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Research on integrated innovation of *
prefabricated buildings based on
improving quality and efficiency

Posted by: Jiechao Liu

Participating unit: Hunan Architectural Design Institute Group Co., Ltd.



Introduction to participating units

¥ Design institute introduction:

Hunan Design Institute Group Co., Ltd. was established in 1952 and has rich experience in exploring construction

industrialization. Hunan Design has undertaken nearly 100 national , provincial and municipal projects and standard

preparations work in the field of prefabricated construction. More than 10 million square meters of prefabricated construction

projects have been completed. Hunan Design plays an important role in developing prefabricated building technology in Hunan.
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Research on The leading unit of Establishing the Hunan Province Awarded as Awarded as the
prefabricated Hunan Provincial prefabricated Design National National Assembly  most influential
building Housing building design Prefabricated Technology prefabricated
technology Industrialization and research Construction Research Center enterprise in

Alliance center Industry Base Hunan Province
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01 Current situation




01 Current situation /

W Background:

Green transformation and upgrading of the construction industry

reduce building energy consumption, develop green buildings, and achieve high-quality
construction
Green

Reduce operation and construction

maintenance costs

Promote assembly construction

methods

Improve residential health

performance

Improve building energy

efficiency




01 Current situation /

¥ Transformation and upgrading of the construction industry has become an

inevitable trend

Prefabricated building
L

Green construction
Smart construction



01 Current situation /

Current status of practice: The prefabricated construction method has been vigorously promoted

since the 14th Five-Year Plan, but it still faces a series of problems that need to be solved urgently.

Development
trend

Green construction,

Reflection

Poor quality

Low efficient
High cost

architecture

Industrialization

| ——
’
‘.__-v

Problems: It is necessary to further improve the application efficiency of prefabricated
construction methods through quality innovation II
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02 Innovative topics /

® Industry situation in Hunan:

The current prefabricated characteristics of Hunan Proyince - "
three boards system "

» ALC slats wall

ALC slats wall is widely accepted by the
market for low price and easy construction.
The main research of internal partition walls
focuses on pipeline integration. The benefits of
ALC slats innovation are limited.

Precast concrete composite
o
slab

Composite panels are currently the most widely used

precast concrete components in our province. Sales of

composite slabs account for more than 80% of all

Precast concrete Stairs component types. However, composite slabs have

I fabricated buildi ) fabricated single functions and low technical content, and their
o prer I‘ICE.lte utlding projects, pre 2.1 ricaig improvement in building quality is limited. The
concrete stairs are used to assemble stairs on floors . . . i ) )
h | floor heichts. Prefabricated stai el innovation of High-quality and efficient composite
. t t . .
with equa’ Tloor helghts. Prefabricated stairs are widely slabs will promote development of the industry.

used, but there is a lack of innovation space. Current

innovative research and development for stairs are

Innovation goal - Precast composit bs

focused on lightweighting.




02 Innovative topics /

® The defects of slabs:

1) The insulation process is complex

Wall
Baseboard

Decorative surface

Concrete protective layer
(reinforcement)

Insulation

Structural slab

The construction method of traditional floor slab

The construction process
is cumbersome;
Poor construction quality

Floor base is uneven,
Uneven settlement of
concrete;

Hollowing and cracking on
surface

Residents do not accept that
the increase in the thickness

of the slab will affect the
clear height of. floors

TN



02 Innovative topics /

¥ The defects of slabs:

2) Poor sound insulation

In residential buildings, complaints caused by floor sound insulation account for more than 60% of current

property complaints . Poor floor sound insulation directly affects the quality and comfort of the building.




