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DEDICATION s s

AN ANLYSIS FOR iz
THE DESIGN OF THE
HOUSES rotilJy Kb

—, BEEERARRE: 5018 I. House type 501

Basic information of 501:
1. 501 FRIEFREFER Building area on the first floor:70.44m?2
—REMEAR. 7044 m2 Building area on the second floor:37.58m2

_ o Total building area: 108.02m?2
T EERmEAR: 37.58m2
BIEREIR. 108.02 m2
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House type 501: 1st floor plan House type 501: 2nd floor plan
501 A& Jharw A 501 AL AL A
North Elevation Eest Elevation
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501 7 AL . v 501 A A& . ®EaLTE B S01FR . FawmHA

House type 501: Sectional Drawing South Elevation West Elevation
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2. tAiEE KRR E
Structural Drawings X Drawing of water and electricity facilities
ETAFE

Detailed drawing of the roof

ETRRHEE 5 KHEEE

Detailed drawing of the roof Detailed drawing of the wall

=. ERPETZT Il. Changes of extended house type
ETFBIMERESEENBEANA, BFXRWTSHE Thanks fo the application of BIM, architects could camy out concise
It FEAMS DT = TR, oy EhEE R 3D digital design through parametric design and make changes on

—— house types based on Type 501.
501 g9 E A E T P B TRk,

R T RIERME . SELIRGIEEIEERITE], HXEL Space change and extension: The width and depth of a house is
B S E—3L, defined with parameters and all related files could automatically
change.
1. REI502 1.House Type 502

B 502F ER2 7R E 501 HYERH SR BB, House Type 502 is semi detached building based on Type 501.

o
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T w
sepesad @Ee
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House type 502: plan
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2. FEI503 2. House Type 503

=, EiSREt ll. Structural
anti-seismic performance

1. R 541 SRl
CEAIR R AR AR, SR G A1 SR B SR A IS S B 1. Synergy of architectural design and structural calculation

B,

The structural system is light-steel structure, and the components
of main structure adopts galvanized cold bending thin-walled
sectional steel.

RevitiZ4 RevitZ44 M HE ETABS
Revit Architecture Revit structure Structural calculation
2. RS 2. Technical Data

BN FAREN KRR BEEFIIRAFEELST HERIN, . L ' .
In the light steel low-level civil-use housing, all of the main

AT IMIGREAEEE, P SRS EE, structure,secondary beams, purlins adopt cold-formed thin-walled
AR R AT EXRE, EHEITANEPE LN S galvanized steel.
TE8Eo For the on-site installation with extreme convenience, the

beamcolumn joints are all hinged bolts.

Lateral Resistant System is the inter-column support. The lateral
resisting property of the periphery grass walls is not designed
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DEDICATION s s

KR T
BRI ZUE 8
E AR EIERE 0.2g
E NN 0.45
R IHEAFIR 50
TEER =
BRI EE 74 |
R 1
EANE 0.45
Construction Type Four
Seismic fortification intensity 8
Basic seismic acceleration 0.2g
Snow reference pressure 0.45
Designed service life 50
Security classification Three
Classification of design earthquake |
Site classification Il
Wind reference pressure 0.45
3. HEE 3.Load Value
EREE g(kN/ma) = PWAE g(kN/m3) =
Reinforcgéﬁ?:ongrete volume weight 25 Ste%\ vo?ume weight 78.00
&+ 3% Grass walls 14 kN/ma
SN External wall Sore%l"%eight 2.75 m
15
Wall tlﬁl\ciness 0.37 m
BE /X
Self-weight extended meter 14.2 kN/m
SN & External wall Sore%h'%eight 2.75 m
idz =l
Wall tﬁitﬁ(ness 0.20 m
B /K
Self-weight extended meter 7.8 kN/m
#£4R Floor slab S N, 10 0.0780 KN/
SR EARERE (mm)
Concrete sd\;b thickness 60.0 1.5000 kN2
PURBFBHEYE (mm)
Anti—seismic constant loading value 1.5780 kN/m2
= UEIEREE
ETR Roof Auti—segmic active loading 2.0 kN/m?
WIREEE (mm )
Total coZting thickness 1.0 0.0780 K/me
ELEERE (mm)
Swaiﬁ thickness 50.0 0.7 KNjm?
MENIEHIE
Anti—seismic constant loading value 077K kNfmz
MENEHIE
Anti—seismic active loading 0.5 kN/m2

K ETABSHD 3D3SEW MRHFHITEMITE . The structural calculation result is carmied out by 2 softwares: ETABS and 3D3S.
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4. 54 R -JFIH) (ETABS)

PRERES 5 R EGEBIT 90%, FHEHSE o

AR RSB R B /A BR 1B

(1) MR EHBXSH:

875 Modal JEIHA Period $ZFrequency
#=E Vibration Mode (8] Time JEIEA / B78)Period / Time
1 0.70915 141013
2 0.63009 1.68707
3 0.62896 1.58993
4 0.61213 1.63364
5 0.60061 1.66496
6 0.59502 1.68061
7 0.35883 2.78680
8 0.35354 2.82850
9 0.31309 3.19402
10 0.29780 3.356794
11 0.29590 3.37951
12 0.29264 341711
13 0.27506 3.63561
14 0.27280 3.66572
15 0.25478 3.92502
5. ZRARESER - (178 (3D3S)

[BEE$7 Circilar Frenquency
3E / B8] Radian/Time

8.86013

9.97186

9.98982

10.26447
10.46127
10.55960
17.50997
17.77200
20.06862
21.09853
21.23412
21.47036
22.84324
23.03237
24.66161

Hise: (EAFUE & ITAE ) (GB50011-2001)

IS ES A ER 6 S NIER
HEHREE. 9
EIRLEGBESELE: 0.050
FHEREHAE: 045
HEF. ZiBHE
HFEE, A
FEERTR AR E 1.00

0.16

HWENITET X IRESEE

¥r#S ation Mode No.

[EEA

(%)) Period (second)

1

04313

0.4256

0.3007

0.2341

0.1586

0.1408

0.1230

0.1094

Ol |N[D|OR|WIN

0.0976

W p80-127%7 7%-fr.indd 95

4.Analysis result: period ( ETABS)

Vibration mode quality participation coefficient

exceeding 90% and meeting the specifications.

5. Results of analysis of earthquake resistance structure -

displacement (3D3S)

Maximum displacement meeting the limit of displacement angle

between layers.

(1) Parameters for seismic design

Code: Code for seismic design of buildings (GB 50011-2001)
Max value of seismic coefficient: 0.16

Number of Vibration mode: 9
Structural damping ration: 0.050
Characteristic period: 0.45
Influence of seismic: frequent
Seismic design group: first Group
Period time discount factor: 1.0

Method for seismic design: response spectrum

S
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AUTODESK

SPECIAL

DEDICATION ==k

1): 1.20xDL+1.20x0.5xLL+1.30xE
2): 1.20DL+1.20x0.5xLL+1.30xE

DL-—dead load

LL—live load
Combination displacement

(2) Combination of load
E— Horizontal seismic load

(3)Displacement

A

_m.“umv

FE TR 1+ 1.30 ZKEHDE
EH, TR 1+ 1.30 ZKEHE

7

Z + 1.20x0.50
# + 1.00x 0.50

El

F:1.001

B

—Fh.1.20 |
HENFS

(2) wHAE

(3) fu#s

g
Ll

S S— ay,
N

Ly
N

X

UAELL
VAL ¥
/., ' X

RS
-, .
\ U A

i

Combination No 1: Displacement map under the first condition (The

joints on the max-shifts have been marked, Unit: mm)

E—REES F—MERUBE ( BRI REAMB T

=, #fr:mm)

i

1.405 0.000—

2.810

9. 620

7.025

Combination No 1: Sum displacement map under the first

condition (Unit: mm)

B—ERENEE (B mm)

HE—FEE:

CHINA HOMES JANUARY 2009
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M. A ES

SHBIEMA . BRESRESHBERNTIREEES, &
HTEIER, BRIRT, (FRIEUA)
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2400 |

2450

L1150,

1T 2400

L1150, 2450

2400

IV. Costing Check

Construction-cost control: The construction information model
exports accurate project volume list. Labor and materials should be
prepared reasonably o avoid waste. (Description)
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DEDICATION ==k

| T T

——

AUTODESK
SPECIAL

m - mnssll

= il %51 it TN &it
B1 C100x50x20x2.5:B1 C100x50x20x2. CEAGIZR B1 C100x50x20x2.5 66
B2 2C100x50x20x2.5:B2 2C100x50x20x SEAGIZR B2 2C100x50x20x2.5 6 o
C100x50x20x2.3:B2 2C100x50x20x LAt C100x50x20x2.3 38
M_Plate: 4X50 LR 4X50 14
101 SEEVE GB/T 95 16 SN 14 1 644 B CR
102 24 GB/T5782 M16x55 | SN 1 280 VAV=P i
103 12£F GB/T 41 M16 BNIakEs 1 356 NAERG CR
104 | 242 GB/T5782M16x140 | SN 1 44 AV v
105 GB50x50x300000002 LB A | 200000mm | 1 50x50x3 REFMAW/ RT /9N / B2/ AE
106 24 GB/T 5782 M16x80 SN 1 14 NFSkIEAE
107 | JIS 4225 100x50x20 00000001 | Ei@£F | 200000mm | 1 |4225 100x50x20 INGIETN
108 GB 50x50x300000003 L@ F | 100000mm | 1 50x50x3 RELZDAM/ R~F/ N/ BEE / pE
109 | A4 GB/T 5780 M16 x 55 | SN 4 1 2 NASKIERE CR
110| 24 GB/T5782 M16x130 | N4 1 16 NSk
=l %51 il TN &it
B1 C100x50x20x2.5:B1 C100x50x20x2. Sz B1 C100x50x20x2.5 66
B2 2C100x50x20x2.5:B2 2C100x50x20x LEHgtge B2 2C100x50x20x2.5 6 o
C100x50x20x2.3:B2 2C100x50x20x CEAGIRZR C100x50x20x2.3 38
M_Plate: 4X50 EIHZE 4X50 14
101 SFEEB GB/T 95 16 SN 1 1 644 SEE CH
102 24 GB/T5782 M16x55 | SN 1 280 NSk
103 12£F GB/T 41 M16 BNIakEs 1 356 NAERG CR
104 | 1242 GB/T 5782 M16x140 | N4 1 a4 NSk
105 GB50x50x300000002 LB A | 200000mm | 1 50x50x3 REFMAW/ RT /9N / B2/ AE
106 24 GB/T 5782 M16x80 SN 1 14 NF kA
107 | JIS4225 100x50x20 00000001 | ELi@£F | 200000mm | 1 [4225 100x50x20 INGHETN
108 GB 50x50x300000003 | E3& ¢ | 100000mm | 1 50X50x3 BELZihf / R~F/ 9N/ B8/ NE
109 | 7~fAiEE GB/T5780 M16x 55 | 4hNE {4 1 2 AFLIgE CH
110| 424 GB/T5782 M16x130 | N4 1 16 NSk

