehensive Solution to Post-Tensioning
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TENDON LOSSES

* Initial Stressing (Transfer)
. For a single %" cable, fpy = 243 ksi and fpu = 270 ksi
. 0.80 fpu controls meaning the max stress is 216 ksi
. %" tendon has cross-sectional area of 0153 sq in
. Tendons are initially stressed to 33 kips per 1/2" cable

. At transfer, the PT forces are higher, and the concrete
strength is lower than it will be at service

. Checks at transfer are a critical part of the design

MNSEA ANNUAL SEMINAR 2026

Table 20.3.2.5.1—Maximum permissible tensile
stresses in prestressed reinforcement

Stage

During
stressing

Location

At jacking end

Maximum tensile stress

Least
of:

0.94,,

0580,

Maximum jacking force
recommended by the

supplier of anchorage device

Immediately
after force
transfer

At post-tensioning
anchorage devices
and couplers

0.707,,

Image(s) Source(s): ACI 318-19
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PART Il - DESIGN & DOCUMENTATION

TENDON LOSSES

MNSEA ANNUAL SEMINAR 2026

¢ Tendon Losses (Short Term)

o Seating at transfer, elastic shortening, and friction

* Tendon Losses (Long Term)

o  Creep, shrinkage, and relaxation

* Resulting Tendon Effective Force (fse)
o Average force of 27 kips per %" tendon after all losses

o  Use this for service/strength design

. |

FIGURE 18.2.3-1 Tendon Force Diagram
Showing Anchor Set Influence
Distance ¢ (PTs558b)

20.3.2.6 Prestress losses

20.3.2.6.1 Prestress losses shall be considered in the
calculation of the effective tensile stress in the prestressed
reinforcement, f.. and shall include (a) through (1):

(a) Prestressed reinforcement seating at transfer

(b) Elastic shortening of concrete

(c) Creep of concrete

(d) Shrinkage of concrete
(e) Relaxation of prestressed reinforcement
(f) Friction loss due to intended or unintended curvature in
post-tensioning tendons

Image(s) Source(s): ACI 318-19
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ALLOWABLE STRESSES

e Often target Class U for design
* Class T can be used for beams
e Class Cis not commonly used

Table R24.5.2.1—Serviceability design requirements [TPrestressed two-way slabs shall be designed as Class U with £, < 6Vf."

Table 24.5.2.1—Classification of prestressed

flexural members based on f;

Assumed behavior Class Limits of f;
Uncracked utl ST
Transition between
uncracked and T 1.5 <fi< 124[f)
cracked
Cracked 5] > 12

uncracked and cracked

Prestressed
Class U Class T Class C Nonprestressed
. Transition betv
Assumed behavior Uncracked ransition between Cracked Cracked

Section properties for stress

Gross section 24.5.2.2

Gross section

Cracked section

No requirement

calculation at service loads 24522 24523
Allowable stress at transfer 2453 2453 2453 No requirement
Allowable compressive
stress based on uncracked 24.54 2454 No requirement No requirement
section properties
Tensile stress at service < [ = . .
<15\ 15 <fis 123 cquiremes
loads 24.5.2.1 <15 <A . No requirement No requirement
Deflection calculation basi 24.23.8,24.24.2 24239,24242 2423924242 24.2.3,24.24.1
e Gross section Cracked section, bilinear Cracked section, bilinear Effective moment of inertia
Crack control No requirement No requirement 243 243

Computation of Af,,, or /. for
crack control

Cracked section analysis

MI(A, * lever arm), or 2/3f;

Side skin reinforcement No requirement

No requirement

9723

9.7.2.3

MNSEA ANNUAL SEMINAR 2026

Image(s) Source(s): ACI 318-25
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ALLOWABLE STRESSES

¢ ACI 318 has concrete stress limits for:

+  Compression immediately after transfer
» Tension immediately after transfer

«  Compression at service loads
e Compressive stress limits do not control often

e Tensile stresses immediately after transfer can get
large in transfer beams, podiums, etc. Additional
mild steel can often help overcome these issues.

Concrete compressive stress
Load condition limits
Prestress plus sustained load 0.4541."
Prestress plus total load 0.60\f.'
MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): ACI 318-25 SESSION 1: PRACTICAL PT FOR BUILDINGS | 5/12/2026

Table 24.5.3.1—Concrete compressive stress
limits immediately after transfer of prestress

Concrete compressive stress
Location limits
End of simply-supported members 0.70f;"
All other locations 0.604f;"

Table 24.5.3.2—Concrete tensile stress limits
immediately after transfer of prestress, without
additional bonded reinforcement in tension zone

Location Concrete tensile stress limits
Ends of simply supported members A
All other locations 3

Table 24.5.4.1—Concrete compressive stress
limits at service loads

29
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FLEXURE

e ACI 318 governs flexural design for PT members

My = HAps fos + As fy) (d" _%)

22.3.2 Prestressed concrete members

22.3.2.1 Deformed reinforcement conforming to 20.2.1,
provided in conjunction with prestressed reinforcement,
shall be permitted to be considered to contribute to the
tensile force and be included in flexural strength calculations
at a stress equal to f.

MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): ACI 318-25 SESSION 1: PRACTICAL PT FOR BUILDINGS | 5/12/2026

22.2.4 Design assumptions for presiressed reinforcement

22.2.41 For members with bonded prestressed rein-
forcement conforming to 20.3 1, stress at nominal flexural
strength, f,.. shall be calculated in accordance with 20 3.2.3

22.2.4.2 For members with unbonded prestressed rein-

forcement conforming to 20.3.1, £ shall be calculated in
accordance with 20.3.2.4,

22.2.4.3 If the embedded length of the prestressed strand
is less than £ the design stress of the prestressed strand
shall not exceed the value given in 25 4 8 3, as modified by
25.4.8.1(b).

30
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ONE-WAY SHEAR

e ACI 318 governs one -way shear design for PT members

e Formulas for shear capacity are different for post-
tensioned members compared to regular mild
reinforced concrete

22.5.6 V_ for prestressed members

22.5.6.1 Tlis section shall apply to the calculation of 7,
for post-tensioned and pretensioned members in regions
where the effective force in the prestressed reinforcement
1s fully transferred to the concrete. For regions of preten-
sioned members where the effective force in the prestressed
reinforcement is not fully transferred to the conciete, 22.5.7
shall govern the calculation of 7.

22.5.6.2 For prestressed members, V. shall be permitted
to be the lesser of F, calculated in accordance with
22.5.6.2.1 and V., calculated in accordance with 22.56.2.2
or22.5.6.2.3,

MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): ACI 318-25

22.5.6.2.1 The flexure-shear strength V, shall be calcu-
lated by (a) but need not be taken less than (b) or (c):

(@) Vo = 0.6A\f7 body + V, +—ﬂ%!u (22.562.1a)
(b) For members with A, £, < 0.4(A,.f, + ALS).
= L7\’ b, d (22.5.6.2.1b)
(c) For members with A,.f., > 0. 4(A,..f, + Af).
V.. = 24\ b.d (22.56.2.1c)
where d, need not be taken less than 0.804, the values of
M., and V] shall be calculated from the load combinations

causing maxunum factored moment to occur at section
considered. and M., shall be calculated by:

My = (F)(6A(F +£-fi) (22562.1d)

SESSION 1: PRACTICAL PT FOR BUILDINGS 5/12/2026 31
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TWO-WAY SHEAR (PUNCHING)

e For 2-way slabs, it is often preferred to avoid drop
capitals, drop panels, etc. to keep the formwork as
simple as possible or to allow for a clean exposed
ceiling.

e Edge and corner columns/walls with large
unbalanced moments or areas with large openings
near columns/walls can significantly reduce the
punching shear capacity.

e For thinner slabs or longer spans, this often means
using stud rails or other in-slab shear reinforcement
to provide added punching shear capacity.

e Exception is at parking slabs that will be exposed to
de-icing salts. Drop caps are a good idea for
additional punching shear capacity

MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): ACI 318-25

\ Outermost [ Outermost |
o B ____m | peripheral | 5 _ s | peripheral
bz N | line of studs «_|.line of studs
PR A% BN Ny
7 N N\
=d lz—r
(typ.)
//
~——~Shear
***** = critical
sections,
= Cross-: sectlonai area of
studs on a peripheral line Edge column
Interior column Slab
edges
9 Qutermost peri
line of studs

Studs with
base rail

\ A, = cross-sectional
area of studs on any
peripheral line

11T [IIIE

=d/2
(typ.)
‘ L __i ~—-Shear
== =t critical
. - sections
Section A-A (s d/e
Corner column

'8.7. 7—Tipical arrangements of headed shear stud reinforcement and critical sections.
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DEFLECTION CONTROL

* Coordinate deflection limits with building finishes
o TL/240 and LL/360 are common limits

o Tighter if supporting CMU/brick, at window supports, etc.

* Post-tensioned concrete is subject to a permanent and sustained
compressive force.

o Deflection analysis needs to model impact of creep, shrinkage,
and concrete cracking

*  RAM Concept has a load history analysis too!

o Allows engineer to define load steps and magnitudes over set
periods of time to walk through the deflections throughout the
life of the slab
= Deflection at transfer when PT forces are higher before losses

and loads are typically lower.

= Dol have too much PT balance force, which is causing upward
deflections?

= Deflection at service when PT forces are lower and superimposed
loads are typically higher.

o Need to envelope the deflection profile and adjust PT design to
meet limits at all stages

MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): ACI 318-25 SESSION 1: PRACTICAL PT FOR BUILDINGS | 5/12/2026 | 33
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MINIMUM BONDED REINFORCING Table 8.6.2.3—Minimum bonded deformed

longitudinal reinforcement A; i, in two-way slabs
with bonded or unbonded tendons

e |If tensile stresses in 2-way slabs at positive moment
regions are small (<2*Vf'c), no additional bonded

rebar is required. Calculated f; afterall
Region losses, psi Agmins In?
* If tensile stresses exceed 2*Vf'c, As.min is required. B PPN Rt oagiced (@)
Often this is bottom steel at mid-bay. Positive 5
moment . e
+ If you are close to the limit, you can sometimes 2T <fi<6\f 0.5/ (b))
add additional PT force to bring the stresses Negafi
%1 /F! . . egative
below 2*Vf'c to avoid As.min. riomientat <6\ 0.000754, (o
« Maximum fy is 60 ksi. columns

MThe value of f; shall not exceed 60,000 psi.

