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Background and Significance
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Prefabricated building

{Outline of the Modernization Development

of Construction Industry)
~ 2020, above 20%
2025, above 50%

of new constructions will be Prefabricated building

Government support
policy

~

Solve
current
BETES OECELET f--—-—--—-—-=-=-=-=-=-=-==7 problems

. Industrialization

Fast construction speed
(OF L8 :3 (d) B4 B

Reduce labor

Green

Environment friendly
Good overall benefit

e Advantages
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Joint connection

L ok WER il

I 1
1l i |

Connection method

| ’ |
ST
. Tisbaatis T
» Grout sleeve splicing i
« Grout anchor overlap
e Bolt connection
« Welding connection L AX ORI
3 Ruober stopper | /Rubb‘:r’&sfw
The most common connection method wnaE Ot <=l "~

FIEFKFAL

% Rubber stopper | § } Inlet/pump nozzie

l Above 60% i

Mortar joint seal
BRI

Grout sleeve splicing

l Performance
Stability Safety Durability Seismic performance
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Grout sleeve splicing S (R, SHER)
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Grout sleeve
w mT s { CiTL -
Rebar A T - {i&iﬁwf

N ) Equivalent to cast-ln-place

Cementitious grout
- A Good fluidity

Early strength

High strength

' Slight expansion




Grout sleeve
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Half grout sleeve

N PR

Grout + Mechanical connection
Prefabricated wall wxc =
Prefabricated column

L)

COI’T]plEte grOUt Sleeve wHIE WO BIHEE W kD i

Grout + Grout connection
Mainly
Prefabricated beam




Application
Prefabricated concrete shear wall
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Application

Prefabricated concrete frame beam
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Application
Prefabricated concrete frame column




Installation process of frame column

Location - i ST
| Gasket
REPRRME
Hoisting

FdlAE B R




Installation process of frame column
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Verticality Airflow

Sealing B % 3O R o | N Grouting




Installation process of frame column
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Mechanical grouting

Manual grouting
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Influencing factors of connection quality
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O Connection material

O Equipment and auxiliary

1

N

O Connection method

!

Construction and management person




Influencing factors of grout sleeve splicing

Strength

Cementitious grout

Grouting defect

Grout sleeve

Diameter

Rebar

Anchor length




Related standards

(BERCARIR S B R ARSRUHEY GB/T 51231-2016 Architecture
(ERARBE L EMEARMMEY JGJ 1-2014 Structure
CRHIRGERE B AEY JGJI107-2003 Mechanical connection
R EEFEEERER) JG/T 408-2013 Cementitious grout
(BB FEREM) JG/T 398-2012 Grout sleeve
CABEBEREEN AR AMIEY IJGJ 355-2015 Application standard
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JGJ 355-2015 JGI 1-201 REANREXMERH T WITILFRE FEARZMERN T LT LRE
P GB/T 512312016 P e P HES 1173 2014
Pl AR BE L AR bR WA RN AR PR AR R
Trhikel i anery bt e hmlni ,:;‘um:,:fnr rl;u; o Techizioal wpecification for precast onicesie structures R N T —
OO et oo o oy g A R P S L8
17-01-10 % 2017-06-01 i 2015-01-09 %£7% 2015-09-01 i 2014 -02-10 %% 2014 -10 01 ZfE
FHEARAMBAEFNEBSRER 2 . WU RE 20131001 R 121028 28  mnowaizm
A RANEER RN ERBOE LR BKAL® FEARXANEEFNESRED 25 PR ARKNEIEFENBSRET Z% FHEARARNEANNSRED % 5 = SEARANRENGRSRRS 3%
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Cementitious grout

Good fluidity High strength
Early strength Slight expansion

F3.1.31 ERPRNEREEXK

Curing time #ffa] (% H]) HUFE#EE (N/mm?) Compressive strength
1d =35
3d =60

28d =85




Standard requirements

Cementitious grout
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£3.1.32 EERREEKEENR

Ii H

I i) i e % (4 Wertical expahsion rate

3h

=0. 02

Diffe|rence value 24h 5 3h 251

0. 02~0. 30

% 3.1.3-3 ERBHSWHTIEMEERX

m o H TAEPEREE SR
N Initial  #14 =300
Liquidity @izl (mm) - _ —
30min =260
WK (V) 0
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Standard requirements @ [RERHH PR REER AR AR

