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Abstract: The eco-mater ials ( include natur al and ar tificial mater ial) applied in the eco-technolog y in internal cur rently , usually

lack o f evaluation for applicativ e condit ions. Hence, this study carr y on the w hole r esearch and identificat ions to draft the eco-

mater ials o f eco-techno log y. T he evaluation models o f applied mater ials fo r eco-t echnolo gy w ere propo sed. T he quantitative

sco r e were obtained by exper t's per son evaluat ion. Three models w er e pr oposed t o quantify the effect s o f applied mat eria ls on

the eco lo gical env ir onment. The st atistical pr ocedures w ere adopted to compare the per formance of these ma terials for eco-

techno log y. T he results indicated that the comparison of applied mater ials can be t reat ed by quant itative analysis. F or the

further ana ly sis, more evaluated data from exper t's experience need to be co llected t hen the bias of person subject can be

reduced. In addition t o reach the benefits in t he r espects of eco system, so ciety , economy and funct ion, also practice the

comprehensiv e effect s in eco-technolog y.
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1　Introduction

The Taiw an government strongly pushes the eco-

techno log y in recent yea rs, use the natural building

mater ials, such as nativ e stone , soil and applicat ive plant, to

avo id t o break the lo cal ecosy st em env ir onment. How ever ,

partial eng ineering str uctur es still need t he concer t usa ge o f

ot her nat ur al o r the ar tificial mater ials, t o r each t he tar get of

looking after bo th sides of the engineer ing secur ity and

biodiv ersit ies. T he preserv ation w ork o f so il and wat er has a

long histor y in T aiw an. The tr aditional w ay is t o apply t he

solid constr uction to pr ot ect the env ir onment, such as

concrete m aterials. The effect of theses constructions on t he

ecolog ical envir onment w as neglected in the past. Recently,

maintain and recovery o f nat ur al env ironment has been

emphasized. The eco-t echnolo gy then be r eceived t he

attention by public. M any construction cases had executed.

The applied mater ials o f eco-t echnolo gy are diver se. T he

selection o f these mater ials fo r t he construction of eco-

techno log y need t o be studied. In this study, the evaluation

models of applied mat eria ls fo r eco-techno log y w ere

propo sed. The quantit ativ e scor e w ere obt ained by exper t's

person evaluation. T he statistica l pro cedures were adopted

to compare t he perfo rmance o f applied mater ials fo r eco-

techno log y.

2 　 The Evaluation Characteristics of Applied

Materials

　　T he basic r equir ement fo r applied mater ials of eco-

techno log y is the criteria of T ri“E”, that is, efficiency,

economical, and envir onment. The meaning of“Efficiency”is

that t hese ma terials can be used to r esist t he st ress of

disaster s. The meaning o f“Economic”is that t he co st of

t hese ma terials can be accepted by user s. T he meaning of

“Envir onment”is that these mat eria ls can be used t o

m aintain the diver sity o f eco lo gy . T her e a re four functions t o

ser ve as the standard to evaluat e the per fo rmance of

m aterials. T he evaluation char acteristics fo r applied

m aterials ar e intr oduced as follow s:

2. 1　Safety Function evaluation

T he basic requir ement fo r t he soil and w ater

conser vat ion is the safety function. So the selection o f the

applied mater ials has t o consider t he ability t o resist the

disaster . T he eva luation it ems for safety function o f applied

m aterials ar e the str ength ness, endurance, w ater

permittivity, stability of slope land, the w orking flex ibilit y

fo r differ ent reg ions, and t he possible of envir onmental

destr oy a t the installing stages.

2. 2　Ecological habitat function

T he requir ement of applied materials for the eco lo gical

habit at is t o maintain the bio lo gical diver sity . So the

evaluat ion items included the div ersit y of biolog y , plant

v eget ation ability, and animal habitat s conser vation.

