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Design & Construction of PT Buildings

Intro to PT, key benefits, applications & systems

Juan Maier, Head of Business Development
BBR VT International Ltd, Switzerland

Outline

= |ntroduction to post-tensioning

= Key benefits of using post-tensioning

= Terminology of post-tensioning parts

= Post-tensioning materials & properties

= Testing & approval of post-tensioning systems

= Typical post-tensioning systems & their applications
= Benchmarking post-tensioning system performance




Outline

= |ntroduction to post-tensioning

“A dream for engineers and architects, a
delight for developers and a great tool
for builders.”
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University buildings (Plymouth UK)

"

History of post-tensioning

Slab post-tensioning (PT) has expanded greatly since 1950
Starting in the US, Australia, Middle East, Asia and Europe

Significant benefits for all stakeholders of a project, just to
name a few:

= Large uninterrupted floor space (maximum freedom)

= Flexibility of internal layout

Versatility of use and movement

Large clear spans

Fewer columns and supports and reduced floor thickness
Construction speed 2




How does post-tensioning work?

vy

Reinforced concrete cracked under load
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How does post-tensioning work?

Reinforced concrete cracked under load

Post-tensioned concrete before loading
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How does post-tensioning work?

vy

Reinforced concrete cracked under load

Post-tensioned concrete before loading
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Post-tensioned concrete after loading without cracks
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Value Engineering in construction!
Maximizes value on one hand and
reduces costs on the other hand.
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Key benefits

Longer spans Standard RC slab spans range from 4 to

8 meters
= PT slab spans range from 7 to 15 meters
= Reduced number of columns
= [arger column free areas
= |ncrease flexibility of use

= Result in higher rental returns for
developer

= More comfort in car parks

18




Key benefits

Structural
costs

Thinner slabs

*varies by region and country

Savings in material, labor and formwork

Typically 20-30%* reduction in
thickness/concrete

Usually 70-80%" less reinforcement
Minimum building height, savings in
facade costs

More floors within same building
envelope
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Key benefits

Deflection/
crack free .
slabs

Early stripping

Materials o

Crack free design, waterproof
Increased durability

Faster construction
Re-use of formwork

Less handling on site
Green rating

20




Key benefits

Footing » Reduced dead loads from superstructure
design = More economical footings and columns
Joint free = [ ess maintenance costs

design = |ess prone to water leakage

Seismic = | ower center of gravity, reduced lateral
design loads and overturning moments

= Restores building geometry after a major

earthquake

21

When is PT cost effective

|
I Reinforced -
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*varies by region and country

= On average, 30%" of

structural costs are for
slabs

Cost-effective from spans
exceeding 7 meters

In general, savings >$15*
per square meter can be
achieved (direct costs) with
PT, compared to
reinforced concrete (RC)
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Speed of construction

= Usually flat plate design
= |nitial stressing after 1 day

= 3-5 days after pour,
formwork can be stripped
and reused

= 5day cycle
= Reduced construction

schedule (several months), #2&
less financing costs

Economical PT design

Usually 8 to 10 meter grids Min. effective prestress in
most economical concrete of 1.0 MPa

Optimized layout of Max. of 3.0 — 3.5 MPa
formwork to reduce costs Typically 1.4 - 2.0 MPa

FEA methods For watertight construction,
Experienced PT designer min. of 2.0 MPa

24




Key benefits of post-tensioning

= Direct savings in concrete, rebar, formwork and other
building materials

= Joint free design, high crack control, high durability
and less prone to water leakage

= Smaller foundations

= Reduced maintenance

= Fastest construction method

= Longer spans & functional flexibility

= Reduced structural depth & lighter structure weight

= Excellent seismic behaviour with lower centre of gravity

= Deflection & vibration control

Key benefits for single
[ storey buildings

Key benefits for multi-
storey buildings

25

Outline

= Terminology of post-tensioning parts
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Terminology of parts
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Terminology of parts
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Terminology of parts
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Terminology of parts

Monostrand

Transition pipe

Load Transfer element
Sheathing

" Wedge
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Materials

0

Internal External
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Materials

Reinforced
concrete
(dense)

Filling material

35

Concrete

=  The “core” of a structure

=  Designated with cylinder & cubic strength

C12/15 ) 50600 P  On request

f

ck,cylinder

f

ck,cube
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Concrete: testing

f

ck,cube

= 15x15x 15 ¢cm

f

ck,cylinder I I
= @15x30cm

Tested 28 days after casting

E, = 11000 MPa

g7

Concrete: project specific

1 1 1

cm

= Specimens subjected to the I I I

same conditions as the

f f

cm,1 cm,2 cm,3

A\ J/
Y

structure

fcm = Z fcm,i l n
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Concrete: evaluation

f

ck,cylinder

+8 MPa =f

cm,cylinder

Number of test specimens [ -]

e
1

5% of total 1
testing |
specimens |

95% of total
testing
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ZT >
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/ \
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\‘
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fck,cyhnder fcm‘cy\inder
Concrete compressive strength [ MPa ]
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Reinforcement

= Ribbed &
= f,=500MPa

= f

max

= g, 25([%]

/f,2108

MV
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Duct

= Creates void for the strands
= Creates conduit for correct alignment

= Provides bond behavior (corrugated duct)
= Provides protection

= Provides electrical isolation

41

Duct

Plastic*
Smooth
(external)
% (=
Corrugated \\'\("I" N~
(7% S~ 4
(internal) :
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*refer to fib bulletin 7 & 75




Strand

Strand

" Steel grade 1820
] Unbonded
. Fox< 300 kN

44




Strand

2 Basic strand types

Bare strands Monostrands
Bonded Yes No
Unbonded Yes Yes
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Strand behavior

fmax
fmax ‘f ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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fpp
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gt = u

Strain [ % ]

Ultimate Tensile Strength

Yield strength; irreversible
strain of 0.1%

Limit of proportionality

MPa
1,770 1,820 1,860

=1,560 =1600 =1,640
=(0.88
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Stress [ MPa]

Typical prestressing forces

foo.1 Yield strength

0.95 4 Max. overstressing force
according to EN

0.9 f4 Max. prestressing force
according to EN

o

0.1 A2 3.5%

gt = u

Strain [ % ]

0106-150 1860

246 kN

234 kN

221 kN

209 kN

195 kN
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Filling Material

= Fills the void between duct and strands

= Provides corrosion protection

= Provides bond (grout / bare strand)

48




Corrosion protection

Element 1:

Monostrand

Element 2:

Filling material

Element 3:

Duct /
Element 4:

Concrete (internal) internal external
49

Monostrand

= Factory provided HDPE-sheathing

. Grease

Recommendations &
= Wall thickness (>1.0mm) /

" Tensile strength(=18MPa)

Element 1:

Monostrand

. Friction between sheathing and strand(<60N/m)

Element 2:

Filling material

. No leaking through specimen

Element 3:
Duct

Element 4:

Concrete




Grout *

=  For bonded applications

= Creates an alkaline environment

Recommendations:
=  Bleeding (<0.3%)
= Strength (=30 MPa)

*according to EN 445, 446 & 447 or similar

Element 1:

Monostrand

Element 2: T}

Filling material

Element 3:
Duct

Element 4:

Concrete

Grout *

Remarks:

=  The effectiveness of the grout depends on the

propriety of the execution!

= Poor grouting can cause fatal damages!

*according to EN 445, 446 & 447 or similar

Element 1:

Monostrand

Element 2: T}

Filling material

Element 3:
Duct

Element 4:

Concrete




www.pbworld.com

*according to EN 445, 446 & 447 or similar 53

Grease

=  Forunbonded applications

Recommendations:

= Dropping point (=150 °C)

= Qil separation (<2.5% at 40 °C, 72 h) |
= No corrosion after 168h at 35 °C ot

Element 2: T}

Filling material

Element 3:

Duct

Element 4:

Concrete




Wax

=  For unbonded applications
Recommendations:

= Congealing point (265 °C)

= Cracks at penetration (at 20 °C)
= Bleeding (£0.5% at 40 °C)

Element 1:

Monostrand

Element 2: T}

Filling material

Element 3:
Duct

Element 4:

Concrete

Circulating dry air

=  For unbonded applications

= Applicable only for important structures

Recommendations:

= Monitoring (fulltime)
= Circulating (fulltime)
Remarks:

= High costs!

Element 1:

Monostrand

Element 2: T}

Filling material

Element 3:
Duct

Element 4:

Concrete




Duct

=  Mechanical protection
= Barrier for chlorides

=  Plastic > Steel

Recommendations: .
ement 1:
= Wall thickness Monostrand
Element 2:
n Mate rlal Filling material

Element 3: |
Duct
Element 4:
Concrete
Concrete cover
=  Dense > no cracks
= Provides an alkaline environment
= Mechanical protection
1 1 Element 1:
I \/ Monostrand
S
Element 2:
Filling material
Element 3:
Duct
Element 4: T °
Concrete




Layer combinations

= Combination is decisive

= Different combinations = different protection

59

Layer combinations
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Outline

= Testing & approval of post-tensioning systems

o
Example of testing guidelines
= European Technical
Approval / Assessment
= Assessment & testing to
Sy ETAG 013 (EAD 16)
SR T = One of the most stringent
testing criteria in the world
o PRESTRESSING OF STRUCTURES | - Very high quality control &
performance
= Factory production control

Kunstlaan 40 Avenue des Arts

ot e m CE marklng C €




Testing to ETAG 013

1. Resistance to static load
2. Resistance to fatigue
3. Load transfer to the structure

63

Static load test

Deviator

Coupler
Stressing Anchorage Fixed Anchorage

Loading method: Passing criteria:
«  Loading to 95% AUTS ‘ « No failure of component anchorages

64




Fatigue test

1 Hz Testing Frequency = 23 day test !!!

< >
<= >
Loading method: Passing criteria:

» 2,000,000 load cycles
» Stress range 80 Mpa
»  Upper load 65% GUTS

=)

» No failure of component anchorages
o <5% wire failures

65

Load transfer test

elwa

UTS |
80% |-

60% T
40%T
20% L
12%/--

0%

>10 cycles=
66




Load transfer test

Maximum Crack Width:
e« UL: 0.15mm
e n.LL: 0.15mm
e n.LL: 0.25mm

Stabilization:
e Strains
e Cracks

Passing Criteria:
+ Failure Load > 110% UTS

elwa

uTts t

80% |-
60% T
40%
20%

12%1
0%

>10 cycles
67
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*

Member of

Schenkenstrasse 4] T+4315336550 *

1010 Vienna 1Austria | F+4315336423
www.oib.orat | mail@oib.or.at

No305/2011

* *
*

European ETA-06/0147
Technical Assessment of 31.05.2016
General part

Technical Assessment Body issuing the
European Technical Assessment

Trade name of the construction product

Product family to which the

Institut far ik (OIB)
Ausman Institute of Construction Engineering

BBR VT CONA CMI — Bonded Post-tensioning
System with 04 to 31 Strands

t- kit for of

product belongs

Manufacturer

Manufacturing plant

This European Technical Assessment
contains

This European Technical Assessment
is issued in accordance with Regulation
(EU) No 305/2011, on the basis of

This European Technical Assessment
replaces

P
with internal bonded strands

BBR VT International Ltd
Ringstrasse 2

8603 Schwerzenbach (ZH)
Switzeriand

BBR VT Intemational Ltd
Ringstrasse 2

8603 Schwerzenbach (ZH)
Switzeriand

58 pages including Annexes 1 to 32, which form
an integral part of this assessment.

ETAG 013, Guideline for European technical
approval of Post-Tensioning Kits for Prestressing
of Structures, edition June 2002, used according
to Article 66 (3) of Regulation (EU) Ne 305/2011
as European Assessment Document.

European technical approval ETA-06/0147 with
validity from 04.03.2013 to 03.03.2018

69

State-of-the-art P

MPA NRW.

MATERIALPRUFUNGSAMT NORDRHEIN-WESTFALEN

EC Certificate of Conformity
0432-CPD-11 9181-1.5/1

In compliance with Councl Directive 80OWEEC of 21 December 1968 on e approximation of laws, reguiations and
administratve provisions of the Member States relating 1o Consiruction prodcts (e Constucton Products Dvective or
CPD), as later amonded, it has been stated that the consiruction product

BBR VT CONA CMI SP - Internal Post-tensioning
System with 01 to 61 strands

placed on the market by

T certification

q3

BBI:K\:I’nmr::gonnl Ltd 0432
VI S BBR VT International Ltd ETA-06/0147

CH-8603 Schweczenbach ZH)
SWITZERLAND

BBR VT CONA CMI

Bonded Post-tensioning System with 04 to 31 Strands
1o it by the manuleckre o8 eckey producon corwl nd 1 th Asthr tcting f gl ek o h fcky n
orianes i s ot ot e ks ey o, O3 = P WY i ot B Pl 0.
T o e rodoc, b o fcry o 0
nd e e o el 1
[

BBR VT International Ltd
Bahnstrasse 23, 8603 Schwerzenbach (Switzerland)
www.bbrnetwork.com

h s TA
ETA-09/0287 from 17-05-2010
Wwero applied and that the product fifls al the prescribed requirements.
This cortificate was Wt issued on 30-07-2010 and remains vakd as ong 38 the condiions lakd down n the harmanised

tachnical specificaton in reference or the manulacturig condions n the fackory o e FPC et are rot modfed sgn-
cantly and latest on 16-06-2015.

043-CPD-11 9181-1/1

07

Dortmund, 30.07-2010

g was 0 Gorman verson s vakd

MPA NI - Marsbrucharate 186 - 4287 Doremund - Teleton: +49 D231 4502-0 - Teletx: +49 (9231 458549 - itemet warw mpanew o
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Factory Production Control (FPC)

Procurement

and order ETA Svst
: ystem
fulfillment Holder
Stock
. Component
PT Specialists
7

management

Installation

Quality Control Systems

= Engineering
database

= Procurement

= Stock management

= |nstallation

= User management

= Communication

= |ntegrated FPC

E-Trace




Qualified and certified

= Trained and audited by the
ETA Holder on a regular &
basis i

Approvals, herewith confirms that the company:

= | st of all certified Roarscanl 8.1
PT Specialists

= Certified for assigned territories

np any

2
e
e

+ BBR HiAm CONA stay cable system

The company is furthermore qualified for the independent execution of
post-tensioning works as a PT Specialist Company in the tertitory of:

Netherlands * Belgium
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= |ntroduction to post-tensioning

= Key benefits of using post-tensioning

= Terminology of post-tensioning parts

= Post-tensioning materials & properties

= Testing & approval of post-tensioning systems

= Typical post-tensioning systems & their applications
= Benchmarking post-tensioning system performance
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Primary Applications of PT

Floor slabs
= Flat slabs
= Beam and one-way slab frames
= Ground supported slabs
= Mat foundations
= Slabs on expansive soil
» |ndustrial slabs
= Transfer plates; heavy loads
= Podium slabs (light framing)
= Repair/retrofit (deflection control or added strength)
= Correction of seismic deformation
= Modification of load path
= Redistribution of reactions 75

1. Floor systems
=>Flat anchorage or
monostrand systems

- 2. Large structural
elements such as raft

foundations, transfer

plates, beams etc.
=>» Multi-strand PT systems

3. Repairs and retrofit

work
=>» Special PT systems

76




—
.

.

Main categories
L )

e
.

1. Floor systems

BN 2. Large structural

=>»Flat anchorage or
monostrand systems

elements such as raft
foundations, transfer
plates, beams etc.

‘ ->
B 3. Repairs and retrofit
work
->
Typical floor systems | \

Top: Flat plate

Span 7 - 10 m, imposed loads 2.0 — 7.5 kPa, |

Span/depth ratio 32 - 45 T& %
D

Middle: Flat slab

Span 8 — 13 m, imposed loads 2.0 — 10 kPa,
Span/depth ratio 40 — 52

Bottom: Banded system "
Span 10 — 20 m (6 — 10 m), imposed loads <15 \ ;

kPa, Span/depth ratio 19 — 27 (40 - 52)




Monostrand systems

79

examples shown of the BBR VT CONA CMM range

Monostrand systems

Anchorage and Coupler

Coupler Sleeve

Pre-loaded Wedge

Monostrand

Transition Pipe

Anchorage

Coupler

Anchorage

80

example shown of the BBR VT CONA CMM Single - S2 system




Monostrand systems

Intermediate Anchorage

Transition Pipe

Continuous strand stressed
after each construction stage

Transition Pipe

\Intermediate anchorage

81

example shown of the BBR VT CONA CMM Single - S2 system

Monostrand systems

Anchorage and Coupler

Monostrand

Anchorage Transition Pipe

Coupler

Pr ion

Anchorage 82
example shown of the BBR VT CONA CMM Two/Four system




Monostrand systems

examples shown of various encapsulated monostrand systems

Monostrand systems
Features
= Unbonded or bonded tendons

= 12.9mm or 15.7mm dia. strands, and
15.2mm dia. compacted strand

= QOptional fully encapsulated anchorage
= Different centre spacings and edge

distances depending on amount of
anti-bursting reinforcement /

= Low concrete strengths at transfer / 2

i

4










example shown of the BBR VT CONA CMF - S1 system




Flat systems

Anchorage and Coupler

Duct

Bearing Trumplate

Coupler Sleeve

Anchor Head

9

example shown of the BBR VT CONA CMF - S1 system

Flat systems

Anchorage

Duct

Bearing Trumplate

92
example shown of the BBR VT CONA CMF - S2 system




Flat systems

Features

From 2 to 6 strands
12.9mm or 15.7mm dia. strands

Bonded or unbonded tendon or
monostrands

Plastic or steel ducts

Different centre spacings and edge
distances depending on amount of
anti-bursting reinforcement

Low concrete strengths at transfer

Flat systems

Complementary bonded anchorage

example shown of the BBR VT CONA CMO system

Duct

94




Flat systems
Complementary bonded anchorage

= From 2 to 6 strands

12.9mm or 15.7mm dia. strand

to the relevant ETA)
Efficient clip-lock strand spacers
Low concrete strength at transfer

No need for local anti-bursting reinforcement (check — refer

95
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Main categorie

Floor systems
=>»Flat anchorage or
monostrand systems

Large structural
elements such as raft
foundations, transfer
plates, beams etc.

=>» Multi-strand PT systems
Repairs and retrofit

work
=>» Special PT systems

102




Multistrand systems

Anchorage

103
example shown of the BBR VT CONA CMI BT system

Multistrand systems

Anchorage

Anchor Head

104

example shown of the BBR VT CONA CMI SP system




Multistrand systems
Anchorage & Coupler

2 plane coupler

movable

105

examples shown of the BBR VT CONA CMI couplers

Multistrand systems
Anchorage & Coupler

Single plane coupler

movable

106

examples shown of the BBR VT CONA CMI couplers




Multistrand systems

Features

= From 1 to 91 strands (larger
sizes on request)

= 15.7mm dia. strands are more
common (12.9mm also possible)

= Bonded or unbonded tendons

= Plastic or steel ducts

= |Low concrete strength at transfer
= Staged stressing is common
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Floor systems

1.

=>Flat anchorage or
monostrand systems

B 2. Large structural

elements such as raft

foundations

transfer

]

plates, beams etc.

=>Multi

E
R

strand PT systems
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Repair & retrofit

Repair & retrofit

Anchorage and strand band

example shown of the BBR VT CONA CMB system

Outer sheathing

Inner sheathing

Grease/Gel coated

14




Repair & retrofit

Strand arrangement

04x04

03x04

03x02

02x02

& 01x01 Monostrand

Repair & retrofit

NEAT ANENRNRN




Repair & retrofit

Repair & retrofit




Repair & retrofit

Outline

= |ntroduction to post-tensioning

= Key benefits of using post-tensioning

= Terminology of post-tensioning parts

= Post-tensioning materials & properties

= Testing & approval of post-tensioning systems

= Typical post-tensioning systems & their applications
= Benchmarking post-tensioning system performance
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Design Guide

= All about post-tensioning

The Ultimate Design Guide

= Definition of PT systems

= Materials
g
e = Design
= Detailing

= (Calculations

38 BBRVT

e )
L

121

What to compare when benchmarking?

= Testing, approvals and level of quality control
= Range of strand and tendon sizes
= Optimized and compact anchorages

= Minimum center spacing distances between
tendons

= Minimum tendon to concrete edge distance
= Quantity of anti-bursting reinforcement
= Minimum concrete strength at transfer

= Design features leading to construction
productivity enhancements

122




ETA & CE marking

European Organisation for Tecankcal Approvals
Europaische Organisation fUr Technlsche Zulassungen
Organisation Européenne pour rAgrément Tecnnlque

MPA NRW.

* MATERIALPRUFUNGSAMT NORDRHEIN-WESTFALEN
European technical approval EC Certificate of Conformity
s English ransiation, the origh 0432-CPD-11 9181-1.5/1
Handelsbezeichnung BBR VT C
O2blag1s I complance wn Gounl Drecive SWIGEEC of 21 December 1688 on e sprcsimaton o ews, eeiatons
GUIDEL Eiriites povaces of b Menbe: Bt e b cobchen Pobus (o Comsucion Frobuss Dovcis o
Trade name BBA VT C CPD),
win 0210t
BBR VT CONA CMI SP - Internal Post-tensioning
T Zulassungsinhaber BBRVTIn
Baieiad System with 01 to 61 strands
Siblizia! 8603 Schw 2
Switzerlan e o
2ulassungsgegenstand und Litzen-Spa placed on the market by
PC ©  Vewendungszweck Verbund, 0432
PRE b e o BBR VT International Ltd
construction product whth intomi CH-8003 Scmartecbnch 24 ETA-06/0147
(Thess ar SWITZERLAND
3 Geltungsdauer vom 30.06.2013 BBR VT CONA CMI
Vaidy  from e BBR VT International Ltd Bonded Post-tensioning System with 04 to 31 Strands
bis 29.06.2018 Sthastnte
i T BBR VT International Ltd
Bahnstrasse 23, 8603 Schwerzenbach (Switzerland)
Horstollwerk BBAVTIn 1t by e marackrr o ackey prohcon corrd and 0 o e ke ok www.bbrnetwork.com
Manufacturing plant ot | Tt for e ek characlrsie o 0 peodct o okl rapachan o e fackry s of e fackry proSuon ol
Switzerlan ke . it 043-CPD-11 9181-1/1
Diese Europaische technische A 07
ymi Sei
. e ETA-09/0287 from 17-05-2010
it o R 5eFweel e
The corbcate wes et sund on 307-2010 and remaie vl 2 forg 20 e condns s down b B hamrieed
D ETacem .(.E:;.:‘“ emo s s o oo ot b s P PP ko ok s s
_ This European technical approval
Z  replaces ETA-0902
e
8 Dormund, 30.07:2010 5 Ok ing. Gidecker
£ turopean Organistionor Techical eua=s,
F il sl |
. Organisation Européenne pour I'Agrt
T gl of i documentwas s n G g, G400 o G oy e G e vl
MEA N - Marchtat 108 4287 Dond: ol +4 231 562 - Tl +4 531 4454 et o s 123

Local back-to-back approvals (RMS)

= Approved as per ETA approval

ETA-09/0286

= BBR VT CONA CMI BT system o
= Range from 2 to 61 strands |
= Spheroidal cast iron load

h"

W)z | Transport
NSW Roads & Maritime
covament | SErvices

BBR VT CONA CMI BT

I You are advised that BBR VT CONA CMI BT prestressing system is approved for use for post-tensioning I

transfer element (500 MPa)

= Anti-bursting steel, anchorage T
spacing and concrete strength y
as per ETA approval

Annexure | of this letter will be included in the Lists of RMS
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Factory Production Control (FPC)

Procurement

and order
fulfillment System Holder
Stock
. Component
PT Specialists

125

management

Installation

Range of anchorage sizes

mmotmangael L L0 L L el Lol el L L

System 1 - 5 6 7 8 9 12 13 156 16 19 22 24 25 27 31 37 42 43 48 55 61 69 73
System 2 - 2 3 4 7 12 15 19 22 20 | Sl | &/ 43 55

System 3 - 3 4 7 9N M2 (3 19 22 23 | 27 | @il | S 55

System 4 - 3 4 5 7 9 12 15 19 22 27 31

126
Note: All information provided is publically available. Refer to the relevant multistrand ETAs.




Anchorage Zone

Local zone General zone

127

Anchorage spacings & reinforcement

Anchorage
Helix / Spiral

Additional Rebar Additional Rebar
[
\\i\ : \ C O 0 O C C
|
|
|

=
@
=
=
w
T.
=
Q.

—

a,=2xa,+20mm
> b,=2xDb, +20 mm

y

Y
A 4
A

A
A
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Tendon centre spacing efficiency

ce

47

Anchorage: Size 1906 with 15.7mm strands (1,860MPa)

45

43

41 1

39

37

35

33

31

29

27

25 1

23

Concrete Strength (Cylinder) at Stressing [ MPa ]

21

380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590

Minimum Centre Spacing Distance [ mm ]
a, (horizontal) = b, (vertical)

129
Note: All information provided is publically available. Refer to the relevant ETA.
Tendon centre spacing efficiency
800 : : : : :
i __conacm : i
700]-------- i._Hff Rangeofother _____________ ' I
—_— H systems H E
£ L | | ;
£ : : : : :
@ 600 - R e - e frmooemmee
Q : : : :
[ ' ' ' '
® ! ! ! !
A 1 1 1 1
2 : : : :
T 500[------- dommeo- bomomoooes - oo oo oo oo moe oo
o : : ; :
£ : : : :
o ! ! ! !
SO L Vo gmEmbEs s o L]
o 400 : D ! i
o | ' . | |
] : : : :
c : : : :
S 300[------- : } I oo
200 H H H H H
0406 0706 1906 2706 3106
. Tendon size [n06] . .
Different systems offer large variations in center-spacing and edge distances 130

Note: All information provided is publically available. Refer to the relevant ETA.




ng reinforcement efficiency

Anti-burst

s S e e S PR

N o o o A O A S e 2 et ]

systems

B e e e TR
T STl P e i Sob e e o e st Aom o A

Ammm b o
I
|
I
'
1
|
i

PR | SR S ————

120

100[--------

8O-
0
ADpeemsmze
50 Fesmemme
0

[6)] abeioyosue |93)s Buioiojuiay

3106

1906 2706

0406 0706

Tendon size [n06]
Different systems require varying degrees of anti-bursting reinforcement

Note: All information provided is publically available. Refer to the relevant ETA.
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Early prestressing

edIN 8 _

C35/45

fcm,cylinder

P _fck,cylinder

-~ 35 MPa

A--------- 19 MPa

[ edin ] yibuasys anissaidwod 83219u0)

after 2.8 days!

fcm,O,mlnfcyImder= 19 MPa*
- Full prestressing

100

28

10
Days after casting [d ]

283

132

*example given of the BBR VT CONA CMI BT system




Partial prestressing

C35/45

f =19 MPa*

cm,0,min_cylinder ~

30% of F,,,, o might be applied when
concrete strength is 50% f,,, ,

-> Partial prestressing

Concrete compressive strength [ MPa ]

in less than 1 day!

1
1
1
1 L L
<14 2.83 710 28 100
Days after casting [d ]
133

*example given of the BBR VT CONA CMI BT system

Enhanced productivity on site

N

~N

examples shown of various BBR PT systems

Integrated accessories, grout caps,
. protection caps, pocket formers, etc

134




Enhanced productivity on site

Flexibility to use stirrup or
helix reinforcement

135
example shown of the BBR VT CONA CMM - S2 system

Enhanced productivity on site

Centralizer for installing and
supporting reinforcement

136

example shown of the BBR VT CONA CMM - S2 system




Enhanced productivity on site

Some systems do not require
any anti-bursting reinforcement!

example shown of the BBR VT CONA CMM - S2 system

137

Enhanced site productivity

Intermediate anchorages do
not need costly couplers

Continuous strand stressed
after each construction stage

example shown of the BBR VT CONA CMM Single - S2 system
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Enhanced site productivity

Time saving clip-lock spacer .
gcip P Some systems do not require

any anti-bursting reinforcement!

139
example shown of the BBR VT CONA CMO system

Working table references — ETA

Chsina NG HR 2 2 34 3 € 2 28 M 3B 43 0 28 M 3B 43 2 W W B 43 B W M B A4 3 W MBS BB H B3 23BN B
(Cndersrengh  fye MR 19220 3035 (19 (2328 3 (35 (19(23 28 335 19023 20 (3 (35 1923 28 (3 [35 923 2 (33 9B BN B 198 B8
|Cuterdamessr FELBC I [ 140 160 160 160 155 160 160 140 160 1S5 120 16D 140 160 155 200 195 195 195 195 200 200 195 195 195 230 200 00 200 200 20 230 25 220 220 80 260 255 20 2%0

G S 5 6 6 S 5 5 65 45 6 65 45 6 45 6 5050 W0 S 5050 W 0 S 50 50 050 0 50 0 050 5050 0 050

1 |0 501 501 501 571 (£ [F501 57 [ 51 [E570 (1571 57 57 (5 [ (57 1S 501 [ [ [ 5 (550 S0 [ e 5 (5500 5500 I [ 5 [ e Il e Fen e e
(O E e 15 a5 05 15 05 1S 15 05 IS IS 1S 15 15 1S 15 I8 1B B 12 18 I8 I8 18 I8 B8 12 18 I8 I8 18 0 20 M O 0 20 W 0 0 W0

8 10 8 & 10 12 12 W 10 12 12 12 12 12 12 12 12 12 1 12 4 14 12 14 14 12 12 12 4 1 12 M2 14 4

P EEE  EEEEEEEEEEEEEEE R E R R E R
Miimum ower dmendom. A= mm (150190 190 150 190 150 1% 150 150 (150|220 200 150 150 (1% 350 230 230 230 230 270 250 20 330 2 290 270 M0 240 240 310 290 260 2D 60 3 300 250 290 %0

[Comrmspacng I (S [ 210 210 210 200 05 210 210 200 210 205 235 215 210 210 205 265 250 250 250 250 290 245 250 250 250 310 25 240 255 255 330 05 70 W5 WS I 320 310 310 30

Cubestrengh  fs M M M OA D 2 3 W43 2 20 34 M o4 7 20 34 3 43 2 2 34 B 43 0N 2 M B 43 0 W W OB 43 23 W M oM 4
(Cfindersrengh (g MP (19 (2328 31351923 28 3135 1923 28 3135 19 (23 28 31 (3 19 (23 28 31 (35 1923 28 3 (35 19 23 MW 3B 9B BN %

|Cuterdimener FELC ) fmml 330 200 275 260 250 375 330 300 0 20 375 330 315 N5 305 375 I 30 310 W5 40 0 K0 33 15 475 420 HO 360 340 475 430 410 IO IO 50 430 €0 IO 350

0 S0 50 0 S0 0 S0 S0 0 S0 S0 S0 S0 S0 S0 S0 S0 S50 S0 S0 S0 S0 50 S0 S0 0 S0 SO S0 0 0 N0 0 90 N0 50 N 0 0 N

GiicalEN s ©» 2 2 X B BB BB TPV AP ATV V ATV TV WATY NN NN BBBBB

[Erdameie O T 12 4 06 16 14 12 14 14 14 14 14 16 16 16 16 14 16 16 16 16 16 16 16 16 16 M W 20 M 16 W W DO 0 W N W W D W

Dmtace F BB OB BB 00N 0N Q22 QR QRN QR QRN Q A % 6% 6 T AT T AT 050 0D D 0
[Minimum over dmensios. | A= B mm (30 350 320 310 290 410/ 30 140 320 310 440 400 360 350/ 350 450 410 370 360 350 490/ 450 410 390 (00 530 400 440 420 400 S6D 510 4K 44D 420 'SPV 520 470 450 430
Cemmspacng  ach 6 10 340 NS N0 A5 290 IS5 MO I 4SS 415 180 S J6S 470 430 WO WS 165 510 465 45 410 M0 550 S00 S0 440 420 SPS S25 40 460 435 SN0 SIS S 465 450
Edpduse(+e) & =S mem 195 175 160 155 145 205 185 170 160 IS5 230 200 130 |75 175 35 M5 1SS 120 175 245 235 205 19 185 265 240 20 210200 280 355 230 230 210 2 260 15 235 1S
140
Note: Example table given for the BBR VT CONA CMI BT system
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______ £ Post-Tensioning in Building Structures

Owners, Developers, Engineers, Architects and
Contractors are demanding more from buildings today:

* Cheaper
* Flexible floor layouts: less columns & longer spans

<
Lo

@ I 4 : . R =S i«
< e /'Jl' / R x/ /

|// Trend from (5~6m) to (9~10m) /

* Unique designs: irregular shapes
* Faster Construction

* Sustainable design
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£ Post-Tensioning Usage in North America

North American Post-Tensioning Shipments 1972 - 2015
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(c) 2016 POST-TENSIONING INSTITUTE. ALL RIGHTS RESERVED

£ concretenz

LEARMED SOCIETY.

Post-Tensioning Usage in North America

North American Post-Tensioning Trend Analysis
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Post-Tensioning Usage in North America

Usage of post-tensioning varies greatly by region

Zone | Zone ll
Misc

Misc.
1.5%

Buildings
24 0%

Bridges
19.7%

West Coast

Courtesy PTI Report

Rocky Mountain States & Southwest

Post-Tensioning Usage in North America

Zone Il Zone |V
Misc. Misc.
Earthwork 8%

9%

Bridges
7%
Earthwork Bridges
15% 10%
Southeast
Courtesy PTI Report

Northeast
AL
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Radiator

Qutriggers

Residential
Concrete

Hotel

) Hybrid:
Commercial : Concrete Core +
. Steel Framing

Backpack

steel framing (Levels 3 to 39) was designed for spans of up to 15
meters (50 feet) from the perimeter to the concrete cores (Figure
4). At the upper hotel and residential levels, 200-millimeter (8-
inch) thick post-tensioned concrete slabs (Levels 40 to 72) were
designed for spans of up to 9 meters (30 feet) from the perimeter
to the concrete core. These post-tensioned slabs will provide the
maximum number of floors within the limit of the building height,
as well as providing the required acoustic separation between the
residential levels.

Residential Towers — Seismic Zone

i
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Residential Towers

Bangkok, Thailand

¥ concretenz

Residential Towers — Mid Rise




Luxury Residential Towers

Hotels — Hurricane Area

Miami, FL
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Dubai, UAE
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Amman, Jordan
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Hospitals

Phoenix, AZ
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Podium Slabs

I
__""..
_ ]
__""_.__

m
o]

|l
__.._.__

Walffle Slabs
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Johannesburg, South Africa




Waffle Slabs

Lisbon, Portugal




Single-Pour Transfer Slabs

Abu Dhabi

Multi-Pour Transfer Slabs

Macau




Post-Tensioned Beams

Abu Dhabi, UAE

2
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Large Transfer Beams

Dallas, TX
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Post-Tensioning in Building Structures

Post-Tensioning offers 4 key advantages:

% concretenz
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SEEEFSERE 1. Direct Cost Reduction

Post-tensioning offers direct cost reduction over conventionally
reinforced slabs primarily by reducing concrete and rebar material
quantities as well as rebar installation labor. Typically, savings
between 10% - 20% in direct cost are achieved

Factors contributing to direct cost reduction:

 Thinner slab (1/3 of RC alternative) with less reinforcement
=>Reduction of material quantities and cost
=>Reduction of labor and material handling costs
=>Reduced total building height and cladding cost

* Reduction of beams and steps
=>» Simplified and cheaper formwork

* Rapid reuse of formwork
=> Less formwork needed on jobsite

2
£ concretenz
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As arule, the break even mark between conventional
and prestressed solutions is approx. 7m spans

Cost

6m 7m 8m 9m 10m 11m
Span

2
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Cost Comparison Between RC & PT Slabs

The breakeven point for post-tensioning in buildings

varies from country to country depending on the
relative cost of:

* Rebar

* Tendon
e Concrete
e Labor

Tendon 11,100

4,550 3,805 5,472

3,300 4,260 3,333 3,499 2,667 2,200
Rebar 1,550 890 800 1,176 850 1,160 1,167 1,229 1,000 1,000
Ratio 7.2 5.1 4.8 4.7 3.9 3.7 2.9 2.8 2.7 2.2

(Representative cost of one ton of material USD)

Cost Structure of RC vs. PT Slabs

In atypical slab with spans over 7 meters, the net

savings in material cost can range between 10% - 20%
of original RC alternative

RC

PT
100% of
Concrete PT System
_______ Concrete 25% Reduction
Rebar e

Rebar 65% Reduction




SEEESETE Cost Structure of PT Systems

Material represents 60% of direct cost of a
post-tensioning system

Direct Cost
100% of Design 10%
Dot cost Logistics 10%
System

Site Management & Labor 20%

Duct & Casting 20%

Material 60%
Strand 40%

2
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FEEEFEETE 2. Improved Construction Efficiency

Since post-tensioned slabs are designed to carry their own weight at
time of stressing, they can significantly improve construction
efficiency and deliver an additional 5%-10% of indirect savings

Factors contributing to improved construction efficiency:

 Shorter construction cycles

* Less material handling and impact on other trades

» Simpler slab soffit — less beams and drop caps/panels

* Quicker removal of shoring gives more access to lower slabs

2
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SEESLEEFE Typical 5-Day Construction Cycle

3-day cycle achievable with early strength concrete and industrial formwork

Day
Activity 112|13(4]5]6]7([8[9]10]|11]12{13]{14]{15]16
Construct Falsework SR

Fix Bottom Reinforcement

e
e
Fix Post-Tensioning Anchors h h h
roms
£
.