12IFor slabs with bonded tendons, it shall be permitted to reduce A, ,;, by the area of
the bonded post-tensioned reinforcement located within the area used to determine
N, for positive moment, or within the width of slab defined in 8.7.5.3(a) for negative

* At negative moment regions at columns, As.min is
always required.

moment.
* Evenif holding tensile stresses below the theoretical
modulus of rupture, some amount of minimum
bonded reinforcement is still required
MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): ACl 318-25 SESSION 1: PRACTICAL PT FOR BUILDINGS | 5/12/2026 | 34
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DESIGN FOR CONSTRUCTABILITY

e Friendly reminder, it all must fit.

* Consider the PT beam end view at the right.

+ How does the detail need to change if they need
additional tendons?

* What if the column’s longitudinal rebar is not
perfectly placed?

+ How do all these anchorages possibly interact
with the slab and other beam rebar not shown?

Fig. .

MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): PTI DC209-11

—
|

\—Fl BEAM
\CDU.NN'HEBM

PT BEAM END VIEW

1. 5—Post-tensioned beam end view with OGS location.
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BALCONIES

*  Where possible used fixed end anchorages at
sloped balconies to avoid water flowing around or
even into the grout pockets.

* If you have tendons running in/out of the page, be
conscious that tendon drape will be decreased due
to slab step and sloped top surface.

* PT anchorage needs to be coordinated with railing
posts. These are sometimes top mounted and other
times side mounted.

WHERE POSSIBLE, FIXED END
ANGHORAGES AT BALCONY.
SEE PLAN

5
VARIES - SEE PLAN

4 BARS CONT. T&B

HAIRPIN @ 12° T&8

[N——

BARS @ 12" TAB /

HOOK @ EDGE
OR EXTEND 30"  —
BEYOND BALCONY

BLOCKOUT AT RALL POST '

AT SLOPED BALCONIES

NOTES.

1. ALL POST-TENSIONING TENDONS EXTENDING INTO BALCOMIES SHALL BE AN
ENCAPSULATED SYSTEM (PTI RECOMMENDS ALL POST-TENSIONING FOR
STRUCTURES DESIGNED WITH ACH 316 TO BE ENCAPSULATED SYSTEM).

2, SEE PLAN FOR ADD'L REINFORCING AND POST-TENSIONING TENDONS NOT SHOWN.

Fig. 4.1—Sample section at stoped balvony. (Note: 1 in. = 254 mm; | fi = 03 m.)

MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): PTI DC209-11
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POUR STRIPS &
CONSTRUCTION JOINTS

e Forlonger buildings and those with stiff shear walls,
pour strips are an important detail to avoid restraint
cracking in the slab.

e Pour strips create a temporary release so the slab
can shorten before being locked in.

e Try to consider this early in design. Being able to
design the slabs as self-supporting can be a big
time and money saver on projects to avoid the need
for backshoring.

« Pour strip locations affects schedule, stressing
and detailing.

e Construction joints can be either stressed or not
stressed depending on the condition.

MNSEA ANNUAL SEMINAR 2026

Image(s) Source(s): PTI DC209-11

(CONSTRUCTION JOINT
SLAB REINFORCEMENT

SECOND CONCRETE
FIRST CONCRETE
HRsToON: ‘( PLACEMENT (CONTINUDUS)
P ‘*— —— SPLIT FORM /
! |
s

ADD'L REINFORCEMENT AT MID-DEFTH
s

TENDON
EE STRUCTURAL DRAWINGS (CONTINUCUS)

DOWELS SO AS NOT TO

a) NON-STRESSING CONSTRUCTION JOINT
PLACE 5
PLAN VEEW INTERFERE WITH STRESSING

@)

AR KEYS BETWEEN
ANCHORS, 3" CLEAR

SHEATHING REMOVED
FOR STRESSING

|-—'~—-|

8

Fig. 5.9—Pour strip.
INTERMEDIATE
CAP

PROTECTION SLEEVE

o ATTACH CAP AND SLEEVE TO
Ll ANCHORAGE AFTER STRESSING

e

SPLIT PLASTIC POCKET FORMER

ANCHORAGE AND POCKET
FORMER ATTACHED TO EDGE FORM

NOTE: ADD'L REINFORCEMENT/SHEAR KEYS
SAME AS FOR NON-STRESSING JOINT

b) STRESSING CONSTRUCTION JOINT - ENCAPSULATED SYSTEM

Fig. A7—Construction joints. (Note: I in. = 25.4 mm.)
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ADD TENDONS

* Add tendons are often needed at end spans where
tendon drape is less efficient due to anchoring at
mid-height.

e Add tendons are also useful for areas with
deflection, cracking, or vibration concerns.

e For add tendons, stagger anchorages to avoid large
stress concentrations that can locally blow out the
slab.

e Additional rebar is needed to engage the
surrounding slab.

* Make sure to consider how they'll be stressed.
Locating the live ends in the middle of the building
can create the need for stressing box outs.