02 Innovative topics /

¥ The defects of slabs:

3) Inconvenient construction

Although the composite floor slab is constructed without bottom
formwork, it still requires the erection of scaffolding and multi-point
supports . At the same time, the reinforcement at the edge of the slab

needs to extend below the longitudinal reinforcement at the top of

the beam, The construction efficiency is low.
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@ Research objective: Integrated innovation of prefabricated buildings

to improve quality and efficiency

Innovation Vision: Provide more integrated technology solutions for the industry

TN
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03 Innovation goals /

The sound insulation layer and the thermal
insulation layer are combined through an
integrated approach. The air sound insulation
performance of slabs can be improved by more
than 50% , and the vibration sound insulation
performance can be improved by more than

30% .

Improve the stiftness of the bottom plate of the
composite board by more than 50% and combine
it with aluminum film construction to achieve
support-free construction of the composite
board within a span of 4 meters. Through
exposed aggregate and shear key settings,

trusses are eliminated and costs are reduced.

Integrated thermal
insulation

Integrated sound
insulation

No ribs on the edge
of the board

No supports
No trusses

Improve the floor insulation method and increase the
floor insulation performance by more than 50% , so
that the floor insulation can meet the future building

insulation needs under the 75 standard/80 standard.

Through structural measures and experimental
calculations, the edges of the laminated panels are
not reinforced.

Improve production and construction efficiency to

improve quality and efficiency.

TN



03 Innovation goals

Innovation goals

Indicator Details Target quantification Check Collaborative
classification method agencies

Structural
properties

Insulation
performance

Sound insulation
performance

Improved work
efficiency

Cost Control

Increase the thickness of precast panels through integrated
structures, thereby increasing the stiffness of precast floors.
Support-free construction is achieved through two-point
support of aluminum film fasteners on beams and walls.
The truss-free function is realized through water-washed
aggregate and shear key settings.

The floor slab achieves higher thermal insulation
performance through measures such as upper insulation,
lower insulation and self-insulation

Sound insulation layers are set up through integrated
methods to further block sound transmission between floors
and achieve higher sound insulation performance.

The three on-site processes required for the construction of
the insulation layer are formed in one go through
prefabrication. The innovative construction method
optimizes the floor reinforcement method.

Reduce construction costs through improved work efficiency
and achieve production capacity conversion

L.
II.

I1I.

II.

II.

II.

Increase stiffness by more than 50%;
Reduce support by more than 50%;
The steel content is reduced by more
than 10%.

The thermal insulation performance
is improved by more than 50%;
Meet the relevant requirements of
energy-saving standards at one time.

Airborne sound insulation is
increased by 50%;

Impact sound insulation is increased
by 30%.

Construction efficiency is improved
by more than 20%;
Optimize the reinforcement method;

Cost savings of more than 10%

Test
inspection

Test
inspection

Test
inspection

Project pilot

Project pilot

Central South
university

Central South
University

Hunan University

Central South
University

Project contractor

Project contractor

TN
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04 Innovative ideas /

5WHY analysis

Hard to promote prefabricated buildings
W low market acceptance

Prefabricated buildings have the disadvantages of slow work
2W efficiency, high cost and poor quality

AW Building, structure, energy saving and sound Mixed construction requires both on-site and
_________________________________ insulation are constructed separately . _ | | factory operatjon modes
Industrial construction methods are difficult Lack of integrated is a fundamental factor leading to mixed
5W to achieve construction modes

Other issues The core 1ssue




04 Innovative ideas /

Innovation model reference

"Building a house like building a car" is the vision and goal of the construction industry to achieve industrialization. Referring to
the development history of the automobile industry, functional integration is the only way to improve quality, reduce costs, and
improve work efficiency. In the construction industry, single-function components often lead to fragmentation of the
construction process and affect the quality of the building. Therefore, this innovation will integrate a variety of single functional
components to achieve the construction method of multi-functional components. This innovation will solve the current pain

point problem in the industry - hybrid construction to achieve quality improvement, efficiency increase and cost reduction.