Fix Post-Tensioning Tendons —
Fix Top Reinforcement -

Inspect ﬂ

Pour E F $e_use “
Initial Stress (25%) =
Final Stress (100%) == =
Strip formwork E L.
Grout Tendons (Not on critical path) L

Schedule for 800 — 1,000 m2 slab

2
£ concretenz
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FEEEFSETE Construction Planning

Critical planning considerations:

* Installation is simple, but a sequence has to be maintained
» Stressing of cables is done 3-4 days from concreting of slab
» Stressing is normally done at one stage

» Staged stressing is introduced when final loads are much higher than
at time of initial stressing (mat slabs and transfer levels)

» Formwork can be removed after stressing of cables
» Temporary propping is only needed for construction loads

 Grouting of bonded tendons can be done at any time after the stressing

2
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£ sociery




SEESLEEFE 3. Superior Structural Performance

The prestressing in post-tensioned slabs takes optimal advantage of
tendon, rebar and concrete properties to deliver an economical
structural system

Factors contributing to superior structural performance:

» Use of high-strength materials

» Longer spans are achieved (L/40 — 45 vs. L/30 for RC alternative)

« Deflection control (DL is balanced by P/T)

* Crack control and water-tightness

* Reduced floor-to-floor height

* Lighter structure requires lighter lateral load resisting system

* Economy in column and footing design

* Reduced noise transmission compared to RC

» Lower total cost of ownership (maintenance) compared to RC alternatives

FEEEFEETE Maximizing Structural Performance

To maximize the benefits of post-tensioning at the building project
level, the effects of reduced member sizing should be applied early in
the design process

EXPAITS\ON JOINT

— SPACE SAVINGS
|
|
|

8 FLOORS
GF+8)

|| |

AR
PARK LEVELS

ARTH WORK
NO EXPANSION JOINT Sl

£ m—

REINFORGED GONGRETE BUILDING PRESTRESSED GONGRETE BUILDING




SEESLEEFE Typical Quantities

Post-Tensioning and rebar rates vary greatly depending of span
configuration and loading. Compared to other countries, PT projects
in US are designed with less loading and lower PT and rebar rates

Bonded System
US values (1 kN/m2 SDL & 2.5 kN/m2 LL)
* 3 -4 kg/m2 of PT
* 5 kg/m2 of Rebar

With higher loading (3 kN/m2 SDL & 3 kN/m2 LL)
*3.5-5kg/m2 of PT
e 7 —9 kg/m2 of Rebar

Unbonded System
US values (1 KN/m2 SDL & 2.5 KN/m2 LL)
* 3.75 kg/m2 of PT
* 6 kg/m2 of Rebar

2
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FEEEFSETE 4. Sustainable Design

Compared to conventionally reinforced structures, post-tensioned
buildings offer a more sustainable design alternative

Factors contributing to sustainability:

e Less material use than RC
* Reduced carbon footprint
* Lower cost of ownership
* Less cracking
* Lower deflection values
* Reduced cost for corrosion maintenance

2
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Structural Modeling
of POST-TENSIONING

Options to Account for Post-Tensioning

Modeling tendons as applied loads
+« Balanced loading
+«+ Modeling using primary moments
« Equivalent loads

Modeling tendons as resisting reinforcement
+« Discrete tendon modeling

Treatment of post-tensioning and hyperstatic
(secondary) actions

\

|
N

!
N

!
1
1
A
;)
q

Post-Tensioned Building
Seattle — USA

CK Benjamin Building P856

Structural Modeling
of POST-TENSIONING

TENDON MODELING AS APPLIED
LOADING

o

% Simple load balancing [T Y Lin, 1963]

.
o

Extended Load Balancing [Aalami, 1990]

.
o

Modeling Through Primary Moments

% Modeling Through Equivalent Forces

.
*8

Aalami, B. O. “Structural Modeling of Post-Tensioned
Members,” Journal of Structural Engineering, ASCE,
Vol. 126, Nov. Feb 2000, pp. 157-162




PRESTRESSING

+ Pretensioning
+ Post-tensioning
PTS197

) pretensioned
ﬂ stressing bed \ r stesl

11 A 1

(a) Tensioning of prestressing steel in stressing bed
before casting concrete

[ L

(b) Casting of concrete around tensioned steel, f ;=0

- member
[ shortening

M L

(c) Release of strands from stressing bed causing
shortening of member

~ cut strands

Basics of Pre-Tensioning Steps

PRESTRESSING

+ Pretensioning
+ Post-tensioning

PTS196
f anchorage void ..-'r FT tendon jack -
L : ey
% = 1 B
reacting ,
(a) Tendon stressing frame

- I -:E
- Compression —

(b) Tendon finishing
f profiled tendon

—____ ¥

oo

(c) Profiled post-tensioning

Basics of Post-tensioning Construction

MODELING OF PT TENDONS

PTSI07_022311

ij
0 0 O

fl=[ oo /(1+ o )]
wy= 2P ¥o/c?

FORCE DIAGRAM OF A SIMPLE
PARABOLA

SIMPLE LOAD BALANCING

PARABOLIC P P

TENDON 1'3 i—
@ ~E|%|3— CENTROIDAL AXIS

ELEVATION

END VIEW
(a) BEAM POST-TENSIONED
WITH PARABOLIC TENDON
TENDON
LOADING
—1 = -
F F
TENDON

(b) FREE BODY DIAGRAM OF

(c) FREE BODY DIAGRAM
BEAM WITH TENDON REMOVED

OF TENDON
P P
D L

E w,
T b
CENTROIDAL AXIS
2 Y z

F,
E—— Epam—
I

P o

(d) DEAD LOADING, LIVE LOADING (e) AXIAL
AND BALANCED LOADING COMPRESSION




SIMPLE BALANCED LOADING

TENDON INFLECTION
F'OINT\

Wi S,
X1 X3
EQUAL EQUAL ;

w2 w3
EEEEE]
UJM B:lm

(a) REVERSED PARABOLA WITH TWO
INFLECTION POINTS

INFLECTION
. POINT

—

EQUAL , EQUAL

w2
T L —
w1 P1

(b) REVERSED PARABOLA WITH ONE
INFLECTION POINT

Examples of Balanced Loads

SIMPLE LOAD BALANCING

Based on:
«» Constant force

+» Decoupling of axial and bending effects

20m 12m

PARABOLIC TENDON
1200 kN 100

200 1~ \_\“\/\")[400 800

A Ly
60 700 300

(a) PROFILE IDEALIZED AS PARABOLA

_15kN/m

11.76 kN/m /

|

rrrrﬁﬁTrrrriH

97.84 151.73

(b) BALANCED LOADING

EXTENDED LOAD BALANCING

Based on:
«» Constant force

+«+ Decoupling of axial and bending

effects

Added feature

+ Recognition and allowance for

change in centroidal axis of
member

EXTENDED LOAD BALANCING

CENTROID —

TENDON

(a) BEAM ELEVATION

CENTROID

A

(b) BALANCED LOADING

BEAM WITH CHANGE IN CENTROID




SEPARATION OF PRESTRESSING INTO
FLEXURE AND AXIAL COMPONENTS

SLAB
P -—
- P

(a) SLAB SHOWING AXIAL LOAD ONLY

M=Pm

(b) SEPARATION INTO COMPRESSION AND
FLEXURE AT JOINT

(c) UNIFORM COMPRESSION COMPONENT
M=Pm

(d) FLEXURAL COMPONENT (BALANCED LOADING)

BALANCED LOADING AND CHANGES
IN MEMBER THICKNESS

F=PIA FrPIA
LU Ted
> o M <
A M_=Pm ¢ »
1 P Pl
A
Az
CENTROID ; CENTROID
/
[ ., m
> S
A P
A

(d) ACTIONS CAUSING AXIAL COMPRESSION

H_WT‘#—H’_)M

(e) ACTIONS CAUSING FLEXURE OF MEMBERS
(BALANCED ACTIONS)

BALANCED LOADING AT DROP CAPS/PANELS

TENDON

SLAB
DROP

(a) SLAB WITH A DROP OVER COLUMN

pITTTTTHN _FFTees o

(c) MODELING OF AXIAL COMPRESSION

MODELING OF POST-TENSIONING
TENDONS

LOAD BALANCING

Summary

» Tendon is replaced by the force it exerts to its
container

» It necessitates the computation of hyperstatic
actions and inclusion in design as a separate
quantity




POST-TENSIONING AND STRENGTH
CHECK

+ If load balancing is used to model
post-tensioning, hyperstatic actions
from post-tensioning should be added
to effects of other externally applied
loads

+ Load combination for safety
U =k,DL+Kk,LL +k;HYP

Question
Why hyperstatic actions should
be calculated and added to the
load combination for safety
check?

Review of Serviceability and Safety of
Post-Tensioned Members

(a) Post-tensioned element erssio)
Is this structure safe?
+¢ strong in compression
+¢* no tension capacity

v
_____ op M NG -
_____ 2 ;
NN AT
- M=0
resistance = 0 V=0
N=0
(i) Force diagram (i) Demand

(b) Force demand/resistance
Element is safe, since there is
“no demand” on the section

Review of Serviceability and Safety of
Post-Tensioned Members

fixed

P
>

o rol[;/i
(a) Element under axial load erssim
Is this structure safe?
« strong in compression
+ low tension capacity

M
f times area =P N

W
oBno

v
(i) Resistance (i) demand

Element is safe if capacity to develop
resistance exceeds demand

(b) Force demand/resistance

Review of Serviceability and Safety of
Post-Tensioned Members

\ Given: Object under NO external
force
@ Question: Will this object break
& apart at A-A?

(a) Weightless object in equilibrium

(b) Free body diagrams

A\ —
= \
4
NS \
A

(c) Deformed object




Member Collapse Mechanism

Given: Object under EXTERNAL
FORCE
Question: Will this object break
apart at A-A?

(a) Weightless object in equilibrium

A

“;) i
@ C/v \ :

(b) Free body diagrams

']
demand C
—

resistance

(c) Force demand on section for moment

Post-Tensioned Member With
No External Loading

A

PT tendon - \
(i)
\
A
- 9 D

Given:

+ Weightless object

% No external force

% Concrete zero tension, infinite compression
capacity

Question:
«+ Will this object break apart at A-A?

Deformed
shape

Safety of Post-Tensioned Members

PT tendon

Given:
< Weightless object
< Body restrained externally
«+» Concrete zero tension, infinite
compression

capacity

Question:
< Will this object break apart at A-A?

(a) Weightless member in equilibrium

(i) Free body diagram (ii) Free body diagram

(b) Hyperstatic moment at A-A

CONTRIBUTION OF POST-TENSIONING

SUMMARY

% For SERVICE (SLS) conditions use
the post-tensioning (balanced) values

» Deflection
> Stresses
» Cracking

% For SAFETY (ULS) conditions use
the hyperstatic (secondary) values
» Ultimate strength




LOAD BALANCING ACTIONS
FROM POST-TENSIONING

= A

(a) STRUCTURE

H
dl

—  _—— —TENDON

il
v ! !

b) VERTICAL ACTIONS FROM TENDON GEOMETRY]

—_

TENDON HOUSING

:—}L:;’

SERVICEABILITY

(c) ACTIONS DUE TO MEMBER GEOMETRY

Tt

(d) ACTIONS DUE TO SUPPORTS

SAFETY

COMPUTATION OF HYPERSTATIC ACTIONS

PTS143

A M anY

Rgl Mo, Ri&t))h:hi " A%
Xy

(a) Reactions from post-tensioning

PT5324
— post-tensioning
+~ M t4 \ t,
AN\P
.,l M
—
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R gi/ 1 i v
RS
K.]  —
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My, =Z[Mti + My ]+ (R X))

(b) Hyperstatic actions at a section in
member

COMPUTATION OF HYPERSTATIC ACTIONS

Computation of hyperstatic actions from
post-tensioning
PTS351

[ T |

DL = dead load
LL = live load

Post Tensioned Member Under Loading

PT5152

JOINT 1 JOINT ||

W

Support Reactions Due to Post-Tensioning

% Analysis options and limitations

ANALYSIS OPTIONS

» Assumptions
= Gross cross-section
= Linear elastic

» Methods
» Strip Methods
= Simple Frame Method (SFM)
= Equivalent Frame Method (EFM)
» Finite Element Method (FEM)
= Single Level
= Multi Level




ANALYSIS OPTIONS

++ Analysis options and limitations
» Simple Frame Method (SFM)
» Equivalent Frame Method (EFM)

Floor slab is subdivided into strips in both
directions

ANALYSIS OPTIONS

Each design strip is extracted and
idealized in isolation

[
~N
w

4 5
9 - 10 ‘ 10 ‘ 9.2 F"‘s

|

8 wm.'

i

(a) DESIGN STRIP IN PROTOTYPE
) ) 08
9 | 10 | 106 | 105 -

3 L I I L

(b) STRAIGHTENED DESIGN STRIP

- IDEALIZED

ACTUAL
(c) IDEALIZED TRIBUTARY FOR DESIGN

ANALYSIS OPTIONS

Extraction of single levels and
assignment of boundary conditions

PTS750

[ I 0 1 1
I | |
[ 0T 0T T
LI T T
[
|
|
I

| N | |
N | |
| N | O
[ T T T

[ ]
(a) Elevation
Hf rotationally fixed

I8

LT
J Ak LI

TN mtgfiE)nally fixed rallér support
(b) Typical upper level model

~ rotationally fied
1o f0
L L Qe
(c) Lowest level model
Single Level Design Strip Analysis Model

ANALYSIS OPTIONS

> Methods of Analysis
= Simple Frame Method (SFM)
= Equivalent Frame Method (EFM)
= Finite Element Method (FEM)

P %y

In Simple Frame Analysis, the stiffness of
the elements is based strictly on the
bending properties governed by the cross-
sectional geometry of each




ANALYSIS OPTIONS

Finite Element Method

Single level modeling
TNT-369

3D view of
the floor

Discretization of
the floor to FEM
cells

ANALYSIS OPTIONS

Multi-Level Analysis Option
In this option, the entire building, including
tendons is modeled in 3D

3D Analysis Model

Analysis Model with Tendons

Display of a finite element (FEM)
solution of the structure

The basic solution has to be
to extract “

”

computation of reinforcement and code

check.

ANALYSIS OPTIONS

» The entire building is meshed
» Gravity, lateral and other loads applied
» A global solution for the entire building

is obtained
Gravity Loads
Lateral Forces l
applied at -
Building model =i




ANALYSIS OPTIONS

» Optionally, as a sub-structure, single
levels can be extracted and re-analyzed
in greater detail, using applied forces
obtained from the global analysis

» Asingle level follow up analysis affords
expeditious focus on, and optimization
of critical elements of the structure

Gravity Loads

4

Solution from lateral
loads available in
single level mode

Single level substructure with loads
extracted from global analysis

EXTRACTION OF DESIGN VALUES

Irrespective of the method of
analysis, the design values for code
check are based on design strips
and design sections.

Breakdown of a Floor to Design Strips

EXTRACTION OF DESIGN VALUES

Design sections

» Design sections extend over the entire
design strip and are considered at critical
locations, such as face of support and
mid-span

—— DESIGN SECTIONS

— SUPPORT LINE

EXTRACTION OF DESIGN VALUES

Design strip; design section; design value
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VaIués a>e integrals below graphs
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Thank you for your attention

any questions?

www.adaptsoft.com
bijan@PT-Structures.com
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Building Codes and Post-Tensioning

1 - Current codes

USA

» ACI 318-14; for general design requirements

» ASCE 7-16; for loads and analysis options

» IBC 2015; International Building Code
(umbrella code)

European

» EC2 EN 1992-1-1:2004; for general design

» EC: EN 1881-1.1, 2,34 for loads

» EC8 EN 1998-1-3 for design for seismic
forces

In both cases, there are also specified
requirements for post-tensioning systems and
material

Building Codes and Post-Tensioning

2 — Code Objective
As perceived by design engineers

» ACI 318

® Safety of the public, supported by
practical evidence

® Economic considerations with lesser
priority

> EC2

® Safety with due considerations to
engineering principles




Building Codes and Post-Tensioning

3 — Code approach to design; philosophy
and methodology

»ACI 318
® Practical demonstration of safe design
overrides engineering calculations
® Generally follows three tier approach
1 - Simple and expeditious; mostly not
the economical alternative
Example: service deflection

Select recommended span/depth
ratio — no calculation required

2 - Medium: Allow for loss in secondary
moment resulting from cracking of
concrete

3 - Rigorous: Detailed analysis for

cracked sections and improved
economy

Building Codes and Post-Tensioning

3 — Code approach to design; philosophy
and methodology

»EC2

® Prescriptive approach for practically all
instances, based on principles of
mechanics of solids

®Mostly one prescriptive approach for each
design scenario

Building Codes and Post-Tensioning

3 — Code approach to design; philosophy
and methodology

ACI 318

» Performance-based design;
non-prescriptive approach
® Engineer selected methodology,
supported by computation or tests to:
(i) meet the ultimate serviceability and
safety requirements of the code; and
(ii) obtain the approval of the building

official having jurisdiction over the
project

Building Codes and Post-Tensioning

4 — Common code provisions and
practice of ACI 318 and EC2

» Design requirements
» Serviceability Limit State (SLS)

»Sustained (quasi permanent)
»Total (Frequent)

>Safety; Ultimate Limit State (ULS)
> Initial condition (transfer of prestressing)




Building Codes and Post-Tensioning

4 — Common code provisions and
practice of ACI 318 and EC2

¢ Load path
» Strip method — primary focus of both
code provisions

¢+ Analysis
»The primary option is elastic solutions
based on

® Stiffness based on gross cross-
section
® | inear elastic material property
> Yield line analysis
» Experimental evidence

Building Codes and Post-Tensioning

4 — Common code provisions and practice
of ACI 318 and EC2

> Crack control

» ACI 318; cracks are greatly limited; controlled
through low allowable hypothetical tensile
stresses

»EC2; explicit selection of crack width for design
and crack width calculation

Building Codes and Post-Tensioning

4 — Common code provisions and practice
of ACI 318 and EC2

e+ Computation of design values for code
compliance

» Design section values, such as moments
based on smeared distributions (total

» Stresses based on hypothetical values

» For EC2, the approach is outlined in
appendix |

Building Codes and Post-Tensioning

4 — Service Check - SLS
» Crack control through hypothetical extreme
fiber tensile stresses

tributary PTS257

‘ n—— Max stress ‘

{13 average stress
Wi
o

——————— A e —

| (c) extended wall
Plan
(Average = Hypothetical value used for code check)

Distribution of Maximum Bending
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4 — Service Check - SLS

» Crack control through hypothetical extreme
fiber tensile stresses

Building Codes and Post-Tensioning

4 — Common code provisions and
practice of ACI 318 and EC2

«¢» Deflection control for
> Visuallsense of comfort

» Cause damage to non-structural brittle
elements

$* Minimum Strength
> Bending
» Punching shear

Building Codes and Post-Tensioning

» Crack control through hypothetical extreme
fiber tensile stresses

PTS507

at point A, two-way stress check
at point B, one-way stress check

Floor Plan of a Mixed Structural System

Building Codes and Post-Tensioning

4 — Common code provisions and practice
of ACI 318 and EC2

+» Section strength
» Recognition of uncertainty in material
properties

® ACI strength reduction factor phi
—Bending 0.9
— Punching shear 0.75
— Axial compression 0.7

® EC material properties
— Concrete 0.65
— Non-prestressed steel 0.85
— Prestressing steel 0.85




Building Codes and Post-Tensioning

4 — Common code provisions and practice
of ACI 318 and EC2

¢+ Section strength
» Provision for ductility

Ductility check through limitation on
depth of compression zone

[{

PTS401
£

d

— e

c
~s

(a) Section (b) Strains

Depth of compression zone c is limited to
0.35 to 0.5 dt to ensure section failure
through yielding of tension reinforcement

Building Codes and Post-Tensioning

4 — Common code provisions and practice
of ACI 318 and EC2
%+ Safety against cracking moment
> ACI Design capacity should exceed the

cracking moment of the section by a code
specified safety factor

»ACI318 1.20

»>EC2 1.15
® The computation is controversial
® The application is different

« Initial condition; transfer of prestressing
» Both codes require control of tensile and
compressive stresses at stressing

®ACI 318 values ??
®EC2 values ??

¢ Both require anti-bursting reinforcement at

anchorage. In practice the hardware supplier
provides the details

Building Codes and Post-Tensioning

Limiting the depth of compression zone
leads to six design options for design
moment capacity of a section

COMPRESSION
REBAR

SN X . N
MAX
PRESTRESSING \ MAX i REBAR TO

TENSILE BALANCE
FORCE OF
- REQUIRED ™= REBAR -
TENSILE e COMPRESSION

REBAR REBAR
™ (2) @3)
PREST PREST PLUS PREST
ADEQUATE TENSION REBAR AND TENSION
REBAR NOT
ADEQUATE

REQUIRED COMPRESSION REBAR TO BALANCE
REBAR ADDED TENSILE
1 N BB «\/REBAR
W i N y
) EXCESSIVEM X ST MAX A
T COMPRESSION ~
o | PRE- = REBAR —
STRESSING "

) (5) (6)
OVER REINFORCED, PREST PREST
DESIGN BASED ON AND COMPRESSION AND COMPRESSION
COMPRESSION ZONE REBAR REBAR NOT

ADEQUATE

Building Codes and Post-Tensioning

5 - ACI-318 specific provisions

«» Minimum precompression
> Applies to two-way systems
> 125 psi (0.86 MPa)

» Method of computation is based on
tendon tributary

> None is specified for one-way systems
«» Minimum rebar based on stress values
» If hypothetical tensile stresses in span exceeds
span f; <0.16/f SI (f; <2./f;/ US)
¢ Tendon layout
» Maximum spacing between tendons
» Banded/banded not permitted




Building Codes and Post-Tensioning

5 - ACI-318 specific provisions

% Transfer of column moment

+¢ Limited redistribution of moment to account for
post-elastic reserve of strength
+¢» Arrangement of tendon and rebar, including
integrity steel (detailing)
> Specific statement that column strip/middle
strip does not apply
> All top rebar on and around the column
» Minimum of 4 bars within 4 ft of column top
> Integrity steel

» Specific statement on bar length

Building Codes and Post-Tensioning

6 — EC2-Specific Provisions

¢ Minimum reinforcement based on cross-
sectional area

< Maximum reinforcement based on cross-
sectional area

«+ Design crack width

» Suggested values for bonded and
unbonded members

«* Rebar for crack width control

Building Codes and Post-Tensioning

REBAR
sLAB, TEBARSTRIP | STRIP
S -
d| SR } b f : 1
/,J.Sd/IJ.Sd I |
DROP "COLUMN 1.5h [l§1.5h
(a) SLAB WITH DROP (b) FLAT PLATE
REBAR STRIP N
- FRAME
DIRECTION
1 COLUMN
DESIGN
STRIP

(c) VIEW OF A SLAB JOINT

Building Codes and Post-Tensioning

7 — Notable differences between ACI and
EC2

¢ Contribution of tendon to section strength
» Unbonded tendons

® ACI 318 allows gain in stress up to 60 ksi
(413 MPa) over service

®EC2 allows 100 MPa (14.5 ksi)
» Grouted tendons

® ACI 318 allows 413 MPa (60 ksi) over
service

® EC2 allows full value, which can be as
much as 700 MPa (100 ksi)

¢ Punching shear

> ACI 318 focus is on control of fictitious
stresses make up of shear and bending
stresses

» EC2’ s focus if on area top rebar




Building Codes and Post-Tensioning

7 — Notable differences between ACI
and EC2

+» Application of minimum flexural stress over
cracking moment
» Both codes have the requirement, but the
specified application differs

Building Codes and Post-Tensioning

ACI 318-14

““8.6.2.2.2 — For slabs with bonded prestressed
reinforcement, total quantity of A; and A shall
be adequate to develop a factored load at least
1.2 times the cracking load calculated on the
basis of f, defined in 19.2.3.”

EN 1992-1-1:2004, Section 9.2.1-1(4)

“For members prestressed with permanently
unbonded tendons or with external prestressing
cables, it should be verified that the ultimate

bending capacity is larger than the flexural crackin
moment. A capacity 1.15 times the cracking momen

is sufficient.”

(Canadian code A23.3 18.4)

Building Codes and Post-Tensioning

PTS827

f, = tension stress ; fr = cracking stress

Section Response to Pre and Post-Cracking
Moment

Building Codes and Post-Tensioning

PTS798

P
tendon X
g B \ c YA
X
Post-Tensioned Member and
Initiation of Cracking

PTS799
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Cracking Moment

» Nominal capacity => cracking moment
using PTI's formula and literature

Mr=(ft+§)5+Mpt

M,, = cracking moment;

S = section modulus;

ft = cracking stress; and

A = cross-sectional area

M,,; = moment from post-tensioning
(includes hyperstatic moments)

(Canadian code A23.3 18.4)

design strip

2 72

post-cracking elastic
dl_StﬂbEth ____________ Mer
\/ | cracking

FDJ_U gl J__;_D_q' momen

column

Tributary (Design Strip) of a Column Support
in Two-Way Slab Construction

Distribution of moment at the face of column
before and after cracking. Loss of capacity
due to the cracking spreads the cracking and
mobilizes the slab’s strength beyond the
column (PTS761)

The European code EC2 also requires
evaluation of the cracking moment, but only for
beams reinforced with unbonded tendons. Per
EC2 a safety factor of 1.15 is required.

EC2 EN 1992-1-1:2004, Section 9.2.1.4

Building Codes and Post-Tensioning

Cracking Moment
» Nominal capacity => cracking moment

- (4o

M,, = cracking moment;
S = section modulus:
ft = cracking stress; and

A = cross-sectional area.

Slab construction with tendons.
ACI, nor EC2 require strength check at initiation of
cracking (P998)

Slab construction with tendons
strength check at initial of cracking. EC2 does not (P999)
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8 - Essential post-tensioning design
Aspects not covered in either of the
two codes

+ Analysis
» Tendon modeling for structural design
» Tendon considered as an applied force
»There are several alternatives. Most
popular is load balancing; give
reference
» Tendon considered as a resisting
reinforcement
¢ Layout
» Tendon profile
® ADAPT has a library that includes
reverse parabola; straight and more
® Other profiles, such as profile assumed

under gravity can work but are not yet
implemented

Building Codes and Post-Tensioning

8 - Essential post-tensioning design
Aspects not covered in either of the
two codes

¢ Detailing: support restraint
» Contribution of precompression from post-
tensioning is essential in moment capacity

of post-tensioned sections

» Support restraints at the first and possibly
second levels of post-tensioned buildings
can compromise the contribution of
prestressing and need to be recognized in
design.

Building Codes and Post-Tensioning

8 - Essential post-tensioning design
Aspects not covered in either of the
two codes

+* Vibration
» Application of improved and higher strength

concrete property properties; advances in
computational technology has resulted in
longer spans and inspirational irregular
layouts have resulted in the floor vibration
from footfall becoming a part of many
designs

+» Detailing: support restraint
» Contribution of precompression from post-

tensioning is essential in moment capacity
of post-tensioned sections

» Support restraints at the first and possibly
second levels of post-tensioned buildings
can compromise the contribution of

Building Codes and Post-Tensioning

9 - Comparison of designs based on ACI
and EC2

¢+ Both codes result in serviceable and safe
designs

+¢ In general a floor slab can be designed with
less prestressing using EC2.

+¢» The economic evaluation depends on the unit
price of prestressing and non-prestressing
steel in place — labor component..

+» EC2 is more economical, where prestressing
is more expensive.

+¢ In the US, depending of the location and
construction the cost of installed unit rebar
and PT can be the same. Since PT can
provide 3 to 4 times more strength than
rebar, in practice it is almost always
economical to use PT.
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10 — General design steps
» Detailed in 10-step design presentation

11 — ACI-318 design steps
Outlined in 10-steps

12 - EC2 design steps
Outlined in detailed flow chart provided.

EC2-EN 2002
(A)

Calculate Min. overall Calculate Max. overall
of  As(Asmin) o As (Asmin) -
(921.1,93.1.1) (921.1,93.1.1)

Calculate min.crack
control reinforcement
based on system.

Determine "Computed"
crack width (EC2-7.3.4)

Exceeds
allowable?

Limit crack width by adding
rebar(Eqn. 7.8 & 7.9)
or, limit max.spacing or
diameter (table 7.2N or 7.3N)

Provide As,crack

Select allowable
crack-width
Table 7.1N

Post-Tensioned Members
Serviceability
Check According to EC2-EN 2002

One-way & Two-way )
Systems

Frequent
load combination
DL+0.5LL+PT

Select allowable stresses

Concrete Steel PT
Compression  Tension,
0.60 fok (7.2) foteff (7.3.2(4)) 0.8fyk (7.2) 0.75fyk (7.2)

5 = Calculate
ompare wi hypothetical
hypothetical values stresses
Is PT stress
Is steel stress
oK ?

Is conc.

stress
OoK?

Is
conc.tension
stress OK ?

Provide Min. As
(9.2.1.1,9.3.1.1)

* EN 1992-1-1:2004(E). section 7.2

Calculate
design values

Serviceability

(B) EC2-EN 2002

Ffrom
flow-chart
EC2-EN-2002

Quasi
load combination
DL+0.3LL+PT

Select allowable stresses
Concrete

Calculate

Compression Tension,
0.45 fck (7.2) fet,eff (7.3.2(4))

Compare with
hypothetical values

hypothetical
s(re‘sses

Is conc.
compression
stress OK ?

Modify computed
deflection for
non-linear creep

Is conc.
tension
stressOK ?

10
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®

Summary

Currently applicable building codes
Code objectives

Code approach to design ;
philosophy/methodology

Common US and European code provisions
ACI-318 specific provisions

EC2 specific provisions

Notable differences between ACI and EC2
code provisions

Essential aspects of PT design not covered
by either of the codes

Engineering design aspects of post-
tensioning

10.Comparison of designs based on ACI and

EC2

11.ACI-318 design steps
12.EC2 design steps

Thank you for listening

any questions?

bijan@PT-Structures.com
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10-Step Design of Post-
Tensioned Floor Systems,
followed by Long-Hand
Calculation

Bijan Aalami

(refer to chapter 7 of the book Post-Tensioned
Buildings; Design and Construction )
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Post-Tensioned Slab Design using Equivalent Frame Method

» Applicable Project Types
* Review of Design Process
* When to use 2D Strip Approach

» Designh Example using ADAPT-PT
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Complete Solution for Slabs & Beams

Beam frames and grids

EEETTRLF TR
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£ concretenz
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Review of Design Approach

n " ——
Typical layout of _ (~ CoLUmMN .
column supported ]
floor system SLAB

OPENING

WALL

SLAB
EDGE

BEAM
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Review of Design Approach

A
1st Step: B \v/ﬂ
Determlne Support line—
support lines

C

D

£ concretenz
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Review of Design Approach

A
2nd Step:
Determine R
tributaries and
create
“design strips” ¢

£ concretenz
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Review of Design Approach

3'd Step: <
Determine
design sections ®
Sections for c
strips B & E
shown

D

DESIGN
SECTION

£ concretenz
LEARMED SOCIETY

4th Step:

Design each
section to provide
adequate capacity
and meet code
compliance

(@]

T

m

DESIGN
SECTION |~

>
J concraten: 10




®

5th Step:
Design other
direction of slab

Q@ ©

®

@ @

» Easy to learn and use

* Quickly produces preliminary designs

* Produces optimized PT designs for each strip

» Great learning tool if new to post-tensioning




If using ADAPT-PT, develop
and model idealized design
strips

© o @ ® 0O

—9—10 —r—lo.s—-i»lo.s—rtf's
] 5 )
H | | |

(b) STRAIGHTENED DESIGN STRIP
IDEALIZED
- w
[
I I\ L 4
!ACTUAL

(c) IDEALIZED TRIBUTARY FOR DESIGN

(a) DESIGN STRIP IN PROTOTYPE

2
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The parking structure is broken down into typical beam and one-way
slab frames. A beam frame can span several parking modules.

Beam frame

2
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Traditional Design of 1-Way Systems

Start ADAPT-PT modeling process by selecting appropriate structural
system.

concretenz
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P2 General Settings

General Title: \AUZUT 0 parking

Specific Tile: [Gid 8

Structural Systern

Geormetry input
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‘x{ﬁ\ Do pou want to corsider & Yes Mo
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Iwo-Way Slab DOne-way Slab Beam
LCancel | Mest>»
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Design strip for a beam
spanning 2 parking modules

Legend

[ Span Geometry
Humber of Spans

[CTRL +4]
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Traditional Design of 1-Way Systems

Select appropriate tendon profile.

Criteria - Tendon Profile =8 Bl )
Legend
3 4 *3 2 x4 X3 x4 2
X2 X2 T\T /
L 3 L | L | | L
1 = Reversed Parabola 2 = Parbial Parabola 3 = Harped Parabola 4 = Straight 5 = Extended Reversed Parabola
. Option for tendons...
Tendon A profile | Tendon B profls | Tandon C profile P
e Type L oIl WAL AL Default extension of terminated tendon as fraction of span:
Typical 1 | 100! 0.500 0.100 0.000 Left end 02 Right end 02
Span 1 1 v .100 0.500 0.100 Shape of tendon extensions:
Span 2 1 w| 0300 05000 000 Tendon C (Lelt end) Tendon B (Right end)
(@ Dowrward parabola; snchor at centroid (® Downward parabola; anchor at centioid
(" Follow shape specified in above table (" Follow shape specified in above table
|_ Set tendon ends using CG of effective sechon
<< Back (113 Cancel ‘ I Mest 33 |
concretenz

LEARMED SOCIETY.

Traditional Design of 1-Way Systems

Each design strip is designed to meet strength and service
requirements of the code.

P Recycle Graphs

=l ® [

Tendes Height Diagam
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W Tendon height
¥ Concrete guine °
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[~ Extreme fiber stresses - o
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Traditional Design of 1-Way Systems

Amount of post-tensioning and profile are determined as well as any
additionally required flexural and shear reinforcement.

ABAPT _ STRUCTURAL COMCEETT 508 TWARE SYSTIN
n J0UT Date 200 T Time  DLOT T_2_fom_beam_spans

1 ‘);'_F‘{é.:\l.‘l'\(lir' JUTRE "AU2010 paking”
13 (oo Cine Frveons
MEMBER ELEVA

g ey |

31 ADAPT seeced

= smes

ADED BARS - z
|l l T T =] I 1 | ] T T — |]|
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0.2 Y
10 - DESIGNER'S NOTES

Export layout of post-tensioning and any required additional
reinforcement in DWG CAD format.




Structural Concrete Software
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Design for Shortening of
Post-Tensioned Members

Bijan Aalami



Shortening
of Post-Tensioned Elements
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Shortening
Post-Tensioned Elements

A question on safety of concrete
elements

PTST49

isolated segments
with no bond

oo bhandnadnnbhand babo Aodbn

Concrete element with
no Tensile Capacity

» Element is contiguous. The vertical lines are
for visualization

» Will this element collapse, if the interior
supports are removed?

Shortening
Post-Tensioned Elements

PTS747b

uplift = member weight

5 I Y O O O I o

rigid abutment /- zer0 P/A
tendon

» Concrete has zero tension capacity

» Post-tensioning tendon is anchored at rigid
abutments. No abutment movement.

» Tendon uplift is equal to element weight

» Tendon is unbonded.

» There is no friction between tendon and its
sheathing

» Tendon profile is simple parabola

QUESTION?
1 - Will this element deflect?
2 — Will this element collapse, if load is added?

Shortening
Post-Tensioned elements

PTS748b
~ rigid abutment

— tendon
unbonded with

zero friction

» Concrete has zero tension capacity

» Post-tensioning tendon is anchored at rigid
abutments. Zero abutment movement.

» Tendon is unbonded.

» There is no friction between tendon and its
sheathing

» Tendon profile is simple parabola

** Element will collapse under added load

% No compression, hence no resisting
moment can develop in the element




Shortening
Post-Tensioned elements

¢ Post-tensioning is generally designed to
provide:

» Precompression

plift
> U PTS196
s anchorage /x— void /— PT tendon jack -

reacting /

(a) Tendon stressing frame

1 3

T

7
 Compression Lt

(b) Tendon finishing
/— profiled tendon

T

(c) Profiled post-tensioning

Basics of Post-tensioning Construction

Shortening
Post-Tensioned elements

Uplift of tendon is function of

» Tendon geometry
» Tendon force

PTS390

tendon

Free Body Diagram of Tendon (rssa)

Shortening
Post-Tensioned elements

Precompression is achieved through

» Shortening of element under

prestressing force
PTS642

u
(a) Force-displacement relationship

L

S
_

(b) Member with no pre-compression

=
—_—

|
S E=—cam

(c) Member with pre-compression

Pre-compression and Shortening

Shortening
Post-Tensioned elements

» The primary obstacle to shortening is the
restraint of element supports

» Excessive restraint can lead to loss of
precompression and through cracks in
element resulting from shrinkage

PTS643
tendon P7 [ f=PIA u
[ —>o9— _}
y e
I == E i
AW Fond

Z precompression
Element Free to Shorten

tendonP7 [f=0 ‘u=0

Koo . - N
= restraint cracks — ]

Element Restrained at Supports




Shortening
Post-Tensioned elements

» Depending on the stiffness of supports and
the construction sequence, cracking can
occur in the supports or the element

Shortening
Post-Tensioned elements

» Examples of through cracks resulting from

restraint of walls

» Through cracks eliminate the

precompression across the crack

PTS644b
tendon i U PR e o e e —
r i 1] ' ] IR
| A | ,./-Ix !I / ,/l :: i
I = \ = i o ou
support - ,ﬁz crack Sl ‘ C. siab—
I ® ‘:: ® ® w § 8¢
‘ i 26.82
(i) elevation (ii) deformed member [ column , l ezm
" ] £ :E o Lunnd]
(a) Flexible supports feg i f
> > / 48 ii. & a ,:E.,:j] PTS675
- E:Ir:r:::__rﬂ =Za = R —\(
restraint crack wall
1 F 1 I AT
r :"6" = = = ELJI = o = EQ\ B !
e, 8 } el
(i) elevation (i) cracked member ¥ 8
column crack . (26.82 m)
(b) Stiff supports _ 8 8 B8 51 ® {u} 2 8 i—‘
Effects of Support Restraint on J’ i, it 1 J -
Member Cracking wall J
PTS676
Shortening Shortening

Post-Tensioned elements

Why precompression is central to the
safety of post-tensioned elements?

Review the design capacity of the
following element

tendon (T) PrSeer
JIAATITILTITL
I~ 1 /roller

(a) No support restraint

v
e v
IR jz ] S Ne0

=T
=T

*z

(b) Free body diagram of a beam section

Post-Tensioned elements

PTS688
tendon (F)

G LIZILLIEL L
L

(a) Member with restraining walls

AR NN

a_‘\‘#""“m___ J,/”E”\—E

(b) Simplified model of member with
axial restraint

v
F, L LD TL
S _D:[
] N=F3
C= F2—F3

(c) Free body diagram of severed member

Contribution of tendon force to provide
resistance is reduced by the force
diverted to the supports




Shortening
Post-Tensioned elements

What do we need to know?

“*How much is the shortening ?

“*How to allow for shortening —
crack mitigation

“*How to evaluate the impact of
cracking, if any?

Shortening
Post-Tensioned elements

The shortening of a post-tensioned
element is due to:

* Shrinkage;

s Creep;

+» Elastic Shortening; and
% Temperature change

There are different techniques to estimate
the shortening. These are:

UQuick, generally conservative and for
preliminary estimates

WDesign engineer’s procedure for common
residential and commercial building
structures; and

URigorous procedure for non-conventional
and critical structures

Shortening
Post-Tensioned elements

¢ For a quick and preliminary estimate of
common building construction consider
10 mm for every 15 m of slab; 0.75 inch
for every 100 ft of slab

+ Design engineer’s procedure is based on
ACI 423, corroborated through
observation of satisfactory application. It
is outlined in the following with numerical
examples

Reference:
SHORTENING ESTIMATE OF POST-TENSIONED ELEMENTS

Bijan O. Aalami, 2014; www. PT-Structures.com
TNA458

+“ Rigorous procedure is based on detailed
material properties and geometry of the
element as outlined in ACI; EC2 and
implemented in ADAPT-ABI

Shortening
Post-Tensioned elements

What do we need to know?

% How to allow for shortening ?

% What are the crack mitigation
options?

* How to evaluate the impact of
cracking on serviceability and
safety of the element?

Reference:

Crack Mitigation and Evaluation;
Shortening of Post-Tensioned elements
and Restraint of Supports

Bijan O. Aalami, 2014; www. PT-
Structures.com TN451




Thank you for listening

any questions?
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Crack Mitigation Schemes

% This presentation covers the
practical measures followed in North
America to allow for shortening of
post-tensioned slabs and avoid
excessive cracking

“* The objective of crack mitigation
schemes is to allow shortening of a
post-tensioned floor to an amount
that would ensure the design-
intended contribution of post-
tensioning to the strength of the floor

Crack Mitigation Schemes

+» Post-tensioned floors shorten

% Shortening is necessary for full contribution
of post-tensioning

% For common residential and commercial
floor slabs, the anticipated floor shortening is
approximately 10 mm for every 15 m slab
length; (0.75 in. for every 100 ft slab length)

“» Where slab supports restrain shortening,
shrinkage of concrete results in cracking.

» Addition of rebar disperses cracks and
reduces crack width, but does not
compensate for loss in contribution from
post-tensioning.

Crack Mitigation Schemes

Adverse effects of support restraints is
pronounced in the following instances:

» Subterranean floors with restraining
perimeter walls

» First level of elevated floors supported
on stiff walls and columns

» To a lesser extend the second and
possibly third elevated floors




Crack Mitigation Schemes

+» Generally, upper floors of a building
are not subject to support restraint to
the extent that it would compromise
the strength of the floor slab

*In most cases, crack mitigation for
upper levels is not required and not
practiced.

