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PRECAST STRUCTURE DEFINITION
• A REINFORCED CONCRETE STRUCTURE NOT 

FORMED IN PLACE WHERE PRECAST 
COMPONENTS SUPPORT GRAVITY LOADS 
AND/OR RESIST LATERAL LOADS

PRECAST ELEMENT DEFINITION
• A REINFORCED CONCRETE MEMBER NOT 

FORMED IN PLACE PRODUCED IN A PLANT OR 
ON SITE LIFTED INTO PLACE



WHAT TYPE OF 
STRUCTURES
• PRECAST IS USED IN ALL TYPES 

OF STRUCTURES



PRECAST CHARACHTERISTICS

• QUALITY PRODUCTS

• FAST CONSTRUCTION

• LONGER SPAN

• REDUCED LABOR

• ENVIRONMENTALLY 
FRIENDLY

• VERSATILE



HOW DO YOU DESIGN A 
PRECAST STRUCTURE?

• CONVERT FROM IN-
SITU TO PRECAST –
EMULATIVE DESIGN

• PRECAST DESIGN 
NON EMULATIVE



EMULATIVE DESIGN
• GOVERNING CODE ACI-318 18.1.2 ALLOWS 

EMULATIVE DESIGN



EMULATIVE DESIGN
• ACI-550 REFERENCED BY ACI-318 ALLOWS 

REINFORCING TYPE 2 SPLICES ANYWHERE



EMULATED 
STRUCTURE

• A PRECAST 
STRUCTURE WHERE 
ANY REINFORCING 
CROSSING A JOINT 
MUST BE TYPE 2 
SPLICING AND 
DEEMED TO BE 
EQUIVALENT OR 
BETTER THAN A 
MONOLITHIC IN-
SITU 
CONSTRUCTION BY 
TEST. 

P R E C A S T  T O  I N - S I T U

P R E C A S T  T O  P R E C A S T  - V E R T I C A L

P R E C A S T  T O  P R E C A S T  - H O R I Z O N TA L



TYPE OF 
CONNECTIONS

W E T  J O I N T

S E M I  D R Y  J O I N T

D R Y  J O I N T



ASPECTS OF EMULATIVE DESIGN 
• PRECAST TO PRECAST AND PRECAST TO PIP ARE JOINTED CONNECTIONS

Ø INTEGRITY RE INFORCING NEEDS NOT SPL IC ING

Ø FORCES MUST BE TRANSFERRED ACROSS THE JOINT

Ø SHEAR FRICTION FOR SHEAR TRANSFER IS  ALLOWED

Ø SYSTEM DEFORMATION MUST BE WITHIN 80% OF P IP  SYSTEM

Ø JO INT MUST BE GROUTED WITH MAX. STRENGTH OF CONNECTED ELEMENTS

• REINFORCING COUPLERS MUST BE TESTED

Ø IN ALL LATERAL LOAD RES IST ING SYSTEM ELEMENTS , COUPLERS  MUST BE TYPE-2

Ø NON-STRUCTURAL MEMBERS MAY USE TYPE-1

Ø TESTING PROTOCOL MUST BE IN ACCORDANCE WITH ICC OR EQUIVALENT TO
PROOF TEST UNDER CYCLIC LOADING

Ø COUPLER MUST BE A SYSTEM SLEEVE/GROUT

• STRUCTURE MUST BE DESIGNED AS PIP STRUCTURE WITH ALL CODE 
COEFICIENT APPLIED

Ø DES IGN PREC AST EMULATED STRUCTURE US ING THE SAME DES IGN PRINCIPALS  AS  
P IP  STRUCTURE

Ø REINFORCING IS  THE SAME EXCEPT WHEN DETAIL ING THE JOINTS IF  IT  CHANGES 
THE ANALYS IS  MUST BE RE-RUN WITH THE ACTUAL RE INFORCING

Ø JO INTS WILL  BE  DES IGNED TO SATISFY THE DEMAND OR USE SAME RE INFORCING 
CONFIGURATION AS P IP



EMULATIVE DESIGN EXAMPLE – NHA 
PROTOTYPE 5 STORY BUILDING

15k15k 1k 1k

10k 10k 6k6k

TR A NSFER  FOR CES FR OM P R ECA ST 
TO CIP – JOINT IS  A  CONNECTION



EMULATIVE DESIGN EXAMPLE – NHA 
PROTOTYPE 5 STORY BUILDING

l/2

h/2

𝑉! 𝛿! = 𝛿"! + 𝛿#!

Beams

Columns

Total

𝑉"
$

𝑉"
$%&

≅ 𝑉"
$

𝑉#
$ ≈ 0

𝛿"! = '! (" ℓ
&* + ,#

l/2

h/2

𝑉!