MNSEA ANNUAL SEMINAR 2026

Image(s) Source(s): PTI DC209-11

SEE TENDON LAYOUT FOR DIMENSIONS |

SUPPORT BAR
e

ADDED TENDONS ARE GROUPED
WITH CONTENUQUS STRANDS

#4 T & B TIED TC ANCHORAGES
EXTEND 6" PAST LAST ANCHCR (TYP.)

a) PLAN VIEW

AT MID-DEPTH OF SLAB. STAGGER 12 IN, IF

FIXED-END ANCHORAGES, PLACE HORIZONTALLY l
MCRE THAN TWO ANCHORAGES ‘

T2

I— CONTINUOUS TENDON

T/2

SUPPORT BAR AND CHAIR
b) ELEVATION VIEW
Fig. A9—Added tendons. (Note: 1 in. = 25.4 mm.)
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Table 6.7—Preliminary design table for two-way office buildings (flat plate or flat slab system with
D E S | ( i N no drops used in calculation)
[
‘ P TN N [ O T |
Basic design parameters and assumptions: [ | | N — i
* Loading: DL = self-wsight + 12 V1L (06 kN/a) (SDL); LL = 50 15 T 1
o (24 kN/m?) (no reduction) + 15 Ib/ft* (0.7 kN/m?) (partitions} {live load £ i | |
Table 6.1—Post-tensioning estimate checklist esbickim permilled.pec bol Wing gode) £ | I | |
— « Slab minimum FIA = 125 psi (0.9 MPa) based on AC1318.08 . gi —. <k SOy —
Post-tensioning, Nonprestressed * Conerete: [’ = 5000 psi (34 MPa); £ 200 psi (21 MPa) . i L F i i i
Tt [ bt reinforcement, /it - ﬁ:’j‘m&.: fimal effective force per 05 in. (12.7 mm) strand fendon =27 kips (d 5 & | ! ; i
Refer o design " . + Tendon CGS: Slab — 1.5 in. (32 mm top; 1 in. (25 mm) hottom intermal . ' . [l '
Gravity loads ante " | Refer to design table pen: .73 in. (44 ram) betion exterioe gpan b o
= - + Cover 1o nonprestressed reinforcement: Slab 1 in. (25 mm) top and | 5 | | | |
Are higher FIA tequiremens. Add ir e 0.75 in. (19 mm) bowom | J | | |
_ appli  (»125 psi) pplicabl + Column size: 24 x 24 in. (610 x 610 mm) ' ‘ |
Should minimum load Add if _ i ey
k ing exceed 50%7 licabl — — — = -
- S [P Slab - banded direction X | Slab — unifarm direction ¥ | Total”
Exterior odge Toads applicable Add if applicable By width Siab | Spon- Mateia reguired Matein reuired Materia! required
- — A&d '1: e e (w-direction), Slab spans size, | depth PT, Reinforcing PT.? Reinforcing
f e 2 7 at, T/ 2 inforei :
Concentrated Taads i i Add if applicable t (Lyy, Lyz, Lysl | in. | ratio | Ibfid b, IbAY bt bar, Infi! | PT, I | Reinforcing bar, Ihife
L. = S 75 | 400 0359 0215 | 080 034
. Add af Y s 20 405 0386 0.254 0.63 039 =
Transfer girders ppli Add if applicable - S e Fe S oz
Lateral loads — Add if upplicable L 0349 0249 0.6 041
sy -] 80 | 405 0389 0260 069 048 B
Backup and support sleel = 021004 - 85 | 424 0449 0318 075 0.55
Miscellaneous trim steel = 021604 85 | 424 0318 0297 071 059
b 30 835 | 424 0.383 0.310 0.363 0.310 035 0.62 .
Pour sirips = Add if applicabl . 50,3030 | 835 | 424 | 0390 0332 044 0371 084 071
- - : 25,2525, | 10.0 | 420 | 0498 0.372 _0a0s 081 068
T3 = Add it spplicable: 35 am,21,27 | 100] 420 | o030 0354 0342 084 070
" o Add punching shear reinforcement or | 30,30,30 | 100 ] 420 9.497 0385 | 0400 0394 090 0.78
Punching 3 drop caps and/or dmp P;mg]s 15 Teg Ui "Punching shear reinforceacol requircments 10 be detevmined hy engineer. Allowance 1o be made in estimite
. e Mates: |t = 03048 m: i, = 25.4 mims LI = 0.0 kN/m.
Total
Maote: | I = 0.05 kN/m?; 1 psi = 0.007 MPa,
MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): PTI DC209-11 SESSION 1: PRACTICAL PT FOR BUILDINGS | 5/12/2026 | 39
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COMPUTER-BASED ANALYSIS
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2D EQUIVALENT FRAMES

e Procedure is to take strips of slabs and idealize as

equivalent frames (a) DESIGN STRP IN PROTOTYPE
¢ Slab loading, moment/shear diagrams, and tendon i 9 —— 10 —r— 106 — 105 _l_‘;o-ﬂ
profiles are all evaluated one at a time ‘ l N,
* Design for each equivalent frame takes place in its own B Ij_+——‘ T ‘+— —f:l-
independent model. Engineering judgment is required —_ ]
near irregular geometry, openings, etc. (b) STRAIGHTENED DESIGN STRIP
.~ IDEALIZED
* Final design is documented by taking the results from S \_
each equivalent frame and compiling all together = )
(Bjr - . & = 1 : _+
I i i
* Equivalent frame method is also useful for quick s e S S
evaluations during SD or pre-design where the effort to “ ACTUAL
build a full FEA model is not yet practical (c) IDEALIZED TRIBUTARY FOR DESIGN
T APAPTRCRE s commonly used program | CONSTRUCTION OF DESIGN STRIP IN PLAN
FIGURE 2.3.1-1
MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): PTI TN11 SESSION 1: PRACTICAL PT FOR BUILDINGS | 5/12/2026 | 41
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3D FINITE ELEMENT ANALYSIS

