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precast concrete in Japan

"seismic resistance” or “earthquake
resistance” is a main concern.

preacast frames should be “equivalent to cast-

in-situ frames” in terms of seismic

performance.

"equivalence" in seismic performance

— stiffness, strength, toughness (ductility), energy
dissipation

the same “integrity” as cast-in-situ



equivalence in seismic performance
load, P 1 stiffness
A

yield strength failure

deformation




which is precast?
which is cast-in-situ?
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precast concrete in Japan

* pros
— high-quality
— eco-friendly and saving forest

— |ots of reinforcement needed for seismic resistance
are arranged at the factory

®* cons
— higher cost than cast-in-situ
— unable to change member dimensions at the site
— unable to make holes at the site
— long, large and heavy members cannot be transported



precast floor in Japan

 "Full" precast floor
— precast floor without topping concrete
— very few application
— tight and strong connection between panels

— when concreting is difficult because of, e.g.,
steeply slanting roof

e "Half" precast floor (composite slab)
— precast floor with topping
— many applications '




design of precast floors in Japan



codes and guidelines for design of
precast floors

* AlJ: Architectural Institute of Japan

— Recommendations for Desigh and Construction of
Prestressed Concrete Composite Slabs

— AlJ Guidelines for Structural Design of Precast
Concrete Connection Emulating Cast-in-place
Reinforced Concrete (2002)

— Standard for Structural Design and Construction of
Prestressed Concrete Structures (PC standard)

— AlJ Standard for Structural Calculation of
Reinforced Concrete Structures (RC standard)



Recommendations for Design and Construction
of Prestressed Concrete Composite Slabs

TUANARNIYZU—NPC)
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Recommendations

for

Design and Construction of
Prestressed Concrete Composite Slabs

published by Architectural
Institute of Japan or AlJ in
1994

pre-tensioned composite
slabs with cast-in-place
topping

allowable stress design for
service load

ultimate strength design
for overload (load factor x
service load)



AlJ Guidelines for Structural Design of Precast
Concrete Connection Emulating Cast-in-place
Reinforced Concrete (2002)

I A ey * based on PRESSS
(PREcast Seismic
ey VA Structural Systems)

et Eet (%) + A (2002) :
* frames equivalent to

monolithically cast

reinforced concrete

o Precast Concrete Comnection moment resisting

Ez:lizi&g(gg(s);;n-place Reinforced fra mes

e equivalent in strength,
stiffness and ductility
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Standard for Structural Design and Construction
of Prestressed Concrete Structures (PC standard)

* monolithically cast and
precast prestressed
concrete buildings

TUANVARNIY U=~
et TR FAES:

e ultimate strength
design for 1.2D+2.0L,
Standard for Structural Design 1.7(D+L) and D+L+1.5E

and Construction of
Prestressed Concrete Structures




AlJ Standard for Structural Calculation of
Reinforced Concrete Structures (RC standard)

e allowable stress
A > OV —MEE design for
STEIR%E - EEsH conventional

reinforced concrete
buildings

* ultimate strength is

calculated

N P e accordin g to ot her

standards and

guidelines

2010




design manuals
for commercial products

 all the precast slab products available
commercially in Japan have their design
NENRTELS

e structural designers
— follow design manuals
— do not need to calculate

— do not need to know what kind of performance
they have to check

— do have to worry about money




desigh summary

* RC (reinforced concrete) slabs:

— allowable stress design
 G+P (G: dead load, P: live load)

— according to RC standard

* PC (pre-tensioned concrete) slabs:

— allowable stress design for service load and
ultimate strength design for overload

« G+P, 1.7(G+P), 1.2G+2.0P

— mainly according to Recommendations for PC
composite slabs and PC standard



performance required

* Service load
— carry service load
— transfer service load to beams, walls and columns
— deformation (< L/300) and vibration

e Earthquake load

— transfer horizontal load from upper floors to columns and
walls in lower floors

— rigid and strong enough to make assumption in structural
calculation valid -> diaphram action

e Otherissues
— fire resistance, noise and heat insulation, and durability



design issues before topping is cast

e structural component
— precast slabs

e allowable stress design for vertical load
— dead load

— work (0.7 — 1.5 kN/m?) and impact (20% of cast-in-
place concrete) loads

— load from topping concrete

e support condition
— one-way



design issues after topping is cast

e structural component
— precast slabs working with topping concrete

e allowable stress design for vertical load

— dead load (precast slabs, cast-in-place concrete
and other components)