2. 3　Economical function

T he char acter istics of economical function are to r educe

t he constr uct co st and maintain co st . The eva luation items

included the unit cost of materials, the require wo rking

hour s, and the depression per iods of materials.

2. 4　Sustainable function

T o meet the r equirement o f natur al conser vat ion, the

r atio of application of the natur al mater ials need to be

incr eased. T he r euse or recycle of mater ials is encouraged.

T he evaluations items included the r euse ability of

m aterials, the energ y requirem ent at the pr oduced process,
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the adding waste in t he manufacturing pro cess, t he effect on

the nat ur al env ir onment at the destro ying or dissemble

pro cess, and the effect of natural env ir onment during t he

natural dissem ble pro cess.

3　The Evaluation Model

There were some models adopted by civil o r

envir onment engineer s to evaluat e the cost or the effect of

construction m aterials on eco log y. However, t hese models

did no t consider the char acterist ics of applied mater ials of

eco-techno lo gy . T hese m odels can not be applied dir ectly.

Ther e are four evaluation models for applied mater ials

propo sed in this study:

( 1) Perfo rmance evaluation model

( 2) Eco lo gical character istics evaluation model

( 3) L if e cycle assessment evaluat ion model

( 4) I nt eg r ated evaluat ion model

3. 1　The performance evaluation model

This model pro vides the ba sic information of applied

mater ials. The char acteristics o f efficiency and economical

ar e consider ed in t his model. T he typical surv ey is showed in

Table 1.

3. 2　The ecological characteristics evaluation model

The emphasizing points for eco log ical considerat ion of

applied ma terials are maintaining of the liv ing habitat s and

ecolog ical diver sity . The im pact evaluating values ar e: 2 =

good per formance, 1 = medium per fo rmance, 0 = none. T he

raw data o f ecolog ical perf ormance ar e evaluat ed by author .

T hen these scopes are further analyzed. A s the st atistical

m et hod of ev aluation model w as finished. The surv ey tables

w ill be evalua ted by exper ts. The final evaluation r esults

w er e estim ated by t hese dat a. The typical eco lo gical

ev aluat ion table is listed in T able 2a and 2b.

3. 3　The lif e cycle assemble evaluation model

T he applied mater ials of eco-technolog y no t only had

t he str ength to r esist the ex ternal st ress, but also had the

ability to pr otect the natural envir onment. T he life cy cle

assessment ( LCA ) model is adopted to evaluate the

eco lo gical cha racter istics of applied mater ials. The special

char acterist ics for the LCA models are to consider all

pr ocess units. The effects of pr oduction, utilizat ion, decay ,

r eused units on the env ir onment pr essur e are estimated.

According to the ISO14040, the evaluation table w as

pr oposed as T able 3a and 3b. The input and output items

included air pollution, wa ter pollution, soil po llution,

m aterials consumptions, ener gy consumpt ion, and the

pr oduction of final wastes. There ar e fiv e g r ades for

ev aluat ing scor e: 5= no influence, 3= light, 2= medium, 1=

severe, and 0 = ver y sever e.

3. 4　Integration evaluation model

I n t his evaluation pro cess, these mat erials are evaluated

by its char acterist ic of function, eco lo gy , economic and

reused or r ecycle ability . T here are fiv e g rades fo r estimation

scor e: 5 = pr io r to apply, 4 = good to apply, 3 = can be

applied, 2 = be applied w ith reluctantly , 1 = cannot be

adopted. T he t ypical ev aluation result s ar e listed in T able 4.