(3. DILEFREEIREIM ) Note: Intercepts from Software

98
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BEHEIEMRA . RBIRREEEE, S6SHoOMRIFATNGG, Construction-cost control:Cost accounting will be carried out
— o according fo the project volume list, and with combination of the
BTRAZE, N9 proe
local price of the materials and labor.
= BEEHMIRE
1 PR c100x50x 2.5 ) R 0 2.50 6200.00 15500.00 14500.00 20
2 2. Atk TSRS TH = 1.00 2000.00 | 2000.00 2000.00
3cm ACRER ) N 2
3 (0.5 4RI, 5 x5 SR ) m 57.00 60.00 3420.00 | ®IFM, EIRAMW, EBIEK 1710.00 710.00 20
4 iRt R RTE m2 360.00 11.00 3960.00 2960.00 20
5 BIMHT AT m3 0.50 1600.00 800.00 700.00 2
6 BIRER m?2 120.00 2.50 300.00 _E 0.00 6
7 BEBIFKBHRE m?2 120.00 6.00 720.00 620.00
8 E IR IR m?2 165.00 38.00 6270.00 5770.00 10
9 BRI ITE m?2 25.00 37.00 925.00 BE, g 775.00
10 B HR R R KSR AS R m?2 60.00 32.00 1920.00 | SMESHERENBM. &E 900.00 720.00 6
1 37cm MR+ 4% m?3 25.00 60.00 1500.00 B 30
12 B RAEAT—= = 1.00 700.00 700.00 450.00 5
FREMTIRR/NT 38015.00 26725.00 5090.00 6200.00
= NEIR
1 DW 3%i#hi7 160 x 260 & 1.00 830.00 830.00 BWE. DIIRRE 830.00 0
2 W1 80x 195 % 4.00 310.00 1240.00 1240.00 0
3 W2 170 x 90 # 2.00 305.00 610.00 610.00 0
4 W3 100x218 [ 2.00 435.00 870.00 870.00 0
5 W4 75 x 105 & 3.00 160.00 480.00 480.00 0
6 W5 50 x 60 & 2.00 60.00 120.00 120.00 0
7 D1 #1790 x 200 & 5.00 360.00 1800.00 1800.00 0
8 D2 38217 75 x 200 i 1.00 300.00 300.00 300.00 0
9 D3 F4M71 175 x 200 i 1.00 700.00 700.00 700.00 0
& T/t 6950.00 6950.00 -
= #*&TiE
(=) AEIFE
1 HEARIR m?2 3.00 450.00 1350.00 35mm E 1350.00
2 Ep- m 66.00 15.00 990.00 W 25 x 200mm 990.00
3 MEEREIA m 1.00 200.00 200.00 200.00 0
ARYELFR/NT 2540.00 2540.00 -
(=) RIELR
1 5 T 3 7K m?2 390.00 6.00 2340.00 840.00 30
2 RIEIR m?2 220.00 7.00 1540.00 540.00 20
3 — 16 I 5 b A m2 10.00 15.00 150.00 100.00 1
4 — b PR R £35S m?2 63.00 5.00 315.00 =&+t 165.00 3
SRAETR2/NT 4345.00 1645.00 2700.00
(=) KBTI
1 BLE B £ 120.00 7.00 840.00 840.00 0
2 2. SRR, WS = 1.00 200.00 200.00 200.00
K TH2/NiF 1040.00 1040.00 =
s} Hith
1 EEREE = 1.00 500.00 500.00 500.00
2 EFYEE Fic 5.00 60.00 300.00 0.00 6
3 P52 =® 1.00 1200.00 | 1200.00 450.00 15
HAth T2/ 2000.00 950.00 1050.00
2 i 61958.00 26725.00 | 23408.00 | 11825.00
~ IRRIRITEIRR 0.00
= Bt 61958.00 26725.00 | 23408.00 | 11825.00
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DEDICATION s s

K 501 FRIFIGITAEAVEER, mBYHRBNE, &
HIESME S A A St A 61958 5T, HAp:

EAGRR AN E A 26725 TT;

BEIPRRAAME S 23408 T ( B ARR oI iREE S ithar k)
RS, RIEEFIAA );

ADBASNE S 11825 JT ( FEAHIFaIa9ih T, SREUD S
BT PUS EFEERATIRA ) o

EMTEE

1 Revit iREVE S\ PKPM 5 BE TR EEA T 10 BT
1. &IHER

CEAAAH X e (R 2 50 iU ek )

CHI G B K B AT R it Ang )
(2ERAZATREITBAME T LR — #A)
CRATATRITR R A BARF M)

CHUR G #RAT R A EABARE 2

(BN MR K5 R WA ERBAR SN (AT )

2. %t B

“DIREITE) RBEIRIGHhXEIZ . A, PE
THNER, REIRBREESG, RIRK ETHJMIE%ETI
£iE, LMREERZABINERB LS, ADVEFERE
P EMRRB A ARTE TR, TTEFS,

&S ARBIFHATEE B A TH—SMEFENTEEL
1VEEOIEAD ( J11706% [2007182 5 ), Ho @A T aEfetBATHRE0 B
PR, REBAXREBENTRBEERR, SMRNBRSBHTE
KT RE 50% BRIt A,

MEHX “+—R REEREREUI—HERN TR
TEH TR, R, AERG NIRRT s~ eEEN

EIRERET A1AR) 30% BB R,

AIB AHERNGHWEE, RNEERNDEIE, 46
FIBA DA EIRAM T BERE R, KA TR, miithEAS
B E IR+ RIEMEHE AR AR R TREMEL, 8 1996
FLERER—FRINBERIS | SR RHNEEIZ K RINER,

3. BB R ITHRA

(1) EFEIREIR

AT B B EESAAR L BRI 52 /A F) Revit 5289 BIM 251
BAEF, @13 PBECA2008 B WeeZITHMTEG, B3&E
SREFROMERAT .

16 Bl ( BRR 15 E iR 15 ESEE )

B F$7.0.41

1 00 CHINA HOMES JANUARY 2009
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The copulating model is based on House type 501. According
to the price at that time, the total cost is RMB 61958 through
theoretical testing , including:

Cost for construction system: RMB 26725 ;

Cost for enclosure system: RMB 23408 (the cost control is
according to the local situation);

Cost for labor resources: RMB 11825(The labor cost can be
reduced by building collaboration when it is possible).

V. Building Energy-Saving

Import Revit model into PKPM energy-saving analysis software for
energy-saving analysis.

1. Reference

Energy-saving Standard for Designing Residential Buildings in
Regions Featuring Hot Summer and Cold Winter

Energy-saving Standard for Designing Residential Buildings in
Sichuan Province Featuring Hot Summer and Cold Winter
Special Section on Energy Conservation - Technical Measures for
Design in Civil Building Projects - Building

Handbook of Practical Technologies for Rural Earthquake Relief
Key Technical Points for Recovery and Reconstruction of New
Rural Houses after Earthquake

Technical Guidance to Recovery and Reconstruction of Rural
Housing after Wenchuan Earthquake (Provisional)

2. Design objective

The Ma’erkang Project aims to help new countryside build energy-
and land-saving and anti-seismic practical houses in earthquake-
hit regions, to improve the dwelling conditions for disaster-stricken
peasants. Ifs objective and basic points are to realize post-disaster
reconstruction. The section will design, calculate and analyze the
thermal-insulating technologies and measures adopted by the
building enclosure structure.

The Notice for Strengthening and Improving Architectural Energy-
saving was issued by General Office of the People’s Government
of Sichuan Province (Sichuan Province Government Office’s letter
[2007] 82). It put forward a clear objective for building energy
conservation, promoting the development of energy-saving and
self thermal heating system of building, and encouraging the rural
buildings to comply with the design standard 50% of national energy
conservation.

Chengdu made a plan of building energy conservation in major
project of scientific development of the Eleventh Five-Year Plan,
according to which, Chengdu is expected to achieve 30%
building energy conservation.

The project is a residence of thin-walled light steel structure; it complies
with the requirements of a series of policies issued by the State since
1996 and supports the development of steel structure construction.
Meanwhile, it meets the requirements of national building energy-
saving objectives and local policies on building energy conservation;
it adopts sward wall and sward materials that are energy-saving and
environment-friendly, and takes materials obtained locally as the
thermal insulating materials for the walls and the roofs.

2009.1.11 4:30:38 PE




3. The energy-saving design description of enclosure
(1) General situations of architectural data

The building model of the project is building information model (BIM)
established by Autodesk
Revit; after the building model is calculated by the PBECA2008

building energy-saving design software, the following architectural
datais obtained:

Orientation: south (the range of south by east 15 degrees to south
by west 15 degrees)
Shape coefficient: 0.41

26 Orientation 7 East ™ South 78 West 4t North
B EEmAR L Area ratio of window and wall 0.11 0.08 0.18 0.07

AIN B S 4R . ESHX, SESXBTER
A,

Z00, BRYEREE (FARERSRXER, NERENE
IEWH R ER AL RS 040 WIREER,; BsAMF T @R
N, EERTERAFBREERT, BEE@RLEEE,

AINHE 501 FEIRE = 4R E .

(2) BREIFSIAME
AL B X ANE PS5 EE
SMEIE . FIOKM@E (RN ) + I (20mm) +
PR ( RPN ) + B3 (370mm ) + PR (Rt )
+ HOR (20mm ) + BRZME ( RN

SMEAIE TR

The schematic diagram of external wall configuration

p80-127#1 5t-¥r.indd 101

The proposed construction sites of the project are Chengdu,
Mianyang, and Deyang, and the climate division belongs fo the
region of hot summer and cold winter.