— G | Vs
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W Comparison and selection of innovative approaches:

1) Comparison of integration approaches

Upper insulation

layer
N\ N\
Bottom insulation |s - J o\ - o‘// \ 5 - J o\’
layer
SandWiCh M

insulation layer

Insulation materials are easily damaged
by disturbances during transportation

and construction

Insulation materials are easily damaged
by disturbances during transportation
and construction

Unable to combine vibration and sound
insulation

Decoration hanging damage

Integration
and sound insulation

TN
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W Comparison and selection of innovative approaches:

2) Comparison of connection methods - reference to connection methods in
structural systems

N Q|
rib beam floor — rib connection

\[ﬂ“m\m

Beamless floor — point connection -J




04 Innovative ideas

¥ Innovation planning

1.1 Structural

performance integration
1.2 Energy-saving
erformance integration
1 1. Product performance P g
integration "
1.3 Sound insulation I5F 191te element_ 1.6'Test'
performance integration analysis verification
Integrated innovation | . :
& 1.4 Fire resistance
performance integration
2. Construction process | | 2.1 Production | | 2.2 Process | |2.3 Construction| | 2.4 Structure | |
] optimization optimization verification optimization detection
Mass Pilot Goal
production application accomplished
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¥ Innovation path

The
Customer Theoretical transformation

research research of technological
achievements

Resource set a Performance
preparation strategy verification
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¥ Risk Analysis

Does product performance meet A Whether resources can support

i the achievement of goals?
expectations?

Whether the transformation of
results is accepted by the
market?

Whether efficiency and cost
have been effectively improved?

TN
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05 Implementation process /
¥ Plan confirmed D D B

Sandwich thermal insulation composite panel

Integration: Laminated panels + thermal insulation + sound Laminated board upper layer

: : (concrete) [ 30mm |
insulation

Thermal insulation material ( XPS )
| 10mm |

Sound insulation pad (rubber)

| 10mm |

Lower layer of composite board

(concrete) [ 40mm |

BT TN




05 Implementation process /

¥ Building performance analysis:

Insulation performance analysis

GB/T50378-2019: "Green Building Evaluation Standards"
DBJ43/T357-2020: " Hunan Province Green Building

Evaluation Standards "

GB55015-2021: "General Specifications for Building Energy

Saving and Renewable Energy Utilization"

degC
A 171

Table 3. 1. 8-6 Limits of thermal performance parameters of residential building envelope in Zone A with hot

summer and cold winter

Building envelope parts

Heat transfer cocfficient K [W/(m? - K)]

Thermal inertia index

Thermal inertia index

D25 D>2.5
Roof <0.40 <0.40
Exterior wall <0.60 <1.00

Elevated or overhanging floor slabs

with bottom surfaces exposed to <1.00
outdoor air

Houschold partition walls, stair partition <1.50
walls, exterior corridor partition walls ’
Floor slab <1.80
Gate <2.00

Floor slab

Material name of each layer

Decorative floor tiles

Cement mortar

Reinforced concrete (cast in place)

Heat

Thickness

(mm)

transfer
coefficient
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Building performance analysis:

0 o o o ; U o
— @
Analysis of airborne sound insulation
Laminated board upper layer (concrete)
Airborne sound insulation calculations
30mm
Floor slab Thickness Sl ! [ ]
- alculation results . . .

I i wevine Gif croh e danie) Thermal insulation material (XPS ) [ 10mm |
Dl dgor o2 s Sound insulation pad (rubber) [ Smm ]
Cement mortar 30 .

Lower layer of composite board (concrete)
Reinforced concrete (cast in place) 70
52>350 [ 40mm ]
Reinforced concrete 30 Meet the high sound
insulation standards of the
Flame retardant extruded polystyrene board 10 "Civil Building Sound Table 4. 2.3 Airborne sound insulation standards for high-demand residential subdivision
(XPS) Insulation Design Code" components
Sound insulation materials (cross-linked 5 Component Airbome sound insulation single value evaluation amount +

spectrum correction amount (dB)

polyethylene pads, etc.)