Table 1　The perfo rmance info rma tion fo r applied mat eria ls of eco-technolog y

M aterials i tem Names

Working condit ions

F low speed/ (m·s - 1)

Slopeabove 1/ 1. 5

Flow s peed/ ( m·s- 1)

Slope be low 1/1. 5

Es timated units

purcha se co st ( NT)

M aintain

uni ts cost

Operat ion

condi tions
Applied period

Nature stone stone 1- 8 350 Natural s tone ava ilable 20

Concrete s Concretes 1- 8 350 Fi tt ing lo cal condi tions 20

Woods Woods 1～4 423 Art if icial channel 5

Wire Vegetat ive 1～5 1100 Art if icial channel 7

cyl inde r M ult ilay er 1～7 750 Can no t be applied a t high acid o r sal t so il 7

Po res concre tes block 1～8 1070 Fi tt ing lo cal condi tions 20

Others Vegetable- concretes 1～8 1570 10

　　No te: T he purchase units cost is the est ima ted co st . T hese units cost is v aried w ith the economical and social condi tions.

Table 2a　T he eco lo gical ev aluation va lues of applied mater ials

Evaluation items

Biological mater ials

Woods
Art ificial

w ood

Vegetables

stake

Plants

for embankment

Other materials

Moss Bark man ual Wood fiber S oil bags

Support the continuous ecological environment 0 0 2 2 1 2 2 1

Support th e special ecological environment 0 0 2 2 1 2 2 1

Suppor t the divers ity envir onment 1 0 2 2 1 2 2 1

Support the vegetative environment 0 0 2 2 2 2 2 1

Help to produce the vegetative environment 1 0 2 1 2 1 2 1

Porous surface 1 1 2 2 2 2 2 2

Rou gh ness su rface 1 1 2 2 2 2 2 2

N atur al material 1 1 2 2 1 2 2 1

Localized mater ials 1 0 1 1 0 1 1 1

Penetration of mater ials 0 0 1 1 1 1 1 2

Water purified ability 0 0 1 2 1 1 1 1

Adopted ability of local surface 1 1 2 1 2 1 2 1

Pr eservation and ap plied of sur face soil at work ing 1 1 2 2 2 2 2 2

T otal scor es 8 5 23 22 18 21 23 17

EEC in dex/ % 30. 7 19. 2 88. 5 84. 6 69. 2 80. 8 8 8. 5 65. 4
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Table 2b　The ecolog ical evaluation values o f applied m aterials

