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ABSTRACT 

Key Words���� Sustainable Concrete, Environment, Life Cycle Assessment 

1. Background 

 Concrete is one of the widely-used construction materials in the world. It has been 

reported that the consumption of concrete has been reached 25 billion tons per year and is still 

increasing nowadays. Therefore, the use of concrete should be restricted or the concrete 

producing technique should be improved in order to have a sustainable society. Sustainable 

concrete is associated with the life cycle of a structure. Advanced concrete producing 

techniques would help to build a sustainable building. Therefore, future concrete production 

should meet the durability and energy-saving requirement. Although the terms of > green 

structure? , > sustainability? , and > sustainable development?  are not well defined 

nowadays, people generally agree that a sustainable development should not deprive the ability 

of the future generation to acquire their needs, and so the sustainable development should cover 

issues on environment, society, and economy. The sustainable concrete defined in this study is 

expected to be used for sustainable structures and be evaluated by the life cycle cost. 

2. Research Content 

 Sustainable concrete can be classified as: low-carbon concrete (produced by new 

producing technique), thermally insulated concrete with reduced thermal conductivity and good 

energy storage, durable concrete, and pervious concrete. Since concrete is easy-made, low-cost, 

durable, stiff, and thermally insulated, it is adequate to be the main component of a sustainable 

structure. This study plans to explore the mix design and indices of the sustainable concrete 

through a series of modeling and experiments.����

 Obtained results are summarized as follows: 

1. Indices of sustainable concrete are collected from domestic and foreign literature. 

2. The term ‘sustainable concrete’ is defined and its relationship with ‘sustainable structure’ is 

established using life cycle cost. 

3. The materials parameters, indices, ways of applying sustainable concrete in Taiwan are 
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defined. 

4. Strategies of sustainable developments proposed by the government are realized by the 

sustainable concrete. 

5. The quality of infrastructure construction is improved and the government efficiency is 

increased. 
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Uý ™š ³?)* 9 Š .+ • f � 
½ Õ ‘ 9 Š ’“ �Ž • 3   . äh ã ® Lª: 


DEF w ‹ z{ � EFb | . c ‚ 4_ 8 Wˆ# ” Õ L � 2-3•� 18004s O O 2005

4 k 
³ ] : DEF w . c ‚p 280 ppmü4 “ t 380 ppm
 EFb | p 250 ppb“ t

320 ppb
 z{ p 270ppb“ t 1900ppb[18]L  

 

� 2-3 ³ ] : DEF w c ‚_ 8 JK � (0~20054 )
 [18] 

(./01./01./01./01 ���� Global Greenhouse Warming, 2010) 

Œ4|� jk s O – � [\� O . äh † 
D] 19974 12 —¤ ­ � AB p „ z

� ] …R F ˜ e ` ‰� I�  ¢ ² ³ �	 !5 AB 	œ C (Kyoto Protocol)
ª¼œ $

`m•½³ ] :. [\] ä � ? áÂ ™œO 3ò g .Å U 
N š›œ• . ] …T R â

ÕÀx_ ? Ç ’
l ‘ � I � J ] 20124% 
[½ DEF w. GH ? K@¤ 19904

GH ? . 95 %N ¦ [1]L  

� 2-1m ž M [Š)* DEF w GH ?4 Z �� 
óô 20094 � Ÿ ] 20084 DE

F w . GH ? _ F  o TÔ 
 w p 19904 O 20094 kDEF w . GH ?_ 8W ‰m

4.1%
 ¡ # ¢� >Õ UV 4 GH _ 8W ‰m 3.4%L$% �� [\] ä GH ? a =” ^

GH ? Œ 1%
Ö bc 2 %£¤ [2, 3]L  
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� 2-1ž M [Š)* DEF w GH ? [3] 

|k  

(¥¦ ) 

[Š)* DEF w GH ?  

(§ ` C ) 

|k  

(¥¦ ) 

[Š)* DEF w G H ?  

(§ ` C ) 

1990 110851 2000 215488 

1991 119943 2001 219855 

1992 128220 2002 227836 

1993 137626 2003 237213 

1994 145669 2004 245303 

1995 153176 2005 251699 

1996 161624 2006 259265 

1997 174024 2007 262787 

1998 185403 2008 255163 

1999 195384 2009 239615 

(./01./01./01./01 ����567819567819567819567819 ::::81;<=>81;<=>81;<=>81;<=> :::: 2009) 

� 2-4m=” DEF w GH ¾ ¨� 
p © (ª )O « (b )� Ä� � GH ? Lª: 
 G

H ?+ äh . ” ¬ de Ö ­ ­ c ‹ ® 	c £ ” ‹ bc :�ƒ LM ï _ s7Ss7 :.

� J S ” ¬ [18]L  

 

� 2-4=” DEF w GH ¾ ¨� (ª c�#í GH ? ) 

    (./01./01./01./01 ���� Global Greenhouse Warming, 2010) 

AB 	œ C . p ‰� q ñ k æNU¢ w GH mno 
�€w GHm æpw m @s

.� Jt U L up ‰� 
óô�~™• @v ´ 
 w U x) � yz{o| æ[ }~ š›
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P�M • <.bciÇe‡ [1]Lw GHmno � @½ ˆ š �� £�[Š �� �ÇÚf

g
U÷§¨ãä.°±78 
ðñ DEF w GHm ½_m{|+ Š‹ . °± 9 Š L  

������������  56789:56789:56789:56789: (Life cycle Assessment, LCA ) 

$% 
 o� ÇÚ s7rÇ « |_ °s O op LCA åä? F ¸ ¯ Ç «¤ iÇ ‹)

*‹×Øï *+ : âŽ•Mx_ 2§¨ L !" N # 1s Ñ ‹iÇt×Ø01. � Ò

BÅ Ž• °° � � 
ðñ56 !".O *ƒ �� s7 _ _m/�Ú3 � h e.n?

ð n Lijkl¸¹ ;Ç « NíîOïð .Ž• �� ¸¹Z � 
��¬ � Ç « ij

kl. / ã¾ 4 
 Ö ­ # 1. ±] ‹iÇ ‹O* ‹ ² û �Ø ‰ï *+ 
+© ¸¹Ç «

ã � ijklA + :âŽ• ‹i ˜ �Õä ¢£ M • |. ³ ‹ ´ Õ�� [19]L  

19704 ¨ 
 	 � ‹ µ � ‹ H � ‹ ¶· � ¶¸ ï� ¹¹ § ¨ F�Ç « � íîOïð

.Ž• ´ 
� L &oº h 
� Z r �– 
F�¾ . â Ÿ  
F�¾æ[ . âŽ•S[

Š. ( – 
ó{[ Ö � / ãijkl 
 w ¡ �� © ijkl¸¹ _ U x »¼*+ L 1980

4 Š l 
 	 �p]×ØhÇ?� ’ HI 
 x )£'—˜ŸœOÑ @æx_³? ½ ¾ 2

Ç « 
ªÑ @. á ¿ ¤ ]ijkl¸¹ [20]L 19904
 	 � À Ò� F

 � (SETC)s O

 $ ijklXY
Þ�ƒ ü Á i+ L] 19924
� j ` ¿ � Â (ISO)³ � _ " XY Ã

Ä � (TC 207)
 . â ISO 14000Ž•ÑÒ 01 ` ¿ � " ŽŒ � �WÚ� ó ú 0Z LP 0

Zû© F � �æ 6ÓÈ .` ¿ � 
 & âÇ «• 6 £¤ ¸¹¤$ 
 g : .ijkl¸¹

mÇ « ¸¹. á Å Z � 
– | & ½ijkl¸¹ Æx ISO 14040̀ ¿ : [21]L  

20104 ­ c Ç F 
® ·* ijkl¸¹Z � 
|¸¹ Èn Wmfg gú âŽ•.

§¨ 
N°±� � *†. É ¿ • <
�_ � 
 �� Èn # u ) åŽ•Œ ý �°±†.

56�‘01 
��: • < ¥­ � J . â Èn ¤ /�Ú (. O* 
�#å F% Ê †

[22]L–4 
 & F 
®. âÜi[ŠU¢ijkl¸¹ 

�Z r de f h ] [\] ä

. GH ?
�� ¾m Ë ˜ ƒ¦ ˜ .ijkl¸¹ L
�f � •� Ì «7 Í “ 
 ¤ •€

[Š~‡Z Õ S áÂ Î ] Ÿ GH Z Õ Ï F� Ð � Ž L ¤ Ž• �� �¾ 
ªâ=” r

F JK ‹ D F ƒ À Ñ Fã ®§¨ Ÿ � [23]L 20084
 Oyeshola×Ø Ò �3 � å;`†.

9Ú³ Ó 
 Ó� ISO1404023 P³ Ó 2ijkl 
p01Vx ‹)* ‹ � • O +© ²

û ï *+ ÓA� � mh ` 
Ü·*ijkl¸¹> *+ âŽ•. �� L
�f � 7 Ž

Ô Å  !"¡ ' ¾ �‘ 01§¨ Ž• +³ 
 ¤ Vx *+ ¾Ä Õ 24%Å 47%=” r F Ö
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` È ^À Ñ F G _ Ö ` ‚ ¾Ä Õ ³ × 41%Å 30%È �� D F Ö `& ¾Ä Õ ‰ 37%Å

42%[20]L  

ijk l¸¹ O*ƒ ISO14001` ¿ � � F fØÙ .�  L ISO14001e‡� Â O

� "+� N µ Äª¥¦ ‹Ç « � Ï � :.Ž•ð Ú ƒ h ³Ž•ð Ú 
D ¤@ œ$`;

` | ½ 
 h ³Ž•Ž•ð Ú INn Û 
°p LCA = Õ †. 23 ƒ ©æ  !"iÇƒ Ü

F A + :.Ž•§¨ 
¡   Ž•§¨� wÖ ­£ ¾ ×1. GH 
 y ¬ � ã � h1 Å [

Š. Æ– NâŽ•x_. uÝ W* Lßñ½ 3  K@ ƒv e [Š. Æ– Þ ÷¤ 3 ¨ 


¡ ß ± æN š› Ž• ã ® 
 N ijkl. ��*+Üà t � 3 �*+ 
S 3   h N 3

�á Í Üà t � 3 �á Í L   

2-2-1ijkl¸¹ ‡ g Á  

Y� ISO14040(ijkl¸¹ ^‚ )
ijkll¸¹ ‡ g ~Ö �â� de�¾ Á

ISO /FDIS 14041 $.ƒ´µ'œ ‹  ISO /FDIS 14041[ 3 ¾ 4 ‹ ISO/CD 14042�� ¸

¹ƒ ISO/CD 14043f � ã� [24]L  
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� 2-5 ijkl¸¹ý ä [25] 