Grout sleeve

mEHEEEEmnmege. Castiron

o B A 6 AR
Tensile strength s o./vpa >550
WS e 0,/ % >5
BRILE/ 7% =85
i & /HBW 180~250

WEH N TR 2 EGREsE  Steel machining

i H PERE SR

Yield Strength s 5. N/mm) > 355
Tensile strengthsiiisee o, (N/mm?) > 600
R & (%) > 16
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Rebar

Anchor length of Rebar = 8 times of rebar diameter

3. 1.2 HERERMMASIITT AR E R EERE R ERE)
JG/T 398 WA RME ., HERERMBER SR/NNES &N
FRERMZEEAE/DTE 3. L2 BENEUE, FF BTS00
FEARF/NFIRA NG AFREER 8 5.

#3312 EREGERBRBINERTER
WA ER (mm) ERMR BRI G EENH AR ER2ZH/ME (mm)

1225 10

28~10 15




Standard requirements

The connection

3.2.2 RAFEREREEE B E AR /N T EZ NG

FISR EEARAE(E, ELRRIRRS B Tk SMRAT

3.2.3 A 1R T R 0 A S ) i R SR BBE AN L/ N 3 4 N e

A 38 JEE o AL

3.2.4 EREMERGE R LIV B4 32 HE BY ) I MR T Il SR
POEEAK S, HAELPEIEG . HAHR B AN AT A< 8

LS 3.2.2 SRMIIRAE .

®3.2.6 EMERERELINTMIERE

T [

A P RE K

i i B i iz i

wy = 0.10 (d = 32)

wy = 0. 14 (d = 32)

EAEE (mm)

Elongation o A > 6.0

EANPANrS -Eia: S A (mm) uz << 0.3
KARIE 2 Hi R A (mm) w < 0.3 H ug < 0.6
High stress

Large deformation
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Centring o _
uniaxial tension

Off-center

repeated tension and compression



Standard requirements

The connection

TALI SR AR 10 A In 8 ) B

i 46 1 H

L1 i

Loading system

O0—=0. 6 fFa—=0 (IR SAEE) R4 G R ByiEeE)

=N R e KO R B AR

T D—={0. 5 fux —— 0. 5 f) — REER
i o -
FERIE (R 20 %)
L8| 0 (2g,~—0.5fu} = (5g,—~—05fw) ~PIK
P Il 2% (RE 4¥K) (Fe & 4 ¥
Bl —
K 0= (Ze,—=—0.5f) =R
& o
(R 4 U0
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A e II""*\
| Uniaxial tension
ﬁf "L};f"'xl.oo 3 %xwu L, (mm)
o i il
JALKN)
- High stress
repeated tension
and compression
eL,(mm)
0.5, 4
5 ) RS .
Large deformation
Peft) | repeated tension
e | and compression
05fd, | _ e : 5 - I
T 4 1 k I d=¢l (mm)
2e,L, ' 5:“._,1’,.
—025f A, -~ i, =B 4+8,02 % 1= 8,+8,)2
—0.5f,4, - __E ______ 8, .

KA R E T



AL A ) . Weine

PR")\II\(I\I ACADEMYOEBUIEDINGIRESEARCH ’ GES\KARGRING

PART 04

Research on cementitious materials



@ e PR REERAERAT]

“ “ﬁ GUANGDONG PROVINCIAL ACADEMY OF BUILDING RESEARCH GROUP Co. Ltd.