Itis judged that the building orientation is reasonable; as the low-
rise architecture, the shape coefficient is close to the threshold
of shape coefficient in energy-saving design standards 0.40; the
window area of each orientation is small, and the area ratio
of window and wall is reasonable in view of the lighting and
ventilation conditions

3D schematic diagram of house type 501 model:

(2) Configuration of enclosure structure

Types of enclosure structure adopted by the project:

Types of external walls: waterproof veneer (not included) +claying
(20mm) + bamboo plates (not included) + sward walls (370mm)
+ bamboo plates (not included) +claying (20mm)+plastering lime
(not included)

AV RN

e

ETEIE TR

The schematic diagram of roof configuration
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DEDICATION s s

BIEE . FEENR ( TP + EARE (150mm - 22
R B 922 (A

SN A AMMEBFIVERED

HE KB TR (A + AfASRE T (60mm +3: 7
&+ (100mm )+ E+Z5I (600mm )

AESEEL HOR( 20mm ) + E 35 240mm ) + FR( 20mm )

BEMCEE MREE (A ) + ZK5REMEE (30mm ) + RAFEN
R (RN

RAFEBNAGIE LT Bk E ( AT ) + FER (20mm ) +
PR TN ) + B35 370mm )+ SRAA TEN ) + M2 R
TEAN )+ FHOR (20mm ) + BRAE ( T A)

(FE ELBRELRIE, 2RI S5 H)

EHERETRBHRISH
A1 B XAETEESMEHEASMERAFIETRIEM B,
BHEERET S, E5THNERLELEOITRE, Bt TRZEEN

BELEaMR, SERRE, EERTETEN, B=4HR
T8

FE1-E A ( BEZ 800kg/m3, SHREE0.25W/m -k )
FEE2. B AR 2( B 1000 kg /m3, SFAEE0.35W/m -k )
FEIELHR3( BE 1200 kgms, SFAEE 047 Wm k)

kg/m3 W/mK

300 v 0.10
400 v 0.12
600 .17
800 0.25
1000 0.35
1200 0.47

Leichtlehm

——

The types of roof: galvanized steel (not included) + sward thermal
insulation (150mm) + bamboo plates (not included) + steel frames
(not included)

The types of external windows: self-made double-layer wooden
insulation windows

The types of ground: finish coat (not included) + fine aggregate
concrete (60mm) + 3:7 lime soil (100mm) + rammed earth (600mm)
The types of internal walls: claying (20mm) + sward wall (240mm) +
claying (20mm)

The types of floor slab: screed finish layer (not included) + clement
mortar (30mm) + permanent steel mold net (not included)
Configuration of heat bridge part: waterproof veneer (not included)
+ claying (20mm)+ bamboo plates (not included) + sward walls
(370mm) + steel (not included) + bamboo plates (not included) +
claying (20mm) + plaster finish (not included)

(Note: Sward walls and sward thermal insulation are calculated respectively
according to three thermal parameters.)

Thermal parameters of sward walls and sward thermal insulation

The project adopts straw composite materials as the insulating
materials for the external wall and the roof. During on-site
construction, different mixing proportion of grass and soil will lead to
straw composite materials of different densities. Refering to relevant
documents, we take three groups of thermal parameters in the
calculation of building energy conservation:

Scheme1: Sward materials | (density 800 kg/m3, thermal conductivity
0.25W/mk)

Scheme 2: Sward materials Il (1000kg/ms3, thermal conductivity
0.35W/mk)

Scheme3: Sward materials lll (1200kg/ms3, thermal conductivity
0.47W/m-k)

C S b
kJ/kgK kJ/m3K kJ/m2ho.5K

StLE THLL SELY - HLL i.M.

e AN 12

: 14
700 900 20
900 1100 28
1300 37
1500 45

1.3
| 9
A
|
e |
.0

T

(3 : %8 B¢ Leichtlehmbau alter baustoff—neuetechnik), M # C.F.Muller)
( Note: The parameters are taken from Leichtliehmbau Alter Baustoff-neuetechnik, Publisher: C.F. Muller )

(3 )BAVERH R
AR AL X B ERR T ERTHIE ). (mIEE
R BERATEIIRE), "BRER" HRARN

AR DA, N ARETREARELATIE 60152
BIREFES
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(3) Analysis of building energy-saving scheme

According to The Design Standard of Building Energy Conservation
for Residences in the Areas with Hot Summer and Cold Winter and
The Design Standard of Building Energy Conservation Residences
in Sichuan Province with Hot Summer and Cold Winter, team
members of Ma'erkang Project applied energy-saving design
analysis soffware to simulate the energy consumption by house
type 501 to different energy-saving schemes.
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A. R¥MEGEFIBEP SR EIIEE

BRESHMX I ENEERER, RERETZ=ANRINE
FRERE, NMEBFEENNIET, TEERE. RIBNE
E, BREPESWNRATIMHEERRE, B IR —ERRNTF
NEBERME, REARREE, BIEANFTERE, 8%
AEWRTMHEFAYT, BEXEM TEITSRBEFIMmA,
HAEFIEFTEHEERENE, RNEIRT XREHH, hl
TS H,

RANZGOBATEBEIFEEIE ( FE L)

SN ACREPHE (20mm )+ Fh TR (240mm )+ KSREDIE
(20mm )

B NER ( RPN )+ ZKREPE (256mm M+ BiKE (R
TN+ ACSREPE T (15mm + $RAF R (100mm )

SN ARBIELRE (ERRE 47 W/m - k)

N AW EERIT O, BHITERAEFEEI, TEER
SIERBEFEIAE] 93.98 kWh/m2,

B. ZFIAR# I SHME L& SHHIEFLHREE
AT ERAELEEMEH RN, FR5 RN LN
R EIP ST LILE, DI LT H IR

TH8ES

a) ZRARSRIMEEEFIEIFERIAEAR (AR 4)

A. The enclosure structural materials and configuration of fraditional
rural building

For the residential buildings in the areas with hot summer and
cold winter in the past, the thermal environment quality was poor
indoor in winter and summer. In the past, regardless of the needs of
heating and air-conditioning for the design of residential buildings,
the thermal performance of the building enclosure structure was
very poor. As product bricks, clay bricks have been always the
main building materials for new houses in rural areas, because the
construction is more rapid and convenient. However, the thermal
performance of the clay bricks are poor, and a large quantity of
coadl is needed to bake the clay at high temperature, and at the
same time, the production of clay bricks has damaged arable
lands, and caused environmental pollution.

The main enclosure structural construction of traditional rural building
(Scheme IV):

External walls: cement mortar (20mm) + clay brick (240mm) +
cement mortar (20mm)

Roof: small grey tile (not included) + cement mortar (25mm) +
watterproof layer (not included) + cement mortar leveling (15mm) +
reinforced concrete (100mm)

External walls: single-frame and single-layer wooden window (heat
fransfer coefficient: 4.7W/m-k)

Using energy-saving design analysis software to simulate building
energy consumption can attain the result that the energy
consumption per unit building area has reached 93.98kWh/m?2.

B. The structure of enclosure made of sward composite materials
with three different thermal parameters

When the project adopts the energy-saving design with sward
composite materials, it considers the enclosure structure of

THE traditional rural building, and conducts simulated comparison of the
building energy consumptions, so as to analyze its heat-insulating
performance.

a) Comparison in calculation methods between the three schemes
and the scheme for constructing enclosure for traditional rural
buildings (Scheme 4):
22 Scheme HNEAERZ FHeat transfer coefficient of EIEHFEL Heat transfer BT ANEERE Ener%y consumftion
external wall (W/m -« k) coefficient of roofl W/m - k) per unit building area ( kWh/m?2

1 0.61 1.32 45.99

2 0.80 1.70 53.99

3 1.00 2.10 61.85

4 2.50 3.87 93.98

S EAmEPTE Calculation based on building area

PWFEBAOTEE, EHRBITEEER 270mm, 4ZRE%E
B {RR S BRSNS S NRAFE R

FR.FER2. FERIEFRIFFITE B REFE L BT
HEorgl, 2RI EE 51.06%. 42.55%7%0 34.19%, TEER
RAE,

HMBREREEAE:

TR GIRERE

FFEaesk — (1 2o ETLEET
XS RE (1 SREAR

) x100%

p80-12747 71-¥1.indd 103

In calculating heat bridge, the thickness of sward insulation takes
270mm, with comprehensive consideration of the most adverse
condition in which the sward insulation is combined with the thin-
walled light steel structure.

It is known from the results of building energy consumption
calculation for Scheme 1, Scheme 2, Scheme 3 and Scheme 4 that
the energy-saving rates are 51.06%, 42.55% and 34.19% respectively,
with obvious energy-saving effect.

Method of calculating relative energy-saving rate:

Designed building
Relative =(1 energy consumpfion x 100%
= e o
energy-saving rate ( Reference building )

energy consumption

2009 JANUARY CHINA HOMES 1 03
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DEDICATION s s

b) Z#H RSEFTEE 50% WRERETE I

b) The calculation comparison between the three schemes and
the standard limit value of building energy conservation (50%):

N IMEZ AL BIEHREL SR LT FRBEFE Energy e
7728 Scheme Heat transfer coefficient of external wall Heat transfer coefficient of roof consumption per unit building area - PR
(W/m - k) (Wim - k) (RWh/m? ) ergy—saving rate
1 0.61 0.55 32.69 41.82%
2 0.80 0.55 34.54 31.69%
3 1.00 0.55 36.27 21.75%
T HE 50% TR PRIE
50%Energy—saving 1.00 0.80 39.52 50%
standard limit value
SEAmEPE Calculation based on building area
TR T Method of calculating energy-saving rate:
NN Designed building
PR AL SR WITEREERE 0 Actuql energy — ___ energy consumptio o)
KPR EEE =1 ] x100% -saving ra'g =1 1 Reference building energy I 100%

SRR /(1-BiR 08X )

M Z 27915,

53.99

—————— | x100% =31.69%
3952/ (1-50%)

MELETH BSR40, RAECENELRE, sThURER
HUAEEA T BE 30%.