    (./01./01./01./01 ���� ISO /CNS 14041) 

2-2-2$`ƒ´µ'œ (Goal and Scope Definition) 

ijkl¸¹A + : 
$.ƒ´µ2'œm 0Z WÚ3¤ãz.�¾ 
 g å " 


�$.ƒ´µ 
 # æU¢ � � 9 1 [ 3 ƒ ñò 
ô©U¢¾ 4 ‹ Ü¢ ‹ ÷ š� �� ï L

ijkl.¸¹ Ê ) ~en Û N ¦ £ ¿ Á
� 0Z ‹ 0Z ' „ ‹ � [õ æ‹ �� ¸¹

. ç ˜ �´ 
 ‹ ��Ñ *2 } e € ú� è ¼ € ú ‹
� „@ L ¤ ijkl¸¹ � : 


+ h e.� é ¤ ] ö ê œ•ƒ ë ½ P 0Z . � [ 
U÷ 5 œP 0Z .õ æ� [ L  
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2-2-3[ 3 ¾ 4 (Inventory Analysis) 

ñ *+ dem � � 9 1 ñò � …< ‹ …<? F ÙW L …x9 1 Ö � © # 12 9 Š

.)* 
 …< 9 1 ‚ mMiÇ.Ç «� 
 �� y Ö � ×ØhƒŽ• �� ï GH ; � 


÷ 9 1 ñò 2´ 
 ³�� ìí ‚ 
 ‚Ó $.ƒ´µ÷œ Lñ � 
 ¤ ñ *+ :MF î x ‹

Ç<2 ��VÓ� � [õ æU¢` ¿ F (Normalization)
ijkl [ 3 ¾ 4 ‡ g 
ß �

2-6M � [25]L  

 

� 2-6 [ 3 ¾ 4 ‡ g [25] 

  (./01./01./01./01 ���� ISO /CNS 14041) 

2-2-4�� ¸¹ (Impact Assessment)Á  

ijkl �� ¸¹#p [ 3 ¾ 4•6�� 
 ¤Ó [ 3 ¤$âŽ•§¨ � nð n M

a� ! 
? F I ^ Ü F _ �j Sæ[¢ + âŽ•x_ �� 2; � 
ijkl �� ¾ 4

‡ g 
ß � 2-7M � [26]L  
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� 2-7 ijkl �� ¾ 4 ‡ g [26] 

      (./01./01./01./01 ���� ISO /CNS 14042) 

f � ã�  (Interpretation) 

ã� #ijkl¸ ¹+©3 � ý ä 
 ¤ ñý ä ~Ó�Â %M 5 œ2$.ƒ´µâ

¸¹f ��� L– | 
 ã� mz ï[ 3 ¾ 4 ƒ �� ¸¹7 Ž f � . *+ 
S# ¤ ij

kl [ 3 
� | 
) [ 3 ¾ 4 .7 Ž f � ƒ Mœ•.$.�´µ3 � Loñf � Nf


 ƒ�	. G �•6 ð ç7® 
U÷W m × * Ÿ  † Ÿ Â.h1 ‹TÔ iÇ É+ S •

“ Ç « ¼�ï ç7 2 � n 
ª ‡ g � ß � 2-8M � [27]L  
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� 2-8ã� A + ‡ g [27] 

      (./01./01./01./01 ���� ISO /CNS 14043) 

�"��"��"��"�  ;<=./)*+23��;<=./)*+23��;<=./)*+23��;<=./)*+23��  

    Senthamarai
���: • < !":I x ×Ø013 ¨ iÇ 
æœ• m56 (bc )

 !" [28]L �� Tange;< 
 g  !": � 1. 20%N×ØÇ « ± � 
 # m56 (bc )

 !" [29]L( ½ demº»†œ• 
“ � ¬ � ãä56.�� 
 	 � !" 
 � Ó�

 !"†Í ‹)*†�×ØÇ « |Š ï
½56 (bc ) !" º¾_ ¿³À [6]Á  

1. Âw !" (ÃÄ#ÅÆiÇXY.TU ) 

2. ÊËÌ TÉ !" ÁÊÍ TÉ ‹ÎÊTÉ !"  

3. „… !"  

4. yzÏÐ K@ .ÓÅ !"  

5. TÔÕÖŽ•. !"�)*×Øh  
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6. ÙÚ iÇA + ñò . ÛÇhSÜi01 !" L  

    OikonomouÇ • 2 . â5678 Üi !" � 1.O*# u ) h e. Z q L ��


�: ×Ø ² ¾ �– |Š.Üi � 1 Ö ­ (1)óô .fg (2)r.fg (3)›t � ô õ Ç

uÝ .fg 
 Ó� ö÷ ± F. v ´ ¸¹ ªò*´ 
 D ø �5 œ•bc ’.;` [30]L  

A S  !"ÇÚ 
 Ó w€ � ¸¹ !" âŽ•F �g ³. ´ Õ §¨ 
 wŒ £ 4 &

'£�  !"ÇÚ œº î x £¤TÔ
� 
 ¤ vwZ Õ� ] © o� h ³ U8 
ÃÄ#

)*Üi01iÇ !" ü • m /� Úš›)* D G _3 ¾ JK L � zA S 
�_

� 
æ ùÆ N ¦ ú ¤áÂ âŽ• �� .åäZ � [31]Á  

1. û æ[)* ü \ ûf1 ¶ Supplementary Cementing Materials, SCMs· 
 ÃÄ#

ÙÚiÇA + :M ýò .ÛÇ « 
ß à 1 ÙÚ ‹Å Ý í Þ þ ‹ S Ú ï  

2. )*Üi01 * � � ô 9 Š  

3. • ífgh. „…† � Ï � � j Nv e 01 � � ˆ ¢ .~‡  

4. TÔ !".« 
 †[Sª ) †[ Nv e 01.~‡ ?  

5. ö $ *ÅÜ·*  

�>��>��>��>�  ?5,-@)*+ABCD?5,-@)*+ABCD?5,-@)*+ABCD?5,-@)*+ABCD  

     2-4-1ÙÚ (Fly ash) 

    à 1 ÙÚ # 1 à °í [ @0 ©M G _.3 ¾ À �� ¯Ú Í.  z � 01 L @1 7

Í � ½ 1L _ 100 �� N ¦ 2 1 à 
·*øÊ Î ] 	 xÞ :N 
�� ˜ @0 DÇi ³

?�æ @.í [ × ] 
° ò 
 ¼ = � ò © # æ] à 1 Ú Lª F
 � _ƒ Q " � � 
d

e_¾m DEF S ‹² EFD I ‹² EFD J ‹ EF E Å { @� . ýò wL$% à 1

Ú de*|iÇ à 1 ÙÚ ÅÆ ‹ à 1 ÙÚ � ‹ à 1 ÙÚ S Í b � ‹ à 1 ÙÚ…]  !

"�ª ) �‘01 
 y æWm > Ú � 1 ‹" � TÉ � ‹ »Ô ÙÚ # 1 Å Ž •01 ï L  

    à 1 ÙÚ ]ÅÆ Å  !"ÇÚ.O * , , L ! ß 
 à 1 ÙÚ æ� * Q " # 1 |i

ÇÅÆ 
 SD � ÅÆ K 1 Åà 1 ÙÚ 
 z© 
I x ò? ß MLì æV_ .Å N û!0

1
Dæ·* à 1 ÙÚ� 1 :{ @� . ýò w L à 1 ÙÚ ¡ æWmÅÆ z0 1
ß

iÇÂ [ z_ÅÆ 
iÇ # Ò ½ � z1N P � Ñ •i_Å F h 
Ü° � Å Å Â [ �

� X O G _ÅÆ / h L à 1 ÙÚ ¡ æ*|VW“ K 1ÅÆ 
 Ö ­ ßÚà 1 ÙÚ ÅÆ Å



����� !"�

17 

à 1 ÙÚ ÅÆ L ßÚà 1 ÙÚ ÅÆ#½ �� . à 1 àÚ (x 10%-30%.i ßÚ S � ß

Ú ©Ü Åe ?. ß M  z
 L _ à Š 
S ® � � Lì ©Ü½ª z V � V_Å N †û

!01 LN à 1 ÙÚ Wm �� S !". / h ( 1 | 
  ¤  !": ( Iò? à 1 Ù

Ú � * �¾ÅÆS ì� 1 
�}[áÂ_� 
÷E[ • í !".« 
 † ‹ÙW† ‹

éÅ  Ó† ‹ ! Ø † ‹é ƒD � † Å „ F 
 "# †ïN ^táÂÅ F Ê ‹TÔ !"

.„í [ †[ ‹v e $ � ¾ %Å4 Å Ž• ‹áÂ  !". ä œÔ & Å s ' N� ( @ 

!": Ô ) . *# ï [32]L  

    2-4-2Å Ý í Þß (ground granulated blast furnace slag, ggbs) 

Þß de#í Þ M ï –Çi<.ÙÚÇ « 
³ + Ô � ¤ í Þ + J A + : 
 }~ I

x \ ,� 
) J/ ß � -. :2 / Í � fz÷i_ Þ þ 
 Þ þ � í ÞG <© 0 Q M ]

2 � ähamí Þß 
de 1 Ä# ¤ ] 0 Q � 2 A + 
3m½í Þ þ ‰] Î ] : 
)

ª � ô 0 Q am ] 0 Þß 
÷ � 3Z �‚ m½í Þ þ N í Þ ± <© "# 3 Å 
)ª 4

š 0 Q amÅ ÝÞß 
Å Ý í Þß (þ )N SDE S ISDE mde_¾ 
 �h ‰ 2.9


56 Í Wí^ 95X N( 
 F
 _ I‚ deF DEF S ‹² EFD I ‹² EFD J ‹ E

F 7 ‹ EF E ï_ I ƒÅÆ º m �Œ L   

¤  !" �� ¼�: 8 I ÙÚ ‹ S Ú � Þß ï ü \ ûf1 
â !".« 
 †Í

ƒ„…† V F ³ Õ .§¨ [33]L Li 
��� •� 
 !": 8 I ÙÚ � Þß 
�}æN

I š 9 zÅÆ.Å F X O 
– | & [TÔªé : •‚ƒ ;< fg [34]È·* ÙÚ ‹ S Ú

� Þß ï ü \ ûf1 ± �� I ÅÆ Lf � •� 
 S Ú ± �� I ÅÆ ¤ é : •‚ Å  !

" = é.� ŽŸp 
÷– | )* Þß ‹ ÙÚ � S Ú 2 � äèé • %n "# .[«+ >

[35]L w # 
 g ¡   ÙÚÛÇh 8 I?S ± �ÅÆ?. � ! Aí | 
 X ÷�áÂ !"