* Procedure is to build a full 3D model to perform FEA

* Design strips are used to define slab properties and
lay out spans

* Slab loading, moment/shear diagrams, and tendon
profiles are evaluated for all spans simultaneously

* Final design is all contained in one model

* RAM Concept is commonly used program

MNSEA ANNUAL SEMINAR 2026 SESSION 1: PRACTICAL PT FOR BUILDINGS 5/12/2026 42
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Meshing Parameters

3D FINITE ELEMENT ANALYSIS Ras e e AR

Element Size: 2 feet

(] Don't show this again

Generate Cancel

MNSEA ANNUAL SEMINAR 2026
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3D FINITE ELEMENT ANALYSIS

Loadings
Add Loading Delete Loadings...
Loading Name Loading Type Analysis On-Pattern Factor Off-Pattern Factor
f A t ® 1 1
Dead Loading Dead Normal 1 1
Live (Reducible) Loading Live (Reducible) Normal 1 1

"On-Pattern Factor" is a factor that is applied to loads that fall within the loading pattern when performing pattern loading calculation; it often has a value of 1.00 or 0.75

"Off-Pattern Factor" is a factor that is applied to loads that do not fall within the loading pattern when performing pattern loading calculation; it often has a value of 0.00

MNSEA ANNUAL SEMINAR 2026
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3D FINITE ELEMENT ANALYSIS

All Dead LC
Name:  All Dead LC More >>
Dead + Balance LC
Name:  Dead + Balance LC More >>
Initial Service L
Name:  Initial Service LC More >>
Service LC:D + L
Name:  Senvice LC:D + L More >
Sustained Service LC
Name:  Sustained Service 1C More >>
Fesli
L Gt
e :”" ] Factored LC: 1.4D
Name: Factored LC: 14D More >>
Factored LC: 1.2D + 1.6L
Name:  Faetored IC: 1.2D + 161 More >>
MNSEA ANNUAL SEMINAR 2026 SESSION 1: PRACTICAL PT FOR BUILDINGS 5/12/2026 45
Concrete Mix
Add Concrete Mix Delete Concrete Mixes...
Mix Name Density Density For Lo fci fe feui fou Paisson’s Coefficient of EcCale User Eci User Ec
(pcf) (pcf) (psi) (psi) (psi) (psi) Ratio Thermal Expat (psi) (psi)
5000 psi 150 Density 3000 5000 399 02 5.556e-6 Code 2500000 3000000
6000 psi 150 Density 3000 6000 7450 02 5.556e-6 Code 2500000 3000000
7000 psi 150 Density 3000 7000 02 5.556e-6 Code 2500000 3000000
PT Systems
Add PT System T Y
fse Long-Term Losses Minimum Radius
System Name Strand Duct Anchor ks) ksi) (feet)
%" Unbonded V2" Unbonded 2" Unbonded %" Unbonded 1764 22 6
Add Strand el
Aps Eps fpy fpu
Srand Warrie (in%) (ksi) (ksi) (ksi)
%" Unbonded 0.153 28000 243 270
Add Duct Delete
Duct Height Duct Width Max Strands Wobble Friction s
Duct Name Type Shape Material Qachas] Py per Dick bips Angular Friction
2" Unbonded Unbonded Round Tightly Sheathed 0.5 0.5 1 00014 0.07
MNSEA ANNUAL SEMINAR 2026 SESSION 1: PRACTICAL PT FOR BUILDINGS 5/12/2026 46
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3D FINITE ELEMENT ANALYSIS

a

General Strip Generation Column Strip Middle Strip Live Load Reduction

CS Cross Section Trimming None
CS Inter Cross Section Slope Limit 0.25
CS Top Bar #5
CS Bottom Bar  #5
CS Shear Bar  #4 v

CS Top Cover

CS Bottom Cover 1 inches

CS Legs in shear reinforcement 2
CS Shear Effective Depth Calc  Maximize Effective Depth
CS Min. Shear Reinforcement Requirement Code v
CS Torsion Design  None
CS Design System One-way Slab »
CS Span Detailer Code v
CS Code Min. Reinforcement Location  Elevated Slab v
CS Min. Top Reinforcement Ratio 0
CS Min. Bottom Reinforcement Ratio 0
CS Min. Precompression 0 psi
0

CS Max. Precompression psi

inches

oK Cancel
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3D FINITE ELEMENT ANALYSIS
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3D FINITE ELEMENT ANALYSIS

-

General Advanced

PT System

Strands Per Tendon

CGS to Duct Centroid Offset
Elevation Value at end 1
Elevation Reference at end 1
Elevation Value at end 2
Elevation Reference at end 2
Inflection Point Ratio

(] Harped

MNSEA ANNUAL SEMINAR 2026

2" Unbonded
26

0

27

Above Soffit
11

Above Soffit
0.2

OK

inches

inches

inches

Cancel
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3D FINITE ELEMENT ANALYSIS
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3D FINITE ELEMENT ANALYSIS

MNSEA ANNUAL SEMINAR 2026

Stress diagrams by design strip
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3D FINITE ELEMENT ANALYSIS

MNSEA ANNUAL SEMINAR 2026

Moment diagrams by design strip
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3D FINITE ELEMENT ANALYSIS

Shear diagrams by design strip
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3D FINITE ELEMENT ANALYSIS

Load History

Add Load Step Delete Load Steps...