C. EH1i5E 50%igit

FAEPEWEELTE TR, BEMAMWIEREHETEE
BO%FRAENER, ABFTREEN.

AIMBRITT VR ETEE, RPERMPEREEOR
ZFLANAR, BREBERENATIERE, His.

FEEFAR (A b FEE (100mm W SEESRE ( A ) +
ZEAR (P W 948 (A

Energy-savingrate2 =[ 1—

consumpfion/ (1- target
energy-saving rate]

To take Scheme 2 as an example,

%P 1 4100% =31.69%
3952/ (1-50%)

It can be known from calculation that adopting the thermal-
insulating of sward wall and sward can near and reach 30% building
energy conservation.

C. The design of 50% building energy conservation

It can be known from the calculation of building envelope that the
roof construction falls short of the requirements of 50% energy-saving
standard, and has energy-saving potential.

The project designs several roof structures, wherein, filing rice straw
in the roof is also an economic and practical scheme, and has
good thermal performance. Its construction:

galvanized steel sheet (excluded) + straw (100mm) + thin sod
(excluded) + bamboo frame plate + steel frame (excluded)

A EITESER. The calculation results of three schemes:
7522 Scheme IMEETAREL EIUE AR RS BT FR REFE Energy consumption per unit
Heat transfer coefficient of external wall ( W/m -« k ) Heat transfer coefficient of roof(W/m « k) building area (kW /m?2 )
1 0.61 0.55 32.69
2 0.80 0.55 34.54
3 1.00 0.55 36.27
T BE 50% TRAERIE
50%Energy—saving 1.00 0.80 39.52
standard limit value
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FE1.F 2. 75E3 At H HAZHEEFEH /M T176E50%
HIFRHEPRIE, iX B T 17HE50% RYIRITER,

WIS ETE A, H—PiRE AU B WEIPSEIETR
TERE, ATIE TSR B EE 50% ER, Hf4AiiE 8 F
RN, BUREEATtRE, TEATERESSHNX, R
AR X DU SR S S T HER R X

4. &g

* RAELRERPEMNEATERT, SRNMESEE
PEMARIFIMIEM LEEL, TRERBERAE, BEBTHESZK
BROBFSMY, XDREEENEIR.

& AIUIE XFBERNEMEE, E68 L REEPEY
FEATREIRT, EERLSHX, TTEIASIATIERNTEE 30%
=K,

& ATIEHRAEHEEEPEN, BETT R, TTXH
BT RE 50% 3K,

75 AL, fERE. RHE. THERE

1. ERHRRRERSHRATIT
IR SMTAR A

@y <

B South orientation JEM North orientation

(1) faFmsHh

Sysload (KW)

Il

T T T
Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Date: Sat 01/Jan to Fri30Dec

1

“— Room heating plant sens load: (72 2277 72 .aps)
—— System air heating load: (2222 22 2 2 .ap9)
— Bailersload: (? 27772277 apy

~— Room hum. plant load: (? 777 77 7 7 .aps)
~ Aux vent heating load: (? ? ? 2 ? ? ? 7 .aps)

EFRNTNH

Annual heat load distribution

p80-127%7 71-Yr.indd 105

The calculated building energy consumptions in scheme 1, scheme
2 and scheme 3 are dll less than the standard value of 50%, thereby
reaching the design requirements of 50% energy conservation.

It can be known from the above calculation that the thermal
performance of enclosure in the project is further improved, and
the project will meet the requirements of 50% energy conservation.
So the project is extendible, and after changing its thermal
performance, can apply to the disaster areas with different climate
conditions, including regions with hot summer and cold winter, cold
regions and exiremely cold regions.

4. Conclusion

@ The sward thermal-insulating envelope structure is adopted for
building energy-saving design. Compared with fraditional rural
envelope structural materials and structure, it has an effective
energy-saving effect, and will help improve the residential
conditions of peasants in the disaster area and redlize post-disaster
reconstruction.

@ The project adopts thin-walled light steel structure residence,
combines the building energy-saving design of sward thermal-
insulating enclosure, and can near or reach 30% building energy
conservation in regions with hot summer and cold winter.

@ The project adopts sward thermal-insulating enclosure, has
extendibility and can meet the requirements of 50% building energy
conservation.

VIi. Heat power,
energy consumption,
emisasion reduction and
comfort degree

1. Analysis of indoor environment quality as well as cold and
heat load
Environmental analysis model

(1) Load analysis

Sysload (kW)
A

n May Jin Sl Alg Sep od Nov Dec
Date: Sat 01/Jan to Fri30Dec

—— Room cooling plant sens. load: (2 2 2 22 2 2 ? .aps) —— Room dehum. plant load: (? 2 22?2 22 2 aps)

—— Sydem airsens g load' (7?2 22777 7 aps) —— Sygemairiat cig load (2727?2777 aps)
—— Auxvent sens dg. load: (? 777777 7 aps) —— Auxvent lat. dg.load: (? 7777777 aps)

—Chillersload (7 777777 7 aps)

EERNFTIH

Annual cold load distribution
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" DEDICATION ## s

BFZTEASHRE, SHBERTETEH ARG As the project is aimed at rural farmhouse, indoor thermal and

A N PN . . humid load is mainly composed of personnel load and skin load
EPEMIEHR, TERRS, WM RERIENEESRE without air-conditioning system. The load calculation herein only

REREE s34 89 B A, serves as the base for subsequent indoor environmental analysis.

Condensation Prediction for Bxternal Vil ‘Condensation Prediction for External Va1

EI \ fars

TS § \ [

o \»zn

- L6 3 1
IR R SLEB T AW RSB
Dew analysis in sultry and humid weather Dew analysis in cold and humid weather
BB T BFES MR RE, [FE A BE Because of the air permeability and heat resistance of sward walls,
HESET, AT HIEES there would be no water coagulating on the sward wall structure
P ) NIN= o o

even in plum rain season typical in Sichuan.

2. A5 2. Sun shadow analysis

. . N R The major-eave design in the scheme can keep out the blazing
JL > ] A iy Az 1
AT RPOREERIT BT B SR ENRRO sunlight in summer, reduce the sunlight heat obtained by south

X, BT EmAEEN B BER, MAESSE, XEELLAKMEIIF rooms, and in winter, let sunlight enter the room and increase the
HATH, BESEEEE, room temperature.

Suncast image: Suncast image:

View tine = 21 Jun 12:00 View tine = 21 Jun 14:00 View tine = 21 Jun 16:00
site Latitude = 30.67 site Tatitude = 30.61 site Latitude = 30.61 E
Longirude diff. = -15.98 Longiude diff. = -15.98 Longitude diff. = -15.98
Model Bearing = 0.00 le1 Bear: Model Bearing = 0.00
@ sun: azi = 112.45 alt = 13.77 : .54 ale = 75. Sun: azi = 270.33 alt = 50.71

Eve: azi = 140,00 alt = 9000

Fra

EEH 10:00am~16: 00pmMBFATE  sun shadow distrioution at 10: 00am ~16: 00pm on summer solstice

Bye: azi = 140.00 alt = 40.00

Suncast image: Suncast image:

View tine = 22 Dec 10:00 View tine = 22 Dec 12:00
site Latitude = 30.67 site Tatitude = 30.67
Lengitude diff. = -15.98 Lengitude diff. = -15.99
Model Bearing = 0.00 Model Baaring = 0.00
Sun: a2i = 135.43 alt = 20.29

Sun: azi = 162.46 alt = 33.79
Bye: azi = 10.00 alt = 40.00 Eve: azi = 140,00 alt = 40.00

Suncast image:

View tino = 22 Doc 16100
1 Baaring = 0.

ZZEH 10:00am~16:00pmBEF 43 Sun shadow distribution at 10:00am ~ 16:00pm on winter solstice
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3. ESMRIAS T

ERE. EEEESREA NNE, &EFHRIET.2m/s,
3R FAIESBICFDARIRITEE B ZE SN A TR I 3T

EHhE 1.5mAESNRERFH I, BPAREFERER T KR
BIR/ o

Wocky 000 014 02 042 056 070 08 0% 112 136 140 15 mk

—
R R R R |

HERIZ T Section wind field distribution

4. ARFERIZENHERERS T
(1) —#FRMENE

B RENES PR

Location of the room in the whole building

W p80-127%1 74-¥1.indd 107

Wty 000 014 03 043 0% 0N _O0M 0% 113 136 140 13wk Wy 00 oM ox

3. Analysis of outdoor wind field

The outdoor prevailing wind direction in summer and winter in
Chengdu is NNE; the annual average wind speed is 1.2m/s. The
simulation analysis of outdoor wind field is conducted by adopting
CFD model of IES.

Distribution of wind speed field at 1.5m near-surface: the different
colors in the pictures stand for different wind speeds.

sy i
Whdy OM 0l 030 00 0% 0N M  ageao.ly 140 -,,. s Weay e W em  am oM om M e an o oa% o we o im

4. Indoor environment quality analysis for typical rooms
(1) Eastern bedroom on the first floor

Bk

Room shape
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DEDICATION s s

HEE . st meERZ R BT L, &FEH6E Sunlight: The annual percentage of sunlight absorption by
T, HEFEWE southern side wall and the ground; sunlight could be obtained the
R, = BREFTRZ. year round, but is less in summer, more in autumn and winter.

BE&S Montt| 01:00] 02:00] 03:00 | 04:00] 05:00] 06:00| 07:00| 08:00] 0300 10:00| 11:00] 12:00| 13:00| 14:00| 15:00) 16:00| 17:00| 18:00] 13:00| 20:00| 21:00| 22:00| 23-:00] 24:00
o168 165 1000 942 835 872 864 ©67 832 916 977 1000
P 1000 948 862 820 802 794 796 807 831 874 w5
I 594 831 742 681 EGE B64 665 E69 678 633 746 1000

Al _- 730 469 383 359 373 383 322 212 [No0) 00N Noo"

Y i i 153 06 (00 (00 00 00 00 00 00
P (00 169 11 (00 00 00 00 00 00 00
" Aream2) 188 13 (00 00 00 00

* Percent Area

180 11.8
57.7 57.0
76.8| 757
864 850 84 3 914 939 1000
908 886 880 886 908 947 100.0 1000

DRSS Mot 01:00] 02.00] 03.00] 4.00] 05:00] 06:00] 07.00] 05.00] 5.00] 10001 1100 1200 130 1400 1500] 16
(s 16B_16BF =

Feb
Surface 2 e

Area=-12.59 [m? b |

 Show results by --- . = -----

" Aream2)

* Peicent Area
Insolation type
" Extemal
(" Intemal

K. FERNBARFIEST, BEIAZ] 60Luxiy X i mi8is Light environment: Daylight is naturally
- W distributed inside the house; regions
O,
95%, EMELHLATH RIS with ilumination degree of 60Lux cover
an area over 95% . The indoor dizzy light
is well distributed.

