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A grout splice consists of a 
cylindrical shaped coupler made of 
metal and a Portland cement based 
non-shrink, high-early-strength 
grout material.

NMB Splice Sleeve Filling grout

What are grout splices?



 Grout splices are reinforcing bar 
splices specially designed for the 
connection of structural precast 
concrete units.

 They were invented by
an American structure  
engineer, Dr. Alfred A.    
Yee in Hawaii in the 
early 1970’s.

 Grout splices were used for the 
first time in the construction of a 
38-story precast concrete 
building, the Ala Moana Hotel in 
Honolulu, Hawaii.

PCI Journal Volume 18, No.3 May-June 1973
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What are grout splices?

rebar cage with grout splices

precast column
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Mechanical splices requirements

Class SA: The strength, rigidity and ductility are almost 

equivalent to those of the rebars to joint.

Class A: The strength and rigidity are almost equivalent, but the 

ductility is slightly inferior to the rebars to connect.

Class B; The strength and rigidity are almost equivalent, but 

other characteristics are inferior to the rebars to connect

Class C; The strength, rigidity etc. are inferior to the rebars to 

connect

Rebar Joint Performance Evaluation Standard（1982）

updated in 2000, The Building Center of Japan



 Grout splices are the only 

mechanical splices 

qualified as class SA splices 

in Japan

Mechanical splices requirements



Mechanical splices requirements

(1) Monotonic tensile test      0 → σy0 → failure

(2) Repeated tensile test       0 → (0.02σy0 ↔ 0.95σy0) → failure

↑30 times

(3) Elastic cyclic test            0 → (0.95σy0 ↔ ―0.5σy0) → failure

↑20 times

(4) Plastic cyclic test            0 → (2εy ↔ ―0.5σ0) → (5εy ↔ ―0.5σ0) → failure

↑4times ↑4times

σy0：specified yield strength of the rebar

εy: yield strain of the grout splice assembly at yield stress

Requirements for class SA splices

1- high performance 



Mechanical splices requirements

(3) Elastic cyclic test            0 → (0.95σy0 ↔ ―0.5σy0) → failure

↑20 times

(4) Plastic cyclic test            0 → (2εy ↔ ―0.5σ0) → (5εy ↔ ―0.5σ0) → failure

↑4times ↑4times

required tensile strength   σb＞1.35σy0 or   σb＞σb0

residual slip                      elastic area 20c δs ≦ 0.3㎜
plastic area  4c δs ≦0.3㎜ and δs 8c ≦ 0.9mm

failure mode                     bar break

σy0：specified yield strength of the rebar

εy: yield strain of the grout splice assembly at yield stress

20c δs, 4c δs 8c δs: residual slip after 20 or 4 or 8 load cycles

Requirements for class SA splices

1- high performance 
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Mechanical splices requirements

Requirements for class SA splices

2 - submission of performance mock-up tests 

results to prove high resistance during earthquakes

Conduction of performance mock-up test

- minimum 1/3 scale mock-up test

- shall use actual mechanical splices

- applied load shall be as an emulation of an 

earthquake

NMB Splice Sleeve mock-up results evaluated for class SA recognition

columns 58 pieces, beams 12 pieces, walls 82 pieces total of 152 precast 

concrete units 



Mechanical splices requirements

Requirements for SA class splices

3 – Design Guidelines

4 – Grouting Procedure’s Instruction Manual

Design Guidelines contents

Scope of application of grout splices

List of existing standards to follow

Additional information necessary to consider during design

Rebars, grout splices, grout’s scope of specifications 

Grouting Procedure’s Instruction Manual contents

Quality control system

Recommend tool and equipment

Quality control check lists

Quality control test criteria

Training sessions for grouting work team 

members and leaders



Mechanical splices requirements

Requirements for SA class splices

3 - Design Guidelines

4 - Grouting Procedure’s Instructions
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 Project name:  new development in Tokyo area (multistory 

 condominium, private project) 

 Total period: September 2010～July 2012

 Structure: RC & S 23 stories, 1 underground story

1 penthouse condominium（201 flats）

B1～2F：cast in place

2F～23F・PH：precast

Building area: 3,000 m2

Total floor space: 20,000 m2

RC-full PCa building construction example



Splice Sleeve Japan, Ltd. Splice Sleeve Japan, Ltd.