PERCENTAGE_OF FINAL SHRINKAGE AND
CREEF SHORTENING
LY

Crack Mitigation Schemes

+*In detailing for crack mitigation, it is
often necessary to also estimate the
short-term shortening of a slab

 Short-term shortening can be
estimated from the following graph

100%

/

80 P

G0 /

a0 Vi

/

v

20

a

1day 3 T 10 30 50 100 200 tyr dyrs 23yrs

TIME SCALE

Characteristics of Restraint Cracks

% Restraint cracks are long

++ Do not necessarily occur at locations of
maximum moment

% Occur where axial strength is least, such
as where bars terminate

% Generally extend through the depth of slab
(through cracks)
PTS653

restraint cracks

strength cracks

|

+ \#
-

N

7

™

Restraint crack Strength crack

Characteristics of Restraint Cracks

+ Restraint cracks are long, deep and few

+ Plastic shrinkage cracks are shallow on
surface, many and irregular

Shallow plastic
shrinkage cracks

Long deep
restrain cracks




Characteristics of Restraint Cracks

150' (45.72m)

88
(26.82 m)

]

88
J (26.82m)
]

wall—
* Restraint cracks generally extend through the
depth of the member

“ In the above first level post-tensioned floors
on perimeter walls the restraint cracks have
fully interrupted the precompression

Characteristics of Restraint Cracks

% C slab
3 s
7 slab ? ! L,
e
I\" -
(a) Plan (b) Plan

+» Cracks at discontinuities are not necessarily
related to the restraint of supports

+» Cracks at discontinuities do not have the
same adverse effect on safety of the floor as
cracks from restraint of supports

Characteristics of Restraint Cracks

Crack formation at joint

Trim bars at joint

s Example of discontinuity cracks at re-entrant
corner of a post-tensioned ground-supported
slab.

¢+ Addition of rebar at discontinuity has been
partially successful

Characteristics of Restraint Cracks

Crack formation resulting from
lack of strength

PTS502
285-2° (B6.91 m)

#

________________

S ____I.' o
j

$-—e—8, =

[ )
a1t ®
| |

e ——

1684° (51.31 m)
13407 (40.84 m)

ol

' column below T ~

perimeter wall
ramp —'

\
crack —' e column below

RC slab Unboned PT slab

“ RC slabs develop numerous short and thin
cracks

% Slabs with unbonded tendons develop single
long and wide cracks




Crack Mitigation Options

1 — Favorable layout of restraining supports

2 — Structural separation breaking up the
floor slab

3 — Delay (closure) strips; joints; favorable
pour sequence

4 —Temporary release between the
restraining supports and floor slab

5 - Permanent released connections
between the restraining supports floor
slab

Crack Mitigation Options

1 - Favorable arrangement of walls
allow the slab parts to move toward
the point of zero movement

[ column / wall

o ek L o
P = q L ° °

b
9 o ]

- B R = L 4 ®
1
&)

i
4]
K ]
=] =] k=] 1 I‘ (=} o k= \I
| |
L

a
G | o !'J o T o

5 =]
= =2
i o 0 L

(b) Unfavorable arrangement of restraining walls

Crack Mitigation Options

2 — Structural separation

For floor slabs on stiff supports, such as
subterranean and first elevated

s*Unless special provisions are made, limit
the length of contiguous post-tensioned
slabs to 375 ft (115 m). For slabs longer
than 375 ft (115 m), provide a structural
separation

ssFor slabs longer than 250 ft (76 m), but
not exceeding 375 ft (114 m), provide a
central delay strip

ssFor slabs shorter than 250 ft (76 m),
design the slab for the anticipated
shortening

Crack Mitigation Options

2 — Structural separation

= Separation allowing
horizontal
movement only

Separation
allowing
movement in all
directions




Crack Mitigation Options

2 — Structural separation

shear wall PTSE55
i !
| PT slab i
5 ,Lr— structural
B | separation
PT slab—/
reinforced concrete
slab at appendix
opening |
"""""""""" N ‘; W
i o
| |
PT slab e
wall ] structural —
separation

At lower levels between movement-unfavorable
slab segments

Crack Mitigation Options
3 — Delay strips; joints; pour sequence

+ Delay strips are bands of about 3 ft (1
m) wide that subdivide a larger slab
area into isolated segments.

% Segments on each side of the strip are
cast and allowed to shorten, before the
gap is closed

+** Reinforcement does not continue from
concrete on one side of the strip to the
other

% Overlapping reinforcement from the
sides to the delay strip provides the
continuity

Crack Mitigation Options

3 — Delay strips; joints; pour sequence

Concrete cast
on one side

Concrete cast on
both sides

Crack Mitigation Options

3 — Delay strips; joints; pour sequence

Delay strip in
podium slab




Crack Mitigation Options

3 — Delay strips; joints; pour sequence

L4  3u4 PTS656

ﬂ‘ |

I

H ﬂ V\fdelay stripﬂ H {
| |

1 1

~L | ~L | ~L
1 1

e

¥

(a) Elevation ; approx. equal spans

b delay strip b
‘I‘\T sla T\T
| \ / [tendcn /' |
| h2 I M’f_\‘f
J.J_ mprop \-Iow point J_J_

L/4 ‘
L2

| |
(b) Delay strip at quarter span

L2

% Equal spans: position strip at ¥4 point
+*+ Anchor tendon at centroid

Crack Mitigation Options

3 — Delay strips; joints; pour sequence

4 \

| Delay strip

+« View of interrupted tendons at a delay
strip of an analysis model

Crack Mitigation Options

3 — Delay strips; joints; pour sequence
Lo/, |—2/2 PTS657

L= 111 W

” delay strip u H
| L |

| L b |

et

(a) Elevation L, << L,

(b) Delay strip at mid span

% Unequal spans: position strip at mid-
depth

« Anchor tendon at centroid

+« Prop both sides

Crack Mitigation Options

3 — Delay strips; joints; pour sequence

s Typically, delay strips are required for the
first and possibly second and third
elevated slabs

% Itis not generally necessary to continue
them to upper levels




Crack Mitigation Options

3 — Delay strips; joints; pour sequence

PTS5658
bars by calculation
ea side (T) pour strip 3-0" v-groove and
bars by calculation (1m) silicon sealant
ea side (B) 3" (80 mm) typ. at top
7 | typ
| L |
| |
added T&B / keep shored, until
bars and (T&B) cont gap is closed and
hairpin or cured
backup bars

shear keys

+ Typical detail example from construction
drawings

% The v-grooves are intended to hide
anticipated cracks

Crack Mitigation Options

3 — Delay strips; joints; pour sequence

PTS659
f tendons F rebar

]

Construction joint with no stressing

tendons rebar
[

Construction joint with intermediate stressing

H tendons
rebar tm) /_

zﬂé\?ﬂ\ ‘Véﬂ—ﬁ—z

Closure strip

+«+ Construction joints allow time for one side
to shorten, before the second side is cast

+« For long pours, tendons are stressed at
the joint

Crack Mitigation Options

3 — Delay strips; joints; pour sequence

With intermediate
stressing

Without intermediate
stressing

With intermediate stressing; finished
on one side

Crack Mitigation Options

3 — Delay strips; joints; pour sequence

PTST38

.f_.-— sacond pour st pour

starter duct

- = new tendon —

|
—| &

A,

construction joint e

Construction joints of bonded tendons
with intermediate stressing is done
either using special couplers, or
overlapping tendons




Crack Mitigation Options

4 — Temporary release

PTSEs ¥ (B0 mm)@
/- styrofoam or equiv.
./, remove, clean surfaces &
A fill wf non-shrink grout
2 (50 mm) CLR—,

P

| smooth trowel finish
wi two layers of slip “ refer to wall schedule
material

" CIP conc. wall

+«+ A bond breaker is placed over the wall

« After slab has undergone the design-intended
shortening, the fill in the corrugated tube is
removed and the void is filled with strong epoxy

Crack Mitigation Options

4 — Temporary release

3

%

A bond breaker is placed over the wall

» After slab has undergone the design-intended
shortening, the fill in the corrugated tube is
removed and the void is filled with strong epoxy

¢+ The dowels through the tube extend to the wall
above

DS

Crack Mitigation Options

4 — Temporary release

PTS882
" S ) - column
| T sliplayer
/ (Neoprene)
L; | /- wed comnection
I

teel
angle

.":
foundation £ steel plate

¢+ The stubby column supporting a long-massive
post-tensioned exhibition roof is initially
supported on Neoprene pads to allow it slide
over the foundation.

+» Column is welded to the base, once the

anticipated shortening of the post-tensioned
roof has taken place

Crack Mitigation Options

5 — Permanent release

PTS663

slap, compressible 7
[ I material — I

5 ? .

o,
_\\ " /"
wall — '\ slip slip .
material material
o

(a) No connection

(b) Limited movement

1 - compressible

bond |1 pslab |

breaker —._
N 4, _]j F

joint -\ slip \ slip
| material dowel material
(c) Full release (d) Idle dowel

+ Permanent release is practical, where shear
transfer between the slab and its support is not
required




Crack Mitigation Options

5 — Permanent release

1 material
o

— J-K ] b f‘i 7
L o } o™

| - slip materal dowel
dowel

++ In both options above, the supporting wall is
covered with a bond breaker

% On the left detail, the dowel from the wall
terminates within the compressible cover.

% On the right, the dowel is bent into the slab and
engages in extreme events

Crack Mitigation Options

Other release options
stressing tendon
- end /

S h— l{f stressin
3 [ oressng
= ¥ ﬁ“ blockout
Aal"f = p—— liveend
% C-Slab’_) = ﬂ/“‘a“ ——— deadend
&= 5
— N
™ 38" (1m)
PTS66T
~ shear key 1-1/2°
[3:53'@%?-10.% _ Tendons are stressed
mm @ 1m 0.C.) .
/ i alternatively from each
X side between
constructed retaining
—PT tendon
walls
.
:3002mmj
13" (80mm)
Shear key

Crack Mitigation Options - Detailing

A . Favorable arrangement of tendons

CRACK PROMOTING

LAYOUT CRACK INHIBITING

LAYOUT

s Arrangement of tendons around opening

Crack Mitigation Options - Detailing

A . Favorable arrangement of tendons

L * ‘¢ L ]
e | e *  —COLUMN
= & & ESES - - )
PR 3 & i Terminated tendons
+ T e e deposit precompression
MRS Y08 AN IR I past the shear walls
Usyear  TENDONS
WALLS
[ WALL r COLUMN
B v v e N 4 Terminated tendons

deposit improve

S e o+ o+ e & distribution of

precompression

TENDONS




Crack Mitigation Options - Detailing

B . Addition of rebar

X X
/N WALL N\

(3} INTERIOR SHEAR WALL

(b) EXTERIOR SHEAR WALL

% Small diameter rebar next to restraining
elements disperses cracks and reduces crack
width

+ This does not compensate for loss from
contribution of prestressing to strength of the
slab

Crack Mitigation
Post-Tensioned Floors

Summary

« Post-tensioned slabs shorten

+ Slabs can crack, if shortening is restrained

+ Cracks caused by restraint of support impair
the design-intended function of post-tensioning

«» Common schemes for crack mitigation of slabs
are:
» Favorable arrangement of restraining
supports

» Structural separation (first couple of levels)

» Delay strips (first couple of levels)

» Joints; with or without intermediate
stressing
Releases: temporary; permanent
Favorable arrangement of tendons
Addition of rebar to disperse cracks

YV V
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Crack Control Design

+“ This presentation covers the practical
measures followed in North America to
mitigate the formation of unacceptable
cracks in post-tensioned slabs , caused by
restraint of supports

“ The objective of the crack control design is
to allow for shortening of post-tensioned
member by an amount that would not lead
to

» Unacceptable cracks from visual and
functional standpoint

Crack Control Design

«» Post-tensioned floors shorten

+«+ Shortening is necessary for full
contribution of post-tensioning to the
safety of floor slab

* For common residential and commercial
floor slabs, the anticipated floor
shortening is approximately 10 mm for
every 15 m of slab length; (0.75 in. for
every 100 ft slab length)

“* Where slab supports restrain shortening,
shrinkage cracks can form.

» Addition of rebar disperses cracks
and reduces crack width, but does not
restore the full function of post-
tensioning

Crack Control Design

Adverse effects of support restraints are
pronounced in the following instances:

% Subterranean floors with restraining
perimeter walls

+* First level of elevated floors supported
on stiff walls and columns

+» To a lesser extend the second and
possibly third elevated floors




Crack Control Design

“ Upper floors of a building are not generally
subject to support restraint to the extent
that it would compromise the safety of the
floor slab

% In most cases, crack mitigation for upper
levels is not required, and not practiced.

Upper levels of multi-story buildings do not
generally require crack mitigation measures

Crack Control Design

Methods for calculating the shortening of floor
slabs, with numerical examples are available
in the literature

Crack Control design

+¢ In designing for crack mitigation, it is
necessary to estimate the short-term
shortening of the post-tensioned member

+« Short-term shortening can be estimated
from the following graph
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Aalami, B. O. and Barth, F. G. (1988) “ Restraint Cracks and Their
Mitigation in Unbonded Post-Tensioned Building Structures,” Post-
Tensioning Institute, Phoenix, AZ, 49 pp.

Crack Control Design

% The design procedure is entirely empirical

+ The validity of the design procedure is
based on the satisfactory performance of
post-tensioned members that have been
detailed accordingly

+» The basic assumptions and the steps to
follow are:

1. Estimate the total shortening of the
member

2. Determine what fraction of the
estimated shortening has to be
accommodated through special
detailing

3. Provide detailing that allows the
estimated shortening to take place




Crack Control design

¢ For a first and approximate estimate,
assume 10 mm for every 15 m of the
member (0.75” for every 100 ft)

+« For interim shortening, use the curve
below
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Design for Crack Control

steps for shortening design

1 — Estimate the total shortening of the
member

2 — Based on the long-term nature of
shortening, it is impractical to allow for
the entire shortening to take place,
before the member is locked to the rest
of the structure

3 — Determine what fraction of the shortening
must be accommodated through special
detailing for satisfactory performance of
the member

4 — Provide detailing that allows for the
estimated shortening to take place

Design for Crack Control

* The underlying assumptions and steps are
based on observation

+ If the computed displacement of a point on a
floor does not exceed 0.25-in. (6 mm), the
floor is deemed to perform satisfactorily

% Provide detailing such that at no point on the
floor, the computed, but not accounted for
displacement does not exceed the above
limit.

View of a closure strip

Design for Crack Control

¢ For the first elevated slab above grade and
for subterranean slabs assume:

+ Points on slab adjacent to a wall such as
A and B in the figure, cannot move in
direction of the wall (X-direction), but are
free to move normal to the wall (Y-
direction). The wall is free to bend about

its weak axis
wall
AN
B A
/ e i i Z
Cslab? \
Lx
AN
Partial plan

PTS791




Design for Crack Control

At upper levels walls provide less restraint to
shortening. Slabs are considered to perform
satisfactorily, if shortening restrained by wall
does not exceed the table below:

Level Single walls | Core/ compound
walls

1t level 0 0
2" Jevel [0.125in. (3 mm) | 0.06 in. (2 mm)
3dlevel | 0.25in. (6 mm) | 0.12in. (3 mm)
4™ level No restraint 0.18 in. (5 mm)
5t level No restraint 0.25in. (6 mm)
6" level No restraint No restraint
Example

For 3 level above grade a slab attached to a
core wall is assumed to work satisfactorily, if
its design shortening restrained by the wall
does not exceed 0.12-in. (3 mm)

Design for Crack Control

Review the geometry of the first slab above
grade, or subterranean slabs

«»If longer than 375 ft (115 m), provide a
structural separation, in the first and possibly
second levels

+«» If longer than 250 ft (76 m), provide a delay
strip in subterranean slabs, and one in the first
and possibly the second levels above grade

s*For slabs shorter than 250 ft (76 m) design for
crack mitigation

¢ If the geometry of the slab is irregular and
complex, it may require to add separation or
delay strips

Design for Crack Control

Design Example

¢ the graphic shows the first elevated slab of a
two level parking structure with a towers on
each side.

% Delay strips are provided to allow for
shortening of the slab

+ Based on the arrangement of the delay
strips, the contractor needs to know the number
of days that the strips must be left open, before
they are cast

Design for Crack Control

Design Example

**The distance between the two delay strips
marked is 112 ft (34.13 m)

+» When should the delay strip be cast ?




Design for Crack Control

++ Using the 0.75-in./100 ft (10 mm/15 m) approximate
value, the total shortening is estimated as:
0.75(112/100) = 0.84-in. (21.3 mm)

% Shortening at each end = 0.5x0.84 = 0.42-in. > 0.25-in.
(11 mm > 6 mm)

++ Shortening to take place before closing the gap is
(0.42 - 0.25) = 0.17-in. (4 mm)

+ Ratio of unrestrained to restrained shortening
0.17/0.42 =0.41 41%

+ The delay strip has to remain open until 41% of its
estimated shortening is taken place

Design for Crack Control

» The percentage of shortening that needs to take place
is 41%

» This requires 25 days delay before gap is closed

» From the long-term shortening graph, 41% of
shortening takes place over approximately 25 days.

» The gap has to remain open for 25 days
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Crack Mitigation Design Example

Post-tensioned subterranean slab on
perimeter walls

Example of a building with

»post-tensioned underground parking floors
»An elevated post-tensioned podium slab
roofing the street level retail; and

»Podium slab that supports four levels of
residential light framing superstructure.

Crack Mitigation Design Example

PT5668

340' (103.70m)

150' (45.75m)

Simplified Plan
Column layout and openings not shown

Construction requirements
s*Each long wall requires a minimum of 150 ft
(45.75 m) of shear wall; full connection of slab
to wall.

«»Each of the short walls a minimum of 100 ft
(30.5 m) shear walls.

“+Closure strips, if any, should be closed not
later than 20 days to avoid delay in
construction




Crack Mitigation Design Example

Consult Crack Mitigation Guidelines:
(reference PTI publication on crack mitigation)

»Slab less than 375 ft (114 m), but longer than
250 ft (76 m) requires a delay stip.

»A delay strip at center reduces the length for
shortening design to

340/2 = 170 ft (51.85 m)

~3-0" (1m)

Vi,

L 175'
51.85m

PTS669c

Crack Mitigation Design Example

~3-0" (1m)

L

L 175'
51.85m

> In the absence of detailed computation, for
preliminary designs, assume 0.75 in. of
shortening for every 100 ft of slab length (10
mm shortening for every 15 m of slab
length).

» Total shortening at each end of each slab
segment =

170 0.75/(100 2) = 0.64 in. (16 mm)
>0.25in. (6 mm) NG

Crack Mitigation Design Example

Design of connections along the long wall

m— —
| ‘8 30" (1m)

L c_ b _a

R

The length of the wall “b” is determined
such that its long-term shortening at each
end will be limited to 0.25-in. (6 mm)

b = [(2x0.25)/0.75] 100 = 67 ft (20.44 m)

PTS599d

Crack Mitigation Design Example

Determine the position of long wall’s
initial connection

== —
| - 30" (1m)

» Once the in 20 days the closure strip is cast,
the point R is locked in position.

» Hence, at the time of casting the delay strip,
the balance of long-term shortening of point
R shall not exceed 0.25-in. (6 mm)

» Determine the distance “a” with the
assumption that in 20 days all if it shortening
minus 0.25-in (6 mm) is taken place.

PTS599d




Crack Mitigation Design Example

From the following graph on day 20 approx.
36% of the shortening takes place
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Distance “a” is given by:

a = 100(0.39/0.75) = 52 ft (15.85 m)

Crack Mitigation Design Example

| ~3-0" (1m)

lc b ~a

| R
, 51, 67 ), 52
"15.56m 20.44m 15.86m

Position of initial slab to wall connection

Next, the adequacy of full shear
transfer between the slab and wall
needs to be verified

pts699

Crack Mitigation Design Example

» 150 ft (45.75 m) shear connection is required
for each long wall

» The full connection (b=67 ft; 20.44 m) has to
be increased to 75 ft (22.88 m) on each side of
the delay strip

» Select temporary release connection:
The length for shear transfer will be:

» 67 + 52 =139 ft (36.30 mm) OK

temporary
release

delay strip—/
N

51" | 67 | 52
1556m | 2044m | 15.86m

PTS670

Crack Mitigation Design Example

P773

styrofoam or equiv.
, femove, clean surfaces &
fill w/ non-shrink grout

2" (50 mm) CLR

smooth trowel finish —/

wi two layers of slip
material

"~ dowel to slab

" CIP cone. wall

Examples of Temporary Release Connection




Crack Mitigation Design Example

The remainder of the wall connections
are worked out in a similar manner

PTS670

o[ &
— ©
~y © \I
= § temporary o 7
g release 0
- AV-E (_>“.\
2| 8 S
S| o c b a
51" , 67 | 52

1556m | 2044m | 15.86m

Crack Mitigation Design Example

For improved performance the slab/wall
connections are finished as detailed in

the following:

[20' (6.10m)

N e

- \—WJ

—

PTSE72

26.5' (8.08m)
15' (4.58m)
L FL

I Full connection

ExX%%%) Temporary release

Z [ Permanent release

I

“ ‘[ , B7'(20.44m) L’7

b

MWy

26.5' (8.08m)
5 (4.58m)

Plan

1

Wall joints and permanent releases
are also implemented

Crack Mitigation Design Example

Details of a corner release example, using two
layers of Masonite as bond breaker

P809

Crack Mitigation Design Example

Provision of corner release, wall joint,
and added rebar help to mitigate they
type of cracking shown below

PTS683

-
/L crack

|
: «———slab
|




Crack Mitigation Design Example

E PTS673
—E
£ &
S 340'(103.70m) |
L5
w -
o~ v . o
L
= WJ g.
S § s symmetrical
° g =2 to left side
= 2
7; I\
o b N
e |
Sg
(0]
5% oy ST p 52
e (20 44m) (15.86m)
20'(6.10m) - 1-31'(9.45m)
I Full connection
Plan Ky Temporary release

1 Permanent release

View of completed design showing the
position of wall joints

Crack Mitigation Design Example

P778

Slip joint viewed from below

Wall joint viewed from inside

Design for Crack Control

Summary

»Post-tensioned members must shorten under
the precompression, in order to develop their
design-intended response

>t is not always practical for the entire shortening
to take place, before a member is locked to its

supports

»From standpoint of safety and crack formation,
experience has shown that post-tensioned
members have performed satisfactorily, if
unaccounted shortening of members under
precompression is limited to a small value.

»Support release and other measures are
generally implemented to limit the unaccounted
shortening of a post-tensioned

member to the admissible target

Design for Crack Control

Summary

»Delay (closure) strips is one option to allow
unrestrained shortening

»Using a numerical example it was demonstrated
how many days a delay strip needs to remain
open for the computed shortening to take place.

» A subterranean slab supported on perimeter
walls was used as an example to demonstrate the
engineering design procedure for crack mitigation
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An Integrated Approach to PT Design

ADAPT-Builder®3D FEM

Integrated Structural Concrete Design Suite

* Reinforced Concrete

* Post-Tensioned

e Fiber Reinforced

* Hybrid
Floor Systems . Complete
. Concrete
| Buildings

Industrial Slabs on Grade Foundation Systems
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When To Use 3D FEM Solution?

Advanced 3D FEM Solutions are Best Used To:

» Design complex floor and foundation systems

* Optimize performance of complete slab system
* Quantities (economics)
* Vibration
» Deflections (cracking)
 Temperature fluctuations

 Efficiently produce high-volume projects (Model to CAD)

* Implement BIM design workflow

* Investigate existing structures

When To Use Multi-Story Analysis?

Multi-story Analysis is Needed to:
» Evaluate effects of PT on complete Structure
» Determine displacement btwn. levels

» Design transfer slabs or beams

« Efficiently take down loads

* Integrate lateral and gravity loads
 Wind
 Earthquake

* Integrated column and wall design

concretenz




ADAPT-Builder Suite

ADAPT-Builder is a 3D Finite Element Based Modeling,
Analysis and Design Software Platform Specifically
Created for Concrete Structures

Specialized Modules of ADAPT-Builder Suite:

Edge: Multistory analysis of concrete buildings
a Floor Pro: Design of concrete floor systems

] MAT: Design of foundations systems

E SOG: Design of post-tensioned slabs on expansive soils

@ S-Concrete: Design of columns and walls

iTekla Structural Designer: Design of general buildings

Integrated Concrete Building Design

ADAPT-Floor Pro"” - Designs
Individual Slab Levels and can Automatically
Combine Global Lateral and Single-Level
Gravity Analysis Results

ADAPT-Edge Analyzes
Full Building Model for
Lateral (Wind & Seismic)
and Gravity Loads

ADAPT-MAT" - Designs
Mat Foundations Using Automatically

Generated Load Take-down Design/Code Check




E One-Click Switch: Global & Slab/Mat

Switch between global and single-level modes with one click. Modify, analyze

and design any single level with its own solution or that from global analysis.
Building mode

@ A E

Single level™

nz 7

LEARMED SOCIETY.

Global 3D FEM Analysis

Edge analyzes models using 3D FEM in their complete global configuration.
Loads are either classified as general gravity loads or building lateral loads.

(e Giren “‘ (|

c3 I Lateral Load Solution Sets  Help

Ressrved Load Cases

¥ Deadload

. W Live load
Gravity loads P Fresiessng b |
General Loads (Gravity/Lateral]
Labet [Deadload
Add

Lateral forces
applied to Buidng Loats
global model e

Global mode

concretenz
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Global Tributary-Based Load Takedown

For quick load takedowns or alternative load path calculation, Edge uses
geometry-based tributary regions to calculate gravity loads in vertical elements.

Tributary-based load Tributary area breakdown of
takedown in global mode one level of model

Integrated Lateral / Gravity Design

Efficiently design slabs for combined gravity and lateral forces by combining the
internal reactions from global lateral analysis with the gravity analysis of
individual floors.

Gravity loads

3D FEM analysis I

results from _ +
lateral global Solution from lateral

analysis loads available in :
single level mode . |

Single-level mode can combine
Global analysis results global lateral results + single-level
gravity analysis

% concretenz
i LEARMED SOCIETY




Design transfer slabs or beams using the tributary-based loads.

Options to indude global analysis results

Apply all reactions from global FEM analysis [None V]
eih o e e (N
 Tributary method solution

U

Vertical gravity loads from global
tributary load takedown can be
applied to any single-level analysis

Single-level mode

,
% concretenz
LEARMED SOCIETY

Integrated Column Design

Columns can be designed using an integrated approach with multiple loading
options and automatic incorporation of post-tensioning effects.

Different sources for the design forces:

EEET ) Tributary Method (Axal Gravity Only) v
FEM

Envelope of FEM and Tributary
FEM Moments and larger of Tributary/FEM Axial

Global or local FEM analysis results:

R G 2nyss govers :
T E—

Level analyﬁs govems

Hyperstatic forces based on global or single-level analysis:

Level analysis govems -
Global analysis govems |
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Integrated Column Design

ADAPT-Builder runs S-CONCRETE in the background to carry out column
design or detailed code check based on the user options selected.

Columns are defined using Design Groups
oo Grup s Y N

Lrary Prepertes
3 K & & Py ek 0
T | & Comon . ’
B General
Shace Rectanguar
x tim
£ )
Hie Farameser Fhc Hoke
i Coewe
Elctive longth factor, ki1t
Efiactive length factor kiys)

| i 1o 1 wectied comprnent (1 desgn groug) lIJ e
Utilization of columns
color coded in model
% concretenz 13

¥ LEARMED SOCIETY

Integrated Wall Design

ADAPT-Builder checks and design concrete shear walls

Tl Durian - E.d 5 7 == = ==& B
‘Wall, Design Section Results NvsM Utilzaticn e e - — o —_—
Top_lb . n Devign Faremeters. cmbinations | P-M Diagram -
0.33 4 P2 _Top_17
B 33 . = 12_Top_18 Hesntor cement Deign comerainty
02 roginigiiy Inisalios wih | @ Fed spaceng Flued b sire
o2 gy [p—
'g gg P2 Top_ 22 Vestid bars Horimontal bars o, of Cortaies
0.21 PLTop 23 24 | 40 i 4 -lg W T e =
|
o6 P2 Top 25
i Hog g ¥ Tone 1 reidorcement ¥ 2oee 2 ricforcessent
: :‘; ~- P2_Top_27 Musmber of tars } Mumbes of bars
P2_Top_28
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0.08 o5,
0.08 P2 _Top 30 [P —— ' -, The bar size -
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P3_Top_ 33 Face bar spadng no mm Fare bar spaang 0 mm
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Review of Design Process

Leverage existing project information

Import Geometry & Loading from Existing Models

* Revit® Structure

* AutoCAD®

* ETABS

* Tekla Structural Designer

AutoCAD Information

Create true 3D slab model

11Y

Geometry

& Loading ADAPT_
Models
Modeler

*Revit® Structure
*AutoCAD® True 3D
ETABS® B Concrete
Modeling

Environment

True 3D Model of Slab System or
Entire Structure in ADAPT




Carry out detailed analysis and design using one of 4 integrated 3D
FEM analysis modules

Analyze & Design

N ADAPT-Edge

For Building Analysis

- ADAPT-Floor Pro

For Elevated Slab Systems

Geometry

& Loading ADAPT_
Models
Modeler

*Revit® Structure
«AutoCAD® True 3D
ETABS® B Concrete [ ADAPT-MAT
Modeling For Foundation Systems
Environment

BN ADAPT-SOG

For Slabs on Expansive Soils

2
& concretenz
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Analysis and Design Process

Similar to EFM method, design of floor / foundation systems is based on
design strips, however, design values are extracted from detailed 3D

= P F—p—
=
L=

LTI COR Eae | et fE s e | o

DESIGN STRIP

2
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Efficient Design of Slab Systems

Use Advanced DRD™ module to optimize rebar design and prepare
rebar layout ready for generation of structural drawings

Create Structural Drawings

N ADAPT-Edge

Geometry

. For Building Analysis E
& Loading ADAPT- N o
Models ler " ADAPT-Floor Pro BE3E i
Modeler Q3 i
For Elevated Slab Systems =} !
*Revit® Structure 8 = =22
*AutoCAD® True 3D O = -
‘ETABS® B Concrete Y ADAPT-MAT c =
Modeling For Foundation Systems S & =
Environment '<C‘S: _

BN ADAPT-SOG

For Slabs on Expansive Soils

£ concretenz
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Efficient Design of Slab Systems

Use the PT Shop Drawing module to automate the generation of

post-tensioning shop drawings

N ADAPT-Edge

Geome_try For Building Analysis (@]
& Loadlng ADA PT_ <
Models N ADAPT-Floor Pro [l
Modeler So
) For Elevated Slab Systems al=]
*Revit® Structure True 3D a '8
*AutoCAD® rue
‘ETABS® mB) Concrete Y ADAPT-MAT o=
Modeling For Foundation Systems 0p]
Environment E

N ADAPT-SOG

For Slabs on Expansive Soils

\ ¥ 3DModel
\

£ concretenz
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T Efficient Design of Slab Systems

ADAPT-Builder supports an intuitive design process from basic structural
modeling through to creation of structural drawings and reports

N ADAPT-Edge

Geome_try For Building Analysis z (@) Struc_tural
& Loading ADAPT- oo = drawings
Models ADAPT-Floor Pro BE4E % (PT & Rebar)
Modeler [ ot S
For Elevated Slab Systems S QNS
*Revit® Structure D = o O Revil®
«AutoCAD® True 3D O = o ¢
ETABS® ®B Concrete ) ADAPT-MAT % _8 _8 = Structure@
Modeling For Foundation Systems S & 7)) *AutoCAD
Environment o —
< o

BN ADAPT-SOG

For Slabs on Expansive Soils

B ADAPT-Builder Launch Screen

The launch screen gives user configuration options

ADAPT-Builder Concrete Design Platform

== Builder® 2017

Structural Concrete Design Suite
Integrated Structural Analysis & Design for Concrete Buildings

Modeler Building Gravity & Lateral Analysis

 Edge

e
Al —
] E Column " G
Floor Pro Floor -k, Design | SS9¢
kLl

Systems

MAT

S0G

Dynamic Rebar Design (DRD)
B Post-tensioning Shop Drawing

Foundation Systems

B Strip modeling & PT/RC Export

System of Units:  Design Scope: Import & Export:

RCAPT ¥ Generic B Revie [ ETABS [ STAS




Advanced Tendon Modeling

Lay out tendons as they will be
constructed or use schematic
tendon profiles using effective

Maximize
efficiency with
automated tendon
layout and
optimization
options

All tendon properties and profiles are viewable and editable,
with clear relation to slab geometry

R=4.743

10¢
ll e |
i o | I
I | [span8 jpant
! 7 || L=588 =22
Uplift (KN/m)
[ oooo  [1035.231 617.002 | 611578 [ 200.354 | 200354 [ 657.076 [ 1163681 pood
L | _cas CGS CGS CGS Wobbls il
Span Shape | g | TooFist Boitom | Boftom2 | Top Last | XIAL | XL XL | AL | Mu | cois System
S| fom) | om) | om) | {mm)
»  Typical = B3 1% 25 2 2 25| 010| 050 010/010|007 00033 Unbonded |
Span 1 Cantilever Down v ||v.A 547 1000 150 020 00150 Bonded _~ | '
Span 2 Reversed Parabola =[x, 4 150 1000 150 0.10| 050| D10 020 00150 Bonded ~ |
Span 3 Reversed Parsbola ||~/ & 150 150 150 0.10| 050| 010 020 00150 Bonded ~ |
Spand | Reversed Parsbola v | 150 150 150| 0.10| 050| 010 020 0.0150 Bonded x|
Span5 | Reversed Parsbola | 0.20| 0.0150 Bonded v |
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Advanced Tendon Modeling

Force along tendon is clearly shown during modeling

[Tendon1l

=
v Tt @
Genersl | Stressing | Location. | FEM | Propertes | |
Stress relative to ultimate stress I
0.64 S

L

0550
- /\ Pay
3
g 0¥ \
3
g
023

0.10 I —

Spanl  Span2 Span 3 Span 4 " Span5 Span 6 Span7 Span8 ipan'
Elongation = 111 mm

Elongation = 70 mm
Jacking Ratio = 0.75

Maximum = 0.63, Average = 0.33

Jacking Ratio = 0.75
CGS CGS CGS oGS — -
Span Shape Top First | Bottom 1| Bottom 2 | Top Last | X1/L | X2/ | X3/L | AZL | Mu | s System
{mm) {mm) {mm) {mm)
> Typical - 25 25 2% 25| 010 050 0.10|0.10 0.07 0.0033 Unbonded - |
Span 1 Cartilever Down v ||~.2| 5.475 1000 150 020 00150 Bonded |
Span 2 Reversed Parsbola v | |<./| 4.902 150 1000 150| 0.10( 050| D10 020| 00150 Bonded v |
Span 3 Reversed Parsbola v [+ 2. 150 150 150| 0.10( 0.50| D10 020| 00150 Bonded v |
Span 4 Reversed Parsbola |+, 5 150 150 150| 0.10( 050] D10 020| 00150 Bonded v |
Span 5 Reversed Parsbola |+ © 150 150 150| 0.10| 0D50| D10 020| 00150 Bonded v o

Advanced Tendon Modeling

Swerve tendons horizontally

|

Sphne Cureature:
|| Show Horizontal Curvature Ranges || Show <112 Range
Legend: <112 1121013 18t01% >18




Advanced Tendon Modeling

Swerve tendons horizontally

Plan View

I Elevation I

Tendon optimizer assists user in design of post-tensioning

L 2.1 ' 8 ' s I A
:
Dynamic Tendon Optimizer | [
Ontimiz |Deial S o
Current and Dptimized Fonce Relsiortiy Force in k]
7

Frecomp {125-300 ps)

Load Bal (50-100 %)

T kLS 631
i 2 '
561 B
Current Estimated
Total Force 60.70 i SO0 i
Totdl Srancs 2100 .00
G5 15 125
Precompression 10888 406 oy
LoadBel -SW  BAMI M %
Apply to Model Edit

G s ager e 4|

Precompression O Load Balanced O Stress (%
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BIM-Based Rebar Modeling

All reinforcement bars in Floor Pro are intelligent, BIM-based
objects that are fully editable by user

- B
e =
v 7
Rebar Specifications ‘ Location | Pmpeﬂies‘
_ g Display bar description
©Base @ Caloulated: (@ Describe bar fwrite bar length)
Placement and grouping (7) Describe bar (do not write bar length)
©Top @ Bottom (7) Describe bars by legend
# 3| Group (7 Describe bars by notes
Describe bar {write quantity for
Label: Rebar 3 distributed bars)
Vatera Legens: [E
Bar specification Bar notes:
@UusA  OMKS @sl
6 #B310"(B) Rebar distribution
Material @ Distributed ) Grouped
D Diafn) Areafin2) Bdertonside 1: 400 ft
Rebar: |#8 1.00 0.730 b Edent on side 2: 6.00 it H H
[ ] _ Designate reinforcement as automated
Murmber of bars S e Round down spacing
e
lnghotbar 3100 A == (program calculated) or base (user
Spacing: 2400 [ Fixed i ) i
e defined) to save your design
& =

concretenz
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Investigate Existing Structures

Model all as-built reinforcement and/or post-tensioning to
determine capacity of floor system and use this information
to develop strengthening or re-use designs

B2 Bending Moments

el &
Spane Moment Diagrams
» Span 2 Project Royal fubiles Hospind * Losd Case: Envelops
¥ Span 3
W Span 4 Mbeent Dewwe: on Teesice 5ide
: gpan 2 Banding U ax Strengen Sanding Uin Strangtn Banding U ax Servce
Ll — =
f } (50 7 R Bardng Uin Sarvee Bendng Pas Wament Benading Neg Moment
Rty et & Select/Dasslect 41 | j
e { 50
I
z i:,lr.r Moments
= I/ T o
Ee=xs y I/ Ervelope: 2
T f =
5= =g Design Moment Capachy £ o
: ¥ Poskive moment 3
¥ Megative moment 00
. . .- TTPIOT W R T NS TTTTT1 STRUTY NN T
Reinforcement modeled in slab w3 St toanSentpan
concretenz
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Design for Dramix® Steel Fibers

Enhance the performance of elevated and ground supported
slabs with the addition of Dramix 3D/4D/5D steel fibers

Label: |Concrete 2_F

Material
Material

Design Type

We: 150.00| pcf I v File-supported slab » Nordinear
Uit pce: 792 shd"3 Fiber Materal Type
Mechanical properties (28 days) | Dramio® 30 E5/608G ¥
® Cylinder Strength (O Gube Strength Relative Humidty: |Oy Ar v
P A000] osi F ——— Dosage Range: 60.0to 840 24| |bsAd3
e psi cu: 5000/ psi i .
G Fadee e Shrinkage Factor: 0.0004
Modulus of elasticity 25
@ i - !
Ee. 23600 ksi (@) Auto Calculate Relaxation Factor:
() User Defined 075 i i 15
L | ce: 150.00] pet Help ! User Define Friction Coefficient
Add Delete -
Structural Use Factor:Ke 1.00
Mechanical properties at stressing (inttial; PT transfer) AR S
Add Dramix® FRC —— N ~ Strength Reduction Factor, FRC
= - ® Cylinder Strength Cube Strength e
@ BEKAERT Fei: 075 fc Feoui: 0.75 Peu Flexure -
Shear 0.75
Shear Modulus: 1500 | ksi Poiszon’s Ratio: 020| Hagg: 0.75) in .
Themmal expansion coefficient:  |0.00000550 /F Residual 183.38 18145 177.83 16333 | psi [_]Ovenide Residuals
oK “
Dramix® BaR:15¢15:)

retenz

LEARMED SOCIETY.
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Design for Dramix® Steel Fibers

Combined with post-tensioning, steel fiber offers advantages

* Increased flexural strength

* Increased one-way and two-way shear strength

* Increased post-cracked member stiffness

* Increased serviceability performance, including reduced crack widt

Post-tensioned project in
Norway using steel fiber and
no other regular
reinforcement

32




Design for Dramix® Steel Fibers

Design process for industrial slabs on grade:

1) Select Dramix material and dosage

2) Review region input and create load regions

3) Perform non-lineal analysis and determine joint load transfers

504D 3D

FEM model of industrial slab on grade panel

Accurate Deflection Calculation

Cracked deflection calculation based on actual
disposition of reinforcement and iterative redistribution

of moment capacities
* Option to design for specific crack width

* Reporting of crack width
* Long-term deflections considering load history




Easy To Follow Code Checks

Resat Display Settings L]
| Erveslope -

S . Design results can

| e | 0 be checked for

=
il g - NG

Lo L4 ' each support line

T fumiage st [jrmcirpumssion]

[ ™ NG

{

| Baendioning e 455
Mz sbovssbie. X | _o| T T ~| THRTE -
— - ladd il ) 11

i
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Tendon Chair

Heights Shown  [— i
A ‘ in Plan, foreasy ¢ & & & & i
apr = export to CAD AELEN LR

e ———————

Tendon Chair Heights Shown at Every 1m Along Beam Elevation L

£ concretenz
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Tendon Quantities and Elongations

[110.60 TENDONELONGATION, INDIVIDUAL TENDONS Ea Sl Iy eXt ra Ct te n d o n'

Tendon]D Label] | Jack[TstZnd] | Seating(istZnd Flongalion[1st2nd Toral] rebar and concrete
|3 n n
T -Tendon 1 A 65 096 WA D25 WA I 25529 -
2 Tendon 2 1440 WA 025 NA 528 WA
DC T T — . quantities from your
A e L
endon - /i £ : H
§ Tendon & T 096,10A 075 A T 05 WA 709 dESIgn mOdEI
T .Tendon 1 WA G5, 096 WA D25 WA 29829
B Tendon 8 . 056, A 025, WA 700, WA
S Tendon 9 55006, 1A 125 WA T U0 NA T 09
0 Tendon 10 B 006 WA .25, WA 700 WA T 09
71 Tendon 11 R‘g_g A 025 WA G 1B WAE 18 T d I .
72 Tendon 12 55 096.WA .25, WA TIa.NA T3
73.Tendon 13 5096, 1A 025 WA EIEIWAL 18 enaon e Ongat|0n
4 Tendon 14 WA mﬂﬁﬁ g;‘« [FE] ﬂ_ﬂ' A0 .
15 Tendon 15 WA A2 JAJI3633% d
76 Tendon 16 TWA.66 096 A0 25 WAS 23,929 re ports prOVI e
T Tandon 18— — B8 WSE VA TBNA Terae : :
endon 20, N, 3 /i
A Yenton 15— WAV oENA TNALT information needed
| 20.Tendon 20 r;gg-'a 937 430 WA T 25 W;Es 28524
71 Tendon 21 T30 A 025 WA 7 A5 Z0 . .
T Tendor 71— WA S &0 A0 Z3 WS35 70 for installation
23.1endon 23 51 A0 WA .25 WA 5 i
74 Tendon 24 WAT31 40 A0 25 WA 524524
25 Tendon 25 551 440 WA, .25, A 526.NA 5 28
26 Tendon 26 A 391 340 TUA.0.25 T r]
27.1endon 27 A GG 096 WA D25
28 Tendon 28 A BE 095 WA D 25 WA G 23529
78 Tendon 29 TWA. 56 096 TWA 025 WA329829
‘endon 30 /A 65 096 A 025 WA 2955
1 Tendon 31 A 55 096 WA D 25 i
32 Tendon 32 /A 66006 WA T 25 WASZ9329
33 Tendon 33 WA 66 096 WA 25 WAS 23929
W Tendon 4 A 56 096 WA D25 A, 29
5 Tendon 35 A 55,096 WAL 5 WASZE I A
3% Tendon 36 A 65 096 WA DS WATZE I
37 Tendon 37 /A 56 096 AT 25 WA S 29929
|38 Tendon 38 /A 66 096 LY FE] WAT 5
.
£ conc 37

¥ LEARNE

Integrated Modal Vibration Analysis

Floor Pro automatically calculates and reports the
vibration response of any concrete floor system

Factors considered include:
* Post- or pre-stressing
* Cracking
* Contribution of any load case in x,y,z direction

8” flat slab with
8” flat slab perimeter beams
5.18 Hz 6.55 Hz

5” slab with 6” joists
6.63 Hz

£ concretenz
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Automated Load Takedown

Diagram showing axial loads in columns. The mat foundation or any intermediate
transfer element is automatically designed for these building loads.