Load History Step Name

Load Combination ?:;;:;) d 'F(l;t;;:;ge
Maximum Short Term Load Initial Service LC 30
Sustained Load Sustained Service LC 5000
Final Instantaneous Load Service LD + L 0

Define load history analysis steps and load combinations
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3D FINITE ELEMENT ANALYSIS

Color contour deflection plots
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PART IIl - CONSTRUCTION ADMINISTRATION

PT SHOP DRAWINGS
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PART lll - CONSTRUCTION ADMINISTRATION

PT SHOP DRAWINGS

T T 7T %
B Eoa | W | aff 14
25PA@ 411 65PA@AI" ‘ 85PA @1 | 6SPAG AT ) ?
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PART IIl - CONSTRUCTION ADMINISTRATION

PT SHOP DRAWINGS

Pour| Pour| Pour| Pour| Pour AMSYSCO PL/EA MIN FORCES FROM ADAPT
BMUT] Length WIN | MAX| MIN | MAX [ MIN | MAX] MIN | MAX] [MAX]
5 4 3 2 1 Mark| Color B (FT) | Type A2 Ad | A5 A1 Al A2 | A2 A3 | A3 A5 Al A2 | A3 | A4 | A5

66 [CO |NOCOLOR| B 169 2 68.0 7.56 | 8.70 | 524 | 6.02 28.32|28.65
8 [C1 [BLU B 42 1 3.10 | 3.56 28.32

11 [C2 |RED B 171 2 71.0 749 [ 861)]545[6.27 28.32|28.32

27 |C3  [WHT B 168 2 68.0 7.49 | 8.61) 524 | 6.02 28.32|28.65
4 ]|C4 1ELK B 44 1 325|373 28.32
8 7 C5 [YEL B 23 1 152|174 26.73
7 €68 |ORG B 58 1 56.0 433|499 28.72
3 C7 |BWN B 53 1 51.0 3.96 | 4.56 28.56
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PART lll - CONSTRUCTION ADMINISTRATION

PT SHOP DRAWINGS

MNSEA ANNUAL SEMINAR 2026

* Anchorage zone reinforcement with hairpins

9" MIN. (230 mm)

ADD BARS AS REQUIRED TO
SUPPORT HAIRPIN IN PLACE

———— HAIRPIN FROM 3/8h TO 112h
FROM BEARING SURFACE
. OFANCHOR

NO. 3 (10M) (MIN.)
HAIRPIN BARS
TOTAL PROVIDED
EQUAL TO NUMBER OF
ANCHORAGES PLUS 1.

Fig. 4-3

ge zone reinfc

Image(s) Source(s): PTI M10.3-16

' #4 (13 M) BACKUP BARS IN CONTACT TO 1/2h
FROM BEARING SURFACE OF ANCHOR
AND PLACED BETWEEN HAIRPIN AND
BEARING SURFACE OF ANCHOR

2 HORIZ. NO. 4 (13 M) BACKUP
= BARS EXTEND 12" (305 mm) MIN.
/" BEYOND EACH SIDE OF
Pa ANCHORAGE GROUP

D

1" (305 mm) MIN.

L

= Il
> | —— ANCHORACE SPACING

f L.l = 12" (305 mm) OR LESS

1B

it with hairpins for groups of single strand tendon anchorages in siabs.
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PART lll - CONSTRUCTION ADMINISTRATION