RC-full PCa building construction example



Precast concrete units

RC-full PCa building construction example



Precast concrete units

RC-full PCa building construction example



Precast concrete units

RC-full PCa building construction example



Precast column’s erection

RC-full PCa building construction example



column/column joint sealing

（sealing method: high strength low-flowable 
grout, grouting Sleeve schedule to be 
conducted the next day）

Precast column / column connections

RC-full PCa building construction example



Precast column / column connections

RC-full PCa building construction example



Beam / beam connection’s location

RC-full PCa building construction example



Precast column/beam connection grouting

RC-full PCa building construction example



High rise building
56 stories, Tokyo

High rise building
100 stories, Australia

High rise building
53 stories, Tokyo

High-rise buildings



 “The new vertical support 
technique was designed to 
overcome a difficulty in joining 
precast units. Designers and 
builders are continually working 
on new joinery for structural 
precast units that will provide 
continuity at minimum cost. This 
new technique appears to be a 
promising one. ”

PCI Journal Volume 18, No3   
May-June 1973



Thank you for your 

attention

arigato gozaimashita

ありがとうございました

www.splice.co.jp



[Taisei U-Lec Co., Ltd. web site] [Taisei U-Lec Co., Ltd. web site]

Middle-rise buildings



PCa sound walls

socket connectionsCIP piles

PCa columns 

PCa viaducts 

Railways projects



CIP piers 

CIP foundations 

CIP upper sttructures

Epoxy couted Splice Sleeves 

Bridges



PCa box calvarts PCa arch calvarts

Electric power plants

Nuclear power plants

Others
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Mechanical splices in Japan

Threaded rebar’s splices Grout splices

Gas pressure welding



公益社団法人 鉄筋継手協会 鉄筋継手統計調査報告書（1996～2020）

Japan Reinforcing Bar Joint Institute Survey Report (1996-2020) with translations into English

Mechanical splices in Japan



公益社団法人 鉄筋継手協会 鉄筋継手統計調査報告書（1996～2020）

Japan Reinforcing Bar Joint Institute Survey Report (1996-2020) with translations into English

Mechanical splices in Japan
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公益社団法人 鉄筋継手協会 鉄筋継手統計調査報告書（1996～2020）

Japan Reinforcing Bar Joint Institute Survey Report (1996-2020) with translations into English
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 Issues about mechanical splices that were discussed at early times 1960’s –

1980%s

- Is there a risk of adverse effects on the performance of the splices or the precast 

units by the residual stress in the splices when the concrete units are installed ?

- Is there a risk of system-specific failure of the splice in the vicinity of the 

splices ?

- Effects of mechanical splices installed close to the concrete unit’s joint surfaces, 

especially on the behavior of column-beam joints

- What about the behavior of a joint within a column-beam connection ?

- Can shear forces be transferred between units at the joints ?

- Should be there limits on the diameter of splices that can be used in relation to 

the diameter of the concrete units, allowances for diameter differences in rebar 

diameters, and whether unit reinforcement is required ?

-What is the allowable limit of splice’s length relative to concrete unit’s  

dimensions ?



What are grout splices?

Requirements for SA class splices

- Evaluation of the splice system shall be done on the 

splice’s single performance and by mock-up tests

- While the application of a splice system is for PIP 

construction, generally, mock-up tests are also required.

- Tests required for splice’s single performance evaluation 

are monotonic tensile test, repeated tensile test, elastic 

cyclic test and plastic cyclic test. Fracture of the 

connected rebars must occur in the rebar.



260

5
0
0

columnNo.1

beam

grout splice

main reinforcement

SD345 2-D25 Pt=0.76%

No.2

No.3

2900

cross
area

σb=28N/mm2

Mock-up test result example 2 (beam to column connection)
日本建築学会大会 学術講演会 1987、 p147-p148













Mechanical splices requirements

Class SA: The strength, rigidity and ductility are almost equivalent to those of the 

rebars to splice.