. �  « 
 †Íƒ „…† Èß
 
® Escalant¾Ä )* 30%‹ 50%� 70%. Þß ± �

ÅÆ Lf � •� é : •‚ e Þß ± �ÅÆ?.HI÷áÂ [36]L  

2-4-3S Ú (Silica fume) 

S Ú # JS z ? S S z ? ÙÚÛÇ « 
#3 ¾ í�‚ u f @DEF S 
ÅÆ $ �

³‰# S Ú $ � . 100~200A LñÀ . S Í01 8 I O  !":æ • í•‚� „…† 


�� & F³?. óô • �S ÚÅ � ¯Ú 3 ß åF 	 ø  !" ;< . �� [37, 38]
 p] S

Ú å º � � $ �i � Ò + B & � âÅÆ CD 
ðñ ¤ _�Z Õ # Ÿ í. L �� 
 S Ú

æO*] � Ví• ‚ !" ‹@í � • !"ï L)* S Úû æ•“  !".†[ � 
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& æ³ R áÂÅÆ*? 
 • E °± �� L]� � 
 S Ú  !" ³ � * ]í t �‘�Õ

Ù 7 F 
N • í•‚ ‹áÂ_��HI„ L † ‹ 8 l „…† L  

    2-4-4 ÛÜÚ (Rice-husk ash) 

ÛÜ ö# G a. HI 
 ¤ ž M �:�� e > ¡ * I | JK 
÷ ¤ ­ 	 ï� J 
 Û

Ü )) ™g _ ½¾ LM 
S ® N ¤J O S PQ . R2 
F. > ¡,O S ÛÜÅÛ T 3

¨H S� 0 M L 19244. µ �+ � O* ÛÜÚ ] !": 
©63 ˆ t Ž ¤ j F�¾


® U r ˆ � .01O*Z Õ 
� L 19724F 
® N b � mde
�â • 
de*]

ßÚ -S ÍÆ � �„ �� [39]
 19994.
��� •� 
 Ñ * ÛÜÚ Wm !" / h ( 1

| 
�	 ÛÜ .+ p@0 [ ‚m 700oC
+ p . ± �?m 20%ÅÆ*? [40]L 20114



® Zerbino� � 
 @0 ÛÜ �Çi³? DEF w 
÷ÅÆ .iÇ & �Ç i³? DEF

wLß � N ÛÜÚ WmÅÆ 9 z � 01 (x  !": 
½F � v e DEF w. GH [41]L�   

 ÛÜ #3 ¾ F�hÍ 
ªde_¾æ¾m²�¾ Á 1.V �Ú 2.WÍ Ú 3.B V �Ú

[42]
 ÷°Aí [ @0] t. ÛÜÚ de_¾ 
³ � #N DEF S md 
ª ³ # ºe ?

.² EFD I ‹² EFD J ‹ EF E ‹ EF X ‹ EF Y ï_¾ L 	 � ‹:� ‹ Z ‚�

ª ) Õ g [ � .� J >4 Ï �Vx<³?. ÛÜÚ L$%| � 
 Û � Å  !" ' ® .

Æ– ? B # u ) ³. 
MNâ] o� s7Ss7:.� J ÷ ¼ 
 ÛÜÚ åF �g .


� Ö «. L  

    2-4-5 Üi � 1  (recycled aggregate) 

p�‘h ² û 2×Ø01 (Construction and demolition waste,C&D waste)¤	 �>

4ö‰Çi 2~3 BC 
) ] Ø ‰\ 	¬ _ “ � Ü� Æßñ ” Õ. � ? 
ÃÄ# ¤ " ”

Õœ Ÿ �.� J ß ­ � 
 ñò . ½¾ ]^ z � œ¹�} ñ’’ . £ 4 [43]
 I( � 1 |

Š ­� _` ïð Ú
ðñ ·* Üi !" � 1 (Recycled concrete aggregate, RCA)* � �

ô � 101ü • —� L ¤ ­ c 
Üi !"³ � ™*| g Wa Õá t S b á t 01 (C

c D) [44]
 p]Üi !" Ÿ de 
 a « Í É > ‚� 3ž !" � 1ˆå f ` 
E # 1

. ±] | � ] »Ô Ü·* 
# !"�X.3¤r Œr [45, 46]
 ô÷ 
Üi � 1 !"

Ø ‚ � —Ê  !"Â 
 ¤ I( � 1� g æ[ ý h o� ��hß ß M ‹" � ‹ ij ï B

æ[ k Ç t !" « Í L �� 
F 
® ŸmÜi � 1 & � Ì �  !". l †þ � v e 


HI Ö R ‹ Ô & RG ‹í  Ó† U÷ áÂª „…† L Fathifazlï Ç • < 
æN* m ï �
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�� ä œn .Z � |� �  !" 8 I Üi � 1. . � ! 
ßñ d æ�� ƒË Z  !"

�Œ .•‚ [47]L  

2-4-6 ×Ø 56 (post-consumer glass) 

op �b ³ 
 .
�� � 
× 56 òz � m !". � 1 
 yz (.×Ø 56 �

* ¤  !".iÇVx( 
 ¤ °±(#æ¢.  [48]L q ‰y >4 < r ×Ø 56 @A 60s

	 ¦ 
3ž B Ÿm LM Î t �»Ô Î t |. de |.F f ` 
¡ ¾ É »OPeT R L

 ! | � 
 	 �. ua ß Vx9 
>4æNõ v ” )* 20s C. 56 
 �g ] q ‰y

>4æN Ôò .? 
 w ª Q “ � ´ w 
 � $% � x� Åß |.ˆ ‹ . 56 [49]L × 56

Ç «B � _ °™9Ú F iÇ 
 y ) o� z y¤ × 56 � Ò( B x <æ É ._� � < 


w Vx9 j ~ � x Œ>C { 	 ¦ . | t ×Ø 56 [50, 51]L Ž P� mH ` Ç « . 56 ß Å

L ß � ‹ }~ ‹ • Õ €• ï 
 a ‚ƒ„ �)*ˆí * .À � Ç « 
æN � x56 � Ò

ˆí. s� � * 
PÇ « & æ[ ƒ � ô ß 0 (ß :³Ò ß ƒ …†‡ )�� å ˆ‰ « L  

2-4-7 Üi Š‹ (recycled tires) 

7^� J >4Çi � NB�.× ô Š‹ Dx _ äh .Ž• ã ® L×Ø Š‹ û � 	 É

� 
 y � x_ � õ Œ• ƒ Ž•• i k Ç¢£ ï h ³ ã ® L
�;< 
 Š‹ @0 Mx_ � õ

æ[ 4 6 � —,O� 4 [52]L ðñ 
½×Ø Š‹‘ ‰½¾ ]^ z 3ž#™ � ’ M “ › . L

p]Ú ® u� ”• × ô Š‹ q! 3 ˆ � ’ ”¤ HI 
 – e |. d # o� Ž• Ÿ  . ã ® 


+F�•. æç Z q ö# »Ô Ü·* [53, 54]� ×Ø Š‹ + ) �. � ÒZ � #½×Ø Š‹ Ò

m @1O* ¤ P � Å Í [SÊ[ .iÇ L ¤	 � Å ­ c 
×Ø Š‹ æg WVxÅÆ. * �

@1 [55]L �� 
×Ø Š‹ & æNIÙ � Ò©WmÊ 
 ij S ija Õ .TÍ Q f � [56]L

óô ;< 
 —û Š‹ * � !". � 1æHI !".« 
 †Í [57]
 �� —û $ � åF

( @'˜ • ™.W* 
 •f . • íO R [« ‹ 4 8† Å [? š Ô [« 
 i ½×Ø Š‹ O*

¤  !":#æ¢. 
 wg —û � ?HIAí |Q �áÂ !" .é : •‚ ‹é ™•‚�

› † [58]L�

���� 2-4-8ª ) Üi01 (Other recycled materials) 

 !" �z01 :
 û ( ½ £ ¾ Üi·* 01 � 
 œFª A _ ™
7 æ� m * �

ÅÆ S � 1 .ª A 01 ß • n ž Ü ï L�

�

�
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��
��
  ���������������������������� ��� ������ !����� !����� !����� !  

������������  ./)*+EF./)*+EF./)*+EF./)*+EF �HI�HI�HI�HI  

5678+ � ] 19724
 „ z� ¤ ¶¸ $ . Ÿ µ o ¡ ÕÀŽ•³� ( • < 


P³�de m _ s7� J �s7:� J 
 . âŽ•Œ• Å °±78 � � 	®U¢ ,-

Þ 
 [59]L 19924 „ z�Ü ³ ] ¢ ¥ £ ‰Ê� ¤¥ sŽ•78³� 
P³� } am ”

”³� LP ³ ³�  ¢ ¦§ # » ‚¨ 3 ³ ÕÀŽ•³� ¥ s© 204|.=”Ž•Œ

• © + 
 ª x &'£� %ù – � D� ^ ³ [ Ñ ± ò g « � ‹•– ¬ « 
N š› =”

G6 Ž• Ÿ Å i ˜ ê F 
 •l ÕÀ O ­ � ¬ «•– Œ•i ® Ž• L�	 Ê A�]

Ž•ƒ78. • £ ‰Ê� ¤ \ ¼ ’ } a • ” ” ¯° ’ƒ• 21& • ¢¦	 + ’
 •�

154� � Jp& • ] …R F` ‰’
 148� � Jp& •ih �ß † ` ‰’L ` ‰p5 ¦

§ # ¤ � ^ Õ , • ” ” ¤ ± , � : ’ [60]L  

5678$% œ“ Z 3 .œ• 
$%—˜ ™š› .œ• dem 19784Ž•ƒ78

ÃÄ �ÙW��:7�. •5678œ• ’ # Á “ÕÀ £¤78 � û [•€¡3�~e

� 
÷��§¨ t©� n ²³ ‡ ) , £¤~‡.[« ”L567 8 ~ fzŽ• ‹¯� ‹

°±ï² ¾ t Õ 
Wmden?ð n L !" ¤ ÕÀhÍ ó� �¼( 
 ´ � f h e.

µ c 
MN 56 !".s7 # # myz 5678Ò» M ª i 
ª�¬ ºæ ù ÀmN

¦ £ ¿ Á  

1. x UŽ•Œ•ƒTÔ  

2. å ŒÕÀ g ä ¢£ ƒ ¾ ¶ óF . �ß †  

3. •“ ¯�ƒ°±. ™œ†  

4. � " d ·ƒí � [. nÊ ƒ Ö · € ú  

5. fz 	 É ¼�ƒ À Í.Ù + �¼  

6. u‰[Š  

7. • i 
 ¸ ƒ ¹ ý  
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������������  ./)*+./)*+./)*+./)*+ CD !CD !CD !CD !  