PT TENDON LOSSES

2 - TENDON STRESSES [ksi] 4 - SUMMARY
- —n_ _— Average initial stress (after release) 195,69 ksi
Friction Loss Long Term Losses Long term stress losses . 10.57 ksi
J— = — - Final average stress ... . * 185.12 ksi
Final average force in tendon .....ceciececsereccncnncans 28.32 13
7 o ~ 1 Anchor set influence from left pull (202.05ksi;0.748) .. 46.85 ft
N ii Elongation at left pull before anchor set . 8.389 inch
/ Elongation at left pull after anchor set .. 8.139 inch
Total elongation after anchor set ...............ccncunns 8.139 inch
O T T I I I A I TN NN | Ratio of total elongation to
intilever Span 1 Span2 Span 3 Right Cantileve tendon length after anchor set . 0.082 inch/ft
Jacking force 33.05 k
3 - TENDON PROFILE [in]
CRITICAL STRESS RATIOS :
At stressing 0.800; At anchorage 0.705; Max along tendon 0.748
wf 10.78875 1078875 1
841: =
nd
" * Sources of losses
4 ¢ Friction
v~ o o W el B s i s e R 1 e Seating (anchorage) loss
Left Cantileve 1 $ 2 3 Right Cantil H H
ilever Span oan %pan it Cantloue » Concrete elastic shortening
e Concrete creep
e Concrete shrinkage
e Tendon relaxation
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ISSUES IN THE FIELD
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PART Ill - CONSTRUCTION ADMINISTRATION MBS DR
PT STRESSING RECORD immn
TENDON ELONGATIONS e e e
Site Address | 800 £ 26% Street | Di--fMM!_
Client | Allina weather | Su~+7
Floor/Pour # | Floor 2, Pour 1 Avg CIPPOC Strength 130 ¢57
Common to stress when concrete reaches a ((: suck sutet 8. 1000 205, 285 P
201401 , 2012033
ini i i 3| Gauge serial # | 33,5547 Gauge Cat, Date | & |20 | 202 4
minimum compressive strength of 3,000 psi. —— - prem— Y i A
Terracon Insp. | Muluneh lss%n:‘l Signature fﬂfuﬂ-— -~
Elongation acceptance +7% stressea by (S © st | o [21 2024
209 (a2tes CUTERAES
« Often PT shop drawings show min and max e -
) S [FY— R [ P——
allowable elongations. | B Il R o) Py S
€211 12 §4oc 12 19 (1 ws |
. . €212 SYee 1o 10l 9% 107/8
Stressing Reports are often handwritten and s cuas | ok e | amie ]
numbers can be hard to read san 5“-1-“:"— e '“N ez
. I 4 19 9% 107/8
Cewe Losmal | Tewd Jo% [ ewe [sm |
Inspector should indicate any issues or out of the Q2 JI 35— 5:;“4 sve | ez | —
. . Q3 ¢ % 6% sus & 7/8
norm occurrences in the comments to help Engineer S |‘ (o, ¥ sin | in
; ? %P AT
review | 2.8 [ Wi} 68| sus 6718
7 Q26 | 68T 6% | s 68
A a2 & %z leYls) sus | sws |
Real world elongations may be too short or too long. azs 6/ ,w,e,':fs, sus
| _cas 6 Y5 6 | sy
* See PTITN #16, PTI FAQ #6, and Structures 210 &Yy 6;« sus
. . . ¥l & 6% | 5o
Magazine March 2025 for more information on (| oy P2 I T
out of tolerance elongations. Page 1]10
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PART lll - CONSTRUCTION ADMINISTRATION L CORRECT ~ INCORRECT | INCORRECT
| ] |
— o el | R et 1 |
ISSUES IN THE FIELD i T
ELEVATION
Incorrectly installed anchors and pocket formers. A &

MNSEA ANNUAL SEMINAR 2026

* Rainwater or concrete can get inside anchor or
pocket former.

« Encapsulated system can be compromised.

« Concrete in the anchor can negatively affect
stressing operations

+ Tendon eccentricity during stressing.
» Broken/damaged anchors or pocket formers.

¢ Reverse curvature

Image(s) Source(s): PTI M10.3-16

60 DEGREE POCKET FORMER PLAN VIEW

Fig. 4-1—Anchor and pocket former to be insialled perpendicular to edge form.
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PART lll - CONSTRUCTION ADMINISTRATION

ISSUES IN THE FIELD

e Tendons grouped together into bundles too soon.

« Plastic flutes get bent/cracked.
+ Encapsulated system can be compromised.

« Hairpin bars can get twisted to fit between tendons

-t REINFORCING TO BE DISTRIBUTED WiThiin |
MAX. HOAR ONTAL AR WIDTH W+ 1.5T
SLOPE ANCHORS RACED
\ VERTICALLY UNIFORM TENDONS SPACED n n TiMES. SUMECOS
d SABTHICHNESS (MK, 203
Js¢ SACE BARS \t
n AT i
P = a— i
surcar auss 27w 1 —

[SEE SURORT 5LAN)

—— f | -
AT BANDED TENDONS.

é\k =

a) SLAB THICKNESS GREATER THAN OR EQUAL TO 7 INCHES

HEWFCROING - STE PLAN
DISTRIBLTE WITHIN MAX WIDTH W o 3T

F
el amcuons acxo
|/ Homizoum

=] =
— 3
BANDED TERDGNS T
MAX S PER BUNDLE
L i HAX. HORIZONTAL
Ly = - NGTE: MIN. TWO TENDONS EACI WAY [op
(SEE SUPPORT FLAN) = Lo ad 0 PASS DIRECTLY OVER COLUMNS.
K AR, MIN 2 TENDONS PARALLELTO
3 A s AEQURED e i - UNSLP PORTED S8 £DGE
ARNIRES TEoRS T THIGOESS 07 SLB 4 SHEAR CAP

O OF COLLMN PLUS SHEAR €A

b) SLAB THICKNESS OF LESS THAN 7 INCHES

. . Fig. Ab—Two-way slab system exterior columns. (Note: [ in. =
Fig. 7.6—Haorizental flare of tendons at anchorage zone. 254 mm.j
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PART lll - CONSTRUCTION ADMINISTRATION