£ concretenz
LEARMED SOCIETY

Effects of PT in Multi-Level Applications

This diagram shows increasing effect of Hyperstatic (secondary) moments at
lower supports of a multi-level post-tensioned structure. A multi-level analysis

automatically takes these into consideration.

e RN
T
=

=
—
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Effects of PT in Multi-Level Applications

This diagram shows increasing effect of Hyperstatic (secondary) axial moment at
lower supports of a multi-level post-tensioned structure. A multi-level analysis
automatically takes these into consideration.

ADAPT-Builder supports the accurate modeling, analysis and design of post-
tensioned transfer structures in building applications.

Building model showing
U global deflected shape from
Single level view of model showing integrated analysis results
post-tensioned transfer beams

% concretenz
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from ETABS to ADAPT:

ADAPT offers efficient and more accurate process for detailed

design of slabs modeled in ETABS

Software Demonstration

Floor Pro® & Edge™
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Session 6
Thursday 31 May

NZ Post-Tensioned
Buildings: Market Activity
and Case Studies

Marc Stewart



NZ post-tensioned buildings:
Market activity and case
~studies

: B '.e-g -,
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Content

 Building and Construction Forecast

* Elevated PT Adoption
— Market Opportunity
— Current Perspective

» Case studies:

— Grant Thomas, South Island Construction
Manager, Dominion Constructors

2,
3 concretenz
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Building and Construction
Forecast

Activity Types:

* Residential building — detached and multi-unit dwellings

* Non-residential building — structures of a building type (vertical), other
than residential

* Infrastructure — structures of a non-building type (horizontal) eg roads,
subdivisions, infrastructure and civil works. Infrastructure projects do
not typically require a building consent.

C's concretenz

% LEARNED SOCIETY

National construction, by value

$Billions/year

88 90 92 94 9 98 00 02 04 06 08 10 12 14 16 18 20 22

Total

= == Non-resi ial building «----- Infrastructure

Source: BRANZ / Pacifecon
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National residential building, by dwelling
number

iitiahe
A
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Source: BRANZ
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National non-residential building

Shillions/quarter
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Elevated PT Adoption

—Industry Opportunity
— Current Perspective

C's concretenz
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Market Opportunity

Unitary Plan
Tourism Demands

Wider Seismic
Awareness

Material leadtime
constraints

2,
3 concretenz
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Unitary Plan
Brown is my favourite colour...
' b |

saang consem

%,
S concretenz
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Tourism Demands

“Auckland in the lead
with nine hotel projects
and 30 more in the
pipeline...”

%,
S concretenz
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Auckland

Rotorua

Wellington

Christchurch

Queenstown

Tourism Demands

B 130

384

I o2
486

EN 510

Il o0

2469

0 500 1,000 1500 2000 2500 3000 3500 4,000

W Under Construction Proposed/Mooted

http://www.colliers.co.nz/news/2017

2,
3 concretenz
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Wider Seismic Awareness

Life cycle and cost/benefit

Resilience-based designs

considerations in

2,
3 concretenz
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Wider Seismic Awareness

| Demands and Performance Metrics |

Resilience / Risk
Performance

Note: Performance metrics
are in the black background

https://www.wbdg.org/resources/building-resiliency

%
$ concretenz
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Material leadtime constraints

_PRECAST

EW ZEALAND INC.

Nth Island Nth Island South Island
Auckland - Nth . WGTN - Central &

© Updated : April 2016

http://www.precastnz.org.nz/precast-nz-publications/

%
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Current Perspective

Engineers —

“We would love to, but....”

C's concretenz
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Current Perspective

Design responsibility demarcation
Code compatibility

Mass Constraint

Who will build it?

C:a concretenz

LEARNED SOCIETY



Who will build it?

* Guest Speaker

— Grant Thomas, South Island
Construction Manager, Dominion
Constructors

C's concretenz
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Session 6
Thursday 31 May

Stress Losses In Post-
Tensioning

Bijan Aalami

(refer to chapter 7 of the book Post-Tensioned
Buildings; Design and Construction )



Session 7
Thursday 31 May

Workflow for Integrated
Design of Concrete
Buildings with Post-

Tensioned Slabs

Florian Aalami



Workflow for Integrated Design of
Concrete Buildings with Post-Tensioned
Slabs

- Featuring -

ADAPT-Builder® Design Suite

ADAPT Corporation | Redwood City, CA, USA
ADAPT Latin America | Miami, FL, USA
ADAPT International Pvt. Ltd. | Kolkata, India

Dr. Florian Aalami

www.adaptsoft.com
May 2018

) | cm_rg_gp{z © Copyright 2018 ADAPT Corporation all rights reserved
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Session 7
Thursday 31 May

Design of Post-Tensioned
Floor Systems in High-
Seismic Zones

Bijan Aalami



Seismic Design
Post-Tensioned Buildings

N

Professor Emeritus, San Francisco State University
Principal; ADAPT Corporation

www.adaptsoft.com
bijan@PT-Structures.com Copyright ADAPT Corporation 2016

Seismic Design of Post-Tensioned
Buildings

Presentation

+ Objectives; scope; examples

« Why post-tensioning is the preferred
construction system

% Past performance of post-tensioned buildings

% Codes and Specifications

+» Seismic Design Categories (SDC)

% Seismic design steps

«+ Drift calculation

+ Design of floors in

» High seismic for risk (SDC D, E, F)
>

>
++ Diaphragm design of floors

+ Detailing
“ Summary




Seismic Design of Post-Tensioned
Buildings

OBJECTIVE

The objective of the presentation is to describe
the participation and design of floor systems in
building structures under lateral loads

The presentation assumes:

U Knowledge to determine the seismic risk of the

building and the magnitude of lateral force (base
shear);

U Distribution of lateral forces over the height
of the building; and

U Frame/stability analysis of the structure to
determine the force demand on each member

Hence, little or no reference is made to the
above. Focus remains on the role of floor
systems in resisting effects of seismic forces

The Metropolitan; San Francisco

Post-tensioned flat slab construction
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Hermitage Plaza
San Francisco, California

Post-tensioned flat slab

ol 1. i
St Regis; San Francisco construction
Post-tensioned flat slab construction




Rincon Tower

San Francisco, California

301 Mission Street
San Francisco, California
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-tensioned flat slab construction
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Infinity Towers (36 story + 4 underground)
San Francisco, California

Post-tensioned flat slab construction

W Hotel, San Francisco, California

post-tensioned flat slab floors
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Red Lion Inn, Modesto, Célifornia

Medium rise hotel in region of
high seismic risk (near San Francisco)
constructed with unbonded

Post-tensioned flat slab construction

Seismic Design of Post-Tensioned
Buildings

Why
flat slab construction and post-tensioning ?

(] seismic force depends on:
+ Building weight — PT floors are
typically 1/3 lighter than RC
%+ Weight of building can be reduced to
1/2 if lightweight concrete is used

P994

Seismic force (V) is proportional to the weight of building (W)

V=CS*W




Seismic Design of Post-Tensioned
Buildings
Why
flat slab construction and post-tensioning ?

[/ /
/

\

() Reduced slab thickness leads to lighter
columns, walls and foundation

U Thinner slabs and elimination of beams
leads to shorter buildings, hence smaller
overturning moment

[ Precompression in slabs from post-
tensioning improves the diaphragm
action of the floors

OBSERVED PERFORMANCE
IN PAST EARTHQUAKES

Post-tensioned floor systems have
performed well in both the highest seismic
risk regions and regions of high wind forces

Currently, the high-rise buildings in San
Francisco, one of the highest seismic regions
of the USA are mostly designed and being
built using flat slab concrete floor systems, in
particular post-tensioning.

STATE OF ENGINEERING KNOWLEDGE

After the damage assessment of the last major
earthquake in California (Northridge, 1994) the
consensus among the engineering community
was that, with some notable exceptions, the
majority of engineered structures performed
well. Adding confidence and credibility to the
current engineering knowledge and design
procedures for earthquake resisting buildings.




OBSERVED PERFORMANCE
IN PAST EARTHQUAKES

v" Structures reinforced with post-tensioning
bonded systems perform similarly to
conventionally reinforced floors, with
improved diaphragm action resulting from
precompression

v" Focus of observation has been on
performance of buildings reinforced with
unbonded tendons.

OBSERVED PERFORMANCE OF POST-

TENSIONED BUILDINGS IN PAST
EARTHQUAKES

Anchorage assembly in crushed concrete.
The assembly was highly stressed, but
retained its integrity

An acceptance requirement of an anchorage assembly
is to withstand tests of

reversal equal to 50% of anchorage capacity (PTI
specifications)




OBSERVED PERFORMANCE OF POST-
TENSIONED BUILDINGS IN PAST
EARTHQUAKES

Anchorage assembly in crushed concrete.
The assembly was highly stressed, but
retained its integrity

The above observation was repeated in all
the damaged buildings inspected. There was
no instance of anchorage failure in
traditionally constructed buildings

OBSERVED PERFORMANCE OF POST-
TENSIONED BUILDINGS IN PAST
EARTHQUAKES

The anchorages, tightly
placed against one another, have retained
their integrity after the complete destruction
of the concrete around them. Each tendon
has a force of approximately 11 tons. Slabs
are typically 7 to 8 in ( 180-200 mm)




OBSERVED PERFORMANCE OF POST-
TENSIONED BUILDINGS IN PAST
EARTHQUAKES

Another example of closely spaced
anchorage devices, highly stressed,
yet maintaining their full integrity

End view of a post-tensioned beam
that is dislodged from its support on
top of column

10



post-tensioning has confined the
beam end and helped to prevent it
from disintegration and failure

CURRENT BUILDING CODES
FOR EARTHQUAKE AND WIND DESIGN

L ASCE 7-10
+ Describes how to determine seismic
risk (SDC) or exposure;
« what method of analysis is applicable; and
% how to calculate lateral force (base
shear).

O ACI 318 - 14

+» Describes how to define a lateral force
resisting system (load path) in a building;

< how to determine and validate the
lateral stiffness of a building (drift);

* how to determine the required
reinforcement of each member; and

<+ how to detail each member.

L IBC-15 (International Building Code)
“ Integrates the requirements of ASCE 7-10
and ACI 318-14 and other agencies; adds
or deletes as required to conclude with a
single and coherent set of requirements

UBC 97 is phased out Tz =

11



CURRENT BUILDING CODES
FOR EARTHQUAKE AND WIND DESIGN

O Eurocde 8 EN 1988-1:2004 (E)

+ Describes how to determine seismic
risk (SDC) or exposure;
« what method of analysis is applicable; and
“ how to calculate lateral force (base shear)
+“ includes detailing options for regions of
high seismic risk and members designated
to resist seismic forces

CURRENT BUILDING CODES
FOR EARTHQUAKE AND WIND DESIGN

CORRELATION BETWEEN VARIOUS
SEISMIC DESIGN CODES RISK
EXPOSURE CATEGORIZATION

Code > Level of Seismic Risk
Standard |> Assigned Seismic Performance
Resource |> Code Defined Category
IBC 2015 SDC SDC SDC
ASCE 7-10 A,B, C D,E, F
ACI 318-14
UBC 1997 Zone Zone Zone
0,1 2 3,4
Eurocode 8 Very Low Low Seismically
Seismicity Seismicity Active
Other Low Moderate High

Based on current codes
+* Abuilding in San Francisco is in
Seismic Design Category F (SDC F)
+* Buildings in UAE is in Seismic Design
Category C (SDC C)

12



CURRENT BUILDING CODES CURRENT BUILDING CODES
FOR EARTHQUAKE AND WIND DESIGN FOR EARTHQUAKE AND WIND DESIGN

ELASTIC RESPONSE TO
DESIGN EARTHQUAKE

b ——————————————

Permissible Seismic Force Resisting Systems

FORCE

|
|
|
E
Q) :
Code > Level of Seismic Risk UET-F - e ;
Standard |> Assigned Seismic Performance < !
Resource |> Code Defined Category v RS LRSS 1
G 2l sDC sbc sbc | .
ASCE 7-10 AB, c D,E,F B b 8
ACI 31 8-14 . . ax :);‘f:CEMENT
Eurocode 8 Ve_ry ITo.w _Lov_v . Selsm_lcally
Seismic Se'sT'c'ty Selsmlc-lty Acmfe Building frame response to seismic force
Crome Ordinary | Intermediate |  Special > Low risk : Linear elastic response

» Moderate risk; moderate yielding
» High risk: post-elastic; energy dissipation

» Depending on the risk level

» Force reduction: R between 4 and 5

» Deformation magnification Cd between 4 and 5
» Over strength factor =2.5

EEaeaea== = QO




SEISMIC DESIGN STEPS

1. Determine seismic design risk
Low; moderate; high (SDC)

2. Select a designated seismic force resisting
system

3. Calculate design base shear V

V=CS*W

4. Distribute base shear among levels of the
building

5. Select applicable reduced member stiffness
for frame analysis (allowance for cracking)

6. Calculate inter-story drift and validate it

7. Determine seismic force demand on each
designated seismic force resisting member

8. Design force resisting members for
strength and ductility

9. Design the remainder of structural
members for deformation compatibility; over
strength, where needed

10. Detail for reinforcement

SELECTION OF DESIGNATED LATERAL
FORCE RESISTING SYSTEM

¢ There shall be a well defined and uninterrupted
designated load path from the point of
generation of lateral forces to the foundation

+* The load path need not, and generally does
not include all the structural members of a
building

+* Seismic force resisting load path categories
defined in current codes are:

v
v

v Special moment resisting frames; high risk
(SDC DEF)

Examples:

U Buildings in San Francisco and
Tehran require “special moment resisting
frames.”
U Buildings in Hawaii require
“intermediate moment frames,” or better.

14



SELECTION OF DESIGNATED LATERAL
FORCE RESISTING SYSTEM

Special Moment Frames
High seismic risk (SDC D,E,F)

+#* Can resist the design earthquake in post-
elastic regime;

+¢* Will undergo extensive damage in event of the
design earthquake, but will not collapse;

+* s required to comply with special design
provisions for ductility and detailing (ACI 318);

+* Floor slabs are not permitted to be part of the
designated force resisting system;

+#* Post-tensioning is permitted to be considered
as part of the primary lateral force resisting
system of the building in beams and walls,
with some restrictions (IBC)

SEISMIC FORCE RESISTING SYSTEMS

There shall be a designated lateral force
resisting system

PTS797¢

(a) Elevation: building frame
rigid frame

shear wall ——]
b—3

Tk

connection
P—q

(b) Structural members for lateral load path

(c) Slab connection details
Lateral Force Resisting Structural Model

15



SEISMIC FORCE RESISTING SYSTEMS

Designated lateral force resisting system
PTS693

= 5.

s,

s e w s,
T A

e

=

s

POST-TENSIONED MULTI-STORY BUILDING
IN SAN FRANCISCO UNDER
CONSTRUCTION.

Seismic force resisting system is : o
: e Members to resist seismic forces
identified as shear wall and : - .

are clearly identifiable from those intended to
moment frame ) :
resist only the gravity forces




VIEW OF CONCRETE FRAME

Observe the two

on the two sides of the building (thicker
members), and an interior lateral force resisting
frame (visible on the top of the structure). The
gravity columns are noticeably thinner than
those of the seismic frames

Multistory building in San Francisco.
Note the difference between seismic frames and
gravity columns

17



N

Close up of a flat slab post-tensioned concrete
frame in San Francisco

Observe that no beams connect the gravity
columns to the seismic frames

Concrete frame under construction in
San Francisco

Designated seismic force resisting frame
in foreground, gravity columns visible on
the left

18



Note the distinct between the

(round) and those that are
part of the system
(rectangular).

Floor slab is flat. No beams connect the non-
seismic columns to the seismic frames, nor
are there beams connecting gravity columns.

U= -
Designated seismic force resisting frame is
used as an architectural feature in the
building (San Francisco)

19



Connection detail between gravity columns
and slab edge/corner

The figure shows the stressing pockets of
unbonded post-tensioning tendons at the
slab edge

SEISMIC FORCE ANALYSIS MODELS

Create 3 Structural Models for Analysis

1 — Structural model for drift calculation for
validation of the concrete frame stiffness
All members participate with reduced stiffness

2 — Structural model for strength design of lateral
force resisting system
> Entire seismic force resisted by designated
lateral force resisting system
> Non-seismic members receiving load to be
designed with over-strength (omega factor)

3 — Structural model for floor slab design

>

» For high seismic risk (D, E. F) design for
gravity only

20



SEISMIC FORCE RESISTING SYSTEMS

Distribute the seismic force (base shear)
over the height of the building

adapt969

jj:EEj

—_=

DRIFT CALCULATION/VALIDATION

** From a frame analysis
» Includes all structural members
» Use reduced stiffness
» Use load combination

U=1.0DL + 0.3LL + 1.0E
PTS782

CyS,0 /N <2%

If drift not satisfied, increase frame stiffness

21



DRIFT CALCULATION/VALIDATION

+* Use one of the following options for reduction
of stiffness to calculate drift (ACI 318)

Option 1
B Use 50% of stiffness values based on gross
area

Option 2
B Use the following values for moment of inertia
(Ig = gross moment of inertia)

B Columns 0.70 1g

B Walls (uncracked) 0.70 Ig

B Walls (cracked) * 0.351g

E Beams 0.351g

B Slabs (RC) 0.251g

B Slabs (PT) 0.50 1g
Option 3

B Use more rigorous relationship as suggested
in ACI-318

* If first run indicates cracking of walls

FLOOR SLAB DESIGN

Floor slab design depends on the one of the
following two options:

» Floors that do NOT participate in frame
action (Seismic Design Categories D,E,F
high seismic risk regions)

>

+¢* Design for diaphragm action of all floors
(All seismic categories)

22



FLOOR SLAB DESIGN

For floor that are not designated to
participate in resisting seismic forces
(Seismic categories D,E and F; high
seismic regions) consider the following

F Wall to slab connection
» Do not calculate and design for force
transfer. Slab is not intended to
resist seismic forces
» Detail the connection for adequate
ductility for design drift

F  Column to slab connection:
Use one of the following options
» Release connection
» Detail for adequate ductility
» Calculate actions for design drift and
reinforce accordingly

FLOOR SLAB DESIGN

First: wall to slab connection

F Wall to slab connection
» Do not calculate the force at
connection. Slab is not intended to
resist seismic forces
» Detail the connection for adequate
ductility for design drift

F  Column to slab connection:

Use one of the following 3 options

» Release connection

» Detail for adequate ductility

» Calculate actions for design drift and
reinforce accordingly

23



Details of core wall connection to
post-tensioned slab
Post-tensioning does not go through the wall

Details of core wall connection to
post-tensioned slab

12 mm bars at 300 mm on center top and bottom
#4 bars @ 12" o.c. (T and B)

24



Multi-story tower in high seismic zone
Shear wall construction with post-tensioned
slabs and connection details shown in the
previous slide

301 Mission Street, San Francisco

Core wall constructed ahead of floor slabs.
Dowels attached to the wall provide the
connection to the slab (San Francisco)

25



Details of core wall connection to
post-tensioned slab
Slab reinforcement terminates at the
face of the wall

D

"

PP
Details of core wall connection to
post-tensioned slab
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View of full-size test of post-tensioned slab
with core wall and column connection

“»Full scale tests for similar connections have
withstood up to

% Maximum permissible drift is 2%

% Actual design drifts for concrete multistory
buildings is generally around 0.5 to 1%

University of California (Berkeley)

View of full-size post-tensioned slab with
core wall and column connection under test

Crack formation at slab core wall
connection for 2.5% drift

Maximum permissible design drift is
about 2%

27



FLOOR SLAB DESIGN

For floor that are not designated to
participate in resisting seismic forces
(High seismic risk; SDC D,E, F)
consider the following

F Wall to slab connection
» Do not calculate and design for force
transfer
» Detail the connection for adequate
ductility for design drift

F  Column to slab connection:
Use one of the following 3 options
> Release connection
> Detail for adequate ductility
» Calculate actions for design drift and
reinforce accordingly

FLOOR SLAB DESIGN FOR SEISMIC FORCES

Option 1 for column/slab connection

** Provide release at connections.

Applicable to low and moderate high
buildings

COLUMN

SLAB CENTRAL DOWEL

N =

TIES
Column/slab connection

28



FLOOR SLAB DESIGN FOR SEISMIC FORCES

I—N—I
i« COLUMN ABOVE

ROUGHEN TO 1/4" (6 mm)

/ AMPLITUDE
|
€

! £

3
2#4 (212 mm)NG
EACH WAY. TOP & BOTTOM,
TYP.

‘_I\ I_I
=i

1\
ARV RHRHIVRY
| Yy
Viiu vy \‘#\I_‘jl
Y

+
N

SEE SCHEDULE | 'V SEE SCHEDULE

n
s

+
1\

AN AN AW

Yl

SINGLE OR DOWEL
GROUP @ CENTER OF
COLUMN, TYP.

\
\J

+
I

b
pad

COLUMN-SLAB RELEASE DETAIL
TO PROVIDE ARTICULATION AND
REDUCED MOMENT

il
P ]

Hinge Imple

mentation at Column
Top Using a Central Dowel
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Upper column relnforcementhis pIaCed
on top of slab

FLOOR SLAB DESIGN FOR SEISMIC FORCES

DOWEI\%
(= L Ou 7"&"
T 1 T T A %
/ /
v [
Hes
/
| 5T 5
2
3 !
o ',‘. g
/
L | L II |
: QN S —
/ LS ec
SLAB
(a) Elevation (b) Displacement  (c) Strains

Analysis Model for Displacement Compatibility
of Hinged Columns

From design drift du, calculate the
interference strain &. If larger than
0.003, provide elastomeric pad
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FLOOR SLAB DESIGN FOR SEISMIC FORCES

Option 2: Detail for Ductility
¢ Detail for ductility, if values fall above the line
in the following diagram. Otherwise, no specific
measures required (ACI 318 — 11; Ch. 21)

AXPTI
0.03
< 0.02 By
=
B ~ Reinforcemen
9 b required
® 0.01 | }:}:{
% Reinforcemen
Q noire;uired
0.0
0.1 02 03 04 05 06 07
Shear ratio Vu/gVc
0.005
é < larger of V.
hoo e 0.035-0.05)
(ch

No limit on punching shear ratio if drift
ratio is less than 0.005

FLOOR SLAB DESIGN FOR SEISMIC FORCES

h adapt973

!

(a) Displaced column

(b) Reinforcement (c) Reinforcement

not required required
_%U < threshold ihu 2 threshold

Column-Slab Junction Design
for Deformation Compatibility
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FLOOR SLAB DESIGN FOR SEISMIC FORCES

Option 2: Detail for ductility

Slab /— Column adapt967
S0 nmni~_4
4h
4 Shear
. reinforcement
(a) Elevation
YA

,/— Field of shear
reinforcement

=~

%

(b) Plan

Provide of Punching Shear Reinforcement
to Meet Ductility Requirements

FLOOR SLAB DESIGN FOR SEISMIC FORCES
Option 2: Detail for ductility

Minimum punching shear reinforcement to
satisfy deformation compatibility

Av > 029\/ f ' cbO

US units
Ib; inch
S fyt
Av 3.5\/ f'cbO Sl units
2 N; mm
S fyt
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FLOOR SLAB DESIGN FOR SEISMIC FORCES

Provide punching shear reinforcement

to enable the joint undergo its design

drift while keeping its integrity to carry
gravity loads

FLOOR SLAB DESIGN FOR SEISMIC FORCES

SHEAR REINFORCEMENT OPTIONS

MIN LENGTH 8 kyy
WELD
&I ; % by WELDED

(i) (ii)

(a) Single and two stud option

POSITIONING

TOP BAR
N BOTTOM HEAD
ON SPACER
(b) Single stud placement (c) I-section slice
< STUD
ANCHOR FLAT STRIP

HOLES FOR STRIP ) =
ATTACHMENT WELD

TO FRAMEWORK

(d) Studs on strip (e) Shear band

ROUND BAR
(i) Single leg stirrup (ii) Multiple leg stirrup

(f) Punching shear reinforcement with stirrups

33



FLOOR SLAB DESIGN FOR SEISMIC FORCES

Option 3: Calculate the Moment and
Shear and Design for them

Using design displacement Ou, calculate the
associated moment Mu and design for it

adapt974
9]
\ ] i

Slab

Sv
|
£ |
3 | L
O
Lj— —t
|:| My= (%)Bu
(a) Elevation (b) Deformation

FLOOR SLAB DESIGN FOR SEISMIC FORCES
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FLOOR SLAB DESIGN FOR SEISMIC FORCES

Summary

+«»» Examples in San Francisco

*» Why post-tensioning

+ Performance in past earthquakes

¢ Applicable codes

+¢ Determination of seismic risk to
design for SDC

+ Seismic design steps

+ Drift calculation

+¢ Function of floor slabs

+¢ Design of floors slabs
% High seismic risk regions

AV aTeh

’ |“-P

Thank you for listening

bian@PT-structures.com

www.adaptsoft.com
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Seismic Design Considerations
for Post-Tensioned Floor
Systems in NZ
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Potential Design Efficiencies

* Residual PT available -+ Different load cases

to contribute to for seismic vs gravity:

diaphragm Gravity for seismic

reinforcement: G & xQ ( x depends on
Gravity ULS building usage)
1.2G&1.5Q

C:s- concretenz
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Building Configurations

» What is the lateral system?
— Walls
— Braces
— Frames

%
S concretenz
LEARNED SOCIETY

Building Configurations

* Where are the bracing
elements located

e | pr—
(Il

e Ve <

%
S concretenz
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+ What impact does this
have on the construction
and/or stressing process

1 m

=2

« How large is the
floor plate?

» Are delayed pour
strips required?

o , :
o g = e
AL i e IR EABE j

%
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NZS 1170.5 Cl. 2.1.4
Avoidance of Collapse @ ULS

» Avoidance of collapse of structure or parts
of structure

« Commentary NZS 1170.5:

account for drifts or forces from the 2500-year return
event (MCE?),

for determining if is there is an acceptably low
probability of collapse.

C's- concretenz

% LEARNED SOCIETY

Avoidance of Collapse

NZS 1170.5
Cl.2.2.4 Birittle structures

« Brittle structure or brittle parts of structures
having limited capacity to sustain inelastic
deformation

Commentary to NZS 1170.5 points to components and
connections that could be brittle.

2,
3 concretenz
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Connection
Failure

Floor to walls & frames

Northridge -1994

%
S concretenz
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Connection Failure

Column punching shear
failure - floors to columns

Christchurch-2011

%
S concretenz
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Beam Elongation

Consider the effect this has on the PT
strands.

* What are consequences of failure?
» Will floor drop?
Grouted versus un-grouted

« Un-grouted can allow movement, lower
strains

C::- concretenz
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Beam Elongation

e V
I.C.R Elongation due to
\ Negative momem_'“'_
Hy
1 e,~0.475D D cgc )
P A e o v i o e i S S S 1L |iD
D €,~0.425D] )
_JL_ Elongation due to
Positive moment
B Distance between columns increases J

Instantaneous centre
of rotation (I.C.R)

Beam Elongation occurs (independent of convention or P/T):
» Elastically up to Yield
* In-elastically post-yield

2,
3 concretenz
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0.93D

(y
A
f B
D [Jf'g'cec,:a«m ’”’D

Instantaneous centre
of rotation (I.C.R)

Beam Elongation A occurs at floor support :
1.5% D @ 2% Drift - D =1000mm — A =14mm
2.5% D @ 3% Drift - D =1000mm — A =25mm

C:a concretenz
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Beam Elongation

* How is this accommodated in the design?

* De-bonding can help. Does have flow on
effects (deconstruction, SiD).

2,
3 concretenz
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Why is the determination of Beam
Elongation so important?

Effects the potential induced stresses into the PT floor. Similar to seating
details for pre-cast suspended floors

% ] [*—Beam elongation | [+ Beam elongat
B o e I §
%5 ~
Hra T =
5| I g1 5
5= 8 £ 3
L5 — 2 5
L | R
s 3 13
S 2| &
Mode 1 5 Mode 2
s
2
S
Il
................................................. e
) (a) Beam plastic hinge zone rotates (b) Entire beam rotatesto allow for

to allow for beam elongation beam elongation

C':- concretenz
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Displacement Compatibility
considerations

Lateral Connection to Perimeter Frame

Displacement
incompatibility
between the frame
and floor

\ Frame deforms in
double curvature

Flooring Sags

2,
3 concretenz
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3

Displacement Compatibility
Considerations

Lateral Connection to Perimeter Frame

Displacement

incompatibility

between the frame ; :

and floor i !
L4 . i

! \ Frame deforms in !
# double curvature *
1 1

Displacement between wall and floors are
similar

Flooring Sags

C':- concretenz
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How precast deals with this?

Lateral Connection to Perimeter Frame

Existing grade 430 starters at 300 crs Ti mb_er n-
& ductile mesh in 75mm topping fill

Hollow-core Units b 4
Perimeter beam ~1

Column face / AV

NZS3101 requires this for precast flooring.
Consider its effect on the PT floor system.

C::- concretenz
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Link Slab — Wall or EBF

NZS 3101:2006 — strongly recommended

Existing Grade 300 starters at 300 crs gz)"gb%g’;ﬂ ] \/ n
& diaphragm rebar in 75mm topping

A S—
ﬂogoo /

Hollow-core Units

Wall or EBF z= T

__J\/__

C::- concretenz
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Diaphragms: Forces

‘Inertia’ & ‘Transfer’ forces are COUPLED
These can not be treated in isolation.
* Inertia causes the building to deform.

» Transfer forces across the diaphragms arise from
the incompatibility of deformed shapes of each
vertical structural system.

C::- concretenz
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H n
Diaphragm: Forces
Link modeling
draphragms_\'
B H H
— = |
— B N
] ) i
—_— i ]
—=
—-]
=]
p
oo Ton WO B =
Lateral Load Frame Element Wall Element Coupled Frame-Wall
(Shear mode) (Bending mode) Building
(a (b) (c) (d)
After
Paulay & Priestley 1992

C':- concretenz
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Diaphragms: Forces
NZS 1170.5

Cl.6.1.4.2 Actions for design of diaphragms

Actions to be used in the design of diaphragms shall be the sum of
actions from the 2-D and 3-D analysis, plus the actions derived from
considering how the inertia of the diaphragm elements are distributed
to the lateral force resisting structural elements.

Actions within the diaphragms shall account for higher modes effects
and influence of overstrength actions (in accordance with Clause
5.6.3.3), generated from within the structure as a whole.

C::- concretenz

LEARNED SOCIETY
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Diaphragms: Forces
NZS 1170.5

Cl.6.1.4.2 Actions for design of diaphragms

» Actions to be used in the design of diaphragms shall be the sum of
actions from the 2-D and 3-D analysis, plus the actions derived from
considering how the inertia of the diaphragm elements are distributed
to the lateral force resisting structural elements.

* MODAL Analysis does NOT help
* MODAL Analysis provide maxima:

* these have no sign & local maxima occur
at different points in time - USELESS

LEARNED SOCIETY

C:s- concretenz

Floor Plates/Diaphragms

 Relatively thin but stiff horizontal structural
systems which transmit in-plane lateral
forces to, or between, vertical lateral force
resisting elements.

» The diaphragms tie the whole structure
together

2,
3 concretenz
LEARNED SOCIETY
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Floor Plates/Diaphragms

Strut and Tie is generally the test method to
design these diaphragms.

Enables detailing penetrations
Recommended by NZS1170.5

Potential efficiencies if PT can be used
— Consider consequences of over load

C:s- concretenz

LEARNED SOCIETY
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Vibration Analysis/Design
of RC and PT Floors

www.adaptsoft.co

Copyright © 2018 ADAPT Corporation
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VIBRATION DESIGN OF CONCRETE
FLOORS

SCOPE

Part 1 — Basic information and practical approach

+*» Why are we concerned about vibration;

+* What are the causes of vibration;

+* What are the allowable limits of vibration;

+» How to evaluate the vibration acceptability of a
floor

» Numerical Example

Part 2 — Past practice; alternative methods
+** Semi empirical and simple methods of
vibration evaluation
» Numerical Example

Part 3 — Impact of secondary factors
+* Post-tensioning

‘0

+* Cracking of concrete
cont..

(Y
s concretenz
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VIBRATION DESIGN OF CONCRETE
FLOORS

SCOPE

Part 4 — Other causes of vibrations

+¢ rhythmic motions; dance; aerobics

+* Impact of vibrations on sensitive equipment
+** References

Question and Answer

% concretenz
LEARNED SOCIETY

VIBRATION DESIGN OF CONCRETE
FLOORS

Part 1 — Basic information and practical approach
¢ Why are we concerned about vibration;
**» What are the causes of vibration;
¢ What are the allowable limits of vibration;
¢ How to evaluate the vibration acceptability of a
floor
» Numerical Example

Why are we concerned about vibration ?

“*Vibrations may be considered as “annoying” by
occupants
» Threshold of “perception”
» Threshold of “annoyance”
% Vibrations may interfere with the proper function of
equipment and instruments

& concretenz
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VIBRATION DESIGN OF CONCRETE
FLOORS

What are the causes of vibration ?

< Most common cause is “foot fall” (heel drop)
occupants;
% Dynamic impact from rolling object.

What are the allowable limits of vibration
for human’s comfort?

< Perception of vibration depends on:
» Frequency (cycles per second, Hz); and
» Peak acceleration (expressed as percentage of
gravitational acceleration %g)
% Consensus is that humans are most sensitive to
vibration for frequencies between 4 to 8 Hz.

¢ Higher accelerations can be tolerated at higher
or lower frequencies.

()
S concretenz =

LEARNED SOCIETY tructural Concrete Software

PERCEPTION OF VIBRATION

What are the allowable limits of vibration?
O Frequency (Hz); and
L Peak acceleration

NO_121

1.50

1.00

a Office, residence,

° \Zassembly hall
= /
S 050 /|
© /

—
o

s \ /

8 o025
<
X

® Operating
Da.) rooms
1 2 4 8 12 20
Frequency (Hz)

Threshold of Human Sensitivity to Vertical Vibration
(ATC)

ATC = Applied Technology Council

()
S concretenz =
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VIBRATION DESIGN OF CONCRETE
FLOORS

How to evaluate the vibration acceptability of a
floor?

6 steps for complete evaluation

Step 1 - Determine natural frequencies (Hz)
Step 2 — Select exciting force of vibration

Step 3 - Select floor type

Step 4 — Calculate the weight of vibrating panel
Step 5 — Calculate peak acceleration

Step 6 - Evaluate the floor

Numerical example

(Y
s concretenz
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NATURAL FREQUENCIES

Step 1 - Determine natural frequencies (Hz)

¢ Use Finite Element Method with plate elements, or
empirical formulas

¢ For specific areas, such as a lab or operating room,
determine the “dominant” frequencies of the
location of interest.