‘Showing the
ea above
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HELEE . JEIRAT, &4 EEIEfRS . B 7R, 88 Heat environment: Annual comfort index distribution without air-

Sl B TitEE R R conditioning. The annual comfort degree is high except for hot
PHRRSY, SEEFEERE, FHREIPRERAIE. months of July and August. The average radiant temperature is

relatively stable.

11
104
~20
x ! &
3 o 2
£ 5
= 1
2 >
2
§ 1 £
2 10
7
| I | ‘ |
T T T T T T T T T T T T T T T T T T T
Jan Feb  Mar Apr May an it Aug Sep oct Nov Dec reb  Mar Apr May din Jul Aug Sep od Nov Dec
Date: Sat 01/Jan toFri 30De ¢ Date: Sat 01/Jan to Fri30Dec

— Comfortindex: -167 _ 1677 (777777 77 aps) —— Mean radiant temperature: -162 _ 16?2 % (22 22 22 7 2 aps)—— Dry-bulb temperature: (CHN_Chengdu_CSWD.epw)

BN IESIEARAST, SEFERIIMENIEFELER, BTFHEEA Humid environment: Annual comparison of indoor and outdoor

e U T 48 N ;e o relative humidity. The annual humidity distribution is stabilized
ERH REFNREIHE, SFREDHREE 70%ES. around 70% because of the favorable moisture absorption
function of the wall structure.

0.026—

0.024—

0027+
0.020~

0.018

0,016

0.014

M L fll

0.012-

Percentage (%)
Moisture content (kg/kg)

0.010+

T T T T T T T T T T T T 0 T T T T T T T T T T T T
Jan Feb Mar Apr May n Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May dun Jul Aug Sep oc Nov Dec

Date: Sat 01/Janto Fri 30/Dec Date: Sat 01/Jan to i 30/Dec
—— Relative humidity: 167 _ 1677 (777777 7 7 .aps) —— Extemal relative humidity. (CHN_Chengdu_CSWD.epw) —— Moigture content 162 _ 16727 (2 2272727 27 aps) —— Extemal moidure content” (CHN_Chengdi_CSVMD epw)
RIFE . FPEPSTEVNBANAN, RETEZTANSSH Wind environment: Natural ventilation produced at the bottom of

BRR the window has improved the indoor air quality.

|
Velocty 000 001 003 004 005 007 088 009 0l 012 013 014 mk Velocity 000 001 003 004 005 007 008 009 011 012 013 014 mk
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" DEDICATION ®# s

(2) Z#EmMENE ) (2) Bedroom at the west side of the second floor

ZEEER MEFE PN E FEEAR
Location of the room in the whole building Room shape

. NS m e FZ B BN E D t. & F TS, 1 Sunlight: sunlight reception percentage of the west door and the

Nt Seus AT a1t B BB, groungl throughout the year. It is.bolonc;ed Through out the year,
EEXTFRBRISIRNENE both sides could only could receive sunlight in every afternoon for
a short period of fime.

Area=9.98 (m?
Show results by
" Area(m2)

% PercentArea

Insolation type :
& Extemnal
" Intemnal

bEE
' sp308_30BF

| Surface 1

Area=20.86 [m?
 Show resuls by-
" Area[m2)

(¥ Percent Area

[ Insolation type —

N% = N . . Light environment: for the distribution of indoor natural lighting, the
KT EABMRRIE, REDAE] 60Luxiy XS EAvEL regional area of ilumination that reaches 60Lux exceeds 95%. The

5%, ERELINNTERLT indoor glare is well distributed.
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P EDPIREST, ©FEFEEEIRI . K 7BH. 88 Thermal environment: distribution of indexes of comfort degree

. . = e . Il the year round without air conditioners. The comfort degree is
A BB, TR, o .
PHRRSY, SEEFEERE. FEIRERARE higher all the year round except in July and August. The average

radiation temperature is stable.

139 45
12
119
L 10 ~
3 s
kS 2
N 5
£ E]
£ 7]
2
.8 £
| e
7
] I }” hl
T T T T T T T T T T T T T ]
Nov  Dec

T T T T T
May Jun Jul Aug Sep Oct Jen Feb Mar Apr May Jn il Aug SepR oct Nov Dec

Jan Feb Mar
Date: Sat 01/Jan to Fri 30Dec Date: Sat 01/Jan toFri30Dec
—— Comfort index: 5p-30-? _3022 (222222272 .apy —— Mean radiant temperature: -30-? _302 2 (2?2 22 22 2 2 .aps)— Dry-bulb temperature: (CHN_Chengdu_CSWD.epw)

ENE . ESIERAST, 2@EFTRNIMETEEEEE, BTEK Humid environment: comparison of the indoor relative humidity
N S s throughout the year without air conditioners. As the wall structure has
&= L £ i = 9 ° - . o -
ERIFNNEIRE, SFRENBREE 70%ES good moisture absorption; the humidity distibution can remain steady
at about 70% all the year round.

0026

0,024

0.022-

0.020{

5 0.018-]

0,016

2

0,014

a

Percentage (%)
o
2
P

Moisture content (kgikg)

T fu’“u}l Ly ¥ ”1
/

) T T T T T T T T T T T 0.002- T T T T T T T T T T T
Jan Feb Mar Apr May n ul Aug Sep oct Nov Dec Jan Feb Mar Apr May Jun NY Aug Sep Oct Nov Dec
Date: Sat 01/Jan to Fri 30/Dec Date: Sat 01/Jan to Fri 30Dec

—— Relative humidity: -30-2 _307 7 (22272777 aps) —— Extemal relative humidity: (CHN_Chengdu_CSWD.epw) — Moisture content: 302 _30?2? (2272272772 aps) —— Bxtemal moisture content: (CHN_Chengdu_CSVD.epw)

KIS . FPEIP=EMNERTTRR, KETENNESSSE Wind environment: Natural ventilation produced at the bottom of the
S window has improved the indoor air qudiity.

Vlocty 000 001 003 004 006 007 008 010 011 012 014 015 mk Wiory 000 0Dl 003 004 006 007 008 030 011 012 016 015 ak
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DEDICATION s s

5. FMEHE—CO2HEE

Er HERERTHE, KTE PR RE AR E Tit
S SRR G 48T BT MR R BT 50 ), AP B4k
IR, P ERAARA

(1) EXFEE

TR REBUEFERMAL LB R, — M T ERAIREFE S
10%~15%, B4R BEFES 50%~80%, 7EZREFE AT
S EEFIERA, TEE RO REFEEHER o S ML EGR, T A
FEEEEENFTARZR AREFRK, RmEATEPE
AT EE,

EMEMER COHRRET =34, —2Y WHESK
BHRGE=E8) COz, ZR B IEFERN COH, =2%K8
FHEBREBMEMEZ RN 2 BAEERE) CO2, HLL, MEEREVEE
AE5FEmRERNSHRET UEEEM =555 CO2HEK
2, REBITESR 1Z B~ £ 0 COHEEH 0.95kg,
B IRRHAEFI B REPR =4 8 CO2B R BRIRE MR D R HF 8y
CO2=354810, BN oI 1+ 8 B 7= Sh £ = ER 69 COHIE (t—
CO/t#M )o ( WTERFTF)

REZFA L2, FRHHE, IR CoE & %

——

5. Environmental benefit: the calculation of CO2 emission

Note: It is calculated according to construction system, all strength coefficients of
the research are taken from the research paper of Research on Building Materials
Environmental Load Index and Evaluation System by Zhao Ping, Tong Jifeng, and Juan

Rong at China Building Materials Academy.

(1) Basic hypotheses

Of the energy consumption by buildings, the energy consumption
at the general construction stage accounts for 10%-15%, and the
energy consumption at the stage of producing building materials
accounts for 50% - 80%. The latter stage accounts for the largest
proportion in the total energy consumption, and the sources
of energy consumption data at the latter stage is much more
reliable. For energies used for fransportation, the energy efficacy
varies significantly between different means of tfransportation, so it
is not considered in the calculation.

CO, emission during the stage of producing building materials
consist of three parts: first, CO,generated fromm combusting
minerals or solid fuel; second, COsfransformed by power
consumption; third, CO, emitted from the chemical reaction of
silicate material. Therefore, the CO, emission by building materials
can be estimated according to energy consumption and carbbon
content of the raw materials for building materials production.
Currently, the average COjemission by consuming one kW of
electricity is 0.95kg. The CO, produced by fuel combustion, plus
CO,generated by electric energy, plus the CO, emitted from the
chemical reaction of silicate material add up to the CO9 emission
by building materials during the production stage (t- CO,/t
building materials). (Please refer to the form as below)

Resource consumption, energy consumption and COz emission during the process of producing building materials in China

BIAMELEFR TR EFERE BEIREFER CO: Hfi=
Name of building material Resource consumption(t/t) Energy consumption(GJ/t) CO2 emission(t/t)
7K Cement 1.6 5.5 0.9
§M#1 Steel material 1.8 29.0 2.0
844 Aluminum material 4.5 180.0 9.5
#E5UIFIE Building glass 1.4 16.0 1.4
A4 Lumber 0.1 1.8 0.2
251 B A a3
Construc%;ol)n1 sanif;fbceramios 18 [ 1.4
Fk £ %% Clay brick 1.9 2.0 0.2
JEEE T3k Concrete block 1.2 1.2 0.1