Research on cementitious materials

Cementitious grout
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Cementitious grout

B 3
120 B 284
100
— RO_
2] Early strength
b 60 .
# High strength
40 A
20
[
ik Bl
EZNEIPS
350 30miniit sl
B UL

. Good fluidity
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—=— 3hfigika —n— R
2.0 —o— 24hjfik g5 -
A 3hAlI2AhEAg
1.8 o —
1.6 7 /
_ 1.4 ' = 807 [}
SARE %
%1.0- /r*—*‘*"_f_' %
_ A s
o8 . e P % .
0.6 ///
o
0.2 - 7 .
‘./
0.0 T T T 70 T T T T T
0.02 0.04 0. 06 0.2 0.4 0.6 0.8 1.0
BRI R (%) HIEFEE %

Mixing amount of expanding agent Mixing amount of defoamer

Balance between
expansion and porosity
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Cementitious grout

Compressive strength Fluidity Vertical expansion rate
/ MPa / mm | %
1d 3d 28d | Initial | 30min | 3h Difference
24h and 3h
Produced 38.6 71.8 | 102.6 | 347 315 0.2 0.04
Requirement 35 60 85 >300 | =260 | >0.02 0.02~0.50
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Cementitious materials
for overlap joint

N ZEEEEREL HEZ SR
T H HEiEdbr WS 7 ik bt TR A
AR (%) " O30 RE b & P YERE LCYE ik bof ) HESTL |
GB/T 50080 ]
31 #) e ( =200 7K TR A3 AR AR PECIRALIA
(mm) 30min {5 8 i =150 GB/T 50448
T N 5 A7)
3h =0. 02
e i) K o 1 KRR BT R
() . o I ). 02~0.5 GB/T 50448
wakEzE | ( WL
l(l - 33.') ¥ 2 e Tz
B = ——{ ORI R AR AL R
(MPa) i o GB/T 50448 .
28d >80 AN I
R+ S)REPER Nk
AT AR (%) - AE %@Iﬂ ] I‘tut'! i
GB/T 8077




Research on cementitious materials

Cementitious materials
for sealing

BERURSRE . P EoR

NE| B ARFehs

1d =30

PUEREEZ (MPa) 3d =45

28d =65

PirsEZ (MPa) 28d =7

F IR [ I K R SR

iH HARFehs

B R (%) 3h =0.02
R ° 24h 53h Eff 0.02-0.30

BB TAEMERE R A B T EER
i BARFehs
WEE (mm) | It 130~170
AETEE (%) <0.03
WKZE (%) 0
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Experiment
--- Making defects

1-1/%1-8 1-2° 1-3 1-4 2-2 2-3 24
5 A3
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Experiment
--- Grouting
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Experiment
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--- Tensile test

Grout sleeve splicing

Rebar
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Influence by grouting defects @ RN ERIA AR LR

Experiment
--- Results

1-1%1-8 1-2  1-3 1-4 2-2 2-3 24

Anchor Anchor
No. | length Test result | No. [ length of | Test result
of Rebar Rebar

1-1 8d Rebar break | 2-1 8d Rebar break

1-2 7d Rebar break | 2-2 7d Rebar break

1-3 5d Rebar break | 2-3 6d Rebar break

1-4 3d Rebar pullout | 2-4 4d Rebar pullout

1-5 7d Rebar break | 2-5 7d Rebar break

1-6 5d Rebar break | 2-6 6d Rebar break

1-7 3d Rebar pullout | 2-7 4d Rebar pullout

1-8 8d Rebar break
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Experiment
--- Results

Anchor Anchor
4 length Test result | No. | length of | Test result
\ ’ ii of Rebar Rebar
£
]

8d Rebar break | 2-1 8d Rebar break

[\
»

L L |\

| I e
AL
S—

7d Rebar break | 2-2 7d Rebar break

0
N

[

5d Rebar break | 2-3 6d Rebar break

3d Rebar pullout | 2-4 4d Rebar pullout

7d Rebar break | 2-5 7d Rebar break

5d Rebar break | 2-6 6d Rebar break

3d Rebar pullout | 2-7 4d Rebar pullout
8d Rebar break




Experiment
--- Results
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Influence by grouting defects
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Anchor Anchor
No. | length Test result | No. [ length of | Test result
of Rebar Rebar
1-1 8d Rebar break | 2-1 8d Rebar break
1-2 7d Rebar break | 2-2 7d Rebar break
1-3 5d Rebar break | 2-3 6d Rebar break
1-4 3d Rebar pullout | 2-4 4d Rebar pullout
1-5 7d Rebar break | 2-5 7d Rebar break
1-6 5d Rebar break | 2-6 6d Rebar break
1-7 3d Rebar pullout | 2-7 4d Rebar pullout
1-8 8d Rebar break
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Experiment
--- Results
Anchor Anchor
_ No. | length Test result | No. [ length of | Test result
r " of Rebar Rebar
S / i 1-1| 8d | Rebarbreak |2-1| 8d | Rebar break
| w12 7d Rebar break |2-2| 7d Rebar break
-J - 1-3| 5d | Rebarbreak |2-3| 6d | Rebar break