Observe vibration modes of the above floor
system, assuming that the location of
interest is at bottom left of the floor




NATURAL FREQUENCIES

Identify applicable frequency (Hz)

Mode 1 — Not he panel of interest

Mode 2 — Not he panel of interest

NATURAL FREQUENCIES

Identify the governing frequency (Hz)

Mode 5 is the first mode that excites the
region of interest (bottom left). The
frequency associated with this mode will be
used as basis for evaluation




EXITING FORCE OF VIBRATION

Step 2 - Select exciting force of vibration

+** Use the following graph to determine the exciting

fo rce TNO_125

1.0

0.8

0.6 /
0.4 /

Dynamic Load Factor (DLF)

0.2 /

0 1.0 2.0 3.0

Frequency Hz

Dynamic Load Factor for First Harmonic of
Walking Force

Exciting force = DLF * (Weight of Person)

()
s concretenz

TRANSMISSION PATH OF VIBRATION

Step 3 - Select floor type

+»*Refer to the table to select damping factor (B);
in most cases 0.03 applies

¢ The recommended values vary from 2-3% for bare
concrete floors to 5-8% for furnished rooms with
partitions extending full height.

RECOMMENDED DAMPING
FACTORS FOR VARIOUS OCCUPANCIES

Occupancy Dampirég factor
Bare concrete floor 0.02
Furnished, low partition 0.03
Furnished, full height partition 0.05
Shopping malls 0.02

LEARNED SOCIETY
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PEAK ACCELERATION PERCEPTIBILITY OF MOTION

Step 4 —Calculate weight of target panel (W) Step 6 — Evaluate the floor

< Include superimposed load that follows the vibration < Use natural frequency from Step 1; and
(stones; tiles) % Peak ground acceleration (a,/g) from Step 5; and

% Chart below from ATC to determine acceptability

Step 5 — Calculate Peak Acceleration (a,/g) Noz
“*Use an empirical relationship, such as the one below for 1.50
footfall
1.00 /
a Pe°® 5 Ottcs eidenca. |
g AW “> § om A
s 7
2 \
(O] /
8 o025 /
a, = peak acceleration; i
g = gravitational acceleration [32.2 ft/sec?; 9.81 m/sec? ]; § CR
PO = constant force representing the walking force (from
Step 2 and weight of walking person); 1 2 4 8 12 20
B = modal damping ratio, from previous table Frequency (Hz)
W = effective weight of the panel and the superimposed

Threshold of Human Sensitivity to Vertical

load; and
Vibration (ATC)

f= governing natural frequency (Hz).

" =
S concretenz = =

LEARNED SOCIETY Structural Concrete Software
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NUMERICAL EXAMPLE NUMERICAL EXAMPLE

TNO_123

Numerical Example

% Concrete floor system K - Siab thickness "
+ Slab thickness 8” (203 mm) T . 8" (200mm)
% Superimposed DL 20 psf (1 kN/m2) R &
% Concrete f'c 5000 psi (33.8 MPa) !
% Modulus of Elasticity 1.2 Ec / . .
R ired (a) Floor plan 1Cé>,!um2f:1”
eqUII'e 460X x 610
+» Evaluate vibration compliance of the floor panel A (#oomm e
identified under foot drop {
26'-3"
= (8.00m)

30-0" (9.14m)

(b) Panel plan

Identification of Panel for Vibration Evaluation

(N =)
& concretenz £z H

LEARNED SOCIETY Structural Concrete Software




VIBRATION DESIGN OF CONCRETE
FLOORS

Step 1 — Determine natural frequencies (Hz)
» Generate model of the entire floor
» Use modulus of elasticity 1.2Ec
» Include weight of objects attached to floor
» Obtain first few natural frequencies

HHH‘F’_

IS EREENEL

|
P
]

Discretization of the Floor for a
Reliable Frequency Values

(Y
s concretenz

LEARNED SOCIETY

VIBRATION DESIGN OF CONCRETE
FLOORS

2,
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VIBRATION DESIGN OF CONCRETE
FLOORS

Step 2 - Select exciting force of vibration

+*** Weight of person 150 Ib (667 N)
+* Walking speed: 2 steps per second
+* From the chart:
DLF =0.53
Po=0.53*150=79.51b (354 N)
TNO_125
1.0

0.8

i
|
a //
S 06
[§)
©
L
e]
2 s /
S .
Q
1S
S /
S 02
2 /
/
0
0 1.0 2.0 3.0

Frequency Hz

Dynamic Load Factor for First Harmonic of
Walking Force

VIBRATION DESIGN OF CONCRETE
FLOORS

Step 3 - Select floor type

Office furnished; low partitions

From below select () = 0.03 From table

Occupancy Dampirég factor
Bare concrete floor 0.02
Furnished, low partition 0.03
Furnished, full height partition 0.05
Shopping malls 0.02

2,
& concretenz
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VIBRATION DESIGN OF CONCRETE
FLOORS

Step 4 —Calculate weight of target panel (W)
+ Dimensions of panel as shown below

% Mortar, stone, firmly attached to floor 20 psf (1 kN/m2)
++ Concrete weight: 150 pcf; (25 kN/m3)

The total weight of the panel W is

W = (26.25 30)[(8/12)0.15 + 0.02] = 94.50 k (421 kN)

m TNO_123
— —1 —1
LI

[Ey - .
Slab

o mm————

i 8" (200mm

'
s

(a) Floor plan ~ Column
18" x 24"
(460mm x 610mm)

[ ]

263

(8.[>0m)
E 4

300" (9.14m)

(b) Panel plan

VIBRATION DESIGN OF CONCRETE
FLOORS

Step 5 — Calculate Peak Acceleration (a,/g)

% Use an empirical relationship, such as the one below for

footfall 035 1
-0.35
a, PRe

g pW

ap = peak acceleration;

g = gravitational acceleration [32.2 ft/sec?; 9.81 m/sec? ];
PO =0.53*150=79.51b (0.354 kN) (step 2)

,3 = damping ratio 0.03 (step 3)

W =945k (421kN) (step 4)

f = first natural frequency (Hz) = 5.79 Hz (step 1).

-0.35x5.79
a, 79.5xe

g 0.03x94.50x 1000

—000367 =0.37%,

Peak ground acceleration ( a,) is calculated to be
0.37% of gravitational acceleration (g)




VIBRATION DESIGN OF CONCRETE VIBRATION DESIGN OF CONCRETE

FLOORS FLOORS
Step 6 — Evaluate the floor Eliminate the noise (disturbance) from non-
% Use natural frequency from Step 1; 5.79 Hz; and targeted floor regions

TNO_123

% Peak ground acceleration from Step 5; 0.37% g; and
+« Chart below from ATC to determine acceptability

NO_121

1.50 Floor plan showing
the target panel

1.00 /

5 Ottce reidencs, |

S 050 / /

Qo

o \ 7 ~—_ Panel

g " status

© Operati
eratin

Da_) ro':)ms d

1 2 4 8 12 20
Frequency (Hz)
Threshold of Human Sensitivity to Vertical First mode — frequency 5.79 Hz

Vibration (ATC)

: , . . Note that the first mode is primarily due to
The target panel is acceptable for office and residential excitation of a non-targeted region of floor

occupancies, but not for hospital operating room

2,
& concretenz H
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VIBRATION DESIGN OF CONCRETE
FLOORS

»|solate the target area for vibration analysis
»The response of the isolated region is greatly
influenced by the boundary conditions specified
around the cut
» Extend the sub-region at least one panel on each
side beyond the panel of interest

()
s concretenz =
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VIBRATION DESIGN OF CONCRETE
FLOORS

How can we bring the vibration of a given floor
to compliance?

¢ Increase in stiffness increases the frequencies

% Increase in weight reduces the frequencies

% Increase in frequency, reduces the peak acceleration

% Increase in weight reduces the peak acceleration

% Increase in restraint of boundary conditions,
reduction in span increases frequency

For the given example, increase slab thickness from 8”
(203 mm) to 10” (250 mm)

1.5

NO_121

¢ Frequency f=7.72 Hz
@ W=115.3 k (514 kN) 1.0

/
% Peak acceleration o Sulah /
(a/9)=0.154% & \Zassembuy byl
cC 05
S /
5 \
o
O 0.25
3
< Operating .
X~ rooms /
©
[0
o
1 2 4 8 12 20
Panel Frequency (Hz)
status




VIBRATION DESIGN OF CONCRETE
FLOORS

SCOPE

Part 1 — Basic information and practical approach

¢ Why are we concerned about vibration;

¢ What are the causes of vibration;

¢ What are the allowable limits of vibration;

¢ How to evaluate the vibration acceptability of a
floor

» Numerical Example

Part 2 — Past practice; alternative methods
+** Semi empirical and simple methods of
vibration evaluation
» Numerical Example

Part 3 — Impact of secondary factors
¢ Post-tensioning

+¢+ Cracking of concrete

+¢* Floor coversf/tiles/stones

K/

** Installed equipment/machinery

()
S concretenz

VIBRATION DESIGN OF CONCRETE
FLOORS

Part 2 — Past practice; alternative methods

+**» Semi empirical and simple methods of
vibration evaluation
» Numerical Example

» Estimate the natural frequencies
using empirical relationships

»Make a good engineering judgment on the
probable shape of the first natural
frequency

LEARNED SOCIETY

& concretenz
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FORMULAS FOR NATURAL FREQUENCIES

FIRST NATURAL FREQUENCY CONSTANT @

Boundary
Case s Constant
Conditions ¢
’ Ib @=157(1+y)
"
a
2 ¢ =1.571+2.5y* +5.14y*
3 ‘ ‘ ©=1.57,/5.14 +2.92y? + 2.44y*
4 @ =1.57\1+2.33y? + 2.44y*
5 ‘ @ =1.57,[2.44 +2.72y? + 2.44y*
6 ‘ ©=1.57,/5.14+3.13y +5.14y*

rigidly supported, rotationally free
rigidly supported, rotationally fixed
a span length in x-direction

b span | length in y-direction

y alb

DETERMINATION OF NATURAL
FREQUENCIES

The parameters for the Table are:

-
a

Eh’ g
C=,|[——-X—
12(1-v*) ¢

f = first natural frequency [Hz];

a = span length in X-direction;

E = dynamic modulus of elasticity [1.2 static E
in psi; MPa];

h = slab thickness [in; mm];

v = Poisson’s ratio [0.2];

g = gravitational acceleration [32.2 ft/sec? ; 9810
mm/sec?]; and

q = weight per unit surface area of the slab.

Where

()
s concretenz
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DETERMINATION OF NATURAL
FREQUENCIES

Shape of first Natural Frequency Mode

+¢ The first mode of vibration is affine to that of a
single panel simply supported plate. The shape is
not analogous to the deflected profile under
selfweight

NO_122

A= =\ = =
(a) Simple support (b) Fixed
VS N A\_//i

(c) Continuous spans

|
A A A

(d) Deflection self weight

>

First Mode Shapes and Deflection of
Simple and Continuous Spans

()
S concretenz

ructural Concrete Software
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DETERMINATION OF NATURAL
FREQUENCY

Shape of first Natural Frequency

+¢ Use a simply supported boundary conditions along
the four sides of an interior panel

+** Where columns are on a regular orthogonal grid,
the first mode is likely to be in form of a one-way
slab deflecting in a cylindrical form.

+*»* Panels bounded by smaller spans, may
vibrate analogous to a rotationally fixed plate

TNO_122

~ 4 ~ )
A A = =
(a) Simple support (b) Fixed
K/r/fi - - X/ I \)
A A A A
(c) Continuous
spans
A 2 7y 7y

(d) Deflection self weight

First Mode Shapes and Deflection
of Simple and Continuous Spans




VIBRATION DESIGN OF CONCRETE
FLOORS

Numerical Example

Evaluate the vibration compliance of the floor slab
below, for foot drop having the same details in
former example, using empirical formulas

View of the Floor System

()
s concretenz
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VIBRATION DESIGN OF CONCRETE
FLOORS

Step 1

Envisage the probable shape of the first mode of
vibration.

A column supported slab, such as the floor system
under consideration is likely to vibrate in form of a
cylinder (one-way system)

(OO
>_>>_>>!X'/

% concretenz
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VIBRATION DESIGN OF CONCRETE
FLOORS

Step 2

Select from the Table of frequency formulas, the case
that can best simulate the envisaged shape of first
mode of vibration

Find the First Natural Frequency
Using the parameters of frequency table:

g = 9.81 m/sec? ;32.2 ft/sec?

First natural frequency, f:

29,000 MPa
4287 ksi , using ACI-318

Assume E,, =12E; =12E

CALCULATE NATURAL FREQUENCY

FIRST NATURAL FREQUENCY CONSTANT @

Boundary
Case Conditions Constant ¢
1 Ib _ 2
: ¢ =1.57(1+y?)

—— rigidly supported, rotationally free
a span length in x-direction
b span | length in y-direction

Yy alb

. | _EN° g
12(1—v2) q

cp:1.57(1+y2)

f = £¢ (frequency of first mode)
2




CALCULATE NATURAL FREQUENCY

Consider a region as shown in
the figure

|

e
' )))))) )H

|
a =3"90*12=1080in (42.5 m)

90 Y’
®=157(1+2) = 1.57|1+| ——| | =20.03

26.25
co Eh’ 9
121-v?) g

Egyn=1.2 Egt = 1.2x4287 = 5144 ksi (35,477 MPa)

CALCULATE NATURAL FREQUENCY

h =8 inch (203 mm)

q = weight/unit area

q= 1508 + 20 =0.833 Ib/in2 (5.54 x103 MP
12x144 144 in2 (554 x )

=325653 in?/sec

\/5144x1000x83 32.2x12

X
12(1-02) 0.833
(2.1x108 mm2/sec)

325653
802 20.03 = 559 Hz
-0.35f
. Pe
g LW
ap 795 % e—0.35><5.59

‘g = 0.03x94.5x1000 =0004: 04%

Note that the weight of one panel is used for W




VIBRATION DESIGN OF CONCRETE
FLOORS

Check the Results for m[ ............ P
Acceptability @iﬁg > S S K /

*¢ First natural frequency (5. 59 Hz)
¢ Peak response acceleration relative to
gravitational acceleration (0.4 %)

NO_121

1.50

1.00

N\
> /
6 Office, residence, /
2 \(assembly hall
C < /
2 050 /
g ‘&\4
? X / — Panel
QO 0.25
g status
X
8 Operating
o rooms
1 2 4 8 12 20
Frequency (Hz)

Acceptable for office and residential, but not
for operating rooms

VIBRATION DESIGN OF CONCRETE
FLOORS

SCOPE

Part 1 — Basic information and practical approach
¢ Why are we concerned about vibration;
+* What are the causes of vibration;
¢ What are the allowable limits of vibration;
¢ How to evaluate the vibration acceptability of a
floor
» Numerical Example

Part 2 - Past practice; alternative methods
¢+ Semi empirical and simple methods of
vibration evaluation
» Numerical Example

Part 3 — Impact of secondary factors
+* Post-tensioning
+¢* Cracking of concrete
cont..

& concretenz
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VIBRATION DESIGN OF CONCRETE
FLOORS

Part 3 — Impact of secondary factors

¢ Post-tensioning

» Post-tensioned slabs are generally thinner
than their conventionally reinforced
counterparts; hence, they have lower
frequencies

» Precompression from post-tensioning inhibits,
or reduces crack formation. Post-tensioned
slabs are stiffer than RC slabs of the same
thickness

TRANSMISSION PATH OF VIBRATION

Post-Tensioning
+¢» Post-tensioning imparts axial compression.

+* Axial force from external source causes ( PA )
moment; reduces flexural stiffness.

+* Internal post-tensioning does not cause ( PA )
moment, and does not reduce flexural stiffness.

TNO_124
A

A

(a) Member elevation

(b) External load P Tondon P

(c) Internal PT tendon

(d) External PT tendon

P - A Effect for PT and
Externally Loaded Members




VIBRATION DESIGN OF CONCRETE
FLOORS

Part 3 — Impact of secondary factors

+¢* Cracking of concrete

» Cracking of concrete, in particular in
conventionally reinforced concrete, where hair
cracks under service condition are common
and numerous in number result in reduction of
local stiffness.

» Concentration of local cracks over the supports
and at midspan can result in a change in the
natural mode shape of vibration

%
& concretenz H
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VIBRATION DESIGN OF CONCRETE
FLOORS

Part 3 — Impact of secondary factors
% Cracking of concrete

Neutral axis

A= 1
Reinforcement -

(a) Cracked beam elevation

\\ Cracking
- ~___ — — = - ~ moment

(b) Applied moment

e |-

(c) Effective moment of inertia le

L

ADPT422

Loss of stiffness due to cracking results
in shorter frequencies

%
& concretenz
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VIBRATION DESIGN OF CONCRETE
FLOORS

Part 3 — Impact of secondary factors

** Cracking of concrete

Extent of cracking under dead load. Max local
reduction in stiffness 69%

Unit :

Teffilg
1.00
0.95
0.91
0.86
0.82

|l

0.73

0.68
m:
0.59

| pol

0.50

-0.45

0.41

-0.36

0.31

EXTENT OF CRACKING SHOWN THROUGH REDUCTION
IN STIFFNESS FOR MOMENTS ABOUT Y-Y AXIS

% concretenz
LEARNED SOCIETY

VIBRATION DESIGN OF CONCRETE
FLOORS

Part 3 — Impact of secondary factors

+¢* Cracking of concrete
Extent of cracking under dead load. Max local
reduction in stiffness 67%

EXTENT OF CRACKING SHOWN THROUGH
REDUCTION IN STIFFNESS FOR MOMENTS
ABOUT X-X AXIS

% concretenz
LEARNED SOCIETY




VIBRATION DESIGN OF CONCRETE

FLOORS PERCEPTION OF VIBRATION

Part 4 — Other causes of vibrations Rhythmic motions; dance; aerobics

+¢ rhythmic motions; dance; aerobics > EXC'tmg force Po IS Iarger
** Impact of vibrations on sensitive equipment » Tolerance of vibration is more
** References mo_i
> 150
Rhythmic motions; dance; aerobics 2 Y
The same 6-steps apply with the following two g 100 Rhthmic activities /
differences k= outdoor footbridges
» Exciting force P, is larger % \A
> Tolerance of vibration is more § 50
X
Exciting Force Po for Rhythmic Activities 3
Forcing Weight of  [Dynamic load|Dynamic load intensity o 0o 1 2 4 8 12 20
Activity frequency participants factor P, =DLF w,
Hz w, (psf) (kN/m2)|  DLF psf (kN/m2) Frequency (Hz)
Eif’\‘/r;‘:'”goncert — L8 | I (@i i 2455 (0288 Threshold of Human Sensitivity to Vertical Vibration
sportsy 15-30 | 30.0%* (1.44) 0.25 7.50 (0.359) from Rhythmic Activities (ATC)
event
Aerobics 20-40 |3.6%* (0.172) 15 5.40 (0.258)
Average weight of a person assumed 150 Ib (79.5 kg) Note that the threshold of acceptable peak acceleration is
* assuming each dancing couple taking 27 ft2; (2.51 m?); about 10 times more than regular foot fall on residential and
** assuming 5 ft?; ( 0.464 m2) per person commercial buildings

*** assuming 42 ft2; (3.90 m2) per person

LEARNED SOCIETY tructural Concrete Software

LEARNED SOCIETY tructural Concrete Software

% %
§ concretenz § concretenz




VIBRATION DESIGN OF CONCRETE PERCEPTION OF VIBRATION

FLOORS
Rhythmllg, motlgnsl,éjance,l aerobics Rhythmic motions; dance; aerobics
_ umerical Exampie » Computed values:
> !Dete.r;nln?c the adeguacy of the floor panel > frequency f= 5.97 Hz
identified for aerobic activities > Peak acceleration ratio 18.4%
> 150 _
NS
= 100 /
o Rhythmic activities
T outdoor footbridges /
<
'
®
)
1- Frequency f=5.97 Hz o oo 1 2 4 8 12 20
2 — Exciting force from the table is 5.36 psf ( kN/m2) Frequency (Hz)
Panel size 26.25x30 ft quency
P,=5.36x26.25x30 = 4221 Ib ( 18.78 kN) Threshold of Human Sensitivity to Vertical Vibration
3 — Floor type =0.03 from Rhythmic Activities (ATC)
4 — Weight W = 94500 Ib (420.36 kN)
5 — Calculate peak accelerationa, / g a, Pe™ O With 10% being the maximum, the
a 4291005 g - AW sensitivity diagram clearly indicates that

=————=0.184=18.4% the calculated 18.4% is not acceptable.

p
g 0.03x94500 U One option is to increase the slab
6 — Evaluate (see next slide) thickness.




PERCEPTION OF VIBRATION

Rhythmic motions; dance; aerobics

» Increase slab thickness to 11” (280 mm)
» Computed frequency f=9 Hz

» Weight W =124.04 k (551.71 kN)

> Peak acceleration @,/9 =4.9%

PTS639

15.0

=
=< /]
s 100 rhythmic activities /
2 outdoor footbridges
D \4 /
S 50
[&]
g P
& floor status
& | |

0.0

1 2 4 8 12 2

Frequency (Hz)

The chart indicates that increase in thickness
makes the floor panel suitable for rhythmic
activities

concretenz
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VIBRATION DESIGN OF CONCRETE
FLOORS

Impact of Vibration on Sensitive Equipment
Numerical Example
» Determine the adequacy of the floor panel
identified under foot fall for general laboratory

1- Frequency f=5.97Hz

2 — Exciting force for foot fall P,= 45 Ib (0.20 kN)
3 — Floor type £ = 0.035 (for densely equipped laboratory)
4 — Weight W =94500 Ib (420.36 kN)

5 — Calculate max velocity _ P9
27Z'ﬁerO3Sf
_ 45% 384 _0.017 Infsec
2x3.14x0.035% 94500 % 5.97e%%% 7 (0.43 mm/sec

= 17000 mips (0.43 mm/sec)

6 — Evaluate the response of the floor




VIBRATION DESIGN OF CONCRETE FREQUENCIES
FLOORS

Impact of Vibration on Sensitive Equipment Factors affecting the natural frequencies:

Numerical Example 2 Eloor's mass

+** Modulus of elasticity
¢ Damping
¢ Extent of cracking; post-tensioning

6 — Evaluate the response of the floor

National Institutes of Health’s Recommended Velocities

_ _ _ _ Mass
Function Maximum velocity |Maximum velocity 2 Expresses as (Wig)
micro meter/sec Micro in/sec s , ’ ,
Sanarl A 50 2000 4 “W” is the weight of the objgcts that are _

. attached to the floor and faithfully follow its
Ordinary surgery 25 1000 displacement; the greater the weight the larger is
Bench scope up to 100X mag 50 2000 the period; the smaller is the frequency (Hz)
Bench scope up to 400X mag 25 1000 U “g” is the gravitational acceleration taken as
Electron microscope greater 32.2 ft/sec? (9.81 m/sec?).
than 30,000X; mass 6 240
spectrometer Modulus of Elasticity
Electron microscope up to +¢* The elastic modulus for vibration analysis is larger
30,000 mag 12 480 than the static values, in particular when high

strength concrete is used.
Calculated velocity = 0.017 in/sec = 17,000 mips = 432

\/
micro meter/sec >> 2000 mips, or 50 micro m/sec NG ** Recommended values are 25%

higher than the static modulus.

» Increase of slab thickness to 12 in (300 mm) brings
the velocity to the acceptable range :E concretenz
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VIBRATION DESIGN OF CONCRETE FLOORS
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Contents of presentation

1. Distinguishing features in
detailing PT and RC slabs

2.Tendon layout

3. Tendon profiles

4.Tendons in beams

5. Stressing/dead end details

6. Setting tendon profile in
construction

7.Recording/marking tendon
locations

3/11/2018

1 — Distinguishing features
between RC and PT detailing

i. Crack formation not sensitive to
distance from tendon

ii. Biaxial stress from post-tensioning
helps to resist lateral loads

iii. At ultimate strength, failure occurs
through formation of hinge lines

iv. Column strip/middle strip does not
apply for reinforcement layout

1 — Distinguishing features
between RC and PT detailing

PTS854
2tendons each P ~\ T_[ stress =
)\» B

T

HIL

r\'«

(a) Tendons distributed along the edges

2 tendons each P \ : stress = 2

N

LT

N
(b) Tendons banded at center

Partial plans, showing two tendon
arrangements and the resulting distribution
of stress in slab
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Precompression enables concrete to carry
transversely applied load over a longer
distance

PTS858b

compression wmpmsslun/

o -
(a) Precompression in post-tensioned
member

‘compression lvw ‘compression

e~ F

£ s
(a) Precompression helps to transfer
lateral load

w

crack z—
rebar roller

(b) Conventionally reinforced concrete;
cracking mobilizes rebar

Distribution of Transverse Loads

Tendon layout options

COLUMN

BANDED
! TENDONS

MIN TWO STRANDS
OVER COLUMN

(a) BANDED-DISTRIBUTED (b) BANDED-BANDED

1] T‘@ %ﬁ’f@'\
| H

b

NB RN St
MIN TWO STRANDS
OVER COLUMN

G

(c) DISTRIBUTED- (d) MIXED
DISTRIBUTED

Failure modes of column-supported slabs
« Slabs fail along hinge lines
« Slabs do not collapse (fail) from

stresses at a point

(a) PLAN (e) COLUMN REGION

w, FAILURE

~~PLASTIC HINGE

S on )

(b) SECTION w, 8

n

MOMENT
(d) SECTION

(c) PLAN

Preferred layout from construction
standpoint for unbonded tendons is “banded
in one direction and distributed parallel in the
other direction

Example of banded-distributed tendon layout in
USA, using unbonded tendons

Bottom mesh is not common in USA
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Preferred layout from construction standpoint
for unbonded tendons is “banded in one
direction and distributed parallel in the other

direction

tendon layout, using

unbonded tendons

Example of banded/distributed layout using

unbonded tendon in Brazil » The benefit of at mid-
depth between the bands is at best

Bottom mesh is generally added for detailing

P1145

Close up of over Banded — distributed tendon

unbonded USA layout, using tendons
in Egypt
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COLUMN
L

2N La

G SLAB
RS

(a) PARTIAL PLAN

BANDED
TENDONS
Banded-distributed layout using

DISTRIBUTED TENDONS
with - USA

(b) TENDON LAYOUT

No bottom mesh was used in this project Where supports are not on an orthogonal grid,
swerve banded tendons over the non-aligned
columns in one direction, and arrange the
distributed tendons parallel to one another in the
orthogonal direction

TENDON LAYOUT OPTIONS

RS

SLAB
< X
COLUMN
(a) PLAN
REQUIRES ADDED
! .y REBAR
7 v
<<
BANDS

(b) BANDS IN THE SHORT DIRECTION
tendon layout using

(Egypt). Each tendon holds one strand.

BANDS

Bottom mesh is used as part of detailing

<

77

v

AN
N

B
<

) A%
I 7 a7 7

(c) BANDS IN THE LONG DIRECTION
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At design time follow the line of supports. When
detailing, group tendons over the supports in
one direction, and distributed tendons parallel in
the orthogonal direction

over supports in one
direction over non-aligned columns
» Place the in
the other direction

—

0 : '_r:/
& e g

=Nl =
y e

8 e
el L e L

7 8l|| Detailing

distribution of tendons,
Space between the bands is intended for
inter-story access.
55 Hudson Yards — New York

over supports in one
direction over non-aligned columns
» Place the in the
other direction




3/11/2018

layout using
unbonded tendons (Scandinavia)

slab
layout, using
unbonded Tendon
» The arrangement requires of
tendons at installation

distribution of tendon, using
unbonded tendons and waffle slab (Brazil)

An unbonded and a bonded example
of tendon layout
showing the of tendons
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construction
» Tendons are grouped in one direction and
placed in stem of the joists in the orthogonal Construction with widely
direction spaced tendons (Egypt)

is required to mitigate
progressive resulting from failure of a
slab panel
in each direction shall
pass through and be anchored
beyond the next column,
» There shall be from
one column to the next. These bars shall
develop at the face of column

Sparsely positioned tendons
(bonded system; Morocco)




Integrity Steel

In this example, the tendon passing
over the column helped to prevent the
slab fall through the column (Northridge
earthquake)

?ﬁﬂﬁiﬁ‘lﬁﬁ \'
¥ iQE!Eﬁiﬁ
Integrity Steel

» In this example, the of column bars
does not allow the wide ducts of the grouted
tendons to pass through the column cage

» Also, with the strength
necessary to act as integrity steel from one
column to the next are not present

Limitation on grouping of tendons together is
practiced for:

> proper of concrete; and

> to avoid of the section

For unbonded tendons, ideally not more than 4
tendons are bundled

D002

Bundling of tendons

In this example, too many tendons are grouped
together. Grouping of tendons, coupled with
inadequate spacing between the reinforcement
can lead to poor consolidation of concrete

3/11/2018




Bundling of Tendons

Bundling of nine tendons in this construction
can lead to of concrete

S By

TR

| ‘?""5& \
e S T

Examples of closely bundled and adequately
spaced grouted tendons

3/11/2018

PTS875

elevation difference

at crack
‘ PT tendon

<slab lamination

Lamination from bundled tendons
leading to crack formation on the top of
slab with change in elevation between
the two sides of the crack

The crack does not extend through the
depth of the member

Tendon Spacing

s< 8h
, $¥.1800mm (60")
[eee) [¢oe) ~

T h

s

DISTRIBUTED TENDON

(a) MAXIMUM SPACING OF DISTRIBUTED
TENDONS

SLAB

’

,s7d, d, s SLAB

oo OO0 ee 000

. h

dp TENDON
REBAR
sy d
(b) MINIMUM SPACING BETWEEN
BUNDLED TENDONS

» Minimum spacing is based on placing and
consolidation of concrete

» Maximum spacing is based on transfer of
lateral loads in the absence of other
reinforcement




Precompression helps to carry transversely
applied loads over longer distance

compression J7 w compressy

roller
(a) Precompression helps to transfer

lateral load
J] w

¥ 1

'_" \ \—crack T
rebar roller

(b) Conventionally reinforced concrete;
cracking mobilizes rebar

(TITI

| LI

Distribution of Transverse Loads

PTS856

3/11/2018

In this construction, the design relies on the

of lateral loads. Hence, tendon
spacing is not a critical design consideration.

Tendon Curvature
At high and low points, where cover is least
suggested for unbonded 0.5” (13 mm)

1000mm (36") 1000mm (36")
s s/ 7 e

(15/87)
TENDONS 42mm

/,Gm

@)
(b) LAYOUT OPTION 2

170mm

(5.5")
J
GAP % 50mm (2")
MAXIMUM OFFSET

(a) LAYOUT OPTION |

HAIR PIN

(c) PLACEMENT OF HAIR PINS

To avoid blowouts, at high and low points where

cover allows, place hairpins. Otherwise

» tendon curvature should be controlled;

» Tendons should be kept apart; and not
exceeding the curvature shown

Lack of adequate spacing between tendons at high
or low points can lead to local failure at moderate
tendon curvature

10



high strength

epoxy
slab

r T
Section
Example of tendon failure at surface, and detail
used to secure the tendon bundles, in order to
avoid new failure

P1164 PTS858

3/11/2018

Where curvature is tight
and cover allows,
hairpins are used to
resist prestressing
forces in the plane of the
slab generated from
tendon curvature in
plan.

P1165

Tendon Next to Opening

PTS855

hair pin

N \
curved tendon
== |

Z straight /
tendon
. ; )"

Ay

™

clearance governed by fire and
corrosion

+ Keep minimum distance from openings,
and secure tendons with hairpins, where
tendon curvature leads to disruptive
forces

+ Otherwise, cover to opening is governed
by corrosion and fire requirements.

Tight curvature combined with lack of hairpins
can lead to local failure at openings

11



In this detail restrain the
tendon from causing blowout

Looped tendon not adequately secured in plane of
the slab slipped out of position at bottom of slab
upon removal of forms.

3/11/2018

Tolerance in tendon layout

ACTUAL TENDON
PATH/
a / SPECIFIED TENDON
/ PA

TH
/af
z

< In plane of the slab tendons can be
moved laterally to avoid obstructions, so
long as (i) they are within the strip used
for the slab design, and (ii) they keep
their design geometry on plan

+ Wobbling beyond that shown on plan,
leads to friction losses in excess of
commonly assumed in industry values

% alb<=1/12

3 Tendon profile

Primary contributions of post-tensioning
tendons are:

» Precompression

» Uplift (lateral forces)

This results in
» Added strength
» Reduced deflection

The optimum profile provides an uplift that
best counteracts the effects of lateral forces
(commonly gravity) .

The optimum profile from performance
standpoint follows the shape of the bending
moment diagram that the tendon is intended
to counteract.

Since in most instances dead load moment is
largest, the tendon profile is ideally selected
to counteract the dead load of the member.

12



Due to computational complexities before the
advent of computers, engineers selected tendon
shapes that are segments of straight lines, or
parabolas. These provide point or uniformly
distributed loads that can be readily analyzed.

PTS315
W1 Wpy
tendon inflexion point
=] ¢
e ¢
|, b a |
7

82C  Wpy=Wpy(total force)

Geometry and force distribution of a half
reversed parabola

3/11/2018

PTS318

tendon . . .
inflexion point

Y1I: \"\x\_)’“ :Iyg

-ﬁ,f X3
|

equal equal
Wp2 Wes

O i
LHJ We1 U’J{ Wey

(a) Reversed parabola with two
inflexion points

inflexion point
\—-_\__—___—'___‘

equal equal

e iv

(b) Reversed parabola with one
inflexion point

TET]

g

Two Examples for Tendon Profiles
and Balanced Loads

(i) Tendon force

tendon force P
| F |
|WK/|
- ) 3 &

Tendon forces from reversed parabola
shapes, with low points at mid-spans

Engineers commonly refer to tendon forces
shown in (ii) as balanced loading Wp

Tendon forces are always in static equilibrium

» Sum of forces in each direction is zero

» Moment of tendon forces about any point is
zero

control points as terminated tendons
shown on plan /7

stressing end

=
=
=
=
2

T

= D,;;L L low =, o

span/5 point |4 typ.
1 0.5L1 L0.5L1 L0'5L2 LU‘SLZ | 053 LO.SLS ‘
"

Kl " g g
W L1 L2 W L3 L
1 = ( ”
|, exterior span L interior span | exterior span |
’ with stressing ] " nostressing

|

1

1

|

\

I

1

T
centroid

Notes: a=0.1L -

Preferred profile for beams and distributed
tendons; curved over the support
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control points as

- — terminated tendons
shown on plan ]\ /

/ / low
stressingend | ‘ / /_ point typ. uno

‘w | -
3 —IL_ -—— 4 £
s : | g
38

|

N

=l 4

span/s

T
I
L2 | L L e | e { LR | e |
v
|

K #

L1 ! L2 ! L3

| exterior span 1 interior span 1 exterior span
with stressing " " nostressing "

Note: b = 24" (600mm)

Preferred profile for grouped tendons;
straight over the support

Tendon Layout Over and Adjacent to a Wall

., CONTROL POINT | SLAB/BEAM
TII II

(a) ELEVATION AT COLUMN

| SLAB/BEAM  ~ CONTROL POINT
gl _/«\ [
“ wALL | TENDON
L K

(b) ELEVATION AT WALL
Place tendon straight at high point over the wall

(a) COLUMN >
TRIBUTARY WALL

(b)

Z o

O

REGION OF L9

(@) STRAIGHT =
TENDONS

Partial plan: Transition the tendon profile from
straight over the wall to the profile of the adjacent
strip

PTS357
Tendon

- Straight | e “
' Profile

Tendon Profile under Selfweight

» Tendon profile between the high and
low points under selfweight of tendon
generally provides greater uplift than
the commonly used reversed parabola

» The profile under selfweight is
generally not used, since its
computation is more complex than
reversed parabola

» The application of design software
eliminates the computational concern

Lay tendons straight and high over interior
walls e177)

3/11/2018
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Tendon Profile and Anchorage at Exterior
Support

STRAIGHT (OPTIONAL)
SLAB/BEAM

PARABOLA
%
o~ ]
/ Py
| TENDON S waw
CENTROID / ¥

(a) SLAB/BEAM AND EXTERIOR WALL

CENTROIDAL
AXIS

s

}_/_X/\/_ ' h

¢ t st
/ TENDON hi2

(b) ANCHORAGE AT EXTERIOR SUPPORT

3/11/2018

Tendon profile in ground-supported-
slabs ( )

Place tendons

Refer to the following for details

Aalami, B.O., (2015) “Post-Tensioning in Ground-
Supported Slabs,” PTI Journal, Post-Tensioning Institute,
December 2015, pp. 5-16

Cantilever Tendon Profile

» Irrespective of the profile, the tendon moment at
the support is equal to the tendon force times its
eccentricity at support

» But, cantilever deflection depends on the tendon
profile along the cantilever

(i) Tendon profile v
* ILTLITITIT, »
(ii) Balanced load ; Wy ,V, P

(a) Parabola down

i) Parabola uy
v Lt} P

N i
(ii) Balanced load ; wy v P
(b) Parabola up

PTS828

Cantilever Tenden Profile,
and its Balanced Loads

For the same tendon force, parabola down provides
a larger upward deflection at cantilever tip

The largest upward deflection is achieved, if
tendon is straight and at the top of the
cantilever. This is not always practical.

PTS825
centroid PT
\ M=Pe
A N VA, ﬁiLEL.: D
I - . - p <
(i) (il

(a) Below centroid
o ea— ‘- 57‘
I \ a

(b) At centroid
= s M=pe
e LA
! a

(c) Above centroid

In all cases moment at support M=Pa

Effects of Tendon Profile Options in
Cantilevers

15
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» Cantilever deflection is proportional to the In beam and slab construction, where practical,
“moment of the tendon’s bending moment stressing of beam tendons as shown in (b) is

diagram about the support.” structurally more beneficial
» Profile shown in (c) provides the largest

upward deflection PTST44

PTS826

. e w
‘ ~ - M=Pe o
- — = - — :
A=t (i) (ii)

(a) Below centroid (a) Continuous tendon
e S e—
@ A
(b) At centroid ‘~
: e M=Pe (b) Tendon in beam only
F_aﬁ_ﬂi_‘ - Efp—}
- (c) Above centroid Arrangement Options for Beam and
In all cases moment at support M=Pa Slab Tendons

Favorable and Unfavorable Moment Areas
for Upward Deflection

Beam and slab construction At abrupt change in member thickness, it is
beneficial to extend the thicker member beyond
lab beam the support to better resist the moment transition
\ f ) from the thick to thin member

| | e

T TP

(a) Typical moment

(a) Continuous layout

High position of tendon over the support leads to . .
unfavorable moment at beam’s midspan

slab f beam ‘“i L ﬂ

| (b) Change in member thickness

T -1 Tr—1% ¥

(b) Overlapped layout extension j
(c) Extension of thicker member

Overlapped tendons improve midspan
moments

PTS821

PTS822

16



Approximate modeling of ramps for
design

(a) Prototype
i e € max L
\ ath !

(b) Approximated model

» Model the ramp as a straight member of
uniform thickness with adjusted length as
shown in (b).

» Detail the tendon in the prototype (a) according
to the eccentricities obtained from the analysis
model in (b)

PTS818

3/11/2018

Simplified structural modeling and
construction of steps

PTS829

(a) Intended functional geometry

(b) Construction geometry

—————37

el

e i
(c) Simplified optional analysis model

(dT?endon layout wit?] eccentricities (e)
matching the analysis model

Approximate modeling of ramps for design

PTS819

add 3#4 (12mm) bars per 0.5 inch (13mm) tendon
Added reinforcement at bent

Added Reinforcement at Angle Change
in Slab

4 Tendons in beams

» Except where required for seismic
detailing, or to resist torsion, open stirrups
are used to facilitate tendon placing

17



sTIRRUPE] ORI =

Il |

| O o)

(a) BUNDLING OF TENDONS, BEAM

E H H 71Dmm #3)
REBAR

(b) TENDONS SUPPORT CHAIRS

There is no restriction on the number of
tendons that can be bundled, as long as they
are positioned and secured to allow placing and
consolidation of concrete

3/11/2018

An example of spacers (chair) used to hold
tendon bundles in position

Alternative support bars to position tendon
bundles

N .

sTIRRUPE] ORLI", =t

l. C

(a) BUNDLING OF TENDONS, BEAM

I

(b) TENDONS SUPPORT CHAIRS

Bundling of tendons in beams and the
dedicated support bar

18



> In the above condition, use of
tendons is .