    ACI56 !" ; `3 C ;< 
56 !"æ¾_¿³À ÁÂw !" (ÃÄ#

ÅÆiÇXY.TU )ÈTÉ ÊËÌ  !" ÁTÉÊÍ ‹ÎÊ !" È„… !" Èy

zÏÐÑÒ.ÓÅ !" ÈTÔÕÖŽ•. !"�)*×Øh ‹ÙÚÛÇhSÜi0

1 !" L ACI• < 56 !". ¾ À 
 w 56 !" .O* y ~ N ¯� ‹Ž•ƒ° ±

ï² � µ ‚ 
Nijkl¸¹Z � U¢ ×Ø ƒ ¼�s7 
 Ó ª¼�.~‡ 
s7 ƒ ×Ø

ò g  !"À ç L  

q! Á è ¼ � õ æº � 3 »¼ n (RCfg )
 A� 9�� � . ¼ n +í. Ï � 4 „ m

504ø� – 9 1000s 
÷ B� 9�� � . ¼ n +í. Ï � 4 „ m 804ø� –

9 1200s L  

�� Á &o ö ? sÕ A� 9Ms<|. € ú 1000s #+F·. ×Ø€ ú 
 w N56

µ ‚| ½¾ %Ç « f¿ ö�3œ#+F·. ×Ø€ ú © 
Ç « . ×Ø O � z

Ç « ã � ijkl.£¤ € ú 
 Ó ª � [ ×Ø +ò g .Ç « L q! : &o –

9 1000s . ¼ n �–9 1200s . ¼ n À � 
 w�j | ½ A� 9 � . ¼ n æ[

504©ö�s O ë F ~e � •S ² ûh � 
÷¡  � •. � * &o öæ[@

A 1000s ƒ 1200s # Â . f1 Lóô B� 9 � . ¼ n � A� 9 � . ¼ n ‹©

200s 
 w¤ � [~‡( B� 9. ¼ n � A� 9. ¼ n Á Fˆ > „…†. �

[
æN Â S­ © 304æ[7i.ë F � � •ï ã ® L  

    56 ! ".O* 
 û© †[.e‡ � 
 y en?56† L 19984 	 � ^Z Ã 6 Ä

p& .¢ %j ’¨ 13101�
�� e‡ „ Å %ù £�gÇ «Ñ | O �� Ñ	 � ŽŒ & 5

œ.•56 (bc )Ñ | ; Æ’L Ñ | ; Æ¯ Ç º»m 56 (bc )Ñ | (Environmentally 

Preferable Purchasing , EPP). ú ¤; Ì # ‚ [61]Á  

1. Ç «×Ø}~ Nª†[ (Performance)‹ f¿ (Price)ƒŽŒÃ† (Environment)m á

Å È   

2. ÀÂ n Û [ - ÈÉ Ž• 3   .Ç « È  

3. Ž•¸¹~ Q Ò =Ç « ijkl:. � h Ž•Ã Ê È  

4. Ç «×Ø}~ N � Ë ˆ‰ Ç « .Ã† Å Ž• §¨ � Ÿ ¾ 4 m á Å È  
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5. ¸¹ }~ NÉ > .Ž• � � Ì ° m á ¿ L  

�
�ÓA ã Í 23 � � J �� Z � 
 ñò /�Ú â56 !" . ½ � 
N 5 œ5

6 !". ¸¹ ;` È– | U¢ 01�� 
 Ó� óô 56 !" � � 
�ƒ01†[.

Î �� Z � 
U¢ �� È+©O* ijkl¸¹ � 
 � Ÿ �– ��  !"âŽ• �� 2

§¨ L  
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��� �"
 "
"
"
 #$%&'#$%&'#$%&'#$%&' ()*+()*+()*+()*+  

������������  STUV$STUV$STUV$STUV$ (Analytical Hierarchy Process, AHP) 

t Ï ¾ 4� # 	 � ÐÑÒ ³ 
 ¹Ó Thomas L. Satty] 1971478<|.3 ¾ç7

Z � L¡Z � deO* ¤ � å œ†¥¦ �åF �� ¸¹ ¿ ‚ 2 ç7ã ®( 
æ � Ò?

F �Í F9 1 L¡Z �  N ÔÕ � / ã.Z � |O* 9 1 ‹° � � ˆÍ 
æ � <D‡

] À× ÖB � mh L°pñ � 
æ½ Â %_ ® ¤wq ñD“� „ . É »�Z � fz ¨

|
ª: Ö ­ 9/ ã ®. t Ï fg F ‹ '' � Ÿ ‹Ã Ê r ? � �3 � †.n? L t Ï

¾ 4� . á � ‡ g 
ß � 4-1M � L�

�

�

�

�

�

�

�

�

�

� 4-1 t Ï ¾ 4� ‡ g � [62] 

 (./01./01./01./01 ????@AB@AB@AB@AB ::::CDDE��CDDE��CDDE��CDDE������

4-1-1 AHPç7ã ®2¾ 4 : 

1.� " £ t Ï 2_â � Ÿ ×Ø (Pairwise Comparison Matrix)L  

2.‡ ± £ t Ï e Ú . mh 
·* � ` ¾ 4 :.Ã Ê ` æ� � � <Ã Ê ` ƒÃ Ê r ? 
‡ ± £ ¦Ú

. � â mh 
 m < À K r ? (priority eigenvector)L  

�

�

�
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�

� 4-2 AHPç7ã ®2¾ 4É+   

       (./01./01./01./01 ���� AHP) 

4-1-2 3 � † Î œ: 

$.m ÎÙ ç7®¤ _â � Ÿ | %©.3 Ú †ƒ3 � †;` (Consistency Index


C.I.) 
 C.I.̀ Û � ‚ 3 � † Û í 
;` ` �	 ¤ 0.1ÜÝ 
 ¡ #g C.I.>0.1|‚ âO_â

� Ÿ ×Ø h r¸ � 
ßñ3 � † þ [ � ] Œâ L  

������������  KLWXKLWXKLWXKLWX  

��� Ñ * t Ï ¾ 4� 
ª è ¼ € ú. á � ‡ g 
ß � 4-3L  

��������	
�

���
 ���


�
�
�

�
�
�

�
�
�

�
�
�

�
�
�
�

�
�
�
 

!
"
#
$

%
&
'
(

 

� 4-3 56 !"01¸¹ ‡ g  

        (./01./01./01./01 ����2��342��342��342��34 ) 
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5601den? 01)* âŽ• �� �[Š S 9 Š)* .§¨ L�
�¾m 0

1ð Ú ƒŽ•ð Ú 1x ¸? L� 4-1ƒ� 4-2 m01 ƒŽ•ð Ú âO2¤$ L  

� 4-101 ð Ú  

¤ $ � �� �$` �

„ … † � 4 8 �‘h.)*4 „ Nv e9 Š. – ( �

Â U † � ÀÁ .)*†[) !"^t56.$. �

Î ò † � 01. ËÌ †Í 
e‡â01. ËÍÎÏ 
)* ®Ð ] Ñ * 
¡

#01.3 ¾ r†[ �

' 2 † � # 01 ¤ V = ‹ ÉÊ ‹)* Å ×Ø.=A + : }~ ŒGƒ ” ”i

˜ Ž•. U Þ �

   (./01./01./01./01 ����2��342��342��342��34 ) 

� 4-2Ž•ð Ú  

¤ $  �� �$`  

w G H ?  v e iÇÅÆMVx. CO2 GH ?   

Õ À ¢ £  v e F À hÍ.i_NáÂâÕÀ ¢£ . k Ç  

[ Š Æ –  )* »Ô SÜi01 * �Nv e � ô 9 Š.s Ñ   

i ˜ § ¨  áÂ N # 1s Ñ t Æ� ® )* ‹ »ÔÅ � � 
+ • Wm×Ø � Ò

Å � ‰MÇi._�  

      (./01./01./01./01 ����2��342��342��342��34 ) 

    4-2-1ß 56 !" � 01ð Ú à ¸¹¤$2 mhã Í -ã Í �� Á  

. â56 !"01¤$ 
de½ª¾m 01 ð Ú ‹Ž•ð Ú'� ¸¹ ¿ ‚ 
¾

ÄIN¸¹ 
 á × Z � 
ß´ ! � 4-3M � 
 a Ÿm Üâ .n?ð n � Ÿ ] Ýâ # � Ÿ

h e. 
 ‚×Ø • Üâ h e† Ÿ Ýâ h e ’ ×Ø � ã d É .¤$ (ä â h e ~� ï )á × 


� â. a Ÿm Ýâ .n?ð n � Ÿ ] Üâ # � Ÿ h e. 
 ‚×Ø • Ýâ h e† Ÿ Üâ

h e ’– ß ×Ø � ã d É 2¤$ (ä â h e ~� ï )á × 
 �� � å 1~9æ³ ‚ � � æh

eL� 3-3#N z Å ç ' ð Ú m ! 
 è ¼ X 
® Ÿm 
56 !"01s7 
 ç ð Ú

# � z ð Ú • h e ’.
÷E A . h e† � ` OPm 1(Ü )Á 5(Ý )
 ‚ è ¤ é Œ• ç ð

Ú ’ ¶ Ý Z · . æ‰×Ø 1:5êë L´ ! ß� 4-3M � L�

�

�
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� 4-3ð Ú � â h e† á × ´ !  