Evaluation items
Complex molecular

compound

N at ural

s tone
concrete

S qu ar e vegetab le

block

Hexagon

s tone block

Flower

stone

Gr een

h armoney
Bio grass

Support the continuous ecological environment 1 1 1 1 2 1 1 1

Support th e special ecological environment 1 1 1 1 2 1 1 1

Supp or t the divers ity envir onment 1 1 1 1 1 1 2 2

Support the vegetative en vironment 0 0 0 1 1 1 2 2

Help to produce the vegetative en vironment 0 0 1 1 1 1 2 2

Porous surface 0 0 1 2 2 1 2 2

Rou gh ness su rface 0 1 1 2 2 1 2 2

N atur al material 0 2 0 0 0 0 0 0

Localized mater ials 0 1 0 0 0 0 0 0

Penetration of mater ials 0 0 0 1 1 1 1 2

Water purified ability 1 0 0 1 1 1 1 1

Adopted surface ability 1 1 1 1 1 1 1 1

Pr eservation and applied of sur face soil at work ing 1 1 1 1 1 1 1 1

T otal scor es 7 9 8 13 15 11 16 17

EEC in dex/ % 26. 9 34. 6 30. 7 50 57. 4 42. 3 61. 5 65. 4

T able 3a　The life cycle assemble evaluation o f applied mater ials

Name i tems
M aterials

c ollect ion

M aterial

t reatment
produced ass emble t ranspira t ion ut il izat ion

Recycle and

disassemble

Was te

col le ction

To tals

co res
EEC index

Wood

Air pol lut ion 5 5 5 5 5 5 5 5 40

Wa te r 5 5 5 5 5 5 5 5 40

Soi l 5 5 5 5 5 5 5 5 40

M ate rial c onsumpt ion 3 5 3 5 3 5 5 3 32

E ne rgy 3 3 3 3 3 3 3 3 24

Final w as te s 5 3 3 5 5 5 5 5 36

88. 3

Art if ic ial

w oods

Air pol lut ion 3 5 5 3 3 5 3 3 30

Wa te r 5 5 5 5 5 5 5 5 40

Soi l 3 3 3 3 3 3 3 3 24

M ate rial c onsumpt ion 3 3 3 3 3 3 3 3 24

E ne rgy 3 2 2 2 3 3 3 3 23

Final w as te s 3 3 3 3 3 3 3 3 24

68. 8

Vegetable

s take

Air pol lut ion 5 5 5 5 3 5 5 5 37

Wa te r 5 5 5 5 3 5 5 5 37

Soi l 5 5 5 5 3 5 5 5 37

M ate rial c onsumpt ion 5 5 5 5 3 5 5 5 37

E ne rgy 3 3 3 5 3 5 5 5 32

Final w as te s 5 5 5 5 3 5 5 5 37

90. 4

Table 3b　The life cy cle assemble evaluation of applied mater ials

Name i tems
M aterials

c ollect ion

M aterial

t reatment
produced ass emble t ranspira t ion ut il izat ion

Recycle and

disassemble

Was te

col le ction

To tals

co res
EEC index

Plants fo r

embankment

Air pol lut ion 5 5 5 5 3 5 5 5 38

Wa te r 5 5 5 5 3 5 5 5 38

Soi l 5 5 5 5 3 5 5 5 38

M ate rial c onsumpt ion 5 5 5 5 3 5 5 5 38

E ne rgy 3 3 3 5 3 5 5 5 32

Final w as te s 5 5 5 5 3 5 5 5 38

92. 5

Higher

mole cular

compound

Air pol lut ion 5 3 3 5 5 5 5 5 36

Wa te r 5 5 5 5 5 5 5 5 40

Soi l 5 5 5 5 5 5 3 1 34

M ate rial c onsumpt ion 3 3 2 3 5 5 5 5 31

E ne rgy 3 2 0 2 3 3 3 3 19

Final w as te s 3 0 3 5 3 5 5 5 29

78. 8

stone s

Air pol lut ion 3 3 3 3 3 3 3 3 24

Wa te r 5 3 3 5 5 5 5 5 36

Soi l 3 3 3 5 5 5 5 5 34

M ate rial c onsumpt ion 3 2 2 2 3 3 3 3 21

E ne rgy 3 2 2 3 2 3 3 5 23

Final w as te s 3 3 5 5 3 5 5 5 34

71. 7
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Table 4　T he integr ation evaluation of applied mater ials