Column / beam joint area and locations

Typical R-PC building construction example



What are grout splices?



Required 

ductility 

Static tension test 

εu＞20εy 

Repeated tension test 

εu＞20εy ＆ εu＞0.04 

 

εu：rebar’s ultimate strain 

εy：rebar’s strain at actual yield stress 

 

Required 

elongation 

Static tension test 

δs＜0.3mm at 0.95σy0 

Repeated tension test 

30cδs＜0.3mm 

Cyclic tension and compression test 

4cεs＜0.5εy ＆ 4cδs＜0.3mm ＆ 8cεs＜1.5εy 

＆ 8cδs＜0.9mm 

 

εs：rebar’s slipping strain 

εy：rebar’s strain at actual yield stress 

δs：rebar’s elongation 

σy0：rebar’s specified yield strength 

 

Required 

tension 

strength 

Static tension test 

σb＞1.35σy0 or σb＞σb0 

Repeated tension test 

σb＞1.35σy0 or σb＞σb0 

Cyclic tension and compression test 

σb＞1.35σy0 or σb＞σb0 

Static Compression test 

(not required) 

 

σb：actual strength 

σb0：specified tensile strength 

σy0：rebar’s specified yield strength 

Required 

rigidity 

Static tension test 

0.7σyoE≧E0 

0.95σyoE≧0.9E0 

Repeated tension test 

30cE≧0.851cE 

 

E0：rebar’s Young’s modulus 

E：rebar’s secant modulus 

1cE, 30cE：rebar’s secant modulus at stresses of 

0.95σy0 at 1st or 30th loading. 

σy0：rebar’s specified yield strength 

 

Mechanical splices requirements

Class SA: The strength, rigidity and ductility are almost equivalent to those of the 

rebars to splice.
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Load transfer mechanism
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Seismic country - Japan

Ministry of Education, Culture, Sports, Science 

and Technology’s web site, 
Brochure for children [地震を知ろう]

Around Japan, 

when the 

oceanic plate 

subducts, it 

drags the land 

plate 

underground. 

When the land 

plate can no 

longer 

withstand the 

drag, the plate 
boundary

earthquakes 

occur as if it 

were being 

bounced up.

Japan Meteorological Agency web site [地震の仕組み]

with translations into English



Seismic country - Japan

Graph from Cabinet Office Japan’s web site

White Paper on Disaster Management

Based on earthquake data from year 2000 to 2009

Cabinet office of Japan‘s web site

White Paper on Disaster Management year 2010



Japan Institute of Country-ology and Engineering  web site 
「意外と知らない日本の国土→地震の多い国、日本」 with translations into English



Precast column/beam connection

column/column 

gap sealing

Typical R-PC building construction example



Grout splices – column mock-up test example 

コンクリート工学年次論文集，Vol. 27, No. 2, 2005より引用

envelop curve of the 

load/displacement curves

the line connecting the white 

cycles show the calculated  line

no significant difference 

between the 4 lines

Accumulated absorbed energy

no significant differences 



Mock-up test result example (column-foundation connection)

コンクリート工学年次論文集，Vol. 27, No. 2, 2005より引用 Proceedings of the Japan Concrete Institute

Example

Performance mock-up test

Railway Technical Research 

Institute

Viaduct for railways

Frame structure 

Comparison between PIP

and PCa + grout splices

Shimizu Corporation web site  



Mock-up test result example 1 (column-foundation connection)

コンクリート工学年次論文集，Vol. 27, No. 2, 2005より引用

750

7
5
0

3.4N/mm2

grout splice2
5
0
0

cross
area

σb=27N/mm2

Column vertical 

reinforcement ratio 4.568%

Rebar size D29column



Grout splices – column mock-up test example 

Comparison between a CIP column and PCa column connected

to the footing with grout splices 

コンクリート工学年次論文集，Vol. 27, No. 2, 2005より引用