EDGE FORM \
ISSUES IN THE FIELD O ik )
* Penetrations near anchorage zones
. 4
+ Tendon compressive force can crush sleeves
within shaded region. N ol e
) ) . SRR ) \
» Provide Schedule 40 steel pipes (or approved N \
equal) to protect the sleeve from crushing. SO BN Nt
e e e PENETRATIONS IN THIS REGION /
\ /_nrll mjﬂggg&gg%&ﬁﬂmiLPwE. / // PENETRATION
45 BEG. TV, -~ //7
o2
lﬁ Flg. 4-5—Penetrations near tendon anchorage zone.
e Caution: Electrical, mechanical, and railing sleeves are not to be installed after the PT inspection.
Z‘m. /l . J \‘ * Hatched region can be quite wide at banded tendon
T pemmoenme oo regions. Plan with other team members to have them avoid
BSQUES STEL PIFE IRGAAT N ) . )
..w..‘..u.m.wm.m this region, if possible, to reduce sleeve cost.
RERTIR THAN 11 REGUIRL TN ARG
Fig. Ad—Reinforcement at anchorage zone penetrations. (Note:
lin =254 mm.)
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PART IIl - CONSTRUCTION ADMINISTRATION

ISSUES IN THE FIELD S

I _~—HAIRPINS IF NEEDED
T

— 2" (25 mm) MIN.
BETWEEN TENDONS

. f
* Tendons too close to openings. wlm

e There will be other mild trim bar around most
openings.

OPEN

S
T #4 (13M) BAR MIN.
TOP AND BOTTOM

+ Tendons too close to edge of concrete can cause
blowouts.

NOTE: REFER TO DESICN DRAWINGS FOR PROJECT SPECIFIC REQUIREMENTS
Fig. 4-6 —Typical detail of tendons deviating around an opening and tendon sweeps,
* Missing hairpins at horizontal sweeps and not
separating tendons through sweeps

+ Tendons straighten out and can cause blowouts A FYHAIRPINS @ 12706

without hairpins to restrain them.

PROWIDE @3 HAIRPINS WHERE

TEMDON SLOPE EXCEEDS 1712

+ If tendons are not separated, they can roll over
one another and damage sheathing or even

cause tendons to break.

* Sweeping tendons too close to corner of opening. N 3 L QETR AN T i

+ Tendons too close to edge of concrete can cause

blowouts.
MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): PTI M10.3-16 SESSION 1: PRACTICAL PT FOR BUILDINGS | 5/12/2026 | 67
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PART Ill - CONSTRUCTION ADMINISTRATION
ISSUES IN THE FIELD . .
A-HIGH POINT __ TENDON " seeciriep pesion \\
| PROFILE TENDON PROFILE |
* Reverse curvature puts unintended forces on 2 ,,%‘
members i SPECIFIED DESIGN / R |
: TENDOM PROFILE | CURVATURE
« Can cause concrete to split in tension r[ J Low poT B (
b2
«  Can cause blowouts suprorT "
Fig. 4-9—Tendon profile in beam.
*  More likely in deeper/longer members because it
can be hard to see the reverse curvature
sometimes.
»  Be careful about tendon support heights to make
sure this doesn't occur.
Fig, 4-10—Result of reverse curvature.
MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): PTI M10.3-16 SESSION 1: PRACTICAL PT FOR BUILDINGS | 5/12/2026 | ¢8
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PART lll - CONSTRUCTION ADMINISTRATION

ISSUES IN THE FIELD

¢ Conduit and other in slab non-structural elements
can be a big challenge.

* The conduit installer needs to be knowledgeable
about PT to ensure appropriate installation occurs
that does not affect the design.

Fig. 8.4—Large group of conduits in slab.

MNSEA ANNUAL SEMINAR 2026 Image(s) Source(s): PTI DC209-11 SESSION 1: PRACTICAL PT FOR BUILDINGS | 5/12/2026 | 69

69

PART lll - CONSTRUCTION ADMINISTRATION

ISSUES IN THE FIELD

e Poor concrete consolidation at anchorage area.

* Good concrete vibration is key in these areas.

Fig. 8.5—Poor concrete consolidation in anchorage area.
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LEARNING FOR ANOTHER DAY
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5/12/2026

n

71

TOPICS NOT COVERED

PT specifications

PT general structural notes

Transfer beams

Podium slabs

Transfer caps

Slab steps

Vertical PT

PT foundations and ground anchors
External PT

Bonded PT

Design for lateral loads in moment frame buildings
Torsion

Mat (raft) Foundations

PT slabs-on-ground

Seismic design of PT Floors

Sport courts

Vibration
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ADDITIONAL LEARNING

< PTI

April 2026 Webinar - PT Documentation from
Design to Construction: Best Practices
Post-Tensioning Manual 7th Edition

PTI DC20.2-22 Restraint Cracks and Their
Mitigation in Unbonded Post-Tensioned Building
Structures

PTI M10.3-16 Field Procedures Manual for
Unbonded Single Strand Tendons

PTI DC20.9-11 Guide for Design of PT Buildings
(17) FAQs and (24) Technical Notes (TN)

* Post-Tensioning Concepts; Design; Construction by
Bijan O. Aalami

* ACI 320-25 Post-Tensioned Structural Concrete Code

* ACI 42310R-16 Guide to Estimating Prestress Loss
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