Characteris tics E va luat ion i tems Woods
Arti f icia l

woods

Vegetable

s take

Woods

f iber

Higher mo lecular

c ompound

Squa re

vegetat iv e block
Biog rass

Non

w oven

Landlok

TRM

Strength 3 4 2 1 3 5 4 4 2

Endurance 3 5 2 1 3 5 4 4 2

Water permit ivi ty 3 5 4 4 4 5 4 5 5

F unct ion Slope s tabi li ty 3 5 5 1 3 5 3 5 5

Flex ible o f w o rking 3 5 5 5 4 4 3 5 5

Environment dest ro y 3 5 5 5 2 4 4 5 5

Subtotal 18 24 23 17 19 28 22 28 24

Anima l conser vat ion 3 2 5 3 1 3 4 3 2

Eco lo gy
Plant v ege ta t ion 4 3 5 5 1 4 5 3 5

L iv ing div ersity 4 3 5 3 1 4 5 3 3

Subtotal 11 8 15 11 3 11 14 9 10

Uni t co st 5 2 4 3 3 3 4 3 3

Assemble /disa ssemble o f model 5 5 5 5 3 2 3 5 5

Eas y degre e of wo rking 3 5 4 5 3 1 1 2 4

Economic Required tune i f w o rking 4 5 4 5 3 1 1 3 4

Reused t imes 3 5 4 1 3 1 1 1 1

E asy deg ree o f mainta in 3 3 3 5 3 4 4 3 2

Subtotal 23 25 24 24 18 12 14 17 19

Reuse o r recycle 3 3 5 1 2 2 3 1 1

E ne rgy consumpt ion 1 3 5 3 1 2 2 3 2

Reuse o r Waste product ion 2 2 5 5 2 2 2 2 4

recycle Environment impact during dest ro y 5 5 5 5 5 3 3 2 4

E nv ironment impact o f dissemble 5 2 5 5 5 3 3 2 4

Subtotal 16 15 25 19 15 12 13 10 15

Chara cteris tics IE I v alue 8. 23 9. 59 16. 28 10. 90 5. 49 8. 45 9. 61 8. 56 8. 90

4　The Statistical Technique of Evaluation Model

There are four evaluation t ables used in this study . T he

perfo rmance evaluation model w as used to pr ov ide the ba sic

information o f applied ma terials. O thers models ar e used to

compare the fit ting o f eco-technolog y . The pr imary

statistical t echnique fo r o ther s t hr ee models a re intr oduced:

4. 1　The ecological characteristics evaluation model

The to tal sco re o f each applied mat erial is serv ed as t he

standard for comparison. The EEC index w as defined as:

EEC= T ota l scor es/ full scor es= T ot al/ 26 ( 1)

4. 2　The ecological characteristics evaluation model

Fo r each mater ial, there ar e six items and eight unit

pro cesses ( y i) . The dat a str ucture is a 6×8 matr ix ( x i ) .

The ECE scor es ( eco lo gical character istics evaluation

sco r es) wa s defined as:

ECE sco res= 6
6

i= 1
6

8

i= 1
x j i ( 2)

The full scor e is 240( 6×8×5) . The ECE index w as

defined

ECE index= ECE scor es/ 240 ( 3)

The ECE index w as serv ed as the criter ion t o evaluate

the ecolog ical function of mat eria ls.

4. 3　The integral evaluation model

The integ ra l ev aluation model included four main

criteria of applied mater ials: function, ecolo gical, economic,

reuse and recycle. The or ig inal scor es w ere noted asx i =

function, y i = ecolog ical, z i = economic, w i = reuse and

recycle. Because t he numbers o f each item w as differ ent, t he

ra tio of each item w as defined as follow ing .

Rx = 6
6

i= 1
x i/ 30 ( 4)

R y= 6
3

i= 1
y i/ 15 ( 5)

R z = 6
6

i= 1
z i/ 30 ( 6)

Rw = 6
5

i= 1
w i/ 25 ( 7)

T he integr al eva luation index ( IEI) then be calculated

by its w eight s co efficient,

IEI= W x··Rx + W y··R y+ W c··R2+ W d··Rw ( 8)

T he weights coefficient is defined as follow s:

W i = 0, if　0≤R i≤25% ( 9)

W i= 1, if　26≤R i≤50% ( 10)

W i= 3, if　51≤R i≤70% ( 11)

W i= 4, if　71≤R i≤85% ( 12)

W i= 5, if　86≤R i≤100% ( 13)

4. 4　The correlation analysis

T he index of EEC, ECE, and IEI then w ere furt her

analyzed by cor relation analy sis.

5　Results and Discussion

T he typical EEC index for t he eco lo gical cha racter istics

evaluat ion model is listed in Table 2a and 2b. Bio lo gical

m aterials o r natural mater ials have the higher EEC index

t han that o f o thers mat erials. This evalua tion result s is

r easonable fo r qualitat ive analy sis. How ever, the quantitative

analysis needs to be further study with more da ta from

expert s. The typical ECE sco r es o f the life cycle assemble

(下转第256 页)
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54. 3%、全钾15. 7%、全磷5. 7%、速效氮105. 9%、速效磷33.