Weighted sound insulation + Pink
5 Household walls, house floors g ) >50
Reinforced concrete 40 noise spectrum correction R+C
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¥ Building performance analysis:

——Impact sound insulation analysis

Impact sound insulation cannot be calculated by software
such as PKPM and Sver, so the analogy method is used.
Due to differences in material thickness, etc., estimate the

impact sound insulation performance of this product.

Test results are available

Floor slab
Material name of each layer

Decorative floor tiles

Cement mortar

Electronic cross-linked foamed

polyethylene

Reinforced concrete floor slab

Weighted normalized ’
. Hearing and feeling Indoor Feedback from residents
impact sound pressure o
level/dB(A) e e Satisfy Acceptable No satisfy
Footsteps, sweeping the floor, etc. can cause strong reactions, but dragging tables and
=85 = = =00%
chairs, children running and jumping are unbearable
Footsteps can be heard, but the impact is not big. Dragging tables and chairs, children
75-85 = 50% 50%
running and jumping feel strong, but beating is unbearable
Footsteps cannot be felt during the dav, but can be heard at night, but weakly. Can hear
65-75 the sound of dragging tables and chairs, children running and jumping, but it generally 10% 80% 10%
does not affect me except when sleeping
<65 Except for knocking, no general sound can be heard; if a chair falls or a child runs or
65% 35 =
jumps, vou can hear it. but the voice is weak

WRERTIES | o elaifiom meslts
(mm)
10 58 < 65
Meet the high
30 i i
sound insulation
5 standards of the
"Civil Building
110 Sound Insulation
Design Code"

Research refers to

National Housing and Living
Environment Engineering
Technology Research Center
test results

TN
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W Structural performance analysis:

- Global model Construction stage analysis
analysis software: ‘
Midas FEA NX Analysis of normal use stage
Model Local model

Local inspection of upper
layer on prefabricated slabs

!

analysis Analysis software:
Midas FEA NX

Local model

Analysis software:
Midas Gen

Simplified to open web truss
verification

!




05 Implementation process /

¥ Process Validation:

1) Verification of stability of connecting ribs
Verification of the stability of short column connectors in different forms ( Z -shaped, stirrup-shaped, spiral-

shaped) during the production process of sandwich insulation panels.

3600

M, 2200 B
1

HEARREA KEAARLE  REARREKH

L 400
L 375

2100
1300
3X450

400 |

| 450 6X450 | 40
1

B
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® Process Validation:

2 ) Anti-floating verification of insulation layer

The floating phenomenon of the insulation layer during the trial production of sandwich laminated panels was optimized,

and the anti-floating verification of the insulation layer was carried out through the process and tooling.

———




05 Implementation process /

® Process Validation:

Through three product process verifications, the conclusions are

as follows:

1 ) The upper and lower layers and edges of the sandwich
laminated board can be evenly distributed and vibrated, and the

finished surface is smooth and smooth.

2 ) When stirrup-shaped connecting ribs are used, the connecting

ribs have good stability.

3 ) Through the integrated placement of tooling pressure beams

and thermal insulation and sound insulation steel wire mesh, the

floating phenomenon during the pouring process of the insulation

Trial production process video

TN

layer can be effectively solved.
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06 Target check

W Structural performance analysis:

The bending capacity of the one-way plate and the two-way
plate of this product are 134% and 127% of the theoretical

value respectively , and the structural performance is superior. |

REBEERKERE SMEEEE
MRk E

4 g E5RE
4.1 Hw

i bR g3 b ARG I 7 HH LU F T SRR

1) 3T B B R A e B R A B T B B B b s 45
Ry s iy WA AARRMREMRBIERE OB RRERRYNER
L78W/(m? . K), 3 /2 i o 29 b X e SR 5 M 4 T R I R,