» Multistrand tendons require hardware and
stressing equipment that are different for
single strand execution, and often not as
readily available

An example, where tendons are
used in the and in

3/11/2018

» In flanged beam construction, often a number
of tendons have to be raised and anchored in
the slab, in order to maintain the resultant of the
tendon force at, or near the centroid of the
flanged beam geometry

» In exiting the beam stem, tendons should flip to
the opposing side to avoid local rupture

Maintain
Provide smoolh .

Min,
transition of tendons Z;a, of
into beam deck form

Y

Backup
Bars

3 6"0C 3Foc
nsad in beam

Profiling of beam tendons that are
stressed at slab edge

0

6 8

(a) Elevation

tendon

(b) Plan

ADPT-940

19
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Profiling of tendons that are
stressed at slab edge

blowout tendons

—
-
-

(a) Unsecured tendon

_ hairpins —

|

(b) Secured tendon

Beam tendons diverted to the slab with
hairpin restraints

><

===
[ —

(c) Preferred tendon flaring

ADPT-941

Beam tendon diverted into the slab without
adequate restraint

> In exiting the beam stem, tendons from each
side are .
» Hairpins help to prevent rupture of concrete

20



P1166 |~ column
Stress tendon from the

side of the beam stem, or
where stressing at beam

end is not practical | beam

stem

Plan

PTS856

3/11/2018

splitting tension

v

A%

1<

bursting
compresion

Splitting tension behind the anchor casting can
lead to lamination (PTs470)

Ly

Premature stressing can lead to crushing of
concrete behind the anchorage

6 Stressing and dead end
details

The stressing and dead end are detailed
with the following objectives

» Avoid crushing of concrete behind the
anchorage casting; and

» Distribute the tendon pressure behind
the anchorage casting, such as to avoid
excessive splitting tension, leading to
cracking and lamination of concrete

» Detailing for unbonded and bonded
construction are somewhat different, as
illustrated in the following.

REINFORCEMENT AT TENDON ANCHORAGE

ADD'L 2#4 (12mm) T & B

| @ BANDED TENDON

| @ 6" (150mm) o.c, EXTENDED
| 9" (240mm) BEYOND LAST [POCKET FORMER
: ANCHOR EACH END 16" (400mm)

:uaT:rﬁ w

il

|
: — ea.

NA - T
I 2 \ EQ.
= .

SUPPORT BARS " PT TENDON

STRESSING TAIL
—#3 (10mm) HAIRPIN IN
(300mm) 12" BANDED DIRECTION ONLY
) TOTAL EQUAL TO NUMBER
12" OF ANCHORS PLUS 1

Stressing End Detail for Grouped Tendons

#4 (12mm) CONT. T & B AT SLAB POCKET FORMER
EDGE TIED TO ANCHOR 16" (400mm)
+ § oy el
NA— ‘ i e T
B ‘\ I ‘ .
| ~ PT TENDON
SUPPORT BARS STRESSING TAIL

Stressing End Detail for Distributed Tendons

21



Arrangement of reinforcement at
live ends of , prior to
installation of tendons

Hair pins and additional rebar
recommended at ends of
tendons

End Detail for Tendons

3/11/2018

Installation of Terminated Tendons

SLAB | THROUGH TENDON

S "~ TOP & BOTTOM AT
[/ ANCHORAGES

SUPPORT
BARS

Fixed end anchorage staggered and placed horizontally
Place anti-bursting bars normal to anchor (shown on right)

(a) PLAN
300mm (12") MIN.
HORIZONTAL
\?ﬁiﬂq
/
CHAIRS CENTROID
(b) SECTION

22



dead end tendons and
reinforcement.

(not shown) in

extending from the
strand side to the back side of the
anchorage block

detailed dead ends

» At stressing the backside of the
anchor blocks in this detail is likely
to be subjected to over 50 tons of
force from the five tendons, while
concrete is not fully cured

Poor dead end detailing

v Dead ends are best staggered; and

v Provide rebar along the tendons
extending on each side of the
anchorage block

Crushing and failure of concrete at interior

dead ends during stressing, due to

inadequate anti-bursting reinforcement.

Rebar along the tendon straddling the

anchor casting is missing

P1205

3/11/2018
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polystyrene recess
barrel

former j [ e casling

h it 7
concrete
formwork —/ \— wedge

Bursting reinforcement at stressing
end of bonded tendons with flat ducts
up to five strands (PTs566)

PTS567

seal end of anchorage with
tape

onion anchorage
grout vent

500

rectangular
spiral

1000

Bursting reinforcement option for
Poor detailing resulting to blow out at slab dead end of grouted tendons
interior dead ends tendon dead ends p1225

e N st . L
ed tendon live end (P1170

Poor detailing
» The entire group of short tendons is
terminated along the same line. They
should be staggered and adequately
reinforced.

Grouted tendon dead end (P1169

24
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Recommended Tendon Stressing Lengths,
when Effective Force is Used in Design

PTS106

[ PT tendon /— slab
{

L< 6m(20ft)

Grouted tendon top stressing (P1171)

_/\..
L > 6m(20ft)
oo/ L

6m(20ft)= < L< 38m(125f

,‘
76m(250f)= > L > 36m(125f) /

PTS565 _/j A
—— bend strands for L > 76m(250f)

stressing
F——— dead end

550 100 polystyrene recess
former

p—— stressing end

CJ = construction joint with intermediate stressing

iz
£,
/¢
‘ 160

Jacking Stress 80% of Guaranteed Ultimate
Strength; Effective Force=120KN (27k) for
13 mm (0.5") Unbonded Tendons

slab thickness

100

Up to here

Design Based on Average 6 Setting Tendon Profile on Site
(Effective) Stress

PTS554 The central considerations are:
[~ tendon

» Correct elevation at the high point
; ,'- » Correct elevation at the low point
» Smooth transition from the high to the low

friction and seating loss friction loss points )
acking 7 — _/ long-term loss » Secure tendon positon to make sure that
lai Ing - T~ \L PN during installation of other reinforcement and
slress max max| 1L average longHer placing of concrete tendons remain in their
stress [ stress stress (effective installed position.

FAL L fnalstess  LXRL stress)

Stress diagram in tendon showing
Tendon profile is set and maintained

using individual chairs; rebar or plastic

« Distribution of stress immediately after
bars (slab bolster)

stressing of the second end;

+ Drop in stress from long-term stress loss
effects’

+« Average long-term stress in tendon, also
referred to as effective stress

25



In this construction,

(plastic strip at center of the view), combined
with and #4 (12 mm) set the
profile of the distributed tendons in the left-
right direction

Grooved plastic bars and chairs of different
heights set the tendon profile

Setting of tendon profile, using chairs of
different heights and support bars over the
chairs

between the legs
of the chair, the tendon height is set at the
value marked on the tendon duct

3/11/2018
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Detailing of Post-Tensioning and
Rebar

Summary

1 — Distinguishing features of PT and RC
slabs

2 — Tendon layout options and practice

3 — Tendon profiles

4 — Tendons in beams

5 — Stressing and dead end detailing

6 — Maintaining tendon profile in
construction

Marking of tendons at slab soffit

P1178

» Using laser scanning, tendons are mapped
prior to placing of concrete.

Thank you for listening

» The scanned images are then converted to
drawings showing the position of tendons on

plan Questions?

www.adaptsoft.com

Bijan@PT-Structures.com
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OVERVIEW

This workshop/tutorial package is tailored to the needs of design engineers who are seeking to become
familiar with the latest developments in design of concrete floor systems. In particular, the workshop
covers in detail the process of designing reinforced concrete and post-tensioned floor systems using
ADAPT-Builder Floor Pro software. Long regarded as a difficult engineering challenge, designing
concrete floor systems is greatly simplified with ADAPT-Builder, which provides significant efficiencies
throughout the design process.

This self-contained package includes all the programs, cad files, data and the documentation needed to
get started with ADAPT-Builder. You can download a PDF version of this document and all supporting
files at www.adaptsoft.com/workshop/slab-desing.zip. To supplement the information provided in this
workshop manual, you can access technical notes on various design topics on our website.

The workshop is broken into several convenient sessions. When supervised, the entire workshop is
likely to take five to six hours. If you plan to go over it on your own, the sessions are likely to take one
hour on average.

This tutorial/workshop uses the following programs of the ADAPT-Builder Design Suite:

3

*

ADAPT-Modeler® 2017.2
ADAPT-Floor Pro® 2017.2

ADAPT-Post-Tensioning (Shop) Fabrication Drawing Extension Module
ADAPT-Edge 2017.2

S-CONCRETE 12.x (requires separate license and will only be demonstrated by instructor)

X3

%

3

0

X3

%

3

0

The scope of the example is chosen such that you can use the 15-day evaluation version of ADAPT-
Builder programs to run through the sessions of this workshop.

Contact ADAPT at info@adaptsoft.com if you need additional information.
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INTRODUCTION

This tutorial walks you through the complete modeling, analysis, design and detailing of a reinforced
concrete and post-tensioned floor system. It starts from the architect’s drawings and concludes with the
construction drawing, showing the tendons and the nonprestressed reinforcement. It also includes the
automatic generation of a set of structural calculations, compiled and ready for submittal to building
officials. A session on fabrication drawings (shop drawing; installation drawing) concludes with the
generation of a detailed tendon layout on site, showing tendon grouping, chair heights and tendon
elongation. For those of you interested in the economics of your design, the tutorial shows you how to
obtain a report on the quantity of reinforcement and post-tensioning obtained in your design.

If you are not well versed in the design of post-tensioned structures, and hence not able to initiate the
design with an economical selection of tendons for a finite element analysis, we recommend you use
ADAPT-PT to carry out a preliminary design for this project. The ADAPT-PT software ships with several
easy-to-follow tutorials that cover the design of beams, one-way and two-way slab systems. This
tutorial provides some basic guidelines for the initial selection of a post-tensioned system.

The tutorial is broken down into a number of sessions, each intended to guide you through a specific
aspect of design. The Tutorial CD has all the information you will need to complete each of the
sessions, including the necessary program modules of the Builder software platform, the tutorial
instructions, program manuals and technical notes of interest, and program utilities. The Builder
platform programs included in the Tutorial CD are 15-day evaluation versions of ADAPT-Floor Pro and
ADAPT-MAT. They are time limited versions of the fully functional commercial programs.

The floor system selected is small enough for you to complete all steps of this tutorial, and at the same
time complex enough to contain enough of the essential features of a real floor system, such as walls,
columns, beam, drop cap, and opening. Its overall dimensions are approximately 24.4x20m (80 x 65.75
ft). The project data comes in two systems of units, American and SlI.

Both the Sl and the American systems of units versions of the tutorials are based on the current ACI-
318 and the International Building Code (IBC). The stress check in this tutorial is based on the
allowable values of ACI-318, and IBC. However, the programs provided in your CD, allow you to
change the design code. It is recommended that you follow the tutorials to the end, as provided in your
CD, and then experiment with other design codes, if you so wish.

IMPORTANT NOTE:

In some Windows versions, the folders copied from a memory stick or downloaded will have “Read Only”
attribute. To open and run the data you have copied, you must remove the “Read Only” attribute from the
files you copied. Go to the appendix of this document if you need assistance to do so. If you do not
remove the “Read Only” attribute, the tutorial programs will not function properly.
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SUMMARY OF TUTORIAL SESSIONS

Session One

Generation of 3D Structural Model: Using the simplified DWG from your session folder and the
Modeler module of the Builder platform, you will learn how to import the DWG drawing into the
Builder program, and rapidly convert it into a complete 3D structural model.

Session Two

First Finite Element Method (FEM) Solution: The rational start for a FEM design is to validate

the structural model you have created, before going into the details of design. In this session,
you will validate the 3D model of Session One by:

() meshing the structure;
(i) obtaining an FEM solution for the self weight of the structure; and
(iii) viewing the solution to visually examine and verify its validity.

Session Three

Enter Design Criteria: In this session, you will enter all relevant design criteria into the model
you created and re-validate the analysis results:

(iv) material properties;

(V) design codes;

(vi) design preferences and
(vii)  loads / combinations.

Session Four

Design Slab with Mild Reinforcement Only: In this session, you will design the slab system using
mild reinforcement only. First you will calculate all of the required reinforcement for the slab and
then you will rationalize your design by specifying base reinforcement and re-designing. You will

run a quantity takeoff report to establish the baseline reinforcement requirement for your project.
Design steps include:

0] define support lines;

(ii) generate design strips;

(iir) design slab;

(iv) generate rebar layout;

(V) add base reinforcement and

(vi) redesign considering base reinforcement.

Session Five

Design Slab with Post-Tensioning: This is the core session for the design of a post-tensioned
floor system. You will be guided to layout tendons; review the design criteria; perform a code
check; view stress results; and finally obtain the rebar necessary to supplement the post-
tensioning you assumed. This session may require several design iterations.

Session Six

Generation of Structural Drawings — Rebar and PT: In this session, the rebar module of the
program will be used to automatically generate the structural drawings for both the tendon

layout and the nonprestressed reinforcement. You will learn how to adjust and optimize the
calculated reinforcement in order to produce practical and constructible structural drawings.

Session Seven

Preparation of the Package of Structural Calculations: You will learn to automatically compile a
professionally packaged report that contains the complete information on the details of the floor

system, loading, criteria for design, analysis and design values, and the outcome of the code
check.
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Session Eight

fabrication drawings, this session provides you with the skill to automatically create drawings
included in fabrication drawings.

Fabrication (Installation, Shop) Drawings: Finally, for those of us involved in the generation of
that show chair heights for tendons and elongations, along with other information generally
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DESIGN SCOPE AND CRITERIA

This outlines the criteria to be used for the structural engineering design of a typical floor system (Fig
1) of the subject matter project.

The calculations performed for the post-tensioning design of the project are governed by the
following considerations.

The structural calculations are limited to gravity load design of the post-tensioned floor(s),

and the transfer of the lateral forces through the floor system, provided the loads due to
lateral forces are specified.

The structural model for the design of the floor system includes the beams, balconies, slab

depressions, and openings, if any. The floor will be modeled and analyzed with a story of
columns and walls immediately below and above it, where applicable.
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FIGURE 1 GENERAL STRUCTURAL PLAN OF TYPICAL FLOOR
DESIGN CONSIDERATIONS

Structural System

The structural system consists of both one-way and two-way, flat slab concrete floors,
supported by beams, columns, and shear walls. The floor system will be post-tensioned in two
orthogonal directions, unless noted otherwise. A drop panel provided over one of the central
columns is used to mitigate excessive punching shear stresses. Post-tensioning tendons used
are banded in one direction and distributed in the orthogonal direction.

The analysis can be based on the Equivalent Frame Method (EFM) or Finite Element Method
(FEM) developed specifically for design of post-tensioned floor systems!. The structural model
of each floor includes the entire concrete outline and its supports. The non-prestressed concrete
regions of each floor, if any, are included in the model and analysis. The connections of the slab
to the columns and shear walls are considered fixed (capable of transferring moments), unless
noted otherwise for released connections.

Applicable Codes
The design is based on ACI-318-2014. Where this code is mute, the recommendations of the
International Building Code (IBC-2015) will be used.

Structural Documents
The calculations and structural drawings conclude with:

1 ADAPT-PT (Equivalent Frame Method) software; ADAPT-FLOOR Pro (Finite Element Method);
www.adaptsoft.com

Aalami, B. O. (2001)“Software for the Design of Concrete Buildings,” American Concrete Institute, Concrete
International Journal, December 29, 2001, pp. 28-35
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e The total number of tendons, or the total of effective force required at each location;

e The profile of the tendons, including the low and high points, inflection points and overall
shape;

e The overall layout of the tendons in the slab; and

¢ The mild reinforcing required over and above the post-tensioning tendons, at all
locations on the slab.

MATERIAL PROPERTIES

Concrete:
Weight = 2400kg/m?
Cylinder Strength (f'c) at 28 days = 322 MPa
Modulus of Elasticity = 25.4 kKN/mm?
Creep Coefficient =2

Post-Tensioning:
MATERIAL
Low Relaxation, seven wire strand

Strand Diameter 12.7 mm nominal

Strand Area = 98 mm?

Modulus of Elasticity = 200000 MPa
Guaranteed ultimate strength (fou) = 1860 Mpa

Average effective stress (fse) = 1200 Mpa
SYSTEM

System grouted
Maximum number of strands per tendon =5 (per anchorage device)
Duct width and depth = 80x20 mm
Distance of duct centroid to centroid of strand z =3 mm
STRESSING

Angular friction = 0.20

Wobble friction = 0.007 rad/m
Jacking stress = 0.80fpu = 1488 MPa
Seating loss (draw-in) =6 mm

Minimum concrete strength at stressing = 14 MPa (cylinder)

Non-prestressed Reinforcement:
Yield Strength
Modulus of Elasticity

460 MPa
200000MPa

2 Where cylinder strength is required, it is assume to be 0.8* fcy
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DESIGN LOADS
DEAD LOAD?

Typical Residential Levels:

Self weight = based on volume

Superimposed dead load = 2.0 kN/m?

Total = 2.0 kN/m? + self weight
LIVE LOAD

Typical Residential Levels:
Uniformly Distributed* = 2.50 kN/m?

LOAD CASES; LOAD COMBINATIONS AND STRESSES

Strength Load Combinations

The strength requirement for each member is established using the following factored load
combinations:

To resist dead load (DL) and live load (LL):
U =1.20DL + 1.60LL + 1.00Secondary

Where “secondary” consists of the hyperstatic moments, shears and reactions due to post-
tensioning.

Serviceability Load combinations

(i) Average Precompression: The post-tensioning design targets an average
precompression in the post-tensioned members that is not less than 0.90 MPa and does

not exceed 2.0 MPa. Higher values are permissible, but in general do not lead to
economical designs.

(i)  FEinal Stresses:

Maximum tensile stress
- Due to prestress plus sustained loads = 0.5 \fy

- Due to prestress plus total loads = 0.5fq
Maximum compressive stress

- Due to prestress plus sustained loads = 0.45 * f'c

- Due to prestress plus total loads = 0.60*fc

Load Combinations For Serviceability Check

“Total” in-service load combination (stress check):
U =1.00DL + 1.00LL + 1.00Prestressing

“Sustained” in-service load combination (stress check)

3 Perimeter walls and claddings will be supported by beams designed by the prime structural engineer
4 Live load is conservatively not reduced
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U = 1.00DL + 0.30LL + 1.00Prestressing

Load combination for long-term deflection due to creep and shrinkage assuming total
gross cross sectional properties of members without cracking:
UL = 3.00SW + 1.96DL + (1.44*0.30)LL + 3.00Prestressing

Assumptions used to modify baseline creep and shrinkage factor of 2:
DL is applied after 45 days

o LL is applied after 180 days

(Refer to Appendix B-TN 380)

Load combination for total long-term deflection due to long-term effects and the
instantaneous action of live load:
UTL = UL + 0.70LL

Load combination for checking deflection under live load:
U =1.00LL

(iv)

Initial Stresses (Transfer):

Maximum Tension = 0.25 \fy;
Maximum Compression = 0.60 *fc
Load combination for stress check at transfer of prestressing:
U = 1.00Selfweight + 1.15Prestressing
DEFLECTION AND CAMBER

Deflections

Having maintained the hypothetical tensile stresses within the limits stated in the preceding, the
deflections will be calculated assuming gross cross-sectional properties. Long-term deflections
are estimated using a baseline creep coefficient of 2 for loads immediately applied to a member
after casting and reduced appropriately for loads applied later in time.

values with the understanding that the floor structure is not attached to nonstructural elements
likely to be damaged by large deflections of the floor:
MEMBER

SLABS

BEAMS

For the floor slabs and beams the maximum deflections are maintained below the following

TOTAL LONG-TERM*
L/250

LIVE LOAD
L/360
L/250 L/360
*Due to self-weight and superimposed dead load, and prestressing.
L =length of clear span.
Camber

Camber will be specified for spans equal to less than 10 m, where maximum long-term
deflection due to total dead load exceeds span/500, or 20 mm, whichever is less.
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Nonprestressed Reinforcement - Slab
Cover to top bars (enclosed areas)
Cover to bottom bars (enclosed areas)

=25 mm
=25 mm
Cover to top bars (exposed area) =45 mm
Cover to bottom bars(exposed areas)
Prestressed Ducts —in Slab

=45 mm
Top cover
Bottom cover

=25 mm
Interior spans =25 mm
Exterior spans =25 mm
TENDON PROFILE AND LAYOUT
Tendon Profiles
Interior spans
Exterior spans

= reversed parabola with inflection point ratio of 0.1
With no cantilever

With cantilever
Cantilevers

= low point at center; exterior half simple parabola; interior half
reversed parabola with inflection point at 0.1 ratio

= same as interior span
Tendon Layout

= single simple parabola with center of curvature at bottom
Banded (grouped) in one direction and distributed in the other direction.

Horizontal deviation of rigid ducts limited to 1 in 5 (10 degrees)
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SESSION (1) — Generation of 3D Structural Model

The steps to follow for the generation of a 3D structural model of the floor system are compiled in this
session.

Launch ADAPT-Builder in Floor Pro and PT Desigh Mode

To begin this session, launch the ADAPT-Builder software by double clicking on its desktop icon E .
Once clicked, and if either an evaluation or valid commercial license is available on your computer, you
will see the initial configuration screen as shown in Figure 1-1. Make sure to select all software options
as shown in the figure and your desired system of units.

ADAPT-Builder Concrete Design Platform

= Builder® 2017

Structural Concrete Design Suite

Integrated Structural Analysis & Design for Concrete Buildings

Modeler Building Gravity & Lateral Analysis

Column
Design

1]
o

Edge

Floor Pro Floor

Systems
MAT

RREREEEEEEET

3 mimE
B

50G

| A

Dynamic Rebar Design (DRD) Shear Wall
Design

B Post-tensioning Shop Drawing
Foundation Systems 1

B Strip modeling & PT/RC Export

Sysvem of Units: Design S5cope:  Import & Export:

RC&PT ~ Generic [ Revic K4 ETABS [ STAAD.Pro

FIGURE 1-1 ADAPT-BUILDER CONFIGURATION SCREEN

Review of ADAPT-Builder User Interface
Figure 1-2 shows the full-screen display of the ADAPT-Modeler program.
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& Complete Modeladm - ADAPT-Flgor Pro T s 50 e S
Flle Edit Wiew User Interface Settings Tools Draw Modify Build Loading Strips Material Criteria FEM Reports Help
DEHE| L 2e- - (22 2B EReshORe VL B/ | avsog@d | |vosenpst aaaeana o0
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-|

»

Ready Rebar Display: Envelope Resultss MPa 045, 27.52, 3.00 Units: S Level: Current plane Layer: Current_plane_Polyline 04/21/13 03:38

FIGURE 1-2: ADAPT-BUILDER USER INTERFACE

ADAPT-Builder operates the same way as other Windows programs. All program tools are accessed
from one of the toolbars provided by the program or through the menus provided in the menu bar at the
top of the screen. Toolbars may be opened, closed, “docked” to the edge of the screen or dragged to
any position on the screen as View menu item. Tools can also be accessed by clicking the right mouse
button while the cursor is in the Menu Bar or Toolbar areas of the screen.

The User Information Bar that is found at the bottom of the screen displays tool-specific information and
any coordinate values that may be typed by the user for specific program procedures.

The Status Bar that is found right above the User Information Bar displays such information as the
mouse cursor coordinates, current unit system, snapping status, and gridline spacing and status. A
short description of each specific tool also appears in this area when the mouse cursor is placed over
the corresponding tool button.

Mouse Function and Operation

The primary function of the mouse is through its left-click. Depending on the mode of the program, as
outlined in the next section, the left-click will result in selecting the entity below the cursor, inserting an
entity or performing an operation at the location of the cursor.

How to Abandon an Operation

To abandon an operation you have already started, such as drawing a polygon, press the Esc key or
right-click and select Exit.

Main Menu

The items appearing on the Main Menu depend on the configuration of the program. The common
menu items to all programs are as follows: File; Edit; View; etc.

Selection Toolbar
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Selection Toolbar k3

b D3 1R O R e M M Y W A2 T B T

This toolbar contains all tools related to selecting specific elements, objects and structural components
in the model. Each tool is described below.

o

U

&

Hint Mode. When activated, the arrow displays the identification of the entities to
which it points. In this mode you cannot select an entity by clicking on it.

Window Selection. When this tool is highlighted, the Pick/Select mode is active.
You can select an entity by clicking on it, or a group of entities by opening a
window around the items while the left mouse key is held down.

Double-clicking on an entity opens its properties dialog box.

Lasso Selection. This tool allows you to draw an arbitrary polygon around a
series of entities. When the lasso is closed, all entities located within or along the
lasso perimeter are selected. To use this tool, do the following:

Click on the Lasso Selection % tool.
Draw segments of the polygon around the entities to be selected.

Press C to close the lasso. The entities inside the lasso are selected
automatically.

Path Selection. With this tool you can select entities by drawing a polyline
through them. To use this tool, do the following:

1. Click on the Path Selection “ tool.
2. Draw polyline through the entities to be selected.

3. Press C to end the line. The entities through which the line passes will be
selected automatically.

Select All. This tool selects all the entities visible on the screen.

Move Selection. This tool enables you to move the entire group of entities that
are currently selected. Pick a vertex of one of the entities in the selection and
drag the entire group to the new location

Move Selected Point. With this tool you can move only the vertex of an entity to
a new location, while the positions of the remainder of the entity’s vertices remain
unchanged.

Generate 3D Structural Model
At this step, the simplified architect’s drawing will be imported to the Builder program and converted to
structural model. Follow the steps below:
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Import and Calibrate Drawing
o ADAPT-Builder should be open in the configuration as described in the previous section.
o From File pull down menu select File/Import/ DXF/IDWG
e Open the “Structural_dimensions.dwg” from the Session_1 folder.
. ,rAfter selecting the CAD file, you will see the Import DWG/DWF optjons window.
Import DWG / DXF

| Calibrate imported objects
Move imported objects to XY position

| Insert at Z position of | Current plane - |

Assign Group:  CAD Group 1 -

[ K. ] | Cancel |

Select the option to calibrate imported objects. This option will allow you to calibrate the
imported CAD objects without affecting the scale of any other objects already created in your
model file. Also select to insert the imported CAD objects at the Z position of Current plane; this

is where you will model your slab. All models are defaulted to include 3 planes: Bottom, Current
and Top.

Top plane
Main modeling plane Walls and columns are inserted at

a plane and extend down to next
Q lower plane in model
Current plane

Bottom plane _—

e Calibrate the drawing using the 24.40m (80 ft) distance shown on the bottom. Before calibration,

select snap to intersection.
/S OR) L AEEmE 2t

Click on the dimension line and then enter 24.4 when prompted in the User Information Bar.
|Enter the correct distance in meters between the hwo Pointz you Selected.

The imported CAD files may shift off of your screen when you complete the calibration step. Use

the View/Zoom/Extents function 2 to re-center the model on your screen.

If you make a mistake, you can re-calibrate the model or change the project origin using the
functions found under the Tools menu.

Configure CAD Transformation Rules for Columns

e Newly introduced in Builder 2015, columns can now be managed more efficiently using Design
Groups. In its default mode, the program creates new Design Groups for columns when they

are converted from imported CAD objects. It is good practice to review the conversion settings

and adjust them to your preferences.

To access the transformation rules (Type Assignment properties), open the Design Group

Manager by selecting the Build/Design Group menu option. This will open the window shown in
Figure 1-3.
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I
Design Group Manager
Library Properties Diagrams
=L Property Value
| B0 SO0 B Type Assignment * *
Columns MAssign existing at creation
Beams Assign existing at creation
Walls Assign existing at creation
Enable column auto-assignment ro...  Yes
Roundup amourt 1 mm
Click in this white
space if you want to
L ] .
turn on the Type
Assignment
properties
Assign to 0 selected components
[ CK ] I Cancel J

FIGURE 1-3 DESIGN GROUP MANAGER

e Your options for type assignment of columns include:
0 Assign existing at creation
0 Assign new at creation
o Do not assign types
e Select Assign existing at creation. Note that grouping of columns into the same group is done
by geometry only.
e Set Enable columns auto assignment round off to Yes and select a roundup amount. For

example, this setting will round up imported CAD polygons that may be 399mm x 599mm to
400mm x 600mm.

Isolate Selected Layers and Transform Columns

o All software functions are accessible from the pulldown menu options. However, if you prefer to
have frequently used functions available on floating toolbars, you can select and activate them

from the User Interface drop down menu (or right-click on the top menu). The primary modeling
functions are available on these toolbars:

o Transform To Structural Component Toolbar for converting graphical entities into
Structural Components.

Transform to Structural Co...
oA B ] My 2 87 %P e

FIGURE 1-4 TRANSFORM TO STRUCTURAL
COMPONENT TOOLBAR
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0 Build Toolbar for creating Structural Components.

Build Toolbar

(]
2'1"N? w7 Al
FIGURE 1-5 BUILD TOOLBAR

e Open the layers dialog window %= and turn all the layers off, except the layer

“ADAPT_COLUMNS.”

ACADT Ced i

4 T com T e

< |

Ll

r

% —— .

b
La [
yers = _A A
Label | 0. F.] c.] Line Style - Cancel
Rebar § o [ CONTIMUOUS
i % 1 [] CONTINUOUS
Defpoints % £ [] CONTINUOUS MNew
ADAPT_Calumns ® @ | CONTINUOUS
— Delete
ADAPT_Gridines % o [ CONTINUOUS 4
ADAPT_Walls_Drafting % o O conTinuous (£
ADAPT_Slabs % o [ CONTINUOUS All Layers On
ADAPT_Openings % o [ CONTINUOUS
ADAPT_Grid_Mum % @i [ CONTINUDUS Alllasersl
(]

e Select Top-Front-Right-View T for better viewing.
e Selectall.

¢ Under the Build/Transform Drawing Entities menu, click on “Transform Column *g." This will
convert all the architect’s columns to Structural Columns.
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FIGURE 1-6 VIEW OF TRANSFORMED COLUMNS

o Double click on one of the columns to open up its property box. Observe the dimensions of the
column for verification. Figure 1-6 shows what your columns should look like. You can also

access any selected component’s properties by clicking the = icon. The image shows a
sample column property window where the cross-sectional dimensions are being managed by a
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Design Group. You must edit the Design Group to change the column’s dimensions. Removing

the association between a column and a specific design group will revert the management of
the cross-sectional properties back to the column’s property window.

Column @
?
General | Location I FEM | Release | Stiffness Modifiers | F‘roperties|
Design Group: IE-DI}IE-DE vJ l Edit... I
i 1 Materal: ICunc:re‘te 1 v]
Label: Column 1 Group: IGmup 4 v]
Cross-section
Shape: | Square A 200 | mm
Ang: 0 00| mm

A
Y
X COLUMN SECTION
Unbraced Length
@ Program calculated *) User defined Update
Individual Lu (s-s): m m
Group Lu {z-s): m m

NOTE:

You may have wrongly calibrated your model if you cannot see extruded columns after completing the
“Transform Column” function and viewing the model in Top-Right-Front-View perspective.

Transform Remaining CAD Obijects into Structural Components

e Repeat the same steps for other components: Slab, Walls, Beams, Drop Caps and Openings

Controlling Visibility of Components in your Model

e Itis recommended to turn off all imported CAD elements in your model after you have
transformed them into structural components. This avoids any accidental snapping to CAD

elements instead of structural components when working in your model.

One option of managing the visibility of the imported CAD obijects is through the Grouping

window. When importing CAD objects, you are given the chance to associate imported CAD

objects to their own group. The default group for imported CAD objects is CAD Group 1. To

easily turn on/off the visibility of the imported CAD objects associated with a group, use the
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Grouping i function that is accessible under the Settings menu. An image of the Grouping
window is shown below.

Grouping

el

Label
Group 1

CAD Group 1

OnjOff  CAD

i
i

Loaded
Loaded

Mew
Delete
All Groups On
All Groups Off
Re-oad CAD

Unload CAD

Purge CAD

QK

Cancel

e As an alternative, you can turn off CAD elements layer by layer using the Layers Setting =
window. Using layers, you must turn all layers off. Turning all layers off will also turn off any

structural components you created.

Visibility of structural components is managed through the Select/Set View ltems window &a".

e Open the View Items window and set a Default Item View as shown below. Our default item
view for this workshop will only display primary structural components and reference planes. Go
to the Finite Element and Load tabs and deselect any items that may be selected there before

clicking Save as Default.

Select/Set View Items

|

Slab Region: I—
Calumn:
Wall:
Beam:

Drop Cap/Panel:

I . .

Opening:

-

Gridlines:

Reference Planes:

Skip Loading:

1 jlﬂj EUBEURE YRS TR

Mesh
Reinforcement :

Rebar:

Span Direction
Support Line:
Tributary Region:
Splitter:

I
OO0 <
I

ltem 'Displa‘y l Render

=<

i
E)
o
m
o
E]
@
3
5
o
&
&

I I I e A =

-

Color Palette Al Al Al
MNone MNone MNone

Dimension

r

I . . .

-

117

A

Label Symbol Symbal Size

-

i T .

-
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|

-

I . .

-

117

MNone

il

’mmm
’__r,[)mm
mmm
’_5[)mm
’Wmm
’Wmm

600 mm
5 mm

50 mm
5D mm

25 mm
3p0 mm
500 mm

5) mm

A

Fort Height
’m mm
’m mm
’m mm
’m mm
’m mm
’m mm

300 mm
300 mm

300 mm
300 mm

300 mm
300 mm
300 mm

’m mm
Al

! Save as Default J

Cancel

e Once the Default View has been set, you can activate the default view at any time by clicking

the B icon.

Manual Modeling of Structural Components
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Sometimes, you may be working with a CAD file that is not properly prepared and where the
structural components, like slab, are not represented as continuous closed polygons. In such
cases, you have to model structural components manually.

For example, to model a slab manually, select the “Create Slab Region” = function and start
tracing the slab boundary by clicking at the vertices of the slab.

Do not worry, if you miss a vertex, or you click at the wrong location — continue to the end. You
will edit/correct the mistakes at the next stage. When done, exit the creation mode.

Tip: all continuous modeling operations like the entering of multiple slab vertices continue until
you right click and select the Close/End/Accept option.

Using the zoom and pan tools, go over the slab region you have created. Use the 4 “Delete
Point,” and *» “Add Point,” tools, or e select and drag to edit the slab region you have created
to match that of the architect’s slab outline.

Tip: The Tab key will toggle between different objects that are at the same mouse click location
and difficult to select individually.

Continue, until the entire floor system is created, including openings.

Viewing and Verification of 3D Model

For better visualization of your model, turn on the shaded view using & . To revert back to

wireframe mode, click the wireframe i3 icon. Sometime, the front-to-back order of components
in the shaded mode can be affected if you select components. To resent the front-to-back order
of components, cycle one between the wireframe and shaded modes of the model. This should
reset the correct visibility settings.

Use the View Model tool & for viewing the model generated in three dimensions. Examine the
model in detail, by rotating it, to make sure that it is a faithful generation of the architect’s
drawing in three dimensions.
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NOTE:

The View Model tool opens a new window called ADAPT Solid Modeling. You can view 3D solid model in
this mode of the software. To return to the r

%Jlar ADAPT-Floor Pro modeling environment, close the

ADAPT Solid Modeling window by clicking at the top right corner of the window.

SESSION (2) — First Finite Element Method (FEM) Solution

In this step we mesh the structure, obtain a finite element (FEM) solution, and view the results. The
objective is to make sure that the model we have generated is valid and works well. You will find, the

validation of the structural model is a critical and time-saving step, before moving to other steps, such
as applying loads, changing boundary conditions, if necessary.

Meshing

e From the FEM pull-down menu select “Automatic Mesh Generation,” to open the mesh
generation dialog box (Fig. 2-1).

Select 1.60m (5ft) for suggested cell size.

Select the “Maximum distance” for node shift 0.5m (1.5 ft).
e Click OK.
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-

-
Automatic Mesh Generation ﬁ

s

M esh generation

Suggested cell size: 1.5 m

Maode conzolidation

Shift nodes autamatically

b aximum distance: g m

[ Cancel ] [ Ok, ]

FIGURE 2-1 AUTOMATIC MESH GENERATION DIALOG WINDOW

The mesh displayed in Fig. 2-2 will be generated. Save the data and move to the next step.

/

FIGURE 2-2 ADAPTIVE FEM MESH GENERATED AUTOMATICALLY

Generate FEM Solution
e From the FEM pull down menu (FIG. 2-3) select “Analyze Structure.”
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FEM
Display FEM Toolbars

I 33 Automatic Mesh Generation

* B Manual Mesh Generation 1
B3 Clear Mesh

Analysis Options

Vibration

T o Stcre |

Punching Shear Check

Generate Design Sections Automatically 2
Create Design Sections Manually

Design the "Design Section(s)" 2
Generate Rebar Drawing

Ling Contour »
Calculate Cracked Deflection

Code Check/Design Component 4
Component Design Options
Design Summary

View Analysis Results
View Design Results Toolbar

View Design Summary

Shift Nodes 4
Clean Sections

FIGURE 2-3 FEM PULL-DOWN MENU

e The Analysis Options window (FIG. 2-4) gives the user several analysis options:
0 Selection of load combinations to include in analysis.
0 Options to include global analysis results. These options only apply when solving a

(0]

(0]

multistory structure in single level mode.

* Include lateral reactions: This option is available if you have analyzed your model
in global mode with lateral loads.

» Include load takedown: This option is available if you have analyzed your model
in global mode with gravity loads or have run the tributary load takedown module.
It limits the application of loads to the Fz component.

» Include gravity reactions: This option is available if you are in MAT mode and
analyzing a foundation model. With this option selected, all internal reactions
from walls and columns are applied to the foundation.

= If any of these options are selected, the user is asked to choose which saved
solution should be used in the analysis.

= Apply live load reduction. This option should be used when applying vertical
takedown loads to foundations or transfer elements that allow live load reduction.

Apply stiffness modifiers. This option allows you to apply the stiffness profile defined for
individual Usage types defined in your model.
Compression spring/soil support options

»  Substitute soil compression springs with fixed supports. This option is a useful
feature when analyzing a structure that has soil support modeled at its foundation
level but the user does not want to include the deformation of the foundation in
the building’s analysis.
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» Analyze structure with compression springs. This option retains the compression

springs in the model during analysis.
0 Vibration analysis option applies to both multistory and single level analysis.
Stabilize against lateral in-plane translation and rotation — this option is used to stabilize

o]
the default boundary condition of Fixed Rollers for the single level mode.

o Show this dialog whenever | analyze structure. Use this option to automatically launch
the analysis options window.

o Warning if load case for selected load combination does not contain any loads. Use this

as an added quality control check in your model.

r

Analysis Options

Options to include global analysis results

Select load combinations for analysis (5 of 5 combinations selected)
Service(Total Load) = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x Live load + 1.00 x Prestressing; SERVICRSSBBUSIT NG e =Nl
Service(Sustained Load) = 1.00 x Selfweight + 1.00 x Dead load + 0.30 x Live load + 1.00 x Prestressing; SER | Include Load Takedown Include gravity reactions

Strength(Dead and Live) = 1.20 x Selfweight + 1.20 x Dead load + 1.60 x Live load + 1.00 x Hyperstatic; STI Apply live load reduction Edit

Strength(Dead Load Only) = 1.40 x Selfweight + 1.40 x Dead load + 1.00 x Hyperstatic; STRENGTH
Initial = 1.00 x Selfweight + 1.15 x Prestressing; INITIAL

Load Ca... ‘ Solution | Reactions

< | i | 3

Select Combinations: Select All Select None

z)

Apply stiffness modifiers Uncracked

Compression spring/soil support options Envelope only applies to compression gravity loads
Substitute compression springs with fixed supports
(@) Analyze structure with compression springs

Mote: Since the structure incudes compression spring superposition of load cases does nat apply. Load
p £l g eLperp s Clear Reactions

takedown and results of building solutions will not be available in level made.