RIEE £ FHANIAA, THERFAMRIERERE. RIFE
FEFD CO2 HEMES A IR TR ST A 1, MR EAE
MEFEM IR FRIMB S I T A8 S oA R RHER B F A 1E
fEo REUHEMNERNMEIEE WM. BN, BRI
BEEEM . A%, BENEREX~ROFE, SHTI)
T RAEMRINE R R, ERBIENAM BAT 2RI E
Y, EEWENEE—RTHEATER, AMBRERELE
MERENATENG, Hit, AU B IEN T ERIRF AL
BT AER.
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In view of life circle, the calculation of resource consumption,
energy consumption and CO2 emission of building materials
should take info account the renewable capacity of building
materials. The renewable capacity of materials means that when
the materials are damaged, they can be recycled after being
processed. The building materials with renewable capacity
include steel bar, sectional steel, building glass, aluminum alloy
sections, lumber etc. The recovery coefficient of renewable
materials should be given by surveying related domestic products.
Although the building glass and lumber can be recovered
completely or partly, the recovered glass usually can not be used
in buildings. It is difficult for lumber to be used in building without
being processed. Therefore, the calculation of the research does
not take into account the recycling factors. ( See form below )

m - mnssll
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HAMBEERA%TIZ  The recovery coefficient of renewable materials
$MAH Reinforcing steel bar

#U4X Sectional steel 844 Aluminum material

0.9 0.50 0.95
# RE G M INE g Hs sk Consideration of the environmental load indexes for recycled building materials
f ] R - R EFERE REREREE CO2 HEmE
S Building materials Resouches consumption (t/t) Energy consumption ( GJ/t) CO2 emissio (/)
#U4X Sectional steel 0.18 13.30 1.40
XA Reinforcing steel bar 0.90 20.30 0.92
£844 Aluminum material 0.23 19.30 1.02

RIFE LR SRR AR, R R R
The indexes adopted by the project based on actual estimation are shown in the following Table:

R 2 R E ZFEHR Important indexes
Names of materials BRHERGRE FORHFESR BB FESRIE
Carbon emission intensity t/t | Resource consumption GJ/t | Energy consumption intensity GJ/t
7K5R Cerement 09 1.6 55
EIEM Sectional 1.4 0.18 13.3
M A5 Reinforcing steel bar 0.92 0.9 20.3
844 Aluminum 1.02 0.23 19.3
535 Glass 1.4 1.4 16
AR#F Lumber 0.2 0.1 1.8
Fg#& Ceramics 1.4 1.3 15.4
Z5 %% Clay 0.2 1.9 2
s T HIER Concrete 0.1 1.2 1.2
F% Hay
Je Mud
4% Bamboo
(2) #H87HE (2) Calculation method
A. BHYINTIRHFE
A. The resource consumpfion by buildings

~ _‘%k{\— S S ik/\v /E{ ,g.;:_ 'N \d, jm= \;\, 5 > 4
HRRGY SR TR AR E R IR Calculating the natural and mineral resource amount consumed
in the process of producing buiding materials used on unit building

RATH F=HREE C(Ym2 )
area of a building C (t/m2)

0 0
C=2Xl.Bu(l—a)/S C=2Xl.Bu(l—a)/S
i= =
Hp, Where in:
o Xi — Unit weight resources consumption index in the production
Xi — 3 iMEME ISP R EE R ERERIER( ) process of i building material (1/1)
Bi BREAMAE PEMNEEE(L) Bi — Gross weight of i building material used in single building (1)
N x s S — Building area of a single building (m?)
S —RARRHANERER(m? ) o — Recovery coefficient of i building material used in a single

building

SRS | MR IEICEREL

(0]
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B . YR BEIRHFE
THERY) S ARSI AR AT R AR iR B FER
AEJRE E(GI/m2)

E-= iBi[Xi(l—a)+aXr,.]/S

Hrp.

Xi—5 i MpEM A e B EERIRBFEIEIR( GIt)
B—RKERASE P EMNEEE(L)

Si—— RN AIENEIR (M2 )

o —BRBFPTASE | FhEA BRI R LT
Xr,— B ESPTAE | FERSM A B BT iR S
BI4E = BEFEREAR (GU/t)

P- iBl.[X,.(l—a)+aX;;.]/S

C. BT IRE R R E
THE RS L AOE R EARET RS B 7 72 P HEA Y
COz2 & P(t/m2 ),

Hop.
Xi Fi FhEM A IR P R EE COr HitErR ()

B —SRAEAE | PRV EESE (1)

§ —BARERNHEFNEIR( m2)

o ——SREFIPT A E FPEM B R EL

Xr, ——SR{ARENET ST FRESIAPR E U BT Aidied
8y CO2 HEAFERR(t/1)

(3) HEHER

KA ISR, KUEMiTE, RS ESRENE
TS REMEEIEEE, EEEIIRED.

TR D BRHERL 70.08—-11.90=58.18 [iff

FRCEFERE . 8B EFER (N AR REMERFY 10%.
14.6%.

——

B. The material energy consumption by buildings
Calculating energy amount consumed in the process of producing
building materials used on unit building area of a building E (GJ/m?

E-= iBi[Xi(l—a)+aXri]/S

Where in:
Xi Unit weight energy consumption index in the production
process of i building material (GJ/1)

Bi Gross weight of i building material used in single building (f)

Si Building area of a single building (m?)

«—— Recovery coefficient of i building material used in a single
buiding

Xri Production energy-consumption index in the process of

recycling i building material in a single building (GJ/1)

P- iBl.[X,.(l—a)+aXri}S

c. The impact of buildings on the environment
Calculating CO2 emission during the process of producing building
materials used on unit building area of a building P(t/m2).

Wherein:
Xi — Unit weight CO2 emission index in the process of producing
i building materials (1/1)

Bi Gross weight of i building material used in a single
building(t)

S —— Building area of a single building (m2)

«—— Recovery coefficient of i building material used in a single
building

Xri CO2 emission index in the process of recycling i building

material used in a single building (/1)

(3) Calculation results

The sample house is compared with other masonry-concrete
buildings with the same building area by the above method
through detailed calculation, in the construction process:

58.18 tons of carbon emission can be reduced.

The resource consumption intensity, and energy consumption
intensity of the sample house are only 10% and 14.6% of masonry-
concrete structure houses.

1 1 4 CHINA HOMES JANUARY 2009

(T

2009.1.11 4:31:25 PE



WHEER I THLI-

For calculation results, you can refer fo the attached Table 1 and Table 2:

BRAFGERIE tt FOFUHFESRE tt REBUHAESRE GJi
Carbon emission intensity t/t Resource consumption intensity t/t Energy consumption intensity GJ/t
AR RS
Typical masonry—concrete 70.08 333.63 696.00
bungalow
BRI D IRERINE
Typical Ma’erkang Project 11.90 33.70 101.59
=
t$ wIEiEm; S "
|- 3750 | o -
1. $R#En T [ e .
TR  RATRIRGA B FTFL IR %80 s—=—=—1h Lt
T -BERNGSHETE " ‘ o
B RS TRENS.

VIl. Construction

management process

1. Steel processing

Process: Importing design data — molding — hole punching —
tfruncating steel materials — partial processing — packing the

steel structure of the entire house

The constfruction drawing is attached:

Inventor#Li fll iS5

Inventor mechanical manufacture model

=

252030 | |

26302040

28004040

14154225 100X50X20

T
I
I
yql\ _‘,kllm,)‘u
i = IIINE

JS4225 476

EiAE YX00KY50/80-80/300J5 4] &7 HL R 7L CEUENALLA

Weihua YX00KY50/80-80/300 later-stage cutting off computerized
punching C-type sectional steel unit

(1) —RAE, BEE,
(2) ZibmERl, MAiKo
(3) HBES, R,

W p80-12741 7%-fr.indd 115

Process features:
(1) Quick molding, high efficiency.

(2) No waste materials, low cost.

(3) High precision, low energy consumption.

S
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AUTODESK

DEDICATION =k uo

2. T

(1) BIMBRERTIERRE

miEE
Flow chart

BTk
Start up stage

!

HIEAELE

Pre—stage address selection

!

FEEE
House type selection

!

EiHEE
Design adjustment

!
LS

Materials preparation

!

SHER
Labor organization

!
FAREZI

Technical training

!

el
Security training

!

HEEFT

Preparing to start construction

' TEiRAA

Desription of work content

——

2. Construction management
(1) Construction management process

IRIEEIRT, MXEEFEFEM
Planning and selecting the base for the
new building relying on

REEREFE

House type selection by householder

RIEPEZRFHR
Micro—adjustment of the plan according
to householder's requirements

HERTITRI, ARFEH
Arranging construction plan,
organizing labor

BHTIR. Ik, Hessil
Carrying out trainings in processes,
techniques and skills

BHITHRIZEHEHI
Carrying out trainings in
construction security

| |
I I
I I
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
I I
I I
I I
| |
| |
| |
[ BiFR&E, WX [
| Fund application, materials purchase |
I I
| |
| |
| |
| I
| |
| |
| |
| |
| |
| |
| I
| |
| |
| |
I I
| I
I I
| |
| |
| |
| |
I I