2) FERAERAA N R TR g AR AR LR RS
KA ERE RN 61dB, brit fb il i 75 75 IR LRI R 64dB, %45 Rl 2 45 :
1 IGT11-82 ({E-ERFERUED 23 P 1l 5 B L I 2 S P B A Al 2 0 1 — i 4 EP%??%E
(=50dB J9— ). il o 7 B 7 bR AAE 5T 4R ) — bR HE( < 65dB 3 — ), i R AR AE EE%%E%&*@%IEW%*D
GB50118-2010 (RRAEFARAEHEE) PXTHEREENRARERES a
P 7 f>50dB. L it 77 7 i <65dB),

3)Fe R A R A OB T 4 W] IR A R B R AR R UE R
Fs BIHE K G T e AU i R R AR I P R AR AR 4 B R
(A 5 e T 54, b DBDO1, DBSO1 (i3 A48 4151 5024 127kN, 296kN, 5¢
s vt i et 1349 R0 12799) DBDO2 TR P T4 SN2 09 DVRESR,
[ SR 3 AR A (K T 230 o SR, % e A B A MR AR AR A7 B2 9 PRl R
GRS LSS T ) B SE ) IE 3 O A LR, 0T AP e B AR (2 A6 ) 5 o ) 2
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06 Target check /

¥ Building performance analysis:

(—"AT\ PRSI AR TR MHERAE
. \’(‘jil Engineering Inspection and Test Limited Company of Hunan University
m——— RS G (No) : HD21-11-03-235

Insulation performance verification

A 7O H
The heat transfer coefficient measured by the hot box method W RS

is 1.78W/(m’-K). Using integrated floor insulation, the heat

. . . . AT R AR LR AERIR
transfer coefficient is reduced by 50% , which greatly improves Hiiatntin i
the building's energy-saving performance. TREH. -

Name of Project

| p— :
1 2 UYA 3 LA Y AL 2 AR BIEHLL: AR A AT
{9 o Client _______ 1.
R WAERLRE

Test Category

MEY Lt ARF TRENAGRAE
2021 £ 1VA12 H

B R4 H (Pagelord)

P 1

HkAddn MRISHRRR? TR TRER(410082)
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Building performance analysis:

Airborne sound insulation: 64dB; sound insulation performance

improved by 60%.

Impact sound insulation: 59dB; sound insulation performance

increased by 40%.

) MMk ARA TEANHRAF ‘
P, ﬁ vil Engineering Inspection and Test Limited Company of Hunan University
MEsY) %S (No) : HD21-11-03-235

181801061433

W mRE

e S REAREEREREER

Name of Product

TRAH: =

Name of Project

BFLHNL: WEA BRI RERFRAH
Client
el JUIE B

‘! Test Category

WA AR TR R AR

2021 4F 11 A 12°H

Huhb(Add): BARIICED R R A TAR 2% (410082) 1R 4R (Pagelofd)

13




06 Target check /

¥ Fire resistance verification:

No. 6n202111259

The fire resistance limit of this product is greater than 2 hours. @

the relevant requirements of "General Code for Building Fire ]

Protection'" GB55037-2022 *’\_?Z EJﬁ' ?El %
(
\

£ & B fr: WA EERIEGHREAARAR

3900mm X 2400mm X 160mm/ 3 A L, 712 %k

e llll ! -J 5;]' 1R 2 "
FREBER: oy amiR

B B Xu FERB

BB E M KRB R

TN



06 Target check

B Work efficiency target inspection:

' h«. I-‘ = s
Wi

Flexible steel wire rope Avoid th.e collls1lon problemhbetween thel

extends from the edge pl’Otl‘lldlflg stee ba.rs.and the bez.lm angle

of the board bars during the h01st11.1g and falling
process of the composite panels

The truss-free on-site pipeline laying
operation space is large, which improves

the efficiency of pipeline laying.