[ lindude vibration analysis

Stabilize slab automatically against in-plane translation and rotation
Show this dialog whenever I Analyze Structure
["|Warn me if any load case will be ignored in analysis [ OK ] [ Cancel l

Assign to selected:

FIGURE 2-4 ANALYSIS OPTIONS WINDOW

e The software calculates the FEM solution unless it encounters a discrepancy.

-
Analysis Status éj

Analysis successfully completed.
Do you want to save the solution?

View Analysis Results
While it is not necessary to view and examine the results for the purposes of code check and

determination of rebar, it is always a good idea to do so, in order to validate the structural modeling. In
particular, view the deflected shape of the structure. Many of the errors in modeling can be readily
detected from a close examination of the deflection of the floor system.
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Using Traditional FEM Viewer

Follow the steps below to view analysis results using the traditional FEM Viewer. Skip to the next
section if you want to view results within the model.
e From the FEM pull-down menu (Fig. 2-3), select “View Analysis Results.” When the 3D view
screen (Fig. 2-5) opens, do the following to display deflection contours:
0 On the tabs of the left margin select “Load Case Combinations.”
0 Select “Service (Total Load)” from the list of the load cases.
0 On the top of the same margin, click on “Results.”
o From the list of results, select “Z-translation.” This is the vertical deflection of the
structure.

0 Click on the “Contour” @ and “Display Results” 2% puttons. This will display the
model as shown in Fig. 2-6. Your solution might look slightly different, depending on the
system of units selected, value of the loads and the load combinations. But, make sure
that the deflection at supports is essentially zero (there will be shortening of columns
and walls that the program reports).

E Complete_Model.adv - ADViewer
File Edit Userlnterface GSettings Tools Help

< SGmeHPIFIIIIEIL QM= 000 | MO | .-

g d P DN R g SRR b v 2 |\ 2V e
Results ervice[Total Load): Z-Translation:[ 1 Contour = 1.266 mm );
El@ aximum Yalue = 1.237e+001 [mm) @ [8.770 18.401 2.900)m;

A Z-Translation
@ A-Translation
{E& ¥-Translation
o %% Global Translation
E]--@ Beam Acticns only
553 Column Actions only To view deflection contours, select Z-Translation in
-G8 Slab+Wall Actions Results, a contour type and the light bulb icon
m@ Wall Acticns only
EI@ Slab Actions only

Ei@ Stress at Slab Mid-depth
@ Stresses Along XX
EI@ Stresses Along Y'Y
EI@ Stresses, Maximum
Ei@ Stresses, Minimum

inimum VYalue = -6.610e+000 [mm] @ [4.807 24.580 2.900)m;

FGURE 2-5 SETTINGS TO DISPLAY DEFLECTED CONTOUR
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B} Campirte_ Modelady - A0Viewer

F==Een

File Edit Userlntedace Settings Took Help
o SmEfESISSRIFL aaa@gn<-000 | MO | %2.a%
e PR TR A BT R LYY e Iy A

| Service[Total Load): Z Tranzlatlon:| 1 Contour = 1.266 mm |
Maximum Value = 1.237c 01 [mm] @ (8.7 70 18,407 2.900)m;
Minimum Value = -EE10e+000 fmm] G [4.807 24580 2 900]m;

Uit :

* 1ei0E mm
1.24
11
0.98
0.86
073

|___on
0,45
035

010

-

015

-uw

068

Load Caves Combinations

ibaon Flesuts

Componends and Eribes

Croups/Planes for Disglay

Z-Transiation Service{Total Lead) mm

(0]

Viewi

FGURE 2-6 DISPLAY SCREEN OF FEM SOLUTIONS SHOWING DEFLECTION CONTOUR

]
Use the warping ( s— -L- -.L ) and rotate (¢) tools on the screen to examine the
deflected shape of the model.

3D
Use the 3D — deformed shape option with Global Translation selected under Results to
display the realistic 3D deformed shape and structural response of the model.

NOTE:

The View Analysis Results function opens a new window called ADViewer. You can view your FEM
analysis results in this mode of the software. To return to the regular ADAPT-Floor Pro modeling

environment, close the ADViewer window by clicking at the top right corner of the window.

ng of Analysis Results in Model Space

To display analysis results in the model space, open the Results Display Settings window

(Fig. 2-7). Depending on your settings, this window may automatically display itself

after you complete analysis. Follow these guidelines when using the Results Display Settings window:

The Analysis tab contains a list of all analysis results you can display on the model.
Select a category to display its values on the model.

You can only show one result type per category at a time, but it is possible for you to display
multiple results from different categories at the same time.

Use the Combo pull-down list to switch between different sets of analysis results.

The floating scale in the model space displays the range of values shown in the model for the
last results category selected.

If displaying multiple result sets, use the Scale pull-down list to select which scale to display in
the model space.

The Result Display Settings tab contains setting for the display of design strip and column
values.

The Settings tab contains general display configuration options.
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e Use Clear All to deselect all selections in the Analysis tab.

e Use the Apply button to update the display of analysis results after making a selection and the
display does not automatically update.

To display the deflected shape of your slab, select the option of Z-Translation Deformation under the
Slab category.

Selected the Teapot icon 6 B 6F él@ﬂ to turn on the 3D Solid Modeling view. Selected analysis

results being displayed in the model space as contours can also be shown in the 3D solid modeling
view. Figure 2-8 shows the solid modeling window and explains its main features.

] workshop_model 2015 adm - ADAPT-Floor Pro (=& =)
File Edit View User Interface Settings Tools Draw Modify Buid Loading Strips Material Criteriz FEM Reports Help
- -
b= J 8 ° Result Display Seﬂingm - . @ E’ ar B ¢6F 6 & 05 e
TEE DD A D LA BSOS [+ V00 el AT e
Combao: ISerw(.e '] Auto Display -
( Slab,Daiurmatiun,Z-‘rrﬁ;L Select load combination to show &
| 0ad Combination: Servidell| Scale: [Slab,Deformaﬁon,Z—Translaﬁan V] il
B IMax 358@i122 24, 24 o
Min -10.33@(124.69, 1454 | Analysis | Result Display Setings | Setfings | =
s 258 - Sab B |~ Select analysis results you wan to display =
i :;; [=- Deformation LT} ot
b 70 {C] X-Translation “Wﬁ
0 00 [ Y-Translation X . \E‘}/ -
' L0.26 - [v | Z-Translation #g d b
Ei 5 1?? || Global-Translation B ]
" - Actions {contour map) L -
10 N ol
5.06 ] Nyy-odial >
' .03 | Meey-Inplane Shear =
-2.99 |~
7.95 DM |1
-2.81 [Clnyy -1
987 [ My -1
-10.83 || Reduced rotational stiffness about XX
g/ -] Reduced rotational stiffness about Y
Scale for selected | Cracks along Strip Y - {width) e 1089 L33
analysis results || Cracks along Strip X - (width) @
[=- Stress (contour map)
[ Mid-depth along XX ||
- Mid-depth along YY
|| Top fiber along X% e
-] Bottom fiber along XX [
-] Top fiber along YY' [
| Bottom fiber along Y :"‘*
[ Maximum top fiber -m:
[ Maximum battom fiber :_:“:-\
] Minimum top fiber .y
| Minimum bottom fiber a“‘a@
-] Sl pressure
=1 Column xd
B Defomation
H [n-Translation
[ss-Translation
i )2 Translation
|| Global-Translation il
4 : — 1 (2
/ Click Apply to refresh display of analysis results in model
4 I - »
f [C\ear AII] [ 0K l [ Cancel ] [ Apply ] =
Ready .20, 30,02, 3.00 Units: 51 Level: Current plane Layer: Current_plane_Result_Conto 04/15/15 06:28

FIGURE 2-7 SHOWS RESULTS DISPLAY SETTINGS WINDOW
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ADAPT Solid Modeling E=FET)

EmEOPEEIRPAER Q@Y= 000 | MO

4

()% ()2 € %0 < & O Gz 7 97— - .
Increasel/decrease warp I

- Turn on/off contour
- Show warped view of contour

i

Show 3D warped shaped of structure
- Global

- Along X only

- Along Y only

- Along Z only

-

= r

FIGURE 2-8 SOLID MODELING WINDOW USED TO SHOW SELECTED ANALYSIS RESULTS

SESS

ION (3) — Entering of Design Criteria

In this session, you will review and enter all relevant design criteria, loads and load combinations in
your model.

Desig

n Criteria
From the “Criteria” pull-down menu select “General.” This will open the input tabs shown in Fig.
3-1, which list the code and design criteria used by the program.
Browse through the tabs in the Criteria window and edit the default values of the program as

required — refer to the Design Criteria section at the beginning of this workshop handout for
details.
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O
Criteria ——
: :
m Shear Design Options RebarRoundUp |  AnaysisDesign Options | Tendon Height Defaults (FEM) Allowable Stresses
Beam criteria Design Code Reinforcement Bar Lengths Rebar Minimum Cover Preferred Reinforcement Size and Material
Choose code
ACI 1999 Australian Canadian 1994 EC2
ACI 20051BC 2006 BSE110 Canadian 2004 Inchan
ACI 20081BC 2000 Hong Kong Canadian 2014 =
ACI 2011BC 2012 NER 8118 2014 Chnesea P
@ ACI 2014/1BC 2015
Strength reduchon faclors
Bending (max value) 050
Shear hwo-way 075

OK

FIGURE 3-1 DESIGN CRITERIA INPUT TABS
NOTE:
For each tab, make sure you review and update design values for each of the 3 primary structural system

types: Two-way slab criteria, One-way slab criteria, and Beam criteria. To review and set the value for

each structural system, first select the structural system at the left side of the window and then review,
edit its associated values.

Apply Loads
e Open the loading toolbar.

Loading Toolbar =
TP - S A
FIGURE 3-2 LOADING TOOLBAR

e Select the “Create Patch Load” ## tool.
e Draw a polygon that contains the entire floor system or using the intersection snap < trace the

boundary of the slab. To close the area for the applied load, either right-click and select
“Close/End/Accept”, or press the C key on your keyboard. This operation will create an area
load. The software will only apply loads to areas below a patch load where it finds actual

structural components; it will ignore any area of the patch load that fall outside of slab and beam
boundaries.
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To define the magnitude and load case of the just created load, open its property box FIG 3-3
by either double-clicking on the load or by highlighting it and then selecting the Property Box

icon @.
e Enter the Load Case as “Dead load" and specify its magnitude Fz1 (2 kN/m?; 0,045 k/ft?).

Then, click the green check box J to accept it.
e Repeat the same for “Live Load” (2.5 kN/m?; 0.05° k/ft?).

Patch Load (]
?

General lLoads] Location] Properties]

# Label: |Patch Load 1
Group: Group 1 -
Load case: |Dead load hd

Fz1:| 2000 kM/m2
[~ Variable Magnitude Fz2: kM2

e

Downward load positive

Moment signs follow global axis.

1. 2 and 3 refer to the three consecutive vertices pou select
to specify the values of load distribution. Usze the amow taol
above to move the points.

FIGURE 3-3 PROPERTY BOX FOR PATCH LOAD

NOTE:

Changes made in any Property Box are not saves unless the user clicks the green check box J at the
top left hand corner of the window.

o Verify the applied loads by viewing their distribution and values.

e Loads are best viewed when the model is in the Top-Front-Right-View Nl

e Ifloads are not visible, click on the Display Loads icon ## found on the Loading Toolbar or open
the Select/Set View Iltems window using the eyeglass icon " The visibility of loads can be
defined on the Loads tab.

¢ Once visible, double-click on each of the loads to verify their magnitude and load case.

Load Combinations

The program automatically generates the basic load combinations of serviceability and strength check
for the building code you have selected. You can view, modify and create new load combinations in the
load combination window.
e To open the Load Combination window, go to Loading menu and select “FEM Tabular”. This
opens the load combination dialog window shown in Fig. 3-4.

5 Most US codes require only 0.02 k/ft? of superimposed dead load (partitions), in addition to selfweight.
6 For residential buildings, most US codes specify 0.04 k/ft?. The higher values selected are intended to maintain
a close correlation between the designs in the two systems of units (SI, American) presented in this work.
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/ Click (+) button to add new load combination

Combinations / I *

Combina?i{l
bination Filter Rows Filter Calumns
+ Fnalysismesign Ontions:  |SERVICE SUSTAINED LOAD | || | | Choase. .. | Show al | Cases | Combos |
Label | Analysis/Design option | Load Combination | Selfweight | Dead load | Live load | Prestressin
Service{Total Load) SERVICE TOTAL LOAD Self + Dead + Live + Pres 1 1 1 1
Service(Sustained Load)  SERVICE SUSTAIMED LOAD  Self + Dead + 0.3 x Live + Pres 1 1 0.3 1
Strength(Dead and Live)  STREMGTH 1.2 x Self + 1.2 x Dead + 1.6 x Live + Hype 1.2 1.2 1.6
Strength(Dead Load Only) STRENGTH 1.4 x Self + 1.4 x Dead + Hype 1.4 14
Initial INITIAL Self + 1.15 x Pres 1 1.15
SW_Def NO CODE CHECK Self 1
DL_Def MO CODE CHECK Dead 1
PT_Def MNC CODE CHECK Pres 1
LL_Def MO CODE CHECK Live 1
Total_Long_Term Long-Term Deflection Ix5SW D +19xDLD+0.432%xLL D +0.7xLL D +3xPT_D
Fl n F
Add Long-Term Deflection Combination. .. | Cancel
=

FIGURE 3-4 LOAD COMBINATION DIALOG WINDOW

Select any cell in the Label or Load Combination rows to select an entire load combination. With
a load combination activated, use the Delete key on your keyboard to delete it or right click to
clone it.

Select any other cell in the matrix to modify its value.
To create a new load combination, click the (+) button. This will create a new, blank load
combination with the selected analysis/design option.

Combinations I

Combinations (10) l

Add Combination
+ | Analysis/Design Options: |5ERv1t:E SUSTAIMED LOAD j

| Label | Anah|SERVICE TOTAL LOAD
|STRENGTH

INITIAL

|CRACKED DEFLECTION
|NO CODE CHECK
|Long-Term Deflection

Each load combination should be classified with the appropriate Analysis/Design Option:
0 Load combinations used for the calculation of deflections only should have their

Analysis/Design Option set to either NO CODE CHECK or CRACKED DEFLECTION.
The No Code Check options uses gross cross sectional properties of the members to
calculate deflections, while the Cracked Deflection option accurately calculates the
deflection of the floor system based on the reduced effective moment of inertia after
cracking. This analysis option considers the contribution and location of mild and
prestress reinforcement when calculating a member’s le. The calculation of cracked
deflections is a post-process and needs to be invoked separately.

Add Lang-Term Deflection Combination. ..
Use the button to create a special type of load combination
that is a combination of combinations. When selected, enter the creep and shrinkage factor you
want to use. This will create a new “Sustained_Load” combination that is set for cracked
deflection calculation as well as a “Long_Term” combination that is based on your creep factor
and a multiple of the newly created Sustained_Load combination.
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i ™
Creep and Shrinkage Factor P ﬁ

Creep and Shiinkage factor

]

Use the load combination window to create the load combinations listed below:

-
Combinations I
Combinations (11) l
Add Combination Filter Rows Filter Columns
+ | Analysis/Design Options:  |SERVICE SUSTAINED LOAD | || | | Choose. . | Show all | Cases | Combos |
Label | Analysis/Design option | Load Combination Selfweight | Dead load | Live load | Prestressing | Hyperstatic | Sustained_Load | 5
Service(Total Load) SERVICE TOTAL LOAD Self +Dead + Live + Pres 1 1 1 1
Service(Sustained Load)  SERVICE SUSTAINED LOAD  Self + Dead + 0.3 x Live +Fres 1 1 0.3 1
Strength(Dead and Live)  STRENGTH 1.2x5elf +1.2xDead + 1.6 % Live +Hype 1.2 1.2 1.6 1
Strength(Dead Load Only) STRENGTH 1.4 % Self + 1.4x Dead + Hype 1.4 1.4 1
Initial INITIAL Self + 1.15 x Pres 1 1.15
PT_Def MO CODE CHECK Pres 1
LL_Def MNC CODE CHECK Live 1
DL_Def NO CODE CHECK Self + Dead 1 1
Sustained_Load CRACKED DEFLECTION Self +Dead + 0.3 x Live +Pres 1 1 0.3 1
Long Term Long-Term Deﬂechon 3 x Sust
3 x Sust +0.7xLL D _____E_I
o[ T - b
Add Lang-Term Deflection Combination. .. | Ok | Cancel

e Hint: use the right click / clone option to create your 2" Long-Term Deflection combination.
Once created, rename and add 0.7 LL_Def.
o Press OK to close the window after you have entered all of your load combinations.

SESSION (4) — Design Slab with Mild Reinforcement Only

Support Lines Defined

Support lines connect the “supports” of the structure in a given direction and represent the engineer’s
intended load path. Support lines are used by the software to generate design strips that in turn are
used to design your slab. To have a complete design, you must define support lines in two primary
directions — X & Y. The designations X & Y do not have to correspond to the global X and Y axis.

Several rules apply to the proper definition of support lines. They include:

e Support lines of the same direction (X or Y) cannot cross each other.

o Ideally, support lines should start and end at the slab edge.

e If needed, support lines can end at a Splitter. Splitters are an advanced modeling feature that
can be accessed under the Strips menu item.

e To consider a structural component, such as a wall, beam, or column as a “support”, you must
shap a vertex of a support line to it.

e Use the following snapping rules:

o For columns and end of walls and beams use snap to end ",
o for slab edge, use snap to nearest “+; and
o for beam and wall centerlines use snap to nearest

NOTE:
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“Support Line” and “Design Strip” concepts and procedures are central to the design of floor
systems. If you are not familiar with the procedures, refer to the document “Design of Concrete

Floors, with Particular Reference to Post-Tensioning.” This publication can be downloaded from
the ADAPT website.

Generate Support Lines in X Direction
Follow these steps to create support lines in the X direction.

e To create a support line, click Create Support Line under the Strip menu
¢ Make sure you are defining support lines in the X direction. To check, click the property box icon

E and make sure the Direction is set to X-Direction. If it is not X, like in Fig 4-1, change it to X-
Direction and click the green check box to save the new direction.

Support Line P — =
Design Section Options |  Design Sections | Properties |
General ] Location ] Design ]

# [ 7 Lobe: [l

Group: Group 1 A
Direction: X - Direction b

FIGURE 4-1 SUPPORT LINE PROPERTY BOX

o Draw your X-direction support lines, paying particular attention to snap the support lines as
shown in Fig 4-2.
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FIGURE 4-2 SUPPORT LINES IN X-DIRECTION
(NOTE SNAP LOCATIONS AT SUPPORT BOUNDARIES)

Generate Support Lines in Y Direction

Follow these steps to create support lines in the Y direction.

e To create a support line, click Create Support Line under the Strip menu
e Make sure you are defining support lines in the Y direction. To check, click the property box icon

2 and make sure the Direction is set to Y-Direction. If it is not X, change it to Y-Direction and
click the green check box | to save the new direction.
[ ]

Follow the snap locations as shown in Fig 4-3.

FIGURE 4-3 SUPPORT LINES IN X-DIRECTION
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(NOTE SNAP LOCATIONS AT SUPPORT BOUNDARIES)

Generate Design Strips

Follow these steps to create design strips and sections from the support lines you just created in your
model.

Click on the “Generate Design Sections Automatically / Regenerate Tributaries” tool in the FEM menu.
With this function the program breaks the slab boundary down into tributaries based on the support line
and splitters defined. Previously generated tributary regions are deleted and regenerated using this
option.
FEM Reports Help
Display FEM Toolbars

, 38 Automatic Mesh Generation
Manual Mesh Generation
B8 Clear Mash

Anabysis Options

Vibration

Anabyze Structure

Punching Shear Check
Use Existing Tributaries

Create Design Sections Manually

Design the "Design Section(s)"

Generate Rebar Drawing
Starting with Builder version 2012 build 1, users can manually create tributaries or manipulate the
boundary of automatically generated ones.

To generate Design Sections using existing tributaries, invoke the Use Existing Tributaries function.
To view the design strips generated by the software, select the following reports under the Reports
menu: Reports | Single Default Reports | Graphical | Design Plans | Design Strips X-direction.
Figure 3-9 shows the design strips generated by the program in X- and Y-directions.

Adjust your support lines and repeat the steps in this section if you are not satisfied with the design

strips generated in your model. Use the Set / Select View icon &% to turn on and off support lines and
other components.

Support Lime 3

Support Line &

1 2w pJoddng
Laoddng

jdoddng

£ oAU

.’/

//_ s

7

s
}"V
;. ’ / '//
//"

[~ //
<
7

Support Line 7 k=i f

| Y 3 |

(b) Design Strips in X-direction
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(a) Design Strips in Y-direction
FIGURE 4-4 DESIGN STRIPS IN X- AND Y-DIRECTIONS

Design the Slab
To design the slab, follow these steps:

e Select “Design the Design Sections” in the FEM menu.

From the User Interface pull down menu, turn on the “Support Line Result Scale Toolbar” (Fig.
4-5)

Support Line Result Scale Toolbar ™ B

b [F By o F | B Doz Eg G B

FIGURE 4-5 SUPPORT LINE RESULTS SCALE TOOLBAR

e To turn on and off support lines and their associated design sections, select the Display Design

Sections = icon.

The floating toolbar shown in Fig 4-6 appears whenever the Display Design Sections mode is

active. You can toggle between the X & Y direction support lines by selecting the respective
icons.

s 4
!
il

FIGURE 4-6 FLOATING TOOLBAR

To graphically view and superimpose design values for each design strip and load combination

on the model, start by selecting the Result Display Setting 4 jcon. This opens the Result

Display Settings window (Fig 4-7) that allows you to select which design values or checks you
want to superimpose on the design strip.

Select the Bending option under Design Sections Actions to display the moment diagram along
design strips.

To turn off displayed results in the model, deselect the option in the Result Display Settings

window. Clicking the o icon is an alternative method to turn selected options on/off in the
model.
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FIGURE 4-7 RESULT DISPLAY SETTINGS WINDOW SHOWING CONFIGURATIN THAT DISPLAYS
BENDONG MOMENT ALONG X SUPPORT LINES IN MODEL

View Required Reinforcement for Each Design Strip

Follow these steps to view the reinforcement needed for a particular design strip:
e Select the support line (it should turn red)
e Open its property box
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Support Line

=l we
General | Location I Design
Design Section Options |  Design Sections | Properties
Current Design Section: | SECTION_ID_703000 v

Geometry

L= 8502 mm H=350 mm Rho = 0.05%

Physical section with base rebar and tendons

1 I—I

Design section (jdealized) with calculated rebar

Reinforcement

Base rebar: As = Dmm2
Tendons: Asp = 1470 mm2

Calculated:  Astop = 1143 mm2 (| Strengthi...

[envelope)  Asbot = Omm?

Design summary
Criteria: Two-Way, PT
Moment capacity: M+= 8.8 KNm  M-= -853.2 KNm
Demand (strength): M+ = 0.0 KNm M-= -845.1 KNm
D/C ratio: 0.000 0.551
Shear capacity: PhilVic =
Vu/PhiVe ratio:

The Design Sections tab shows the details of geometry, reinforcement and other useful design
information for each design section along the support line. You can move along the support line
by using the mouse scroll function. Using this scroll function moved the display from design
section to design section. Alternatively, one can select a particular design section to move to

using the Current Design Section pull-down option. .
e As an alternative, you can select the Show Builder Sum =l icon.

Once in ADAPT-Builder Sum, select the = icon again to open up a graphic report showing the

required reinforcement for that design strip.

SESSION (5) — Design Slab with Post-Tensioning
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We start by entering the tendons based on our preliminary design. Next, we perform the analysis,
design, and code check. If the outcome of the code check is satisfactory, we have the option of closing
the design at that stage, and moving on to the generation of the supplemental rebar, and preparation of
the associated structural drawings. Otherwise, we can modify the post-tensioning specified, and repeat
the process.

Tendon Layout Strategy

Tendons are created using the “Create Tendon Toolbar,” (Fig. 5-1) or the Build menu option. The
optimum layout of tendons is to group the tendons in one direction over the supports (banded tendons),
and distribute them as uniformly as practical in the orthogonal direction. The tendons in the banded
direction are generally represented by two tendons, one on each side of the support line. The total
number of strands of the support line is distributed among the two tendons. The two tendons are
generally spaced 1.0 to 1.20m (3 to 4 ft) apart.

The Create Tendon Toolbar (Fig. 5-1) can be used to create tendons manually as well as assist the
user in generating banded and distributed tendons automatically. Furthermore, you have the choice of
laying out tendons exactly as they will be constructed or by idealizing the layout by bundling and
representing multiple tendons as one in the model. Engineers that do not have to rely on tendon
information in the model to create post-tensioning shop drawings often prefer to simplify the modeling
process and model tendons as fewer groups of bundled tendons. On the other hand, you will want to
layout tendons accurately if you plan on using the information in ADAPT-Floor Pro to create structural
and shop drawings at a later stage.

In this tutorial, it suffices to represent the post-tensioning in the banded direction with one tendon only.
The single tendons you will draw for each band will represent the entire number of strands necessary
for the associated band. We select the banded direction to be along the X-axis, and the distributed
tendon along the Y-axis.

Tendon Toolbar 3
¥y G0 e Bhe RO oOpt

FIGURE 5-1 CREATE TENDON TOOLBAR

Model Banded Tendons

For the banded direction, generate a representative tendon along each of the three support lines in X-
direction. In the following we review the information to be specified for the banded tendons along grid
line 4. The information for the other tendons will be provided in a similar manner.

o We start by assuming 1.0 MPa (150 psi) precompression to be provided by the tendons for the
tributary of tendon along grid line 4.

¢ With the understanding that the final force after all losses in each tendon is likely to be about
118 kN (26.7 k), for the 200mm (8") thick slab and tributary of grid line 4, we need 8 strands. We
enter this information in the “General” tab of the tendon property box (Fig. 5-2).
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Tendon 2

w7
General |Stressmg | Location | Shape/System/Friction | FEM | Properties
System Type: ¥ | | Edit First End Last End
+/ | Allow attachment to slab/opening edge /| Allow attachment to slab/opening edge
# 2| Labet [Tendon2 Angle |90 - Angle |90 -
Group: \Group1—v| Auto swerve point Auto swerve point
Material: |Prestressing1 ¥ Use percentage Use length Use percentage Use length
Area per strand: 98.00 mm2 10.00 10.00
Tendon/duct height: 13.0 mm
Number of strand(s): gloo

Straight spans - override spline

FIGURE 5-2 TENDON PROPERTY BOX — GENERAL TAB

We finalize the shape of tendon, by specifying the distance of its centroid from the top and
bottom of the slab at its extremes. For a 25mm (0.75 “)7 clear distance to a 20mm duct (0.5"
tendon diameter), the distance will be 38 mm (1”). Obviously, at the slab edge, the tendon
will be anchored at the centroid of the slab. This information is reflected in the
“Shape/System/Friction” tab of the tendon property box (Fig. 5-3). In the same property box,
we specify the tendon to be “bonded” (unbonded for US units) and enter its friction
coefficients. The information on tendon particulars, including the friction parameters, is

included in the “Design Criteria” of the workshop tutorial. Leave the other parameters that
define the shape of a tendon in each span unchanged (Fig. 5-4).

” The values in the parenthesis are not direct conversions of S| to American system of units. The parentheses
refer to typical values for “unbonded” tendons.
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o | B

[r=118211.504 R=12.889 R=7.268 R=7.F6&11.705
| | R=51.555 | R=51568 | R=20.073 | |

Uplift (KN/m)
[0.000] 14648 | 14.645 | 25976 [ 0.000]
L CES CGS CGS CGS VWobble
Span Shape 3 im Top First | Bottom 1 | Bottom 2 | Top Last | X170 | X270 | X370 | AL | Mu frad/m) System
{mm} {mm}) {mm}) {mm})
Typical Reversed Parabola | ./ 25 25 25 25| 0.10( 050| 0.10) 0.10|0.07| 0.0033 Unbonded ~
Span 1 Cartilewer Down ||~/ 1.155 100 38 020 00017 Bonded -
Span 2 Reversed Parabola ;l S| 7.956 38 38 38| DI0| 050| 0.0 020| 0007 Bonded ;l
Span 3 Reversed Parabola ;I S| 7.956 38 38 38| DI0| 050| 0.0 020| 0007 Bonded LI
Span 4 Reversed Parabola ;I /| 6.004 38 38 38| DI0| 050| 0.0 020| 0007 Bonded LI
P Spans Cartilewer Down ;I ~A 1.205 33 100 020 00017 Bonded ;I

(a) Sl units

FIGURE 5-3 TENDON PROPERTY BOX — SHAPE/SYSTEM/FRICTION

Reversed Parabola

e
iLL -

FIGURE 5-4 TENDON SHAPE PARAMETERS

NOTE:

In the above example, we selected “bonded” tendons. If you prefer to use “unbonded” tendons,
you will use the same tendon property boxes, but enter the parameters associated with
unbonded tendons. The primary differences are: (i) distances of tendon CGS from top and
bottom is typically 25mm (1”), instead of 38 used above; (ii) the angular coefficient of friction is
0.07, and (iii) the wobble coefficient of friction is typically 0.001 rad/ft.
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e Under the stressing tab (Fig. 5-5) we specify the stressing end, seating loss (draw-in), the
jacking force, and the anticipated long-term losses. Based on the information provided, the
program calculates the distribution of stress along each tendon and uses the local tendon
stress for its code check. For most projects 75 MPa long-term loss specified in Fig. 5-5is a

conservative estimate. (For US units, select ‘effective force’ and specify the force per strand

after all losses to be 26.5 k)

e Specify jacking stress to be 80% of strand’s ultimate strength (fpu).

" Tendon 18

(Jacking Force)fpu

(a) Stressing parameters are entered under the Stressing tab.

v || B
I Stress relative to ultimate stress
0.74
071 /l\

7

5 069 Jg"

= 0,

L
0.65
0.63 P
Span 1 Span 2 Span 3 Span 4 Span 5
Elongation = 158 mm
Jacking Ratio = 0.80 Maximum = 0.73, Average = 0.69
L CGS CGS CGS CGS Vobble
Span Shape = im Top First | Bottom 1 | Bottom 2 | Top Last | X1/L | ¥2/L | X3/L | A/L | Mu frad/m) System
{mm) {mm) {mrm) {mm})

b Typical d hd 25 25 25 25| 010 050, 010|010 |D07| 0.0033 Unbonded ;I
Span 1 Cantilever Down ¥ |[v{ 1199 100 28 020 00017 Bonded x|
Span 2 Reversed F‘alabolall\.) 7.996 38 38 38| 0.10| 050 0.10 0.20| 00017 Bonded;l
Span 3 Reversed F‘alabolall\.) 7.996 38 38 38| 0.10| 050 0.10 0.20| 00017 Bonded;l
Span 4 Reversed F‘alabolall\.) 6.004 38 38 38| 0.10| 050 0.10 0.20| 00017 Bonded;l

Cantilever Down ¥ |[v.| 1.205 38 100 020 00017 Bonded x|
Delze

(b) Calculated effective force after friction losses can be shown along tendon by clicking the @ icon in the
Shape/System/Friction tab.

ADAPT-Builder® 2018 Workshop — 43




FIGURE 5-5_SI TENDON PROPERTY BOX — STRESSING PARAMETERS AND CALCULATED
EFFECTIVE FORCE ALONG TENDON

: |u| ? |
Diigplay | FEM | Properties |
General Shressing | Location I

Shape/System/Friction |

Foszt-Tensioning Dezign Option
[ ~ Calculate force

(" Effective force

Force per strand: | 25 700 | K ‘

FIGURE 5-5_US TENDON PROPERTY BOX — STRESSING

In a similar manner, generate banded tendons along grid line 3 with 15 strands and grid line 2
with 8 strands.

Model Distributed Tendons

For the distributed direction, create a single tendon and use the Modify | Copy/Move command

to replicate it. Or use the Map distributed tendon tool — . Position the distributed tendons
similar to the arrangement shown in Fig. 5-6.

The guideline for arrangement of tendons shown in the figure was: (i) number of strands
selected provide approximately 1.0 MPa (150 psi), (ii) they will be bundled to be spaced at not
more than eight times slab thickness (1.60 m; 64”), (iii) nor more than 1.50 m (5 ft), and (iv)
minimum of two strands pass over each column.

The tendon layout for the distributed direction is shown in Fig. 5-6. Note that the distance
between the tendons is less than the maximum stated in the above. For the legend, S=3, means
3 strands in the tendon, the numbers, such as 162, or 100 give the distance from the soffit of
the slab to the centroid of tendon. The arrows along the edges indicate the stressing ends of

tendons. Figure 5-6 was obtained by going to the Report pull-down menu, selecting single
default reports, graphical and finally tendon plan.

Model Tendon in Beam

With the objective of obtaining approximately 0.9 MPa of precompression in the T-beam’s cross
section, place 11 strands in the beam with the profile of control points as indicated in Fig. 5-7.
In addition to the graphical tendon profile available in the Tendon Property window, one can
view the elevation and profile of any tendon by having it drawn in the modeling are. To achieve
this, open the property box of a tendon by double clicking on it. Next, click on the second button
on the top left of the property box (‘t—T) and select the left insertion point of where the
elevation should be drawn in your model space by clicking somewhere in the background away
from your main model. You may have to adjust the vertical scale to improve this display®.

8 The vertical scale for display can be adjusted by selecting the “distortion scale” menu item from the “Settings”
pull-down menu
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FIGURE 5-6_US TENDON LAYOUT
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ot ot o ] s g |
| R=17.736 R=7.906 R=7.906 R=18.548

! R=31622 | |

Uplift (KN/m)
[ ooo0 ] 32.837 | oooo |
L 65 CGS CES CGS Wabble
Span Shape L) i) Top First | Bottom 1 | Bottom 2 | Top Last | X1/L | X2/L | X3/L | A/L | Mu frad/m) System
{mm} {mm} {mm} {mm})

F Typical d hd ™ 25 25 25 25| 0.10| 050| 0.0 0.10|0.07| 0.0033 Lkbmded;l
Span 1 Cartilever Down ||~ 1.453 100 40 020( 00017 Bonded;l
Span 2 Reversed Parabola ;I S| 17.057 40 40 40| DJ0| 050| 000 020 0.0M7 Bonded LI
Span 3 Cartilewer Down ;I\J 1452 40 100 020( 00017 Bonded;l

FIGURE 5-7_SI DETAILS OF TENDON IN BEAM

NOTE: At first, some of the text displayed on the screen (such as in Fig. 6-6), in this case tendon
control heights, may overlap. To eliminate overlap, you can pick each of the text items and move
it by click and drag of the mouse.

The tendon that is to the left of the opening was created by selecting a span from the support to
each side of the opening, and a span along the opening. To create a profile for this tendon,
display it in elevation (as described for the tendon in the beam), increase the vertical scale
(distortion factor in Z-direction®), and move its control points (hot spots) with the mouse, until you
obtain a smooth profile.

Verify Tendon Layout in 3D
We now view the tendon layout in three dimensions to closely examine their arrangement.

(0}

From the main menu, click on the left teapot (View Model & ). This opens the display of the
structure in 3D.

Select “Display in Wire Frame (IjI ).”

°nl
Turn off the wall and beam display ( E O‘)
Change the scale factor in Z-direction to 6, in order to magnify the slab thickness for better

*

viewing (

% The vertical scale for display can be adjusted by selecting the “distortion scale” menu item from the “Settings”
pull-down menu
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o Finally, click on “Redraw (‘g )" button.
0 Rotate and zoom the model to examine the tendon layout (Fig. 5-8).

il
FIGURE 5-8 VIEW OF TENDON ARRANGEMENT

Code Check

The code check part of the design process consists of: (i) determining the actions (moments, shears,
etc.) acting on the centroid of each design section, due to each of the load combinations specified by
you, (ii) for each load combination, applying the associated forces to the cross-sectional geometry of
the design section, (iii) depending on the load combination, calculating the associated stresses, and/or
the reinforcement necessary to supplement the prestressing available in that design section, (iv)
comparing the stresses with the allowable values of the code selected by you, (v) adding reinforcement

or taking other measures as stipulated in the code you have selected, and (vi) preparing a graphical
and summary report of the calculations and findings.

0 From FEM pull down menu, click on “Design the Design Sections.”
o From “Display Strip X” B turnon design strips in the X-direction (Fig. 5-9).
o]

To display stresses along visible support lines, select one of the Stress options (Top or Bottom)
under Design Sections in the Results Display Settings window.
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FIGURE 5-9 DISPLAY STRESS CHECK RESULT

In the above diagram, the design sections in which the calculated stresses exceed the allowable values
are shown with broken magenta lines. For example in the support line at the top (support line 5), the
mid-span sections at the left span are marked with a broken line. This indicates that at the location
shown the computed stresses exceed the allowable values specified by you (this is generally the code

specified values).

In the Result Display Setting tab, you can change the design strip stress display from not showing any
limits that are exceeded, color coding what has exceeded only, or display the allowable limit against the
actual calculated stresses. These provide useful variations to how a user can interpret the performance
of the slab. The image below shows the same support lines as in Fig. 5-9 but with all allowable limits.
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I Comba: [Servioe('l’aizﬂ Load) vl [¥] Auto Display
Scale: [Desngw Sections,Stresses, Bottom 'l f
@ Analysis | Resutt Display Settings |Settngs|
|
m Property | Value
B Design Sections
Balanced loading maximum 100 %
Deflection maxmum allo... 360
Precompression minimum... .85 N/mm2

Allowable Stress Display - JLNL S
TTomErT Capaaty qeptay

B Components

None

Exceeds cni

Diift maximum allowable L
Fho display WValue
Rho madmum allowable 3%
Lkilization Display Status

Lttilization madmum allow... 1
Compare Cumulative and... 10%

Allowable Stress Display Options
Display stress diagram with or without allowable stress

Gom] (]  [ew) [

Follow the steps outlined next to examine the stress distribution in your design strip in more detail.

o Double click on the Support Line to open its property box.
o Click on the “BuilderSum” = tool, to display Fig. 5-10.
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FIGURE 5-10 DESIGN SUMMARY MAIN WINDOW

o Click on the “Stresses Diagram” ** tool, to open the stress diagram (Fig. 5-11). Depending on
the specific values you have used so far, the stress diagram from your work might look slightly
different. The stress diagram in the figure shows the top fiber stresses over the background of
allowable stress that is shown with gray background. Tension is shown above the datum line
(positive), compression below the datum line. Note that at the left of the second support, the
calculated stress exceeds the allowable value, hence the display of broken line at this location
in Fig. 5-19.