FHEA
Responsible person

EZRHATF / PE
Govemments at all levels
householder

PE
Householder

PE
Householder

PE
Householder

EZRHATF/ PE
Govemments at all levels
householder

m - mnssll

LESESEIN
Hsieh Ying Chun team

AR, BARE
Promotion organizational
funds for plans

Improving house type plan to
help householders with the
house type selection

hEh

|

I

I

|

I

I

I

I

|

I

I

I
:%Eﬁﬁﬁ$WMPiﬁﬂ
I

I

I

I

|

| Assistance
I
I
|
|
I

REHREEER, HhEEM
IHouseholder providing material
llists to help householders with
I their group purchase

hEh

Assistance

E))
Sponsored by

E
Sponsored by

116
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(2)ETMEBREETIERRERTIERSIHA (2) The main workflow and job description at the construction phase
Az | EREEH té*:%ll | ﬁnUlﬂﬁﬁ$Iﬁ iz I Jﬁg?:%ll Rl | 453t
Flow chart Quality Securi Special Flow chart | Quality | ecurity | Special
| control | control | instructions control I contro instructions
____________________________ S
| | |
HEL e | | | [ I [
Construction stages | | | I I |
| | | l : ! '
AL g g G e | omm !
On-site wire placing : Check : : Check C°”i§‘s’ﬁ}']§?§,‘ 3'23!?”'" L3 | Chek I |
L I I | | I : I
RSl - | BT L oEs '
Base grozévﬁg Guidance Construc{%n of interior | GuiE(IIa_nrce | |
| I | | soil f||||ng | | |
| | |
o I I
M TS5 | S | ! - !
Foundation compaction Guidence @ﬁ%ﬂlﬂ#ﬁi | s |
[ [ [ stuction of Guidance
| | | | intemal walls I I I
| I |
BEEHT | e | | |
Construction of brick | Guidance | | EHERHT I g% |
strip foundation | | | Filing grass and sol | Check |
y [ [ [ ! [ [ [
ERNREE g% R ! : !
F|xanon of Iposmonlng ! Check ! I Coml)?rgtizgn%f dol | B |
eel racl | | | and window Check
! | | | | ' : !
| | | N | I |
BT ERET 155 £2 B8S
Conciefeloopbeam | Gudance | ' Electncalaa PIpeIIIIe ' G | I
construction | | | stallation I I I
! [ [ [ | [ [
. I I |
AT | s | Emy | &S Ealk
Construction of assembling | Chec’Ii | Key Custody | Constructlongl?moldlrﬁgplate | Gu%a_nrce | Key Custody |
steel girde LS I
[ [ [ | I I
| | | | | | |
S I=I=2 &5 1k
R - Comenieor | Gos | ROy |
Lifting steel rack | Guidance | Key Custody | | | | |
|
! | | | T R |
mEMREY | g | I Consinion I Guance ! !
Assembling space girder | Check | | internal walls | | |
! [ [ [ ' I I I
EEMEEHT | s | Eakp | A . | s | !
Construction of roofin: | Gu%anoe | Key Ctﬁody | Fonshico g RS | Gu%ance | |
baboo-braided boar | | | | | | |
’ | | | s e o
N /3
ERBEEREL | 3§ | Bl drainage and floor | Check | I roof bamboo rib
Construction of roof Guidance Key Custody permanent
heat-preservation layer | I I | ' I '
T | R | |
! ' ' ' EgERE Si% oAt
A | | | R Constuctonof ydo-clecticty | Chek | Key Custody |
&E = e
Fixation of roofing L osm ) | ‘instaliation of l I I I~
steel plate | Check | | roof bambootrib | wi I - | Feitg e
ermanen i AP
l I I P . °he°kthes“ o | Gek ! KeyCustody ! '%Sé?#fg}?é‘n?f
e ST | e | ! " pidle onthe
Installation of permanent | Guidance | | Installation of | | I second floor
molding plate permanent gﬁqﬁz
I I I moldlng1 Acceptance | I :
[ [ | plate on the [ [ [
| | | | second floor | | | |
BT
@ | | | Completion ' | '
| | | | | |
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(3) T FIZiHN

i. DAL

TEME. TRZ%. EHR (20
EINIE=V/ O S /8

T2 hiTiE%k . HEER,
TR, A&

BHRER . iz O, B
EERmAR St SRR SRR,
RN A TR B,

ii. ELALTEE

TEMEL I S5k

IR . EREZEVISIAT
REMRTEHAE, BLRER
#H7ZE 600mMmM~900mm( 1 2 #h + F7
TBHRE ), FHIZTEETE 600mm X
A, FURZEEA/NF 500mm,

THIES  AraRtE, RETE
B

iii. I EEIFSE

TEME. FIAVHEFI TR, B
BKo

METIEA : SURBUN—E A& ( E
EL 3mm Z£h, THHES], 9
—=R09] ), FE/EEEE 300mm

W—RAR, HE, #F, ELEHE |

300mm~600mm( FFHZREIRTE )o
SHE s R FESNSE,

iv. FESRERET

TEMEL#E. KR, P, 7%
TI. RGE. TAREL. BORI. SKARkG

METURBR . B4 E KA 370mm 7
3%, 1.3 7RI, SE 5 Mk,
= AR TEE R A IR A B TR IR
MR O

BHES HEEATEREH
N, MBENTAH, TAEZ,
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15cmIMPENRE | L

30cmiit Ml

60cm ey b2 gy

20} vy

L]

40

j&[ﬂ{f‘ﬁf@_‘lﬁ@. )
A2 A3 4 RS

> WERETAAE—
kth B B T

(3) Description of detailed process and

! techniques

i. On-site wire placing

Tools and materials: engineering line, tape (20
meters), ime and shovel.

Process description: drawing the engineering
line, deciding the right angle, placing the sample
according to the chart, iming.

Key conftrol points: placing the sample
according to the center line; deciding the
facing of the building according to the local
custom and the conditions of the current
foundation; drawing the diagonal to check the
size after the sample is placed.

ii. Base Grooving

Tools and materials: excavating machine,
shovel.

Construction specifications: carrying out
excavation according to basic size using
machine or manpower; the excavating depth
shall be controlled within 600mm to 200mm
(decided by the local earth quality); the
excavating width shall be within 600mm, while
the width at the bottom shall be no less than
500mm.

Key control points: keeping the elevation
under sound control and avoiding excessive
excavation.

iii. Foundation Compaction

Tools and materials: Compactor or self-made
tools and materials, white lime.

Construction specifications: Casting a layer of
lime at the bottom (the thickness is about 3mm,
on-site control, and one even layer is enough),
casting a layer of lime when backfiling 300mm
earth, tamping and leveling off; the backfilling
height is from 300mm to 600mm (according to
the excavating depth).

Key control points: The top layer must be
tamped.

iv. Construction of brick strip base

Tools and materials: brick, cement, medium
coarse sand, brick axe, sharp shovel, engineering
line, sand screen and shovel.

Construction specifications: The brick strip
base adopts a 370mm brick wall, and is built
by laying bricks made of cement mortar with
the proportion of 1:3 and the height of 5 bricks.
Bolt holes shall be reserved on the top brick
according to the positions of bolts on the
drawing.

2009.1.11 4:31:39 PE




v. FELHREREE

TEMB FHeh. BIURZ,
24 C BN, FPKRE . RBR.
]Fo

MeTI5BR . s 2R~ EATENES,
E &I /G TIREINE; C 24N
TIRESFEAERTEREE 150mm 5B
B, ERKEEIRNERE, TuRigeR
FRAL

BHIE s BRI SIAER
B, PSR G R INER KR, R
SRFIZGELE, EETAERZE
IREHIE S,

vi. iREE L E R T

TEMKE . KRE. AF
(30mm~50mm). PHEE> . BRE .
EIRLDM . I,

T 28R « ARAR K A A Sl AR
(ZHEMME), XAKE: aF

2 B3 HIRED, EISEES C RN

T O, REEIHIEREE C BN

NN, WRIFRERREL

REEHRF

BHES ORBRIXABINHH
P, BERAHE, RETVESEL
BI3FBR, &5 A RIUEREE TR HI7K
SEE (LR HBREMT ) 2R
BABRRE B EE, R
R PEMEGFRIP T, TEHER
AL,

vii. ATERERHET

TEME . Bie CRW, HF
KE. RER. #RFo

METUtER  ARIEE R, £
Hh T AE Y oL B 42 58 B 4R 4R S 42 S
2R, XNFFFLPIGF IR, NERAHT
SRR E,
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" Key conftrol point: paying attention to the

occluding construction at the brick wall corner, the

- reserved positions shall be accurate and checked
- by special personnel.

v. Fixation of positioning steel rack

Tools and materials: electric hand drill, tapping
screws, bolts, C-type sectional steel, leveling water
pipe, tape and wrench.

Construction specifications: assembling the
positioning steel rack on the spof; carrying out

% femporary fixation after confirming the uprightness

on every side; a distance of 150mm shall be kept
between the lower surface of C-type sectional
steel and the brick strip base surface; fixing
temporarily after adjusting fo level; installing pre-
embedded bolts on their positions.

Key control points: ensuring the uprightness on
every side of the steel rack; controlling the level
degree of the entfire steel rack; keeping the
uprightness of the bolts where possible; all the
above key control points shall be checked by
special personnel.

vi. BConstruction of concrete loop beam

Tools and materials: cement, carpolite
(30mm~50mm), medium coarse sand, shovel,
filtering mesh and cart.

Process specifications: The molding plate shall
adopt wood or brick board (referring to the
atatched graph on the left ); using a grade
matching proportion of cementl: carpolite2:
sand3; the casting height shall be equal with
the lower entry of the C-type sectional steel;
dismantling the C-type sectional-steel positioning
rack after the concrete coagulating; the concrete
surface shall be made level after the steel rack
being dismantled.

Key control point: The concrete adopts the on-site
beating up and should be dismantled immediately
after the concrete coagulating; keeping the
level degree of the surface (especially near the
foundation bolts); wrapping the foundation bolts
before casting with plastic bags; paying attention
to protect the bolts during the casting process;
keeping the bolts in their positions.

vii. Assembling space girder

Tools and materials: screws, bolts, C-type sectional
steel, leveling water pipe, tfape and wrench.

Construction specifications: assembling the girder
according fo the drawing coaxial cables; locking
bolts in the right perforations; referring to the
assembling animation for girder assembling.

2009 JANUARY CHINA HOMES 1 1 9
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BHES . IEERRESRRT
MERW, LAY ERER, W
ZAB/EEX NI RETE . T

Key control points: choosing the sectional
steel in strict accordance with the number
and dimensions; preparing backup materials
when perforations are mismatched and no

FL. #BH. unauthorized actions should be made to cut [
punch and appropriate the processing materials
viii. #2RENSe viii. Lifing steel rack

Tools and materials: angle iron connecting parts,
C-type sectional-steel spare parts, ropes, chain
wheels, electric hand drills, tapping screws and
wrenches.

Construction specifications: Installing angle
iron connecting parts in the position of the pre-
embedded foundation bolts before lifting; liffing
the steel rack and fixing it with pre-embedded
foundation bolts by angle iron connecting
parts; fixing the steel rack temporarily by inclined
supporting with C-type sectional-steel spare parts.
Key control points: checking the strength of the
rope and the joint; carrying out unified direction
| when lifting; fastening both sides of the steel rack
| via ropes; all operators shall wear safety helmets;
standing under the steel rack is strictly prohibited.