— live, work and impact loads
e support condition
R
— two-way if precast slab units are tightly connected



design for out-of-plane flexure
in pre-tensioned slabs ( )

* |longitudinal direction (one-way)

— pc at middle of span
 allowable stress and strength designs

— rc at ends

* allowable stress design H
* transverse direction /

longitudinal direction

S

transverse direction

— rc at all parts
* allowable stress design



design for in-plane shear

( )

e Shear stress should be carried by cast-in-place
topping concrete only

— no shear transfer mechanism between precast slab
units

Q. /IXET,
— Q,: shear force to be transferred during a moderate
earthquake (C,=0.2)
— |/, t: width and thickness of cast-in-place concrete

— f.: allowable shear stress in concrete for a moderate
earthquake



allowable stress in concrete

Compression Shear Compression Shear

1/3 x F, 1/30 x F, 2x1/3xF. 1.5x1/30xF,

0.49+1/100 x F. 1.5 x (0.49+1/100
X F)

F_: design compressive strength of concrete



allowable stress in concrete
(in case of design strength, F_ =30 MPa)

Compression Compression

10 : 20

F_: design compressive strength of concrete



design for out-of-plane shear

* same as design for in-plane shear
* not critical in practical design



reinforcing details and thickness

e minimum reinforcement ratio = 0.2%

— for precast slab and topping
* minimum thickness for total slab =80 mm
* minimum thickness for topping = 50 mm

— for precast slab = 30 mm

B -

4
—

> 30 mm




fire resistance for pre-tensioned floor
slabs

e minimum cover thickness to bar and strand

fire resistance
(hours)

beam beam beam
member floor
column column column
member minimum
thickness (mm)

minimum

cover
thickness strand or

(mm) wire




Fire resistance of prestressing bar
and strand

| | * 50% reduction
" SB240.2mm in yield strength

& Ref.5 SBPR1080/1230 |

BS8110
I B - Proposed (Eq.(3)-(5))
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construction of precast floors
In Japan



construction examples of precast
reinforced concrete slabs

e precast slab unit construction at site




construction examples

e precast slab unit construction at site
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construction examples

e precast slab units installation

styrene foam for void
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construction examples

e arrangement of reinforcement in topping
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construction examples

* supports

R« -




example of precast pre-tensioned floor
(FR slab unit: Fuji PS)

holes for ducts level difference
_~ for bathroom etc.




FR12

* panel weight: 1.56 kN/m?

* total weight: 4.8 — 6.72 kN/m?

e average topping thickness: t + 55 mm
* span length: 7—10m

wire fabric 3.2 x 100 x 100 prestressing strands



FR15V15

* panel weight: 1.81 kN/m?

* total weight: 6.11 — 7.31 kN/m?

e average topping thickness: t + 30 mm
e span length: 11-13 m

wire fabric 3.2 x 100 x 100 void prestressing strands




CS precast floor unit

P. S. Mitsubishi Construction Co., Ltd.
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D (mm)

self-weight
(N/m?)

floor weight
(N/m?)

span length
(m)

CS panel




connection between panels

e
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welding of connecting reinforcement

single-T slab



Construction of PT

N\

7/,

ﬁ;’ !;.‘ ]
X |




Construction of PT
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Construction of PT




Construction of PT
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precast frames



precast construction

PCa:Pre-cast PCF:Pre-cast Form

Column
using PCF

Prestressing Steel

Half PCa Slab
with Prestressing

PCa Girder

PCa Column

Courtesy of Dr. Tsutomu Komuro
Taisei Corporation



Construction method ( Construction work flow)

i 4
(1) Erection of @‘Placing of
PCa Column PCa Girder

@Casting Concrete @Joint of Re-bars



jOints for rebars

Mechanical joint

Jomt of glrder :

Joint by welding

Mechanlcal Jomt
(Cast-in-situ)

Mechanical Jomt |
(Prp-raqf)

T-RC*

TAISEI - Reinforced Concrete Plus

Anchor plate




mechanical properties specified in
JIS G 3112 for reinforcement

yield strength or 0.2% offset | tensile strength,

SIEE yield strength, N/mm? N/mm?