Rigid
𝑉!

l/2

h/2

𝛿#! = '! ($
&* + ,%

Rigid

R I G I D  C O L U M N

R I G I D  B E A M

F L E X I B L E  J O I N T S



EMULATIVE DESIGN EXAMPLE – NHA 
PROTOTYPE 5 STORY BUILDING



EMULATIVE DESIGN EXAMPLE –
PARTIAL – COLUMNS ONLY

• FLOOR SYSTEM

1. BEAMS PIP

2. SLABS PIP

• VERTICAL ELEMENTS

1. PRECAST COLUMNS

2. PRECAST WALLS

• SECONDARY ELEMENTS

1. PRECAST FACADE

2. PRECAST STAIR UNITS



EMULATIVE DESIGN EXAMPLE –
PARTIAL – COLUMNS ONLY

• FOUNDATION MAT PIP

1. SPLICING REINFORCING 
STICKING LESS THAN 
300MM ABOVE MAT

2. NO OTHER SPECIAL 
CONSIDERATION OF THE 
MAT

• COLUMN PRECAST

1. SLEEVES CAST IN THE 
COLUMN TO MATCH MAT 
REINFORCING

2. COLUMN ERECTED AND 
PROPPED

3. PUMP GROUT AND GROUT 
BED

P C  C O L U M N  T O  P I P  M AT



EMULATIVE DESIGN EXAMPLE –
PARTIAL – COLUMNS ONLY
• FLOOR BEAM/SLABS CAST PIP

1. PRECAST COLUMN WILL HAVE IT OWN REINFORCING BRIDGING THE 
FLOOR AND STICK ABOVE <300MM 

2. NO CHANGE TO THE FLOOR SYSTEM

P C  C O L U M N  T O  F L O O R



EMULATIVE DESIGN EXAMPLE –
PARTIAL – COLUMNS ONLY

P C  C O L U M N  F I N A L  F R A M I N G



EMULATIVE DESIGN EXAMPLE – TOTAL 
PRECAST

• FLOOR SYSTEM

1. BEAMS - PRECAST

2. SLABS - PRECAST 
HALF SLABS OR 
HOLLOWCORE W/ 
TOPPING

• VERTICAL ELEMENTS

1. PRECAST COLUMNS

2. PRECAST WALLS

• SECONDARY 
ELEMENTS

1. PRECAST FACADE

2. PRECAST STAIR 
UNITS



EMULATIVE DESIGN EXAMPLE – TOTAL 
PRECAST

• FOUNDATION MAT PIP

1. SPLICING REINFORCING 
STICKING LESS 300MM 
ABOVE MAT

2. NO OTHER SPECIAL 
CONSIDERATION OF THE 
MAT

• COLUMN PRECAST

1. SLEEVES CAST IN THE 
COLUMN TO MATCH MAT 
REINFORCING

2. COLUMN ERECTED AND 
PROPPED

3. PUMP GROUT AND GROUT 
BED

P C  C O L U M N  T O  P I P  M AT



EMULATIVE DESIGN EXAMPLE – TOTAL 
PRECAST

• COLUMN TO COLUMN

1. 50MM GROUTED JOINT

2. REBAR SPLICED WITH 
REINF. PROJECTING 
<300MM

• BEAM TO COLUMN

1. WET JOINT 500MM LONG

2. REINFORCING OUT OF 
COLUMN

3. SPLICE REINF. 
HORIZONTALLY

4. FORM JOINT AND POUR 
CONCRETE

B E A M  C O L U M N  J O I N T



EMULATIVE DESIGN EXAMPLE – TOTAL 
PRECAST

B E A M  C O L U M N  J O I N T



EMULATIVE DESIGN EXAMPLE – TOTAL 
PRECAST

B E A M  C O L U M N  J O I N T



EMULATIVE DESIGN EXAMPLE – TOTAL 
PRECAST

• GIRDER

1. REBAR SPLICED WITH 
REINF. PROJECTING 
<300MM

• BEAM TO GIRDER

1. WET JOINT 500MM LONG

2. REINFORCING OUT OF 
GIRDER

3. SPLICE REINF. 
HORIZONTALLY

4. SHORE BEAM

5. FORM JOINT AND POUR 
CONCRETE

T R A N V E R S E  B E A M  T O  G I R D E R  J O I N T



EMULATIVE DESIGN EXAMPLE – TOTAL 
PRECAST

B E A M  T O  G I R D E R  J O I N T



EMULATIVE DESIGN EXAMPLE – TOTAL 
PRECAST
• DIAPHRAGM

1. DRY PRECAST DIAPHRAGM IS HARD TO ACHIEVE BUT POSSIBLE USING 