0 20 40 60 80 100 120 140
fi# (mm)

1-4 3d Rebar pullout | 2-4 4d Rebar pullout

Anchor length: at least 5d 1-5 7d Rebar break | 2-5 7d Rebar break

for this test condition 1-6| 5d Rebar break |2-6|  6d Rebar break

Influence 1-7 3d Rebar pullout | 2-7 4d Rebar pullout
Grouting strength 1-8| 8d Rebar break
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The problems:

Sleeve grouting is not full
The strength of cementitious grout is low
The position deviation of reserved rebar is large
The embedded rebar is cut off
Cracks occur during lifting and transportation

=) Detecting is very important!
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The related standards:

Shanghai: {2 it B4 2 7R B 1 2 S+ AR bR vE )
(DG/T 08-2252-2018)
Beijing:  (RBozCR %t 450 T2 T 5 i E 58 O )
(DB42T 1225-2016)
Shandong: (= HC 7R %k 45 M LI A I F5 AR PR D
(DB37/T 5106-2018)
Tianjing: (2 AC QST G VR 4% T A ot = S A B A 14 )
(DB/T29-245-2017)
Guangdong: €& c 2R BE 1 a8 A TR e L &= 56 oy )
(DBJ/T 15/71-2019)
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E Detecting techniques [ AR FRAR SRR ERAR

Filling fullness of grouting
1) Pre-embedded detecting technigues

3
— T HEOAPVC §
AN #47,

REL

NN

2 ) Nondestructive detecting techniques
3‘ XA £R
NG XML ',',':\\‘
YN ek
M#E&I S e

At present,

no widely nondestructive
testing method is available
yet!

1 X HEB R RIRRE

3) Partial-destructive detecting techniques



E Detecting techniques @ [RERR IR E AR R AR
1) Pre-embedded sensor

Vibrational energy is different

gk SR o Bk
Air Fluid grouting Solid grouting

O ot

|
A (AERU0-150)

|

| Ny

D R R N R vwr.—-~<—vv1
»

AR (AEM151-255)
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19

E Detecting techniques
1) Pre-embedded sensor

“;' Xi ]IM'
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Need to be installed in advance!
1) Pre-embedded sensor

|
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2) Pre-embedded steel pull-off method

tAORAPVC &

. VIR
’ A /] g £
» : : Eﬁ@_ﬁ’_ﬁ_ R ’ Z "a / m/—\% gj‘}iéﬂﬁ
LN e /
. B & Z
: -' i
&4 m~——l Need to be installed in advance!
S 4 Y O NOb

- - R
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3) X-ray technique (CT)

, XA R o
ABXEE Radiation problem!
T ( at least 30 m away)
i-xwmI S e
= XML v

==

a FERPLELL b BT RGN AR

E1 X SHERRARIRRE

Thickness below 200mm is
applicable for now.

WX RHEHRX

Wk Ak



E Detecting techniques @ AR PR R SR ERAT
4) Impact-echo method

LRSS P EE ) A ¥ q l
: ) UEEZR AR EDH
WA R

|

Failure to effectively identify internal defects at present!
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5) Ultrasonic method

Failure to effectively identify internal defects at present!
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At present, the quality control is mainly focused on the
construction process and manufacturing process.

Concealed work after construction is difficult to be effectively
detected.

Effective detecting technique is lacking!

A combination The development A combination with machine
of multiple of new equipment learning , wireless
detecting and detecting transmission, 5G network ...

techniques techniques
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& Prefabricated building will be more and more popular.

€ Joint connection is the most important part, which influence
the safety and durability of the building.

€ Grout sleeve splicing is the most common connection method,
but problems exist at present.

@ The effective detecting techniques for grouting defects is lacking.

€ \\We can make the cementitious grout with a good quality.



Thank you

Thanks For Your Attention!

Dr. MA Xu
maxuTUD@163.com