Üâ h e† Ÿ Ýâ h e   Ýâ h e† Ÿ Üâ h e  

ä  

â  

h  

e  

�  

g  

h  

e  

 

h  

e  

ì  

�  

h  

e  

 

�

ï  

ì  

�  

h  

e  

 

h  

e  

�  

g  

h  

e  

ä  

â  

h  

e  

 

¸

¹

¿

‚  

9� 1 8� 1 7� 1 6� 1 5� 1 4� 1 3� 1 2� 1 1� 1 1� 2 1� 3 1� 4 1� 5 1� 6 1� 7 1� 8 1� 9 

 

¸

¹

¿

‚  

z  

ð

Ú  

             

�  
    ç

ð

Ú  

 (./01./01./01./01 ����2��342��342��342��34 ) 

4-2-2ß 56 !" � 01ð Ú à ¸¹¤$2 mhã Í -ã Í �� Á  

1. 56 !" 01¸¹ð n ¾m ' À Á01 ð Ú ƒŽ•ð Ú 
ß� 4-4M � L  

2. . â 01ð Ú æ¾m „…† ‹ Â U† ‹ '2 † ‹ Î ò†• â� ;` 
÷ . âŽ•ð

Ú æ¾m w GH ? ‹ÕÀ ¢£ ‹[Š Æ– ‹i ˜ §¨ � ;` 
ß� 4-5‹� 4-6M

� L  

� 4-401 ð Ú ƒŽ•ð Ú � â h e† á × �  

Üâ h e† Ÿ Ýâ h e   Ýâ h e† Ÿ Üâ h e  

ä  

â  

h  

e  

�  

g  

h  

e  

 

h  

e  

ì  

�  

h  

e  

 

�

ï  
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�  
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e  

 

h  

e  

�  

g  

h  

e  

ä  

â  

h  

e  

 

¸

¹

¿

‚  

9� 1 8� 1 7� 1 6� 1 5� 1 4� 1 3� 1 2� 1 1� 1 1� 2 1� 3 1� 4 1� 5 1� 6 1� 7 1� 8 1� 9 

 

¸

¹

¿

‚  

0

1

ð

Ú  

                 Ž

•

ð

Ú  

����./01./01./01./01 ����2��342��342��342��34 ����� ���
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� 4-5 01 ð Ú � â h e† á × �  

Üâ h e† Ÿ Ýâ h e   Ýâ h e† Ÿ Üâ h e  

ä  

â  

h  

e  

�  

g  

h  

e  

 

h  

e  

ì  

�  

h  

e  
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ï  

ì  

�  

h  

e  

 

h  

e  

�  

g  

h  

e  

ä  

â  

h  

e  

 

¸

¹

¿

‚  

9� 1 8� 1 7� 1 6� 1 5� 1 4� 1 3� 1 2� 1 1� 1 1� 2 1� 3 1� 4 1� 5 1� 6 1� 7 1� 8 1� 9 

 

¸

¹
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‚  

„

…

†  

                 Â

U

†  

„

…

†  

                 '

2

†  

„

…

†  

                 Î

ò

†  

Â

U

†  

                 '

2

†  

Â

U

†  

                 Î

ò

†  

'

2

†  

                 Î

ò

†  

����./01./01./01./01 ����2��342��342��342��34 ����� ���
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����

����
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� 4-6 Ž•ð Ú � â h e† á × �  

Üâ h e† Ÿ Ýâ h e   Ýâ h e† Ÿ Üâ h e  

ä  

â  

h  

e  

�  

g  

h  

e  

 

h  

e  

ì  

�  

h  

e  

 

�

ï  

ì  

�  

h  

e  

 

h  

e  

�  

g  

h  

e  

ä  

â  

h  

e  
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¹
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‚  

9� 1 8� 1 7� 1 6� 1 5� 1 4� 1 3� 1 2� 1 1� 1 1� 2 1� 3 1� 4 1� 5 1� 6 1� 7 1� 8 1� 9 
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‚  
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                 Õ
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£  
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G

H

?  

                 [

Š

Æ

–  

w

G

H

?  

                 i

˜

§

¨  

Õ

À

¢

£  

                 [

Š

Æ

–  

Õ

À

¢

£  

                 i

˜

§

¨  

[

Š

Æ

–  

                 i

˜

§

¨  
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�>��>��>��>� KLKLKLKL MN�MN�MN�MN� YZUVYZUVYZUVYZUV  

4-4-1ã Í 23  

    ] 2011/09/30¤ ž M �X³ 
 � j í 7 Ó 707�	 \ îè 16æ
® � J ƒ� 
U

¢
��¶Þ 
 ‹ ã Í �� �� ƒ 	 ï ã Í L  

4.4.2 AHPZ �¾ 4 f � Á  

    Ó� ã Í 	 ï f � 
 ð x AHP � ä U¢ Z �¾ 4 
 � ] Ž•ð Ú . mh ; � m

0.774
³]01ð Ú 0.226
� � ƒ�Õ Ä Ÿm56 !"2 ¸¹;` 
Ž•ð Ú ³]

01ð Ú 
 Y� æé †¾ 4 f � 
 ]^ Inconsistencyï] 0
� � ƒ�Õ Ä 3 � Ÿ– L

T ß � 4-4M �  

 

� 4-456 !"01¸¹2 mh ; �  

      (./01./01./01./01 ����2��342��342��342��34 ) 

    Y� ¾ 4 f � 
Ž•ð Ú .¤$: 
NÕÀ ¢£ . mh ; � m 0.255� � + h e 


³ m w GH ? .§¨ mh ; � m 0.230
ô© m[Š Æ–mh ; � 0.171
+© ‚ mi

˜ §¨ mh ; � 0.139L ��¤ 01ð Ú Z Õ 
N„…† mh ; � +ím 0.075
Ü|

d # Â U†ƒ '2 †. mh ; � ¾Äm 0.051� 0.050
+© Î ò† mh ; � }F

0.029LN(f �Y� æé †¸¹ Inconsistencyï] 0.01
ðñ� � ƒ�Õ Ä ³ � Ÿ– L

T ß � 4-5M � L  

 

� 4-501ƒŽ•ð Ú 2 mh ; �  

      (./01./01./01./01 ����2��342��342��342��34 ) 
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��� �, ,, ,
 

 
  -./0�123�-./0�123�-./0�123�-./0�123�  

    � ° u � n ACI 56 !" ; . �	. ÀÄ
ÓA �� |¸¹§¨ 56 !" †Í

.01 �� �O*´ 
 L  

������������  `a)*+`a)*+`a)*+`a)*+   

���  ÅÆ# !" DEF w GH ?.de|Š 
m © v e ÅÆ • |. Ÿ ã ® 
 û© T

ÉÅÆ. V + XY � 
ª ³ F � .Z � #v e  !": ÅÆ.*? 
� 8 I³? * �Å

Æ. / h ( 1 (ü \û!01 )L ü \û!01;.# û 	 ø 1N � . à 1 
 ü \ û!0

1F   � g �ÇiÅ F X OåFÅ N † 
S#å F Ö ¤ Å N † 
 A, ¡ æ[ƒÅÆ.Å

F Çh7i F
 X O 
Çiûf †L  

    à 1 ÙÚ ƒÅ Ý í Þßà # g %O*+,-)*+³?. ü \û!01 
 ± � �¾

ÅÆ 
[ - TÔ !". � ¤†[ßr 
  !".ÙW† 
 N �  !".•‚ 
ä œ™

œ†� „…† Lðñ ¤�� q! : 
deN à 1 ÙÚ �Å Ý í Þß .O* 
m q! | Þ


 TÔ  !" w GH . 7ú L  

    à 1 ÙÚ ƒÅ Ý í Þßà æ� *]  !" . �� ¼ �
• CNS 11270- Ã . ÙÚ Å

Æ’½ ÙÚÓ � ?¾_ A‹ B‹ C ï 3 À
 ÙÚ .)*?³ �„@¤ ÅÆÍ?. 5 % ~ 30 

%L• CNS 3654- Ã . í Þ ÅÆ ’�	 í Þßà Š *? a ÅÆ h ? { ¾ W 25 %~65 %L

ASTM C 595�	 í Þßà * ? a ÅÆ h ? { ¾ W 20%~80%Lô÷ 
$% CNS 11270

ƒ CNS 3654] ¡ � 1004 3 —_` ¨ × › L�] ÙÚ ‹ ÞßÅ ª A/ h ( 1.)*æ

� n • CNS 15286 Å N † zÅÆ ’
 g :# Ó ÅÆ .l ‘ * ñ ¾m IS ç IP ç' À 


ª: IS ç ÅÆ:í Þßà .+ ³� o *?#Í? � . 70 %
÷ IP ç ‚ # v œ NaO.

g ? L�u} ö•‚�_�. É ¿ |Þ 
 
] ¨ ¿ °  !" ijkl¸¹ 4 6ñu 
Ü

I x w GH .? F � � INÝÞ L  

5-1-1�� q!  

5-1-1-1 �� 01  


 z*Å Á Ñ � |Å 
yz CNS 
 zÅ2e‡ L  

H � 1 Á H � 1 .+³ � ò m 20 mm
 �ó õ æ h m 1652 kg/m3
 �h 2.54


š Å W 0.88%
 ô ¾ 4 f � ß� 5-1 M � L  
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� ô ì � 1 Á � ô 7 � . ì ‚þ � m 3.2
 �h m 2.72
 š Å W 2 %
 ô ¾ 4 f

� ß� 5-2 M � L  

ÅÆ Á - Ã . Type I ÅÆ
ª†Íyz CNS61¨ I ç- Ã . ÅÆ2e‡ 
ª

F
 �hÒ†Íß� 5-3 ƒ� 5-4 M � L  

ÙÚ Á Ñ * F Ï ÙÚ 
 ì ‚^ 376 m2/kg
 Ê A  #325ô ‰a 14%
 �h m 2.27L F


�hÒ†Í T 1 ]� 5-3ƒ� 5-4L  

Å Ý í Þßà Á ì ‚ ^ 412 m2/kg
 �h m 2.89
 F
 �hÒ†Í T 1 ]� 5-3ƒ�

5-4L  

NaOHÁ Ñ *‰ 5 mm³�2 $ � 
æ ˆ šƒ Î ] :Å¾ X O÷ õ F 
 F
 _¾ T ß�

5-5M � 
 � É ß � 5-1M � L  

Na2SiO3Áþ � n ï] 1.97
 �h m 1.54
 õ� � m 1.27L F
 _ ¾ß� 5-6M � 
 �

É ß � 5-2M � L  

H3PO4Á �h 1.69
 F
 _¾ß� 5-7M � 
 � É ß � 5-3M � L  

� 5-1H � 1 ô ¾ 4  

ô �  £ ôöh ? (g) öh{ ¾ W(%) ›œ öh{ ¾ W(%) Ê A { ¾ W(%) 

1” 0 0 0 100 

3/4” 14 0.14% 0.14% 100 

1/2” 1275 12.75% 12.89% 99.87  

3/8” 1640 16.4% 29.29% 99.71  

#4 6210 62.1% 91.39% 99.09  

b [  825 8.25% 100% 0 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 
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� 5-2 ì� 1 ô ¾ 4  

ô �  £ ôöh ? (g) öh{ ¾ W(%) ›œ öh{ ¾ W(%) Ê A { ¾ W(%) 