elongation, %

SR235 > 235 380~ 520 >20o0r224*
SR295 > 295 440 ~ 600 218 0r=20
SD295A > 295 440 ~ 600 >160r=>18
SD2958B 295~ 390 > 440 >2160r=>18
SD345 345 ~ 440 > 490 218 0or=20
SD390 390~ 510 > 560 >160r=>18

SD490 490 ~ 625 =620 >2120r214




mechanical properties for
high-strength reinforcing bars

. tensile strength,
offset yield strength, £ length of elongation,

or ield
N/mm? , yie
/ tensile strength  EFTZECIRA %

longitudinal reinforcement
USD685A 685 ~ 785 > 85 %
USD980 > 980 >95 %
shear reinforcement
USD785 > 785 > 930 N/mm?

USD1275 > 1275 > 1420 N/mm?




h.

oints for reinforcing bars

mechanical
joint

sleeve with grout
mortar injected

gas pressure
welded splice

Threaded bar and
sleeve with grout
mortar injected
are commonly
used for high-rise
buildings.
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grades for joints of reinforcing bar
under cyclic loading simulating earthquake
excitation
Building Center of Japan (BCJ)

Class SA: strength, stiffness and ductility are
almost equivalent to those of rebars themselves,

Class A: strength and stiffness are almost
equivalent, while other performances are slightly
inferior to those of rebars,

Class B: strength is almost equivalent, while other
performances are inferior to those of rebars,

Class C: every performance is inferior to those of
rebars



loading sequences of cyclic loading tests
on joints for rebars

Alternative (tensile and compressive) and repeated loading tests in plastic region
Rebar joint performance requirements for SA rank in Japan are confirmed

+2¢€y(tension) & -0.50y(compressive) x 4 cycles

+5Ey(tension) & -0.50y(compressive) x 4 cycles

800 /

700

o 600 / \
o 500 Specified yield
> 400 | h
\‘: 300 - <« Adjust of Displacemgnt Meter Strengt
v 200
o 100
b «— Adjust of Displacement Meter
m 0 1 1 1 1 1 1 1 1 1 1

—-100 1

200 |||

-300

-0. 0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9

5
Strain(%) Data and photo: Courtesy of
Tokyo Tekko Co., Ltd. (TTK)



Grouted Mechanical Rebar Splice

Outlet Hole Sealing Plug

S

Non-metallic, non-shrinkage,
high strength grout to be
injected into the sleeve

Sleeve

_—- Rebar Stop

|| —

SS Mortar

Inlet Hole

Rebar

Slim Sleeve Super UX
for Cast-in-Situ  for Precast Application
Application

NMB
SPLICESLEEVESYSTEMS

Worldwide Major Approvals and Certifications

Japan - BCJ Class SA

Rumania - SR EN 13515-1

USA & Middle East - ICC-ES AC133 Type 2
Mongolia — National Standard

Asia BS 8110 Part 1

Bulgaria - Technical Approval

Singapore - Housing & Development Board
Others




Splice Sleeve System for Precast Application

Slim Sleeve for
connecting Precast beams Super UX, NX II

o - - M g Sleeve for Precast column

Akashi Channel Bridge

Slim Sleeve for connecting rebar cage Slim Sleeve for connecting beam rebar

NMB
SPLICE-SLEEVESYSTEMS



seismic performances verified by cyclic loading tests
on joints and structural members

Structural tests on full size column and beam

Q- 8 Curve (N= 0.2BDFC, spiral hoop) with NMB Splice Sleeve Q- & Curve(monolithic, N= 0.2BDFC) without NMB Splice Sleeve Structural test on full size column with high

o L . strength rebar, cement and NMB Splice Sleeve
CoB = 35kg/cm? (Concrete) L= B { %107) 7 = .28
LLoB = 750°(800) “kg/cm2 5 ¥
(Embeco 602 Mortar)

RoY = 3810kg/cm?  (Mainrebars) | 5 |
WoY = 4010kg/em?  (Tic hoops)

CaoB = 266kg/cm?  (Cancrete} >
Ra Y = 3810kg/cm? (Main rebars) | 50
WaY = 4010kg/cm? (Tie boops) b