ASCE7-16 PRECAST DIAPHRAGM PROVISIONS

• IDEALIZED DEEP BEAM PIP DIAPHRAGM IS THE MOST USED. THE 
TOPPING OVER PRECAST SHOULD BE AT LEAST 85MM

1. DESIGN FOR FULL DEPTH OF DIAPHRAGM BUT REINFORCE TOPPING 
ONLY FOR CHORD AND SHEAR FORCES

2. PRECAST TIE BACK TO DIAPHRAGM MUST CONFORM TO ALL ACI
INTEGRITY REQUIREMENTS



NON-EMULATIVE DESIGN
• GOVERNING CODE ACI-318 18.1.2 ALLOWS 

NON PRESCRIPTIVE PRECAST STRUCTURES



NON-EMULATIVE DESIGN
• NON-EMULATIVE WITH ACI CODE 

PROVISIONS
• DESIGN JOINTS USING ACI CODE WITH PRECAST THAT DO NOT 

PRESCRIBE TO THE FULL REQUIREMENTS OF ACI-318

1. THE GOVERNING DOCUMENT IS ACI-374

2. TESTING IS REQUIRED TO MEET 3.5% DRIFT ON A PROGRESSIVE 
CYCLIC LOADING

3. ACCEPTANCE CRITERIA IS  DUCTILITY BASED



NON-EMULATIVE DESIGN
• NON MULATIVE WITH ACI CODE PROVISIONS



NON-EMULATIVE DESIGN
• NON EMULATIVE WITH ACI CODE PROVISIONS

SPECIMENS

TESTING



NON-EMULATIVE DESIGN
• NON EMULATIVE WITH ACI CODE PROVISIONS

ACCEPTANCE



NON-EMULATIVE DESIGN
• NON-EMULATIVE WITHOUT ACI CODE 

PROVISIONS
• DESIGN IS PERFORMANCE-BASED DESIGN – EXAMPLE PCI PRESS 

PROGRAM

1. ACTUAL JOINT BEHAVIOR MUST BE USED IN THE ANALYSIS

2. ACTUAL SPECTRAL ANALYSIS REQUIRED

3. DETAILING MUST FOLLOW TESTED SYSTEM

4. PROOF TESTING IS REQUIRED

5. ACCEPTANCE CRITERIA APPROVED AND DICTATED BY BUILDING 
OFFICIALS

• NOT RECOMMENDED EXCEPT FOR SPECIAL 
PROJECTS



CONCERNS
• DESIGNERS, OWNERS AND PRECASTERS

• DESIGNER’S CONCERNS

1. CANNOT INSPECT PRECAST THE SAME WAY PIP IS  INSPECTED

2. DESIGN TOOLS

3. LIABILITY/RISK

• SOLUTIONS

1. ADD INSPECTION TO YOUR CONTRACT

2. DO INSPECTIONS YOURSELF AT PRECAST PLANT AND FIELD

3. DEMAND 3RD PARTY INSPECTOR REPORT TO YOU



CONCERNS
• DESIGNERS, OWNERS AND PRECASTERS

• OWNER’S CONCERNS

1. PROOF OF CONCEPT

2. VERIFY QUALITY

3. SPECIFICATIONS AND DOCUMENTATIONS

• SOLUTIONS
1. DESIGNERS NEED TO PRESENT PROOF OF CONCEPT
2. PRECASTER SHOW DETAILS EQUIVALENCY
3. PRECASTER TO DEMONSTRATE THE ABILITY TO PRODUCE, STORE, 

SHIP AND ERECT HIGH QUALITY PRODUCTS



CONCERNS
• DESIGNERS, OWNERS AND PRECASTERS

• PRECASTER’S CONCERNS

1. LACK OF DOCUMENTATION

2. EXPENSIVE TESTING

3. AVAILABILITY OF TRAINED SKILLED LABOR FORCE

• SOLUTIONS
1 . P R ECA STER S SHOULD  FOR M A N A SSOCIA TION P CMA P  FOR  EX A MP LE,  P R ECA ST

MA NUFA CTUR ER S A SSOCIA TION OF P HIL IP P INES ,  S IMILA R  TO P CI ,  JP CI
2 . W R ITE  D OCUMENTS FR OM EX ISTING  SOUR CES TO A D D R ESS D ESIG N,  QUA LITY

CONTR OL A ND  ER ECTION SA FETY
3 . COOR D INA TE W ITH A SEP TO HA VE A  R ECOG NIZA BLE D OCUMENT FOR  

P R ECA ST D ESIG N IN THE P HILIP P INES



THANKS TO THE AUDIENCE

QUESTIONS?

Presentation by: Larbi Sennour, PhD, PE, SE, FPCI, FACI