2%。林草兼作, 若种苜蓿, 2 年后与无草林地相比, 土壤有机

质增加76% , 有效氮增长 5. 9倍, 速效磷增长2. 3 倍,速效钾

增长3 倍, 从而使草地林的树径增长48% , 树冠增长29% [3] ;

种植牧草尤其是多年生牧草,由于增加地表覆盖率, 减少冬

春季土地裸露, 且由于根系发达,表现出良好的固土效果, 有

利于改善生态环境。

近两年来,本溪、抚顺等地区已经在退耕地上种植了紫

花苜蓿, 成效十分显著。但退耕还林还草,一方面要提倡合理

规划、规模种植,另一方面还必须强调因地制宜, 宜草则草、

宜林则林。

3. 5　合理配方,科学管理

辽东山区舍饲期间的主要饲草是秸秆饲料。秸秆是一种

粗饲料, 特点是粗纤维含量高( 30%～40% ) , 并含有木质素。

木质素虽然能够为牛、羊等反刍动物吸收利用,但由于秸秆

终归属于劣质粗饲料, 所以,为了保证绒山羊的正常发育, 获

得满意的绒山羊产品, 必须在日粮中配以优质青干草,并适

量补充精料、氮素、矿物质和维生素等。表1是辽宁绒山羊原

种场研究制定的辽宁绒山羊在全舍饲状态下各类羊只的每

日饲喂定额, 可作为辽东山区饲养绒山羊的日粮标准。

另外, 舍饲圈养绒山羊加强日常管理也是非常必要的。

羊舍的设计要科学,避风向阳, 要有运动场, 让羊适当运动,

尤其母羊要增加运动量。要保持羊舍干燥。舍饲食槽数量要

充足,设计应科学, 防止羊只争食顶撞。每天定时饮水, 要饮

清洁水。及时补盐,每周喂盐3 次。春、秋季搞好驱虫和药浴。

秋季 ( 9～10 月)大、小羊只都要注射“羊三联”或“四联”疫

苗,防止发生传染病。放牧期间, 羊群不易大, 根据辽东山区

牧草地现状,放牧羊群一般 30～50 只一群为宜。

表 1　辽宁绒山羊原种场在全舍饲状态下

各类羊只的每日饲喂定额 g

类　　别 精　　料 青贮 料 青 干草

种 公 羊 1250 1750 500

成年母羊 350 1500 500

育成母羊 300 1000 300

育成公羊 350 750 250

羔　　羊 200 350 150

4　结　语

绒山羊从传统的放牧方式转变为舍饲圈养是一种新生

事物, 其效果如何需要实践的检验, 饲养模式应该追随科学

研究的成果,随着科学研究的进展而日臻完善。绒山羊舍饲

圈养技术成功,将为水土保持生态自我修复工程的实施予以

极大的支持,因为实现水土保持生态自我修复的目标必然要

以稳定并提高山区人民的经济收入为前提。
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evaluation is listed in T able 3a and 3b. T he natur al plant s

used fo r pro tected have the highest scor e. Stone mater ials

have the low er sco res among the six types of mater ials. T he

IEI values of t he int egr al ev aluat ion of applied mat eria ls are

listed in T able 4. The IEI value o f w ood mater ials is

calculated by the follow ing:

Fo r Vegetable stake, x i = 23, y i = 15, z i = 24, w i = 25,

then

Rx = 0. 77, Ry= 1. 00, R z = 0. 80, Rw = 1. 00

From equation ( 9) to equation ( 13) ,

W x= 4, W y= 5, W z = 4, W w = 5,

IEI= 0. 77×4+ 1. 00×5+ 0. 80×4+ 1. 00×5= 16. 28

In Table 4, v egetat ive stake has the highest IEI v alues

and higher m olecular compound material has the low est

v alue .

F r om the above discussion, the compar ison o f applied

m aterials can be tr eated by quantitative analy sis. Fo r the

fur ther analysis, mo re eva luated data fr om exper t's

experience need to be collected then the bias of per son

subject can be r educed.
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