TR ks CRRE
Yh. BREB. BES. FEEh. ETURL.
RFo

T 388 : 2 P B S TR Hh B 42
AN B | AR E A AT
B, HORERINGD, TRSHURHE
BT e EE, fC ARG
SRR T R B

BHES SIEEATREBER
BIGRE, RRNBS—I5E, T 1
HENRRRIE, FraT AR
4N, ARSI A,

ix. Assembling space girder

ix. Z[AIHTE4ESE Tools and materials: angle iron connecting parts,
C-type sectional steel spare parts, ropes, electric
hand drill, tapping screws, wrench and scaffold

IEJFZH{SL : %%%ﬁ?%'ﬁ: \CEE%N% board.

. FReB. Foih. T8, RFE. Construction specifications: assembling the girder
I 2OAAR ) according fo the drawing number; locking bolts in

the right hole positions; referring to the assembling
animation for girder assembling; checking the
level degree and rightness after the assembling
completes; locking bolts in sequence after
adjustment.

Key confrol points: paying attention to safety during
the construction; wearing protective ropes when
operating in high alfitude; the lock bolts should not
be too tight while fixing at a time; locking them tight
in order after the adjustment of level degree and
rightness; the level degree and rightness must be

BT REEERS A
20, XFILRHUFRIS, HiZ4EsrE
SNBEERHNE, ArehEThE F
EREEEER, BESREMHORH |
B,

BHES BTHEIERE, &
SEVERFHPE, e KER

TEXE, FARTKEEREEER - checked by special personnel.
BAORPE, KEEREEEEFTETA

R x. Construction of bamboo-braided board
2%
Tools and Materials: steel nail spear, air pump,
woven bamboo.
x. EETTHRIRIET Construction specifications: conducting anti-pest
freatment to the bamboo plates and braiding
them on floor (see animation); fixing the braided
~~ bamboo to the roof puriins; the method of fixation is
shown in atfached Figures.
Key control point: Bamboo braches should
i be placed in boiling water to kill pests; workers
performing work high above the ground should
wear safety belfs.

TEMELNITIE. SR, Mho

FMET IR - X7 TR RN,
TEHE R, SNshE, i
FOMRIREETERTURS L, EEH
S AHE,

BHES . M EERRSBKER
BTKR, SRV ERFLETH,
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xi. ETRBEET

TEMELFE. BE. EX,

FET IR S TEHE 200mm L
TRE, SREHR, ERTMTHIK
£, &6, EFEEL 150mm,

EHES . INEIELSE,
MENVERGFHISR, TEFREKHN
EEBILSA 311, SRRAEXNZ, HibH
1, (BT,

xii. EEHRREE

TEME . 50mm KT, N
. FEE. BIRZ . WIER
IERAR & . BIFZR AR . RREB . 5
F. BEWo

MR : FER S IR EARAR £ E
EARTT, KRAEEEIRIER MR EH
o FABEIURLBIERTIR, FNRE
BEEE, BBURZERESR BEAS
¥, BITURZLATERRZINAIE, ¥
RIS RN B 1 EIKAR 5o

BHES ETRETERE,
SEWVE RGBT, BRI IR
1EREENEE, TARE,

Y

xiii. Z BRI ER R R AR Lk
8T
TEMRL RIFHRIIER %Mﬁﬂ

A (50mmx50mm ). K. ", &

FoORRLE. FEEh. BTURZ., ?)i%\
BRIFFZeAR. Rk,
METULER . Fefthmm B A 1:3 897KR
WPIZAE T HRINARAR NS (SRR IR
MR FEREA 10mm JSREPERY
B ), FRMETIREHTRIFNM
EIRZREMET ( RIFINNAIERE A
WA ) RIFNNEESEMG, BT
ML FHIET, BEEA 1223 H4A
SRR IIZESE, FRERD 30mm,
BHES IR LN N EEER
BATERIFINN L, FAARMFIRIEBMR,
RIF—EmREEEI%, ASE C
BRI b, ARREE BT ZERERT IS TN
2 f, PRIESNZZW F e R+ B
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3mwx 3mm x 200mm 7#75

mn RN

3 mim X4

(DS
C #48

IR EFE T

G B,

< Xi. Construction of roof heat-preservation layer

Tools and Materials: hay, mud, pitchfork.
Construction specifications: Hay should be cut
into less than 200mm in length and mixed with
mud; putting the mixture into the space between
bamboo-braided boards and purlins; the filing
thickness is approximately 150mm.

Key control points: taking care when constructing;
wearing a protective rope when working high
above the ground; the proportion of hay and mud
is about 3:1; the mud should not be too thick and
should e viscous and pappy.

xii. Fixation of Roof Steel Plate

Tools and materials: 50mm wooden boards, color
steel plates, electric hand-drills, tapping screws,
weathering plastics, water-stop slips, wooden
scaffoldings, hemp ropes, ladders and safety
belts.

Construction specifications: marking the fixation
of wooden boards on purlins in accordance
with the blueprint; the distance among wooden
boards depends upon the thickness of color
steel plates; fixing color steel plates with tapping
screws; the width of the lap between two steel
plates and the distance between tapping screws
are determined by the technical parameters
provided by manufacturers; the tapping screws
should be subjected to airtight tfreatment with
water-stopping slips.

Key control points: following safety precautions
during construction; wearing a protective rope
when working high above the ground.

Tapping screws must be subjected to anti-rust
treatment by specially assigned operators.

. xiii. Construction of Permanent Molding Plate and

Concrete Casting

Tools and Materials: permanent steel templates,
steel wire net(50mmx50mm), concrete, sand,
stones, hemp ropes, electric hand-drills, tapping
screws, spanners, wooden scaffoldings, shovels.

Construction specifications: mixing the concrete
and the sand in the proportion of 1:3 and putting
the mixture onto permanent steel templates; make
sure the surface is smooth - there is a protection
layer which is made of the mixture of concrete
and sand, and is 10mm thick under permanent
steel templates; when the mixture of concrete and
sand is dry, instaling permanent steel plates, whose
fixation is shown in attached Figures; after the
installation of the permanent steel plates, building
in steel wire net and casting the whole construction
with the mixture of stones, sand and concrete in the
proportion of 1:2:3; the thickness of casting is 30mm.
Key control points: stomping on the permanent
steel net is prohibited; taking a wooden scaffolding
as a pedal to assure level stress on a certain surface
and the stress point is on the C-type sectional-
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steel girder; picking up the steel wire net on time to
ensure that the steel wire net is located above the
concrete (retaining a 10mm protection layer).

xiv. Construction of indoor terrace filing

Tools and materials: plastic film, lime, shovels.
Construction specifications: spraying a layer of ime
on the base (3mm thick; on-site control; evenly
spraying); installing 300mm soil and then spraying
lime; laying a solid foundation and leveling the
surface; the process goes on until the upper surface
of ground girder reaches 50mm; laying plastic film
as a damp-proof layer; repeating the process of
installing until the upper surface of ground girder is
level.

Key control points: being careful when laying the
plastic film; keeping it from being torn; the width of
the lap of plastic film is no less than 50mm.

xv. Installation of permanent wire net of external
walls and filling grass and soil

Tools and materials: permanent wire nets, 30mmx
30mm wooden post, straw stalk, clay, straw cutters,

- pitchforks, carpentry mechanical slicers, pneumatic

spear, air pump, scaffold, scaffold plank.

« Construction specifications: fixing the solid

permanent steel wire, which is on the inner side of
the external walls, onto the C-type wire board with
pneumatic spear; the outer part is made of 30mm
*x30mm wooden post (see aftached Figures); fixing
permanent wire net onto the wooden frame; when
the height of net fixed reaches 600mm, installing
grass and soil; the proportion of grass and soil in the
first outer door is 1:1 and in the second is 2:1; at the
same time of installing, solidifying the mixture with
wood sticks; plastering the outer door with mud; the
first layer is within 30mm, and the second 10mm;
plastering the surface with lime in 10mm thickness;
hanging wire net from the height of 200mm
above the ground; plastering the surface with 1:3
waterproof sand paste in the thickness of 20mm.
Key control points: following safety precautions
during construction; wearing protective rope when
working high above ground; the permanent wire
net should be tightly fixed and prevent frame
destruction.

xvi. Construction of Internal walls

Tools and materials: bamboo strips, straw stalk,
30mmx*x30mm wooden posts, lime, pneumatic
spear, air bump, wooden scaffolds.

Construction specifications: drilling holes at every
400mm on the C-type sectional-steel posts; passing
the bamboo plates through these holes and
vertically braiding the bamboo plates (refeming to
the assembly animation for braiding the bamboo
plates); plastering the woven bamboo plate with
mud; the first layer is 30mm, and the second 10mm;
plastering the surface with ime in 10mm thickness.
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Key control points: following safety precautions;
wearing protective rope when working high
above ground; the process of plastering must be
performed by steps, each of which has its own
thickness in case of hiatus; the first layer of mud is
mixed with straw stalk, and the second with sand
and sail.

xvii. Consfruction of Doors and Windows

Tools and materials: 50mmx100mm wooden
posts, 50mmx50mm wooden posts, glass, PET fim,
30mm wooden board, carpentry mechanical
slicer, pneumatic spear, air bump, carpentry
hand-tools.

Construction specifications: Doors and windows are
made of wood; after the assembly of a light girder,
making a frame with wooden keel according to
the sizes of doors and windows; fixing the frame
of doors and windows to the keel with steel nails;
after the construction of external walls, installing
window sashes, door sashes and hardware of doors
and windows; windows are made of glass and PET
film, in which an 12mm air layer for heat insulation
is aranged; conducting special freatment to the
window opening part on the external doors; pre-
embedding steel wire net along the two sides of
the window and plastering it with cement slurry;
taking the outer windowsill as a dado, below which
the drop-water line is arranged (See attached
Figure for details)

Key control points: leveling PET film as much as
possible during fabrication; taking info consideration
the deformation and shrinkage of wood when
making wooden windows in case the window can
not be opened due fo dampness.

Conclusion

The notion of after-quake reconstruction Mr. Hsieh Ying Chun
sticks to is to use money within limits, and to allow residents to
work on their own. In the spirit of unity, residents could achieve
the recognition of both self identity and community culture, at
the same time to achieve energy saving and environmental
friendliness.

‘Ma'erkang Project’ seeks to optimize space allocation,
technology of architectural structure, new ways of construction
and management of reconstruction. We believe our efforts will
bring a promising future to the rural areas. 3
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