3/8÷  0 0 0 100 

No.4 0 0 0 100 

No.8 0.5 0.25 0.25 99.75 

No.16 20.9 10.45 10.7 89.3 

No.30 67.1 33.55 44.25 55.75 

No.50 61.7 30.85 75.1 24.9 

No.100 29.3 14.65 89.75 10.25 

b [  20.5 10.25 100 0 

total 200 100 F.M  3.2 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

� 5-3 ûf01 F
 _¾  

¤$  (%) ÅÆ I ç  Å Ý í Þßà  ÙÚ  S Ú  ÛÜÚ  

DEF S  (SiO2)  21.04 33.42 57.2 92.63 92 

EF I  (Al2O3)  5.46 13.35 20.8 - 0.41 

EF J  (Fe2O3)  2.98 0.21 8.1 - 0.6 

EF E  (CaO)  63.56 41.16 2.4 - 1.2 

EF 7  (MgO)  2.52 7.76 2.2 - 0.5 

² EF ƒ  (SO3)  - - - - - 

C3A � 8% - 0.61 - - - 
² EF ƒ (SO3) % 

C3A � 8% 2.01 - - - - 

0 ø ? (L.O.I)  1.38 0.30 2.1 2.95 - 

F � ù À  

(Na2Oú 0.65K2O)  

0.78 - - - - 

EF Æ (Na2O)  0.32 - - - - 

EF Y  (K2O)  0.7 - 0.8 - - 

û% EF E  (Free CaO)  0.76 - - - - 

SD ² E  (C3S)  49.08 - - - - 

SD D E  (C2S)  23.3 - - - - 

ID ² E  (C3S)  9.43 - - - - 

IJDâE  (C4AF)  9.07 - - - - 

   (. /01. /01./01./01 ����2� �342��342��342��34 ) 
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� 5-4ûf1hÒ†Í  

¤$  ÅÆ I ç  Þß  ÙÚ  S Ú  ÛÜÚ  

�h  3.15 2.89 2.27 2.2 1.98 

ì ‚ (Ó ] ü �� ) (m2/kg) 362 412 376 - - 

³) ý ‚*Å?  (%) 25.8 - - - - 

è !f  (%) 87.3 - - - - 

!f |k  - - - - - 

� !   (min.) 195 - - - - 

• !   (min.) 290 - - - - 

3 �  3602 - - - - 

7 �  5092 - - - - é : ��  (psi) 

28 �  6418 - - - - 

ÅÆ �� Î ] � ? (ä œ� ) (%) 3.23 - - - - 

ì ‚ (NO.325þô � öh ? ) (%) - 2.2 14 96.16 - 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

 

� 5-5 NaOHF
 _¾  

F
 _ I  � ?  

Chloride(Cl) Max. 0.005 % 

Sulfate(SO4) Max. 0.003 % 

Silicate(SiO2) Max. 0.01 % 

Phosphate(PO4) Max. 0.001% 

Heavy metal (as.Pb) Max. 0.001% 

Iron(Fe) Max. 0.0007% 

Aluminum(Al) Max. 0.003% 

Calcium (Ca) Max. 0.001% 

Magnesium(Mg) Max. 0.0005% 

Potassium(K) Max. 0.1% 

Total Nitrogen(N) Max. 0.001% 

Arsenic(As) Max. 0.0002% 

Sodium Carbonate(Na2CO3) Max.2.0 

Assay (NaOH) Max. 95.0 

(. /01. /01./01./01 ����FGHIFGHIFGHIFGHI ) 
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� 5-6 Na2SiO3 F
 _¾  

F
 _ I  � ?  

Assay(Na2O) 14.8% 

Silicic acid(SiO2) 29.2% 

H2O 56.8% 

(. /01. /01./01./01 ����FGHIFGHIFGHIFGHI ) 

� 5-7 H3PO4 F
 _¾  

F
 _ I  � ?  

Chloride(Cl) Max. 0.001 % 

Nitrate (NO3) To pass test 

Sulfate (SO4) Max. 0.006 % 

Alkali and other phosphates (sulfate) To pass test 

Substances Reducing KMnO4 To pass test 

Heavy Metals (as Pb) Max. 0.001% 

Iron (Fe) Max. 0.005% 

Arsenic (As) Max. 0.0003% 

Specific Gravity 1.700-1.710 

Assay Max. 85.0% 

(. /01. /01./01./01 ����FJHIFJHIFJHIFJHI ) 

 

 

 

 

 

� 5-1Å ÝÞßà Š                      � 5-2à 1 ÙÚ  

(. /01. /01./01./01 ����2� �342��342��342��34 )             (. /01. /01./01./01 ����2� �342��342��342��34 ) 
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 � 5-3 NaOH                    � 5-4 Na2SiO3 

   (. /01. /01./01./01 ����2� �342��342��342��34 )               (. /01. /01./01./01 ����2� �342��342��342��34 ) 

 

 

 

 

 

� 5-5 H3PO4  

                      (. /01. /01./01./01 ����2� �342��342��342��34 ) 

5-1-1-2 �� Z �  

é : •‚ ��  

� ��Ó� ASTM C392Z � U¢ 
½ Ñ • � l _ ^t 7 � ‹ 14 � � 28 � . 

!" �� � äpÅ: ± <© 
° � U D ‰] !" : « �� � (
N> �� 1.4~3.5 

kgf/cm2 . šWK@ D UV I : ] � ä 
 O ª uÝ m › L  

     �� é : •‚ (kgf/cm2)= 
A
P

                                     (5-1) 

     PÁ+³ h ` (kgf) 

     AÁ �j ›« Õœ (cm2) 

5-1-1-3 ����  

    �� ¼�:— Ê  !" (K@ � ).Åû � m 0.5
÷ �� � ‚×Øà 1 ÙÚ ‹Å Ý
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í Þßà D£NÅÆ h ? � 10%‹ 30%‹ 50%.Z � | ± �ÅÆ*? L �� 
 �� : y

·* ù h 7 Þß  !".XY 
N ù þ � (0.75)| 2 V ùõ 
 ö ‘ °p• ù .W*| h

7Å Ý í Þßà . Ö ¤ ¥†D[ -/ = ± �ÅÆ 
 �� ¼� 
ß� 5-8M � L  

�� �� Á OPC� � —Ê  !" È  

             F� � à 1 ÙÚ È  

             S� � Å Ý í Þßà È  

           � å � �± �? L  

� 5-8Âw !" �� (kg/m3) 

��  Åû �  Å  ÅÆ  à 1 ÙÚ  Å ÝÞßà  H � 1  ì� 1  Na2SiO3 NaOH H3PO4 

OPC 220 440 - - 934 649 - - - 

F1 220 396 44 - 926 644 - - - 

F3 220 308 132 - 910 632 - - - 

F5 220 220 220 - 893 621 - - - 

S1 220 220 - 44 934 648 - - - 

S3 220 308 - 132 928 645 - - - 

S5 220 220 - 220 925 643 - - - 

AAS 

 

 

 

0.5 

116 - - 440 915� 640� 64.9� 20.43� 2.18 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

5-1-1-4�� f � ƒÞ 
  

Âw !"é : •‚ �� f �  

    � 5-9 mÂw !" é : •‚. �� f � 
p � 5-6æ]^ 
 !"� efÑ •

� l ‹ ( 1.�z� 8 I?÷Çi�–. R F L  

� 5-9Âw !" é : •‚ �� f � (MPa) 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

 

��  

Ñ • � �  
OPC S1 S3 S5 F1 F3 F5 AAS 

7 36.85 35.06 31.86 18.22 34.65 24.75 16.22 49.91 

14 40.78 40.12 35.23 20.61 39.45 32.4 17.09 54.17 

28 44.3 41.59 39.51 24.77 40.86 36 18.17 65.32 
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� 5-6 Âw !"é : •‚  

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

( 1â !"_�2§¨  

    Y��j � 3 
ÅÆ. y f 1 Ö ³‰ 150¦ ‹Å Ý í Þßà 1 ` C ‰ 1300¦ ‹ à

1 ÙÚ 1 ` C ‰ 600¦ ‹ � ô ì� 1 1m3 ‰ 1050¦ ‹ � ô H � 1 1m3 ‰ 1100¦ ‹ NaOH 

25 kg‰ 3000¦ ‹ Na2SiO3 1 ` C ‰ 7000¦ ‹ H3PO4 1 kg‰ 3250¦ L°� � © ]^ 


Åû � 0.5.— Ê  !" (OPC)> " Zx f ‰ NT 1973¦ Lp � 5-7 ]^ 
 à 1 ÙÚ >

± �ÅÆ h ?. 10 %³‰æv e 5.6 %_� ‹Å Ý í Þß ± �ÅÆ h ?. 10%³‰æ

v e 3.8 %_� 
 wg Å ÝÞßà/ = ± �ÅÆ | 
x f Q X ÷í‰ 2 A . f¿ LÓA

� 5-10æN7 Ž de. # ð# ù ¥ F � 
 g Å Ý í Þßà/ = ± �ÅÆ | 
 }~ eÓ

A ùõ |�7 A . Ö ¤ ¥† 
ðñ~e³?. � � 
 w $% � � . y f º í 
 � â.

§¨t !".x f LF � ]ñ 
56 !"01. ×Øû© en?tŽ•ƒ†[ � 


_� �� ¡ # 3¤ `] 1x n?.ð n L  
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� 5-10Âw !" �_01º¹ f¿ (NT$) 

��  Å  ÅÆ  à 1 ÙÚ  Å Ý í Þßà  H � 1  ì� 1  Na2SiO3 NaOH H3PO4 ^ �  

OPC 2 1320 - - 392 260 - - - 1973 

F1 2 1188 26 - 389 258 - - - 1863 

F3 2 924 79 - 382 253 - - - 1640 

F5 2 660 132 - 375 248 - - - 1417 

S1 2 1188 - 57 392 259 - - - 1898 

S3 2 924 - 172 390 258 - - - 1745 

S5 2 660 - 286 389 257 - - - 1593 

AAS 1 - - 572 384 256 454 2452 283 4402 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

 

 

 

 

 

 

 

 

 

� 5-7Âw !" º¹ f¿ (NT$) 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

������������  bcdbcdbcdbcd ef)*+ef)*+ef)*+ef)*+  

    y )=” r F Ž• #3 � ³JK 
 w�j � ] 	 3 � _ s7� J .³ z y S 
 �

| 
 B Fæ[< Ž Ê � r � ‹Ê �
� ‹ �� r � ‹ ��
 � ï � ¾ . ] …�z 
 ,

O � n* < Ž [63]L � 3Z Õ 
 ­ ) i¥:Õ , m © •€ � Õ. á �~‡³?)* o�

– [. Í ] * « 
N L ® y m ! 
 UV > � J : Oe � ¼F ' L N(. Î 2 ¼ = L ^

2
� 
 # ä 
 . � � S �� 
³� I Õ B ö ‘ [ - � ¤[ r ‹ Î ò3 � \ �Ž• 


wg¦ � } [1 º t¡   � ›M • |. ´ Õ §¨ L$%=”.fgh³ � �] Ô )  