Conclusion: Through structural optimization, the floor construction efficiency is improved by more
than 30% I
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THAXS EE
g7 TR
6

m Cost check:

v

H

w

N

-

5.5
Carmenthomeion et rveed om 1ot 4.2
‘ Comprehensive unit price list
Product name |Ordinary laminated board TSI high p.erformance Tradltlonal.composﬁe panels + | Traditional .Comp951t6 panels +
laminate floatmg floor slabs thermal msulation mortar
Rebar 23.88 yuan/m2 21.5 yuan/m2 23.88 yuan/m2 23.88 yuan/m2
Prodiction.and Truss . 18.5 yuan/m2 18.5 yuan/m2 18.5 yuan/m2
. et Shear resistant 8 yuan/m2
ANSPOAIoNSIAgE 165, hcrete 32.4 yua/m2 38 32.4 yuan/m2 32.4 yuan/m2
Production labor 21 yuan/m2 273 21 yuan/m2 21 yuan/m2
Insulation 13
Transportation 20 yuan/m2 20 yuan/m?2 20 yuan/m2 20 yuan/m2 N

RN RELBEIR TSISMRESE MW B G IR
o XIEMIR HRMBE o KBERMIR o HIRLEMGIIL BV, WRA

Insulation 5.5 yuan/m2 25 yuan/m2
Fine stone 20 yuan/m2

Concrete poured 37.8 yuan/m2 37.8 yuan/m2 37.8 yuan/m2 37.8 yuan/m2 -
Post cast layer 23.88 yuan/m?2 23.88 yuan/m2 23.88 yuan/m2 23.88 yuan/m2 20.71%

Lower support 15 yuan/m2 10 yuan/m2 15 yvan/m2 15 yuan/m2
On-site labor 15 yuan/m2 10 yuan/m2 35 yvan/m2 25 yuan/m2

BEL
26.1%

Conclusion: Through optimization of construction period, steel content
and materials, the cost is reduced by 42 yuan / .
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680%
o
Improved 30%
50% sound insulation Time §aving
Improved o
thermal 1 O A 8 5%
insulation 2/ 3 Cost reduction Increased
Support _stiffness
reduced_ :
| |
| |
: 100% -
o I .
289% | Truss reéiuctmn
Reduce carbon :
emissions !

Prefabricated thermal insulation and sound insulation integrated composite
floor slab-TSI high-performance floor slab

Fire resistance / Heat transfer coefficient / Airborne sound insulation / Impact sound insulation
>2h 1.78W/(m2.K) 64dB 59dB I ‘




06 Target check /
Integrated innovative Traditional floating
precast floor slabs insulated floor slabs

N
N

I~

= dEN

v -

==

Structure thickness: 40+20+30+70=160 Structure thickness: 130+20+20+30=200

Heat transfer coefficient K=1.78 < 1.80 Heat transfer coefficient K=1.75 < 1.80
Excellent sound insulation performance pefens 1nsulaj[10n stmcture, poor sound
insulation

The ribs emerge from the side under stress,
need trusses and support
Cost: 252 yuan/m ‘

No reinforcements, no trusses, and less
supports

Cost: 210 yuan/m
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Indicator Target quantification Quantitative results Completion
classification

Structural Increase stiffness by more than 50%; Increase stiffness by 85 %; Reach the goal
properties II. Reduce support by more than 50%; \/ Reduce support by 2/3 ;
III. The steel content is reduced by more than v The steel content is reduced by
10%. about 20 % (no trusses).
Insulation I.  The thermal insulation performance is v The thermal insulation performance Reach the goal
performance improved by more than 50%; 1s improved by 50%;
II.  Meet the relevant requirements of energy- v It can meet the relevant
saving standards at one time. requirements of energy-saving
standards at one time.
Sound I.  Airborne sound insulation is increased by v Airborne sound insulation increased Reach the goal
insulation 50%; by 60 %;
performance II.  Impact sound insulation is increased by v Impact sound insulation is increased
30%. by 40 %.
Improved work 1.  Construction efficiency is improved by v Construction efficiency increased by Reach the goal
efficiency more than 20%; more than 30 %;
II.  Optimize the reinforcement method; v Innovative use of flexible tendon
extraction method (no tendon
extraction);
Cost Control Cost savings of more than 10% v' Cost saving 42 yuan / n (> 10% ) Reach the goal
Other -- v Reduce carbon emissions by 28% Reach the goal
v Meet the 2- hour fire resistance limit

requirement J
T | M
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07 Evaluation /