$ Stresses g

Stress Diagrams
Project: Gereral narme / Support Line 5 f Load Case: Service] Total Load)
1.00 x Selfweight + 1.00 x Dead load + 1.00 x Live load + 1.00 x Prestressing
Tensile Siress Positive

Top Allowable Stresses

Span 5 ~
Select/Deselect Al |

— Shesses

" Top Stress Only

(" Bottom Stress Only

(= Top and Bottom Stresses

— Stressesddllowable Values: ——

¢+ 1op Stesses wi
llowable Values :

r Bottom Stresses with
Allowable Values

Stress [Mirnm

T T S T T P T R T T L
Span 1 Span 2 Span 3 Span 4 Span &

FIGURE 5-11 STRESS DIAGRAM FOR SELECTED STRIP
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Experiment with other tools at the top of the screen to see the average precompression, distribution of
rebar, moments, shear and other design values. From the combo box at the top of the screen, you can
select the display of values for each of the load combinations, or the envelope of all load combinations.

At this stage, you can view and print a summary sheet for the amount, length and layout of the

reinforcement of the design strip by clicking on the = tool. This will display the rebar summary shown

in Fig. 5-12. Again, the figure displayed from your work might look slightly different from Fig. 5-12. Note
that the reinforcement shown is for the load combination displayed at the top of the screen and
reported as item 1.2 in the figure.

ADAPT- STRUCTURAL CONCRETE SOFTWARE SYSTEM
ADAPT-Builder Wersion 2.00 Date Juns 22, 2005 Time 15:25822 File: Support Line &
1-PROJECT TITLE: AMAHITA RESIDEMCE
1.1 Dresign Strip: Support Line &

1.2 Load Case: Envelops

2-MEMBER ELEVATION
[m]

3-TOP REBAR

31 User selectsd

3.2 User selectsd

2.3 ADAPT selected

2.4 ADAPT selected ni;:_u&v:rvm X320 mm 5;1:19-1-: mm 4350 mm .:; ::15—1-: mmX3320 mm {2} 15 10mm 32700 mm

5-BOTTOM REBAR

51 User selected

________________________________________________________________________________

5.2 User selected i
5.3 ADAPT selectad
5.4 ADAPT selected EHeammacsaz0 mm

_______________________________________________________________________________

{é}mmwm;oes.s:: mm @.‘-mmxim mm

FIGURE 5-12 REBAR SUMMARY SHEET

Rebar Generation

In addition to generating a rebar summary sheet for each of the design strips, Floor-Pro can
automatically generate rebar in your model. The rebar generated in your model displays the envelope
of all the reinforcement calculated by the program. It displays the location of the reinforcement, the
number of bars, the length and the range over which the reinforcement must be distributed.

We will now generate the reinforcement drawing of the floor system we have designed.
0 From the FEM pull down menu click on the “Generate Rebar Drawing.”

o If the calculated reinforcement does not appear automatically on the screen, from the “User
Interface” pull down menu, turn on the “Reinforcement Toolbar” (Fig. 5-13).

Reinforcement Toolbar @
B &y € 0 8 4 T

FIGURE 5-13 REINFORCEMENT TOOLBAR
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0 Click on the “Display/Hide Rebar” b tool, to display the calculated rebar on plan. The rebar
displayed will be similar to (Fig. 5-14). In this figure, note that the top rebar is grouped. The

bottom rebar (shown with broken line) is distributed over the tributary of the associated design
strip.

NOTE: In the general case, the bottom rebar in the banded direction of the tendons is banded
below the band. Unlike the diagram in Fig. 6-14, this is recognized by the program automatically

and so displayed. In the rebar plan, you can select the size of the displayed text (font), such as to
make it legible and clear for the size of drawing you plan to plot.

S
ol T 5 ol
N T T AT | o L BT | Ib—!w:‘]w_.;r | o Il 2O 14
e —— ——— +
] —,.::m—..zu?m."’l“--- —,.mm-mmﬁm"{‘-—_ Tmﬁ.ﬁmﬁkﬂl-——
I I I
| I I
I I I
| I I
1= b - _4,5.»_ o
I I
I I
| I ?
.
o e e T - i
I | ;
I | i
I I
| !
T e e
| |
| 1 i
| i J_ :
I = s oyt b et | o St et R A N
I
b

FIGURE 5-14 REBAR PLAN

The rebar shown on plan is fully editable. You can change the bar size, number, position and
orientation. There is a dynamic link between the graphic, the text display and your analysis data. The
following will help you to handle the rebar displayed.

o0 To change the size of the text displayed, use the “Select/Set View Items” '5!'11 For “Rebar”
entities, change the font size to 200mm (8in) for convenient viewing on computer screen.
o The following helps you to manipulate the graphical display of rebar.

¢ To change the length of a bar graphically, select the bar, pick one of its hot spots
(identified near each end) and drag it to the length of your choice. Note that the text will
automatically adjust itself to the new length. Later, you will learn how to change the
length to an exact value of your choice by entering the new length in a data cell.

e To change the orientation of a bar, pick one of its hot spots and rotate it to the new
orientation.
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e To move a bar, select it, pick one of its hot spots (identified near each end) and move it
to the location of your choice while “control” key is depressed.

e To move atext to a new location, select the text, pick its hot spot, and move it to the new
location.

e To change the extent of a bar, pick the end of the arrow that indicates its limit and drag it
to the new location. The bar spacing will adjust itself automatically, such as to maintain
the total area of reinforcement associated with the bar distribution you edit.

0 Open the rebar property box (Fig. 5-15) by clicking on the “Open Rebar Display Options” tool
e from Fig. 5-13.

NOTE:
If you are not going through this tutorial in a supervised workshop, read the User Manual Rebar
Module to learn more about the rebar plan.

r N
Rebar et S
Rebar dizplay options Appearence
" Display legends Top rebar colar: -
* Display notes Bottom rebar color: -
[v Display calculated rebar Top mesh
reinfarcement color: -
Iv Dizplay baze rebar Bottam mesh -
Rebar along #-direction reinforcement color:
[v Dizplay top rebar Febar end symbol size; 1050
v Display bottam rebar Fiebar line thickness: 3
Rebar along 'r-direction Mesh rebar ling thickness: |1

[v Display bop rebar

[v Display bottom rebar

N Dizplay top meszh reinforcement
[ Dizplay battarm mesh reinforcement

[ Display required rebar along Support Lines
[ Dizplay provided rebar along Support Lines

[ Display design mament [strength] along Suppart Lines

Digtributed rebar display aids Baze rebar dizplay aids
v wfrite mumber of bars [ Tag base reinforcement
Circle sizeszymbol size: [1.00
Armow sizedsymbol size: [1 oo
Cancel | Help |
e = ——
(a) Sl units

FIGURE 5-15 REBAR DISPLAY OPTOINS

0 Try the various display options shown in Fig. 5-15.

Figure 5-16 shows the close up of rebar display over one of the columns for user selected Sl system of
units.
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FIGURE 5-16 CLOSE UP OF REBAR DI§PLAY OVER A COLUMN

Let us change the bar size and length of one of the top bars shown over the column in Fig. 5-16.

o0 Double click on the bar that you want to change to open its property box (Fig.5-17). This figure
is for SI system of units. The figure for the American units is similar.

0 Using the combo box, change the bar size and its length. Note that when you change the bar
size, the number of bars is automatically adjusted to maintain the total area of rebar reported by

the calculation.

-

Rebar

B

|2l
Rebar Specifications l Location ] Properties ]

(" Base f* Calculated

Placement and grouping
(¢ Top { Bottom

#: | 3 Group: |Group1 j

Label: |Rebar 3

Material: | MildSteel 1

Bar specification
" USA " MKS " 5|
17-10mmec3000mmi(T)
Material
Size Diafmm)  AreaimmZ)
Rebar: [10mm 100 785 -l
Mumber of bars: 17 i

Length of bar: 3.000 m
Spacing: 50 MM ™ Fied
Cover from top: 25 mrm

Display bar description
{* Describe bar fwrite bar length)

" Describe bar {do not write bar length)

" Describe bars by legend
(" Descrbe bars by notes

W Describe bar (write quantity for
distributed bars)

Legend: |D
Bar notes:

Rebar distribution
IOl d (" Grouped

Bdent on side 1: 0.500 m
BExent on side 2: 0.500 m

[¥ Round down spacing

Help

FIGURE 5-17 REBAR PROPERTY BOX

ADAPT-Builder® 2018 Workshop — 54



In the forgoing, the program selected reinforcement for the entire amount required by the code you
specified. Many engineers provide a base reinforcement in their projects, regardless of the outcome of
design. A common practice is to place a mesh of bars at the bottom, at the top, or on both sides of a
slab, or at selected locations. The program gives you the full flexibility to pre-specify reinforcement at
selected locations. In this case, the program will report the computed reinforcement that is necessary in

addition to the base reinforcement you have specified. Next, we will review the steps that are required
to specify base reinforcement.

Let us add a mesh reinforcement. For mesh reinforcement to be used as “base reinforcement” by the
program do the following:

o Select the slab region over which you intend to add mesh reinforcement.

¢ Click on “Mesh Rebar Wizard” %, from the “Reinforcement Toolbar- Fig. 5-13.” Specify
information on the dialog box as shown below.

Create Mesh Reinforcement Automatically [é]
" Top (+ Battomn
CGS - -
CE51: |25 mm CG51, CGS52 = centroid of steel in
CRS - Direction-1 and Direction-2 from the
B i MM concrete surface
Meszh reinforcement selection
beszh reinforcement specification: {7 Area {* Bar size

7 USA 7 MES f+ 5i

Reinforcement in 1-1 direction Reinforcement in 2-2 direction
Size  Dialmm)  Arealmmz] Size  Dialmm)  Arealmmz]
10 1000 78500 |

10rarnE300rmm 0.

Spacing: 300 mm | | Spacing: 300 fmim
Orientation

Andle from global #-axiz to mesh awiz 1-1: |34 degrees Help
Cancel | Create |

FIGURE 5-18 MESH REBAR WIZARD DIALOG BOX

NOTE:

Mesh rebar you specify at this stage will be shown on your drawing, but will not be accounted for
as part of your calculation. If you want to provide a top or bottom mesh, and you intend the area
of steel of the mesh to be included in your calculation, you must either specify the mesh before
the design stage of the program, or go to FEM pull down menu and re-design the structure. If a
mesh reinforcement is specified before the design stage, the program will recognize its presence
and report only the reinforcement that is needed in addition to that provided by the mesh.

Likewise, you may specify individual bars or group of bars as “base reinforcement” to be included
in your design. Refer to DRD manual for the details.

ADAPT-Builder® 2018 Workshop — 55



The rebar plan that was generated, viewed and edited, will be converted into a structural drawing in the
next Session.

SESSION (6) — Generation of Structural Drawings

In this session we will generate a set of professional-quality structural drawings for the tendon layout,
and the supplemental reinforcement. We will export these drawings to AutoCAD, ready for plotting. A
critical criterion in the generation of the structural drawings is that they should detail all the features that
are intended for construction. For example, for the purposes of analysis, walls may be modeled as
shown in Fig. 6-1(a). But for construction they should appear as illustrated in (b) of the same figure.

Likewise, an opening that on the structural model appears like in (c) is generally shown as in (d) on
construction drawing.

(a) Representation of wall in structural (b) Representation of wall in

analysis model from layer structural drawing from layer
(Current_plane_wall) (ADAPT_walls_draftng)

(c) Opening as it appears on the (d) Representation of wall in

analysis model from layer structural drawing from layer
(Current_plane_wall) (ADAPT_walls_draftng)

FIGURE 6-1 REPRESETNATION IN ANALYSIS MODEL AND STRUCTURAL
DRAWING FOR CONSTRUCTION

Further, the rebar on top of a wall will appear as shown in Fig. 6-2, where only the outline of the wall is
detailed.
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FIGURE 6-2 REPRESENTATION OF RENFORCEMENT OVER WALL
ON STRUCTURAL DRAWING

Prior to importing the DWG drawing into the Builder environment, or subsequent to the import of the
drawing in the Builder environment, we duplicated several layers of the drawing for the purpose of
generating structural drawings. For example, as explained in Session Three, we copied the walls that
we wanted to appear on our structural drawing in a layer called “ADAPT_Walls_Drafting.” This is the
layer that contains the compound walls in the manner shown on Fig. 6-1(b). In this workshop tutorial
we do not have compound walls, but in most cases there will compound walls made up of several
segments. Compound walls for analysis are idealized as shown in Fig. 7-1(a) when brought to the layer
“ADAPT_Walls.”

Once we organize the information on the screen, as we want it to appear on the structural drawings, we
must turn off the layer we used for analysis and turn on the layers that we want to use for structural
drawing. For example Fig. 6-3, shows the Select Layers dialog window and how all layers can be
turned off and only one selected for display.

Select Layers |

E3

Current Adapt_w'alls_Drafting
Label |ofFlc]Lneswe  » Cancel

] % 2 [ CONTINUOUS

UCS_ICOM % 2 [ conTINUOUS

TEMPLATE_DO_MOT_REMOVE @ # [] CONTINUOUS New

Drefpaints % @ [ conTINUOUS Delete

Adapt_Columng % = W CcoMTINUOUS

Adapt_Gridlines % @ [ conTINUOUS

Adapt_Wallz_Drafting @ W CONTINUOUS All Layers On

Adapt_Slabs % < [ conTINUOUS

Adapt_Openings § @ [ CONTINUOUS AllLapers Off
. Adark eid Rloen L T I w1 YR A TR TN [~ v

FIGURE 6-3 LAYER DISPLAY DIALOG WINDOW

We can add dimensions, text, copy and paste, and edit the plan on the computer screen in the manner
we want it to appear on the structural drawings. Before, exporting it to AutoCAD, however, we must
change the font, font size, line color and thickness to the selection we prefer on our DWG drawings.
This is explained in greater detail further on and in Appendix A.
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Rebar Drawing

For rebar drawing, (i) display on the screen the rebar information you wish to appear on your structural
drawing, (ii) if needed, edit the rebar displayed (bar size, length, orientation, color, line type, etc), (iii)
add reinforcement to the plan, if needed, (iv) turn off the structural model layers, (v) turn on the drafting
layers, (vi) select the line types and color suitable for DWG drawing'?, save and export to DWG.

To change the properties of a group of bars, (i) select them all, (ii) from “Modify” pull down menu, select
(iif) Modify Item Properties menu item. The dialog box shown in Fig. 6-4 appears. . Enter the
modification for the bar selected, press OK to close and impalement your selection.

d ™
Modify Item Properties ‘ ‘ M

Paint Support I Patch Load Line Load | Pairt Load | Support Line
Beam | Gidine | Column | DropCap/Panel | Wal | Siab Region
Line Support | Line Spring | Point Spring | Area Spring | Tendon | Rebar
F Labsk lUzer defined rebar
[T onvert to base reinforcement!
Bar material
[[]  Waterial: | MildStes 1
Bar orientation
[T Group:
F B [ Angle: |0 degree
Do nat shift nodes automatically Bar specification
[ USA MKS @ sl
Bar size
D Diaimm)  AreaimmZ)
Rebar: |18mm 18.00 254340
Bar description
[ Lirne style: CONTIMUOUS (& @ Describe bar (write bar length)
it lor IW Describe bar {do not write bar length)
L Builaziess i Describe bars by notes
[T Fill eolor: By Layer Describe bars by legend
[] Line thickness: | 1 Describe bar {write quantity for distibuted bars)
[ Filling: MNaone Rebar distribution
[T Dpacity: 1L &l Diistributed (@ Grouped Round down spacing
Rebar appearance
[ Calor:

. [ Line thickness:| 3
Changes made herein apply ta all

“zelected”’ components [ Line style: | CONTINUOUS
Bar length |
0 @ Calculated
Library lengths
Capce) ] [ ak Bar cover
[l 0 mm

FIGURE 6-4 MODIFY ITEM PROPERTY WINDOW FOR REBAR

10 You can pre-define the font, line color, and line thickness that are suitable for the size of the hardcopy you plan
to use once, and save them. The program will automatically select the hardcopy print properties you have pre-

defined, each time you send the information to the printer. To pre-define the print options, click on the “Plot/Print
Settings” from the “Settings” pull-down menu.

ADAPT-Builder® 2018 Workshop — 58



Once you are satisfied with the arrangement of reinforcement on the computer screen, go to the “File”
pull-down menu and choose the ‘Export DXF/DWG’ option. Then choose the version of the AutoCAD
file you wish to use, and click Ok.
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FIGURE 6-5 AUTOMATICALLY GENERATED REBAR DRAWING
IN BUILDER ENVIRONMENT

Tendon drawing

To select the information you want to be displayed on the post-tensioning drawings, open the ‘Tendon
Plans' dialog window (Fig. 6-6).

e From Reports pull-down menu select “Single Default Reports.”

¢ From the side menu that opens, select “Graphical.”
o Finally select “Tendon Plan.” The Tendon Report dialog window displayed in Fig. 6-6 will open.
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Tendon Report

[ iRepart Tendon in groups
Tendon information to report

[~ Tendon ID [ Shape

[ Tendon label [ System

v Caontral point height [ Total length

[ Control point distance [ Elongation

[ Specified effective force per strand W Control points

[ Total of specified effective force [~ Corsidered o disregarded
# Number of strands [v Stressing/dead ends

[ Area

QK | Cancel

FIGURE 6-6 TENDON REPORT DIALOG WINDOW

You can either display the information on each tendon individually, or you can organize the
tendons that are identical into groups, and display the information on each group only once. The
latter option of display will result in a less-congested display of values.

e On the Tendon Report dialog window, make the selection shown in Fig. 6-6. The tendon
drawing shown in Fig. 6-7 will be generated.

= “ja.ja.ﬁ“ja.ja.ja.j
Nonsisnsaenensnenan

[

L=

I=
2=

FIGURE 6-7_SI TENDON GRAPHICAL REPORT
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FIGURE 6-7_US TENDON GRAPHICAL REPORT

Once you are satisfied with the tendon information on the screen, and you want to export it to
AutoCAD, you must go to the “File” pull-down menu and choose the “Export DXF/DWG” option. Then
choose which version of AutoCAD file you wish to create and click OK.

Preparation for Exporting Floor-Pro Files to AutoCAD
The following steps will help to minimize the amount of editing needed, once a Floor-Pro solution is
exported to AutoCAD for generation of structural drawings.

e Use the Grouping option of the program to group tendons that have the same profile and length,
hence the same chair (support) arrangement and elongation. The following explains how to
create groups and assign entities, such as tendons, to it.

o From the “Settings” pull down menu, select “Grouping.” The dialog window shown in Fig.
6-8 opens.

e The ¥ icon indicates whether items in a group are visible or not.

e Use the New button to create new groups. Select the group name to rename it.

e To assign an entity to a group, open the property window of the entity, scroll down the
combo box that lists the groups and select the group of your choice.

¢ Alternatively, you can assign multiple objects in your model to a group using the Modify

Item Properties £ function that is available under the Modify menu.

ADAPT-Builder® 2018 Workshop — 61



Label onjOff  caD Mew

Group 1 v Loaded Delete

Loaded
CAD Group 1 9 oace all Groups On

All Groups Off
Re-oad CAD

Unload CAD

Purge CAD

(=]
-~

Cancel

FIGURE 6-8 GROUPING DIALOG WINDOW

e For the entities that you want to be displayed on the paper drawings, such as tendon or rebar,
set font height to be 250mm (10in) and symbol size to 50mm (2in). These values are set in the

“Select/Set View ltems” tool ('51111). These font sizes are suitable for drawings that will be
printed on large sheets (approximately 1000 mm; 36" dimension). Obviously, the suitable font
size for viewing on the computer screen in Floor-Pro will be different

e Using the rebar tools, place any additional rebar that you consider is necessary to be shown on
your drawing.

e For the rebar drawing, open up the rebar property dialog window (Fig. 6-9) and set the "Circle”

and “Arrow” size to 3 (1). These two symbols control the clarity of display of the range of
distributed reinforcement.

— Febar display option—————— - Appearehce————————————————— — FRebar display option——————— — Appearence
" Display legends Top rebar color: - " Digplay legends Top rebar color: -
% Display notes Battom rebar color: - * Display notes Bottom rebar color: -
~ Fiehar along %:-direction Uz meeth e ~ Riehar along %-direction e GES
} reinforcement color: - reinforcement colar: -
[V Digplay top rebar Bottam mesh - [V Dizplay top rebar B attam mesh
IV Display bottom rebar reinforcement caolor: [¥ Display battom rbar reinfarcerment calar: -
- Heba.l along Y-direction Rebar end symbal size; ID.ED - Heba_r alang Y-direction Fiebar end symbal size:  |0.50
II; g!s':':‘”' L°°u'eba' A Rebarline thickness: |3 g E!SP:” L”pu'e"afb Reba line thickness: |3
isplay bottom rebar ) ) isplay bottor rebar ) .
- i Mesh rebar line thickness: |1 B Mesh rebar line thickness: |1
[ Display top mesh reinforcement [~ Display top mesh reinforcement
™ Display bottom mesh reinforcement ™ Display battorn mesh reinforcement
[ Digplay required rebar along Suppart Lines [" Display required rebar along Support Lines
[~ Display provided rebar along Support Lines [ Display provided rebar along Suppart Lines
[ Display desian moment [strenath) along Suppart Lines [ Display design moment [ztrength] along Support Lines
r— Distrbuted rebar display aids———— r— Distributed rebar display aids
Circle size/spmbol size: i i ize;
a4 IS.DD Detect Cover | Circle sizedsymbal gize: |1 an Ditect Cover |
Amow sizedzymbal size:l on Arrow sizedsymbaol size:l
:{ Ok I Cancel | Help | g 1.00 Ok I Cancel | Help |
(a) Sl units (b) US units

FIGURE 6-9 REBAR PROPERTY DIALOG WINDOW

e Turn on the layer ADAPT_Slab_Drafting, and others that you created for drafting.

SESSION (7) — Preparation of Package of Structural Calculations
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The structural calculation package generally consists of a lead part that briefly describes the structure
and its design criteria. This is followed by a detailed report for each of the levels. In this tutorial, the two
packages are provided separately, since it is assumed that at the start of the tutorial only the design
criteria are available.

Report Setup

The program generates several types of reports. These include reports intended to check the validity of
the solution, and a comprehensive report for submittal to building officials. The reports can be tabular,
graphical or combined. Reports can include text and graphics (bitmaps) that you may have generated
outside the environment of Builder Platform, as well as graphics and text that in the course of the
analysis and design of your current project you may have found of interest. The sample report that is
included in your CD for this tutorial includes text and graphics that were imported into the Builder
program at time of report generation. For this tutorial, however, we will limit ourselves to a basic report
that can be compiled directly from the default pages of the program.

It is recommended that you first review the sample report generated for this project, before attempting
to generate your own report. There are two sample reports saved on your tutorial CD. One is more
comprehensive and includes graphics captured during the modeling and execution. The other is simple.
It is limited to the default pages that you can select directly from the report generation manager of the
program. To view the sample reports, open the folder “Compiled Report” on the tutorial CD. The report
in this folder is saved in PDF format. You need to have Acrobat Reader installed on your computer to
open the report. If the program is not already installed in your computer, you can install the copy
included in the “Utilities” folder of your tutorial CD*.

The program generates its tabular and text information in “RTF” format, which can be opened and
edited by practically all word processors. But, for ease of viewing, it is converted to the electronic file
with PDF format.

NOTE:

A detailed account of how to generate reports automatically; how to import text and graphics in
your report; and how to compile a professional report is given in the Floor-Pro User Manual. It is
recommended that you review this document if you are not following this tutorial in a supervised
workshop.

The compiled report can be organized using the following report generation window that is accessible
from the “Reports” pull down menu:

11 Open the Utilities folder and click on AdbeRdr70enu.exe
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Report Generation Manager El_‘-g_hJ

File
; Cowver PO Fepart Cover [T]
i Content List E'ISthIf:‘EDFTtEN[E[Tt] e 1)
: lab Regions [Detaile
BB T abular Slab Regions [Surmmary] [T]
- [ Structural Geametry Bieams [T]
- [ Tendons Colurns [T)
- [] Releages and Restraints Walls [T] ]
-] Material and Design Criteria Epenmgs [Detailed] [T)
) egend [T]
=0 Analysis Dats Design Yalues [T)
- [[] Skip Pattern Drop Caps/Panels [T)
- [] Load Cazes and Combinatiors EunchmgHShear F[!Te]mfnrcemenl T
. i ; urnmary Fepart
= Eelmgn ?qechmj Data Plan Goomoty (6]
-] Calumn Reactions Tendon Plan (G]

- []'wall Reactions

- [[] Other Support Reactions

- [] Applied Loads

- [[] Quanitity and Cast

- [w] Design Strip Reports

- [#] Legend

- [#] Design Yalues/Code Check
- [v] Summary Fepart

= [+] Punching Shear Design

- [w] Punching Shear Reinfarcement
- [#] Graphical

: Structural Plan

&[] Loading

-- [[] Design Plans

m

----- [[] Column Reactions

- 1wl Rieactions
[ Mesh

Delete Uszer Report | Uncheck. all | Move up | tove doven |

Help | QK. | Cancel |

FIéURE 7-1 WINDOW FOR THE GENERATION OF COMPILED REPORTS

o From Report pull-down menu, select “Compiled Reports.” The “Reports Generation Manager”
shown in Fig. 7-1 opens. If during a previous run of the program you had already set up the
selection and arrangement of your report, this will automatically appear on the right hand side of
the Report Generation Manager.

e Click on the boxes next to the report types you wish to have in your complete report. Selected
report components are automatically listed in the right pane.

e You can move individual reports up and down to organize them in the order you want the final
report to appear.

e Use the options under the File menu to view/print individually selected report components or
generate the complete compiled report with all of its sections.
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Report Generation Manager

Generate Compiled Report
Print All Reports Individually

Print Selected Graphical Report

Print Preview Selected Graphical Report

Print All Graphical Reports |
Print Preview All Graphical Reports

View Selected Report
Font Setup for User Text..

l Import Bitmap
Import Text File

— T

Estimate Quantities
The quantities of concrete, rebar and post-tensioning tendons are calculated automatically. These are
available from the list of reports. Details of these reports are being finalized.

The program provides you with a list of all tendons used. The list includes the number, diameter and
length of each tendon, as well as total strand length and weight. A partial table for the current project is
displayed below.

TABLE 7-1_SI 300.00 PT TOTALS
Tendon ID Length Strand Number Of Total Length
Diameter Strand
m mm m
1 20.007 13 11 220.081
2 20.007 13 2 40.015
3 20.007 13 2 40.015
4 19.997 13 4 79.988
5 18.713 13 4 74.851
6 18.713 13 3 56.138
7 18.713 13 3 56.138
8 19.997 13 4 79.988
9 19.997 13 3 59.991
10 19.997 13 3 59.991
11 19.997 13 3 59.991
12 19.997 13 3 59.991
13 19.997 13 3 59.991
14 18.713 13 3 56.138
15 18.713 13 3 56.138
16 18.713 13 2 37.425
17 18.767 13 3 56.300
18 24.400 13 8 195.200
19 24.400 13 15 366.000
20 24.400 13 8 195.200
SUMMARY
Strand Total Length
Diameter

mm m

13 1909.567
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TABLE 7-1_US 300.00 PT TOTALS

Tendon ID Length Strand Number Of Total Length
Diameter Strand
ft in ft
1 65.75 0.50 11 723.25
2 65.75 0.50 2 131.50
3 65.75 0.50 3 197.25
4 65.75 0.50 2 131.50
5 65.75 0.50 3 197.25
6 65.75 0.50 3 197.25
7 65.75 0.50 4 263.00
8 65.75 0.50 4 263.00
9 65.75 0.50 3 197.25
10 65.75 0.50 3 197.25
11 61.53 0.50 3 184.59
12 61.53 0.50 3 184.59
13 61.53 0.50 4 246.12
14 61.53 0.50 3 184.59
15 61.72 0.50 3 185.16
16 61.53 0.50 3 184.59
17 61.53 0.50 3 184.59
18 80.19 0.50 8 641.49
19 80.19 0.50 15 1202.79
20 80.19 0.50 8 641.49
SUMMARY
Strand Total Length
Diameter
in ft
0.50 6338.49

To generate the tendon quantities table, do the following:

e From the Reports pull-down menu, select “Single Default Reports,” followed by “Tabular,” and
“Tendon Totals.”

e Using the same pull-down menu, you can create Rebar Totals, Quantity and Cost reports (Fig.
7-2).
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SESSION (8) — Fabrication (Installation, Shop) Drawings

In this session we will generate a set of professional-quality structural drawings for the tendon layout on

site.

To access the tools for the generation of shop drawings, turn on the “Fabrication (Installation) Toolbar”

from the User Interface pull down menu (Fig. 8-1).

Fabrication {Installation} E
= P ol (4 e

FIGURE 8-1 FABRICATION (INSTALLATION) TOOLBAR

e Click on “Display Tendon’s Chair Height =" tool.

e On the dialog window, selected the information displayed in Fig. 8-2.
0 Once you have selected the spacing between chairs to be 1.0m (3ft) make sure you click

the “Apply to All” button just above where you entered the spacing value, in order for the

change to take effect over all tendons.

¢ In order to show Chair Heights of tendons within a beam elevation, double click the tendon

going through the beam. Then click on the ﬂ button, and follow the instructions on the screen.
¢ Make sure again that you turn on all the Layers created for drafting.
Click on Export DXF/DWG option in the “File” pull-down down menu.

Tendon Chair Tendon Chair
- Displc_u_-,- — — Digplay
I Display chair heights of ALL tendons [¥ Display chair heights of ALL tendons
[¥' Display chair heights in GROUFS [~ Display chair heights in GROUPS
[~ Cancel display of chair heights [ Cancel display of chair heights
— Tendon detail — Tendon detail
ID Dialmm] z-offsetfmm] Spacing(mm] Label ID Dialin) z-offzetin) Spacinglinl  Label
1 13 0 1000 Tendon 1 - 1 050 0.00 36.00 Tendan 1 -
2 13 0 1000 Tendan 2 2 0E0 0.oo0 36.00 Tendon 2
3013 0 1a00 Tendaon 3 3 050 0.o0 36.00 Tendon 4
4 13 0 1000 Tendon 4 4 0E0 0.00 36.00 Tendon 3
5 13 0 1000 Tendan 5 5 050 0.oo0 36.00 Tendon &
6 13 0 1a00 Tendaon B 6 050 0.00 36.00 Tendon &
7013 0 1000 Tendan 7 7 0E0 0.oo0 36.00 Tendan 7
8 13 0 1000 Tendan 8 8 050 0.o0 36.00 Tendon 8
3 13 0 1000 Tendon 9 3 0&0 0.oo0 36.00 Tendon 9
m 13 ] 1000 Tendon 10 10 050 n.00 36.00 Tendon 10
1 13 1] 1000 Tendon 11 11 080 0.00 36.00 Tendon 11
12 13 1] 1000 Tendon 12 12 0850 n.o0 36.00 Tendon 12
13 13 ] 1000 Tendon 13 13 050 n.00 36.00 Tendon 13
14 13 1] 1000 Tendon 14 ﬂ 14 050 0.00 36.00 Tendon 14 LI
z-offset: IU 0D Apply to all | z-offset: IU. il in Apply to all |
" Divisions between high and low points [10 " Divisions betwesn high and low points I‘I 0
¥ Spacing between chairs [Toog m ¥ Spacing between chairs W fi
— Setting — Setting
Found up/dovn to the nearest: |5— (00 Found up/down ta the nearest: W in
Ok I Help I Cancel | 0k I Help | Cancel

(a) Sl units

(b) US units

FIGURE 8-2 DIALOG WINDOW FOR GENERATION OF SHOP DRAWINGS
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APPENDIX A: PREPARATION OF DWG DRAWING FOR IMPROVED IMPORTING

The folder of this session includes two drawings in DWG format. One is the architect’s drawing, and the
other is its simplified version. The objective of this session is to demonstrate how an original and
involved drawing can be stripped of the information that is not relevant to the design and construction of
its concrete frame. Thus, creating a version that helps to expedite the structural engineering design,
and the creation of construction documents.

In idealized conditions, this step of design is performed by experienced draftsmen — not the design
engineer. However, for completeness of the design process, it is included in this tutorial as a separate
session. If you are not familiar with AutoCAD, and are not likely to perform the simplification explained
herein yourself, it suffices that you just open the two versions of the drawings with the tool provided,
view them, observe the differences, and move to the next Session. This provides you with the
background needed to judge what to expect from a simplified drawing.

Architect’s Original Drawing (Original DWG)

The architect’s original drawing (Fig. A-1) is saved in AutoCAD version 14, in order to make it
accessible to a wider audience. It shows the plan of the floor system to be designed, and other
information of general interest to architects and construction. You can open the plan with the DWG
viewer included in the training CD.
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Simplified Drawing (DWG)

For a better understanding of the floor systems and its structural elements, the architect’s drawing is
simplified. The simplification consists of turning off the layers that are not relevant to the structural
design and erasing the entities that are not critical from a structural standpoint, such as position of
furniture. Some of the layers can be erased altogether, with no loss of information for structural design.

The simplified drawing is shown in Fig. A-2.

The next step is to prepare the simplified drawing for importing it to the Builder program. Strictly
speaking, this step is not necessary for the import of your DWG drawing to the Builder program. But the
suggested work will lead to a substantial time saving in subsequent stages of your work. Moreover, the
additional preparation can be done by your draftsman, who will also benefit from the preparations at
this stage, when it comes to creating the structural drawings.

The purpose of the preparation is to create layers that are specific to the structural design of the
project. Each layer would contain a pre-defined group of information. At a later stage, by turning the
layers on or off, you will rapidly generate structural components, or specific information on your
drawings.

NOTE:

If you are not familiar with AutoCAD, or are not likely to be doing the additional preparation described below
yourself, it is suggested that you go to the next Session. The next session starts with a summary that helps
you to achieve the same objective in the Builder environment.

Identify the entities that impact the load-carrying function of the floor. These are slab regions, openings,
beams, walls and columns. Create a layer for each of these entities with the names listed below. Copy
or move the entities identified to their respective layers. You will note that some of the entities have two
layers, such as ADAPT_Slabs, and ADAPT_Slabs_Drafting. The first layer is intended to be used for
the generation of the analysis and design of the structural model, and the second layer for drafting of
the structural drawing. Appendix A explains the difference between the two. In many cases, the two
layers will be identical. The folder of this session includes an edited version of the architect’s files
(Simplified_drawing.dwg), prior to its import to the Builder platform.

The suggested layers are:

ADAPT_Slabs
ADAPT_Openings
ADAPT_Beams
ADAPT_Columns
ADAPT_Walls
ADAPT_Drops

OO0OO0O0OO0O0o

o

ADAPT_Slabs_Drafting
ADAPT_Columns_Drafting
ADAPT_Beams_Drafting

(el
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o0 ADAPT_Walls_Drafting
0 ADAPT_Openings_Drafting
o0 ADAPT_Drops_Drafting

0 ADAPT_Gridlines

0 ADAPT_Grid_Num (for numerical grid line annotation)
0 ADAPT_Grid_Cir

0 ADAPT_Dim (for dimensions)

Not all the layers listed might be necessary for a given project. The first group helps in creating the 3D
structural model for analysis and design. The second group will be used to generate your structural
drawings through the Builder platform. There are two reasons why you would need to have designated
layers for drafting. In AutoCAD the line thickness, type and color are best handled through the layers.
Placing the beams in a different layer than the slab enables you to show the beams with different line
type on your structural drawings. The second reason is for automated transfer of the architectural
details that are essential to the concrete frame, but not required for structural design. This is illustrated
through an example in Appendix A. The third group is used to enter the grid lines on the structural
drawings you prepare.

NOTE:

If you are not going through this tutorial in a supervised workshop, but are interested in knowing more about
the generation of the layers in the AutoCAD environment, read Appendix A of this document before
proceeding.

If you are not likely to work in the AutoCAD environment, you will not be generating the above-mentioned
layers in this Session. Proceed with the next Session.
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APPENDIX B: USEFUL HINTS

Use of Consistent Modeling Convention
All entities, such as beams, walls, support lines and tendons are best created from left to right and from
bottom to top (direction of the coordinate system). Doing so will facilitate the identification of first and

last spans while editing these entities. Also, the text associated with each will appear consistently in the
same orientation.

How to Remove the “Read Only” Attribute of a Folder

¢ Right click on the folder which contains the files and subfolders you wish to undo the read only
attribute.

e Click the properties option at the bottom of the list.
e Under the Attributes section of the window that opens uncheck Read-Only and click OK.

e Select the button which states “Apply changes to this folder, subfolders and files;” then click the
button.

e Then click OK on the Properties dialog box.
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APPENDIX C: TREATMEMENT OF COMPOUND (INTERCONNECTED) WALL ASSEMBLIES

Walls are not always isolated, simple and rectangular in shape. In many cases walls are assemblies of
two or more wall segments, such as (a) in Fig. 1. Both ADAPT-Modeler and Floor-Pro can faithfully
model, and account for the structural features of an entire wall assembly. This Technical Note
describes the modeling procedure.

STRUCTURAL MODELING

In your structural model, a wall assembly must be broken down into rectangular wall segments. There
are two options as illustrated in Fig. 1. In option 1, each wall segment butts against the side of an
adjoining wall, with no overlap of wall segments. In option 2, the wall segments are connected to one
another at their centerlines. In both modeling options, the program treats the segments working
together as one whole. Option 2 places less demand on computer resources for analysis and design. If
you follow the modeling procedure outlined in the Modeler User Manual, the structural drawing you will
generate from either of the two options will show the wall in its true form (Fig. 1-a).

)

(a) Actual wall assembly (b) Modeling option 1 (c) Modeling option 2

FIGURE 1 MODELING OPTIONS OF WALL ASSEMBLIES

SUPPORT LINES AND DESIGN STRIPS

As much as practical, you will use the support line wizard ( ﬁ"'h) to generate support lines. For
compound wall assemblies, it would not be practical to consider each wall segment as a separate
support. Ideally, you would like to identify a point that is the beginning of wall support, and another one
at the end of the wall support. Again, there are two options for you to achieve this, when you use the
support line wizard.

Option 1

In this option, you can change the property of a wall segment, such as wall segment marked “3" in Fig.
2-b to “disregard.” You do so, by opening the property window of the wall marked “3,” and under the
FEM tab change its property from “consider” to “disregard.” This change in property will result in the
wall segment not to be accounted for, when the support line wizard automatically creates a support
line. The outcome will be similar to Fig, 2-e. If the wall segment 3 is not disregarded, the support line
created automatically will be as shown in Fig. 2-d.

Option 2

In this option you do not “disregard” a wall segment. After the support line is generated, you will
eliminate the support line segments that zigzag over the interconnected wall segments. Do the
following.
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Turn the support line symbol on. The small circles are the “support” locations of the support line.
¢ Retain the first and the last support points, and delete the support points (circles) in between.

Do so by using the delete vertex tool (ﬁf). The outcome will be a view, similar to Fig. 3.

Ry o
Original wal (b) Wall subdivided for structural ~ (¢) Wall centerline and ends
(a) Original wa modeling

SRe—F e

(d) Support line created (e) Support line created
automatically considering automatically, considering (f) Display of support line”
both walls wall 2 only support points”

FIGURE 2 TREATMENT OF SUPPORT LINES FOR COMPOUND WALL SEGMENTS

FIGURE 3 SUPPORT LINE WITH TWO SUPPORT
POINTS OVER COMPOUND WALL

If you disregard a wall segment prior to the analysis, its stiffness will not be included in the analysis of
the floor system. But, at design time, its presence will be recognized. Wall segments that are primarily
for architectural reasons and do not provide a significant support to the structure are best disregarded

in the analysis. Otherwise, in creating support lines, use option 2, whereby you would edit the
automatically generated support lines.
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