!"gxh 
 a [â !".ÊËÌSÎÊ � [ (TÉ \ �Ž•.Î þ ƒ H þ � [ )U¢

OPC F1 F3 F5 S1 S3 S5 AAS
0

1000

2000

3000

4000
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TÉ 
K } F��^tu[vw�TÔÖ · Ž• Î ò‚2$. Lðñ 
ñude N 0

1.ÊËÌƒÎÊ � [ 1  ' ¤ �� q! L  

    Tommy ¤ 5 6 7 8 �  ! " X Y 
 Þ � : • < 
 g � Í � 1 (Lightweight 

Aggregate Concrete, LWAC)* � !" :. � ô H � 1 | 
�}[ - v e  !". � h

Å áÂ !".ÊËÌ  � 
 ¡ [•€ÙW†�•‚.~‡ [64]LA S 
� Ç ;< 
 �

� " ‹ � ß ‹ S � "� �� "ï01 ðåF t � S �; fg. ISD � / h 
 i åF

� %n .æ n ¢ † 
) ] ¡   01[ - š � Å � H Å ] [65] L  

5-2-1�� q! 3  

5-2-1-1 �� 01  

� Í H � 1 Á Ñ *Å : � Æ|ŠD°Ax � � 0 fA + ©M i_2Üi � Í H � 1 L

�h m 1.46
+³ � ò ‰ 2 cm
 � É ß � 5-8 M � L  

 ! H � 1 Ám  ! � . "# « 
°A u $ � Ò© 
+³ � ò ‰ 3~4 cm
 �h m 2.4


� É ß � 5-9M � L  


 z*Å Á è � % 5-1-1-1L  

� ô H � 1 Á è � % 5-1-1-1L  

� ô ì � 1 Á è � % 5-1-1-1L  

ÅÆ Á è � % 5-1-1-1L  

ÙÚ Á è � % 5-1-1-1L  

Å Ý í Þßà Á è � % 5-1-1-1L  

 

 

 

 

 

 

 

� 5-8 � Í � 1                      � 5-9  ! � 1  

   (. /01. /01./01./01 ����2� �32��32��32��3 4444 )           (. /01. /01./01./01 ����2� �342��342��342��34 ) 
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5-2-1-2�� Z �  

ÊËÌ  ���  

    � �� de � n • CNS 7332& Ê012ÌÊ  � Ù œ� ’U¢ LÊËÌ# � ��


J ' " ‹ Mœ• 
 g Ê? lf hä ' ¬ . [ ‚ 1 Ë ( | 
 x r .õ � |k �2ÊËÌ

?‹ ) ˆ Z r 2 * Õœ + x Z r 2 , %æÓA � 5-1 � � ª�  
D - x ) � k æ] �

5-2
 ) � k # m012ÊËÌ  � L  

                                                                      (5-2) 

 

                                                         

                                                                      (5-3) 

    � : qxÁÊËÌ? (W) 

      T2-T1Á ' ¬[ ‚ 1 (. T) 

         AÁ * Õœ (m2) 

       . xÁ ) ˆ Z r 2 * Õœ (A)+ x Z r 2 , %(m) 

         kÁ ) � (W/m.k) 

5-2-1-3 ����  

    �� ¼�:de ×Ø � Í H � 1ƒ  ! H � 1| / = ± �— Ê  !". H � 1 


– | & Ñ * à 1 ÙÚ �Å Ý í Þßà 
¾Ä ± �ÅÆ h ?. 30%| � m !" Lñ �

� q! .$. ¤ ]ÝÞ¡   01â] !"ÊËÌ  � 2§¨ 
 �� ¼�ß� 5-11M

� L  

� 5-11ÊËÌ TÉ  !" �� (kg/m3) 

��  Åû �  ÅÆ  ÙÚ  ��� ���  ��	
�  ���
�  
��
�  ���
�  

OPC 440 - - 649 934 - - 

L 440 - - 649 - 537 - 

LS 308 - 132 647 - 535 - 

LF 308 132 - 638 - 528 - 

C  440 - - 649 - - 879 

CS 308 - 132 647 - - 875 

CF 

 

 

 

0.5 

308 132 - 638 - - 863 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

x
T

Aqx D
D

-¥

x
T

kAqx D
D

-=
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�� �� Á OPC� � —Ê  !" È  

             F� � à 1 ÙÚ È  

             S� � Å Ý í Þßà È  

             L� � � Í H � 1 È  

             C� �  ! H � 1 È  

5-2-1-4�� f � ƒÞ 
  

� Í � 1â !" � h .§¨ �

   3 ˆ N| 
  ! " . � h â] o� í Ó � ‘ Å ³ ç �¼÷ ¼ #3¤ }~ /

Ï . ã ® 
ÓA� 5-12 æN7 Ž � Í H � 1ƒ  ! H � 1æN / = ± � � ô H

� 1 
 i æv e —Ê  !" . � h 
ª :N � Í H � 1+m � • 
æNáÂ‰

20%. � h L  

� 5-12  !"õ æä œh  

��  OPC C CS CF L LS LF 

����� (kg/m3) 2023� 1968� 1962� 1941� 1626� 1622� 1606�

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

ÊËÌ TÉ !"é : •‚ � � f �  

    � 5-13� � 5-10mÊËÌ TÉ !" é : •‚ . �� f � L  

� 5-13ÊËÌTÉ !"é : •‚ �� f � (MPa) 

��  

Ñ • � �  
OPC C CS CF L LS LF 

7 36.85 21.96 17.88 15.64 32.11 31.86 26.58 

14 40.78 24.33 27.39 20.92 37.62 35.86 29.68 

28 44.3 28.32 30.9 23.85 45.34 44.19 39.97 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 
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� 5-10ÊËÌ TÉ !"é : •‚  

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

 ! H � 1 ‹ � Í H � 1â !"é : •‚.§¨  

    � 5-11•� 
 g  ! H � 1 / = ± � !". � ô H � 1 | 
 Ñ • 28 � .é :

•‚ � â]— Ê  !"�áÂ Oe 36%.é : •‚ L � â÷ ¼ 
 � 5-12•� 
 � Í �

1 / = ± � !". � ô H � 1 
 û©¤ ¨ 7 � ƒ 14 � | 
 � • ¾ÄáÂ‰ 13 %� 8 

%.•‚ � 
] 28 � | }HI © 2 %
ðñâ]é : •‚÷ ¼ 
 á �(# 01 ³ R F

.L � 5-11ƒ 5-12:æN7 Ž 
 g  !": 8 I 30 %(ÅÆ h ? � )Å Ý í Þ ß| 
 

!" 7 � O 28 � .é : •‚³ � T R �³ 
 a 8 I 30 %(ÅÆ h ? � )à 1 ÙÚ| 
 ‚

< Ž áÂ.JK L  
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� 5-11 ! H � 1 !" é : •‚  

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

 

 

 

 

 

 

 

 

 

� 5-12� Í H � 1 !" é : •‚  

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

ÊËÌ TÉ !"ÊËÌ  � � � f �  

    � 5-14� � 5-13mÊËÌ TÉ !" .ÊËÌ  ��� f � 
 •� —Ê  !" ‹

 ! H � 1 !" Å � Í H � 1 !"2 k .ÊËÌ  � 1 Á, ³ L  
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� 5-14ÊËÌ TÉ !"ÊËÌ  �� � f � (W/m.K) 

��  

Ñ • � �  
OPC C CS CF L LS LF 

7 2.12 1.2 1.15 1.12 0.957 0.944 0.911 

14 2.14 1.24 1.17 1.16 0.981 0.954 0.934 

28 2.23 1.27 1.21 1.2 1 0.987 0.989 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

 

 

 

 

 

 

 

� 5-13ÊËÌ TÉ !"ÊËÌ  �  

 (. /01. /01./01./01 ����2� �342��342��342��34 ) 

Ñ • � l ‹ H � 1� / h ( 1â !"ÊËÌ  � 2§¨  

   � 5-14 •� 
 ! " .ÊË Ì  � � eÑ • � l .HI÷Çi  o ( H.

Ž• 
 ¡ æN7 Ž/ h ( 1. 8 Iâ !" .ÊËÌ  � & #F§¨. L w ö

ãä÷ ¼ 
 H � 1.T R â] !"ÊËÌ  � .§¨+³ L � : 2 � • �

� 
ÊËÌ  � æ Ó H � 1 ¾ À (� ô H � 1 ‹  ! H � 1 ‹ � Í H � 1 )¾m

3 �¬ 3 L  
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� 5-14 �– Ñ • � l  !" ÊËÌ  �  

 (. /01. /01./01./01 ����2� �342��342��342��34 ) 

    � 5-15m�– ¾ À !".ÊËÌ  � 
æ7 Ž  ! H � 1 !"æáÂ— Ê  

!"‰ 43%.ÊËÌ  � 
÷ � Í H 11 !"æáÂ !"‰ 56%.ÊËÌ  � L  

 

 

 

 

 

 

 

� 5-15  !" ÊËÌ  �  

 (. /01. /01./01./01 ����2� �342��342��342��34 ) 

5-2-2 � � q! D [66] 

5-2-2-1 � � 01  


 z*Å Á è � % 5-1-1-1L  
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ÅÆ Á è � % 5-1-1-1L  

S � Á � É m� v‚ $ � 
ß � 5-16 M � 
 UV � ò m 70~1054 m
 �h m

2.64L  

 

 

 

 

 

� 5-16 S �  

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

(1) S � " (Diatomite) 

       S � " . � É m 5 c à � 
 �h m 2.33
ß � 5-17 M � LÓA SEM

§ 6 æ7 Ž ª � fg#: Î � � ä 
 � ˆ ò ‰m 10~184 m
� ˆ ò ‰m

2~84 m
 � � í‰ 10~184 m
ß � 5-18 M � L°p EDS æ ]^ ªde

¦Ú m Si � O
ß� 5-15 M � LÓA XRD _¾¾ 4 æ ]^ ª F zh_¾

m SiO2
ß � 5-19 M � L  

� 5-15 S � " ¦Ú ¾ 4 (EDS) 

¦Ú  { ¾ �  (wt.X ) 

Si 48.65 

Al 0.78 

Na 1.17 

O 49.40 

Total 100.00 

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 
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     � 5-17 S � " à Š                     � 5-18 S � " � É�  

(. /01. /01./01./01 ���� K7*L��M K7*L��M K7*L��M K7*L��M 2008)    (. /01./01./01./01 ���� K7*L��M K7*L��M K7*L��M K7*L��M 2008) 

 

 

 

 

 

 

 

 

� 5-19S � " _¾ ¾ 4  

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 

(2) � � " (Montmorillonite) 