Novelty :

» The project team fully combined the industry development situation as well as pain points, difficulties and blocking points to
carry out targeted research. Combined with current national and local standards, clear and measurable goals were set, making
the research results have good application value.

» The project team proposed a brand-new construction method, which effectively solved the problems of complicated floor
insulation methods, poor sound insulation, and inefficient construction.1 invention patent (substantive examination) and 11
utility model patents have been formed.The level of innovation is leading domestically and internationally advanced.

» This project solves the industry's pain points, difficulties and congestion points, and improves the construction quality of
composite floor slabs. This project meets the needs of industrialization and the development orientation of greening.

1. selected topic
-From customer needs, organizational strategy, or technological innovation, creativity, etc.
-The project goals are clear and measurable, and there is sufficient basis to prove that the goal setting
is scientific and reasonable

2. level of innovation

-Adopt new or significantly different technologies or methods, which are significantly different from

existing solutions 15 14
-Project results form the organization's competitive advantage and achieve industry, domestic or

international leadership

Novelty
30 minutes

3. timeliness

: . 10 10
-Accurately and timely responded to new or upcoming needs from customers or the market
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¥ Novelty :

REHG: 202265313926
ARRREIE BN
MEEHmks

BE 4% AR E R AR

% 16 A WIRA RS AR A IRAR

A \FEA

AL E R AL
R ERE S

EFERAM: 2022F 11 A25H

W Fx & 8 %2 /K KT
ZO==%H4l
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Practicality :

» The project team conducted a systematic survey on the prefabricated construction industry in the region and clarified the
implementability of the published results and the suitability of the products for application in relevant areas.

» The relevant results produced by this project have received widespread attention and vigorous promotion by the Hunan Provincial
Department of Housing and Urban-Rural Development, and the relevant practices have been included in the "Hunan Provincial
Prefabricated Building Evaluation Standards" DBJ43/T542-2022 as recommended practices .

» The integrated innovative products developed in this project can be mass-produced using a generalized assembly line. Currently,
we have entered into authorization agreements with three different prefabricated factories, and there are no obstacles to authorized
production.

1. can be implemented
-Deploy and implement systematically within the organization 5 5
-Easy to implement and consistent with organizational resource allocation capabilities

2. can be promoted

Practlc? lity -It has practical promotion value inside and outside the organization and industry, and can be learned
15 points from 5 S)
-Be forward-looking and able to meet growing needs
3. Easy to use 5 5

-Easy to use for customers and end users
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W Practicality :

4 FEFFITE
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07Evaluation /

Knowledgeable :

» The project team gave full play to its creative driving role, drew on structures of different dimensions, and formed a
groundbreaking structural connection method. It carried out adequate risk plans for this method and effectively solved the problem.

» The project team generally adopted the method of survey learning + theoretical research + software simulation + experimental
verification to carry out the innovation process. The project team mobilized resources from universities and component factories,
applied quality innovation theories and plans, and jointly completed the innovation process.

» This project adopted a systematic promotion model and formed a set of overall solutions that can be used for reference, providing
a reference for the group's subsequent innovation.