=P (N=0.2BDFc, no cotter ) B
Sleeve
4 g_ /, =1 , 1 \\/'T_ Sl N -
il AP RN LA A e
= e = = e axial force ratio (N/NG)=—07 - +05
i _— loading direction: 45°
+P : =P +P —QP
2
)
£ cyclic loading
tests in elastic
05 - and plastic
regions
0 JQ : — strain (%) 8
[ [ // 2.0 4.0
-0.5
SPLICE-SLEEVESYSTEMS

250 ton Fatigue testing machine



Threaded-rebar joint Mortar-grouted joint
ACE-JOINT TOPS-JOINT

LR AN AT A R Y R
RN ol W N S L

Cross-section of NEJI-TETSU-CON
and mechanical joint Tokyo Tekko Co., Ltd. (TTK)

Data and photo: Courtesy of



Construction Method (Assembling precast members T-RC"'

TAISEI - Reinforced Concrete Plus

and their seismic performance)

| BHER—FEESHTLF v i|||||i
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Seismic performances of precast beam-column joint
should be equivalent to cast-in-situ joint



volution of Precast Construction System

Early Stage Present

A

Second Stage

[

Courtesy of
Dr. Kimura,
Takenaka
Corporation




equivalence in seismic performance
load, P 1 stiffness
A

yield strength failure

deformation



Details of column specimens
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Shear force - drift angle relations

Q(kN) Q(kN)
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Damage condition  drift Angle=+1/100
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Beam-column joint test units

transverse reinforcement
U6.4-F- @50
1o I I
o
D ‘ — o+ N
column 2 - I
=
\V4 A4
beam S| beam
q-
A A splice
1100 400 1100 LET el
180 o 180 grout
‘8_ =5 (t=10mm)
1 o 3
unit: mm P i =
_ I8 . ]
) §§|| I
1| (¢t=10mm)
7




Shear force — interstory drift angle relation

Column, Beam-Column Joint :

Nod

600 +

Gobumn :Fc150

Beam ;0,=2.51% 400 +

ShearQ &N)

-800 -

Cast-in-situ

Deform ation
Angk
R (x107%rad )

Fc150

PCa-2

600 +

Gobumn :Fc150

Beam :0:=251% 400 |

-800 -

ShearQ &N)

Deform ation
Angk
R (x107%rad )

Pre-cast



outstanding precast concrete buildings
In Japan



Osaka Municipal Gymnasium
JPCEA & FIP Awards for

Outstanding structure (1998)



v Prestressed concrete spherical shell
v Height: De5|gn GL+26.6m (GL+4.0m)
v Total flog .38,/ 2

v"Construction: Obayashi, Nishimatsu and Asanuma
v’ Prestress: PS Mitsubishi and Fudo Kenken
v’ Construction period: June 1993 ~ May 1996



v Diameter: 110m VPP
v Height: 30m B e

‘;‘ H




Spherical shell

Soil thickness

Compression ring Soil fiil (Thickness G.6m~1.5m)

Concrete Shell——— Compression

Tension
Tensian rin Prestressed Compression

Tensi

v’ Prestressing force introduced to the tension ring
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v’ After-the deformation was found enough small,_
the'shell'and the substructure were connected.
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v’ The shell was consisted of pr ,cast prestressed concrete
beams.and precast prestre§sé§d concrete floor panels
covered with'cast-in-situ-c nc\rete topping, which led to
high constructability and edonomlc efficiency.

v’ The precast members were used as a mold for concreting,
which could save number of supports and simplify
formwork.
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Office for Shosoin
2010 BCS (Building Contractors Society) AWa rd
2009 JCI (Japan Concrete Institute) AWa rd
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application to office buildings
» office needs large open space

e office buildings are usually built in steel
structure

* price of steel went up until summer in 2008
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MM- Project 21-story Office H=98.2m

Design concrete strength : 90 (N/mm?)
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Wall Columns: 400~500mm thickness x1,400mm wide
Prestressed beams: 580mm(290 X 2) wide X 1,000mm deep

Wall
Prestressed beams

Columns —

Sl N
A
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o

Steel
Beam
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L 3150 L 16500 L 315
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Slab Congrste, 30(N/mma, Concrete
o Specified concrete strength : 80(N/mm?)
H-H Tendon

1000

wii Yield strength of rebar : 685(N/mm?)
| B Prestressing force: 2,620 kN X2 (o =575 N/mm?)

| 200 | 2900
upper rebars
/7— unbond finish

NI Detail of beam end

bracket slit
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conclusions