Informative
15 points

1. idea or discovery
-Based on new ideas or discoveries 5 5
- Fully consider the creative ideas and discover the risks that may be introduced

2. Credibility of the innovation process

- Fully consider and utilize knowledge and technical resources to ensure the theoretical foundation of
creative innovation

-Quality innovation theories, techniques, tools and methods should be applied

3. The systematic nature of the innovation process

-Effectively utilize knowledge and technical resources in multiple ways based on a system-based

development process 5 5
-Refining and summarizing the knowledge and techniques of the creative innovation process and

integrating them into organizational resources
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Knowledgeable :
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07Evaluation /

Customer orientation:

» The project team conducted detailed research on customer needs (industry pain points, difficulties, and blocking points), and
based on a full understanding of customer needs, targeted innovation goals were formed.

» This project results fully satisfied the customer's architectural and structural performance requirements for the floor slabs.
The integrated innovative products effectively helped the customer significantly save the construction period of the floor
slabs, while achieving cost savings and forming good application benefits.

» The integrated innovative products not only solve the energy-saving performance of the floor slabs, but also bring customers
a substantial improvement in sound insulation performance. The project research results reduced costs, increased efficiency
and improved the quality of the building, exceeding customer expectations to a great extent.

1. Understand customer needs
-Clear target customers (or stakeholders) 10 10
- Fully scientifically analyze customer needs, identify and clearly describe key demand points

Customer 2. Meet customer needs
orientation -Fully meet customers' current and/or future needs 10 10
(25 points) -Measuring the extent to which needs are met

3. Exceed customer expectations
-Committed to exceeding customer expectations 5 4
-Describe the extent to which customer expectations are exceeded
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Customer orientation:
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Effectiveness:

» This project has fully achieved the established innovation goals and has been verified through experiments and pilot
applications.

» This project results have been approved according to the local engineering standards of Hunan Province and the China
Engineering Association standards, and are expected to be released within the year. The integrated innovative products have
been compared with competing products in the market in multiple dimensions, and have good technical and operational
application benefits.

1. Goal achieved
-Describe the extent to which project objectives have been achieved 5 5
-It has been tested by practice and can provide sufficient and effective data and proofs

2. Technical or operational performance
Effectiveness  -Achievements such as new products, new technologies, new standards or new specifications, and
15 points comparison results
-Financial , market and other operating results, as well as comparison results

3. Social Responsibility Performance
-Performance in social responsibility (environment, public welfare, employment, consumer rights, etc.) 5 4
-Performance that promotes the development of stakeholders (employees, shareholders, suppliers, etc.)

Total score
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51% of total social emissions >> consumption

Green construction

Reduce operation and
maintenance costs

Improve residential health
performance intensification
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v" Innovate and use

integrated practices to
solve pain points .

The innovative use of
point sandwich connection
ensures product
performance.

Innovatively solve many
difficult production and
construction problems.

08 Innovation summary and application /

v The optimal solution is
obtained through
theoretical analysis and
experimental verification .

v Obtain valid intellectual

property rights .

v' In line with the
transformation and
upgrading development
requirements of the
construction industry .

Innovation level

Verified by experts,
this innovation has
good social, economic
and ecological benefits,
reaching domestic and
internationally
advanced innovation
levels.

v Applicable to existing
prefabricated
component production
lines.

v Simplify the
construction process
and improve
construction efficiency.

v’ Effectively reduce
costs and improve
construction quality.

TN
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W Application examples :

» Project name: Loudi Jiangxi Resettlement Community Phase
IT Project

» Construction location: This project is located in Jiangxi
Village, Wanbao Town, Louxing District.

» Area index: The land area of this project is 33135.6 nT, and

the total construction area is approximately 95020.1 n7.
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» Building height: 2 floors underground, 30 floors above
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ground, height 97.8 m.

» Building function: residential building .

» General contractor: Hunan Xingcheng Construction Group
Co., Ltd.

» Design unit: Hunan Architectural Design Institute Group Co.,

Ltd.
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W Application examples - achieving exemplary goals
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Industry experts spoke highly of the completion of the project The project has won many honors



Thanks for listening