       � � " . � É m � 5 c à � 
 �h m 2.6
ß � 5-20 M � LÓA SEM

§ 6 æ7 Ž ª � fgm� v ‚ $ � 
 UV � ò ³ �‰ m 20~364 m
ß �

5-21 M � Lp EDS ]^ ªde ¦Ú m Si‹ O � e ? Al � � ? Mg
ß�

5-16 M � LÓA XRD _¾¾ 4 æ ]^ ª F zh_¾ m SiO2 � Al 2U 4SiO2U

H2O
ß � 5-22 M � L  
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� 5-16 �� " ¦Ú ¾ 4 (EDS) 

¦Ú  { ¾ � (wt.X ) 

Si 39.22 

Al 8.24 

Mg 0.69 

O 51.85 

Total 100.00 

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 

 

 

 

 

 

 

     � 5-20 �� " à Š                     � 5-21 �� " � É�  

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008)   (. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 

 

 

 

 

 

 

 

 

� 5-22 �� " _¾ ¾ 4  

   (. /01. /01./01./01 ����  K7*L� �M K7*L� �M K7*L� �M K7*L� �M 2008) 
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(3) 9 7 ß (Sepiolite) 

9 7 ß � É m 5 c 8€ � 
 �h m 3.33
ß � 5-23 M � LÓA SEM

§ 6 æ7 Ž ª � fgm V � � 
 UV � ò ³ �‰ m 10~204 m
ß � 5-24

M � Lp EDS æ ]^ ªde ¦Ú m Si‹ O � e ? Mg y F � ? Al 
ß�

5-17 M � L Ó A XRD _ ¾ ¾ 4 æ ] ^ ª F z h _ ¾ m

CaMgSiO8O22(OH)2‹ SiO2‹ MgSiO3‹ MgSi4O10(OH)2
ß � M � 5-25L  

� 5-17 9 7 ß ¦Ú ¾ 4 (EDS) 

¦Ú  { ¾ � (wt.X ) 

Si 24.45 

Al 0.40 

Ca 15.58 

Mg 11.40 

O 48.17 

Total 100.00 

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 

 

 

 

 

 

 

    � 5-23 9 7 ßà Š                      � 5-24 9 7 ß � É�  

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008)   (. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 
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� 5-259 7 ß _¾ ¾ 4  

   (. /01. /01./01./01 ����  K7*L� �M K7*L� �M K7*L� �M K7*L� �M 2008) 

(4) � ß (Zeolite)  

� ß � É mbc à � 01 
 �h m 2.16
ß � 5-26 M � LÓA SEM

§ 6 æ7 Ž ª � fgm� v‚ $ � 
 UV $ � ³ �‰ 4~94 m
ß � 27 M

� Lp EDS ]^ ªde ¦Ú m Si‹ O � � ? Mg‹ Na‹ Ca
 K
ß� 5-18

M � LÓA XRD _¾¾ 4 æ ]^ ª F zh_¾ m CaAl2Si7O18‹ SiO2
ß

� 28 M � L  

� 5-18 � ß ¦Ú ¾ 4 (EDS) 

¦Ú  { ¾ � (wt.X ) 

Si 36.71 

Al 7.27 

Mg 0.53 

O 49.03 

Na 1.35 

Ca 3.18 

K 1.94 

Total 100.00 

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 
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� 5-26 � ßà Š                      � 5-27 � ß � É�  

(. /01. /01./01./01 ���� K7*L��M K7*L��M K7*L��M K7*L��M 2008)     (. /01. /01./01./01 ���� K7*L��M K7*L��M K7*L��M K7*L��M 2008) 

 

 

 

 

 

 

 

 

 

� 5-28� ß _¾ ¾ 4  

   (. /01. /01./01./01 ����  K7*L� �M K7*L� �M K7*L� �M K7*L� �M 2008) 

5-2-2-2����  

    ÅÆ �� . Åû � m 0.55
ÅÆ ƒ � 1 � m 1:1
N“� / h 2 þ ( 1 (S � " ‹ 9

7 ß ‹ � � " ‹ � ß )Wmde �� R � 
ª 8 I � ! mÅÆ h ?. 15 %
 T ß� 5-19

M � L  
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� 5-19 2 þ  !" �� (kg/m3) 

��  Å  ÅÆ  S � "  9 7 ß  � � "  � ß  � 1  

OPM 441.3 802.4 0 0 0 0 802.4 

D 419.6 763 114.4 0 0 0 763 

M 421.8 766.9 0 115 0 0 766.9 

s 425.8 774.2 0 0 116.1 0 774.2 

Z 418 760.1 0 0 0 114 760.1 

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 

�� �� Á D � �S � " È  

          M� �9 7 ß È  

           s� � �� " È  

           Z� � � ß È  

5-2-2-3�� Z �  

š /H þ ��  (Moisture-adsorption/desorption test) 

    � ��   Ó� JIS A 1470-1v ´U¢ 
½ 200 mm × 200 mm× 30 mm� ä Hx ��

8 :U¢ �� 
P �� 8 � ‰� V > . 9 Å � : õ 
�–�. 9 Å � : õ âO �– .

� â þ ‚ 
 T ß� 5-20M � 
 �� � ‰ß � 5-29M � L  

(1)šþ ��  

      ��N� â þ ‚m 33%s O 
 ²Â ½ � ä Hx_ 2 >þ ‚ . �� 8 : 
 � šþ

^t U Þ ©
 ( H � â þ ‚ k 6 šþ 
 ˆ t ¤� â þ ‚m 93%¦ šþ U Þ 
 �� f

; L  

 (2)H þ ��  

       � ä ¤� â þ ‚ 93%s O šþ 
 � šþ U Þ ^t© 
 ¤� â þ ‚ 75%¦H þ L

H þ U Þ © 
 ( v � â þ ‚ k 6 H þ 
 ˆ t ¤� â þ ‚m 33%¦H þ U Þ 
 H þ �

� f ; L  
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� 5-20 9 Å � À� � â þ ‚  

)* � À  � â þ ‚ (X ) 

MgCl2U 6H2O 33 

K2CO3 43 

Mg(NO3)2U 6H2O 53 

Kl 69 

NaCl 75 

KCl 85 

KNO3 93 

(. /0. /0. /0. /0 1111� ���  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 

 

 

 

 

 

 

 

� 5-29 š (H )þ �� � ‰ 

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 

SEM� É fg¾ 4  

< ë � Ín• � = Á  

� 
 � )* ­ � HITACHI ` > iÇ 2 S-4800 ç <? � Ín• � = É @�

É fg 
P ü 8 +í H ³ A W æ^ 10 sA 
$. ¤ A æ 56 !"†[TÔ.

�Ò L�¼ = ·* Í z 7 B Ín ;C � � D h 7< Ì � 
 °p Ì � H ³ 8 Ü E

O F º G6 Ñ: 
Üo p HIJK Ž � ä � É @� L  

[?¾ ž IL ü Á  

[?¾ ž IL ü ¶ Energy Dispersive Spectroscopy, EDS· � � ] SEM ¼ =

:
 Ñ * M º : . S ¶ N · O Ù 8 Lp] >3 x B .í [ X I � H <³�¾[

?÷ G _ Ín -Ív â 
 � I Í : æ) ] Ín � Ívà ¦Çi P ¦ 
 � Q è ¾ 4
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8 • R ñ Í : P ¦DÇi ST ` 
Üp ST ` � â012 ¦Ú _ I 
 ö ‘ op

¦Ú .¾ ¨ | A æ 56 !"†[TÔ.�Ò L  

 

� 5-30 <? � Ín• � = (S-4800) 

 (. /01. /01./01./01 ����2� �342��342��342��34 ) 

   � É fg¾ 4 2 SEM É @  ��¦1 ý ä U¢ : 

(1) U Ù±ß � D 
 � DVW ‰m 10× 10 × 3 mm³� L  

(2) ½ � D ‰x 80XY [ Z � [\ 24 � | 
U¢ �� Sû Å ]+ B L   

(3) ½ � D �� � ÒDø ]^ Î 
D _` ? a N d Ì Í L  

(4) ‰x� ä] Ín• � = �DU¢ ]^ Î + B L  

(5) z 7 B Ín ;< ë � D � Õ 
 • 6 É @DE �� L  

X IbB ¾ 4 (XRD)  

� 
 � ) * PANalytical M i Ç . X I b B ¾ 4 ü (ç � Á X'Pert Pro, 

MPD)
P ü 8 M )*. c 0m dc 
 � É ß � 5-31M � L X IbB ¾ 4  ·*

X I � B ¤� D 
 bB ©. X I � l f ƒ x B µ _ 2e f µ 2 �g Õ B < 
o

p • R �– µ ‚ | . b B • ‚æ h V 2e -• ‚ � Lp Bragg´s law æ ^ 
 g

i =2dsine | �Çi �¼† jk 
ð÷�F bBT Çi L�–. F zh V F�

–. bB f � Ç i 
MNæ·* � â í T ` 7 i . æ ‰| l Ä � D � . F zh

_¾ L� � � .$ . ¡ # ö ‘ op l ’ � . ¾ À| A æ 56 ! "†[TÔ.

�Ò L  
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� 5-31 XIbB ¾ 4 ü  

  (. /01. /01./01./01 ����2� �342��342��342��34 ) 

    X IbB ¾ 4   ��¦1 ý ä U¢ Á  

(1) V � × ± å��†2 � D à Š ‰ 1 gL  

(2) ½ � ß ‰x 100±5XY [ Z 
U¢ �� Sû Å ]+ B 24 � | N( L  

(3) ½ � ßQ ‰] 56 D (Dœ æ] XRD ¾ 4 ü 8 : 
N bB µ ‚ 10°~80°‹  

   < ë šW 3 sec./0.05°U¢ �� L  

(4) ½¾ 4 ©2 X IbB •‚ � (intensity diagram)ƒ Í m � ä�� F  

   zh 9 1 : 2 F zh ST ` (peak)� â L  

5-2-2-4 �� f � ƒÞ 
  

2 þ  !".é : •‚  

    � 5-211 < 2 þ  !".é : •‚ 
ãÒ©ß � 5-32M � 
æ7 Ž 8 I 15%(Å

Æh ? � ). S � "� �� "æHI !".é : •‚ 
 w 8 I 15%(ÅÆ h ? � ). 9

7 ß � � ß‚ �áÂ !".é : •‚ L  

� 5-212 þ  !".é : •‚ (MPa) 

��  

Ñ • � �  
OPM D M s Z 

7 36.06 38.54 35.85 49.27 28.92 

14 39.11 44.24 38.21 51.72 30.65 

28 44.48 53.29 42.91 62.88 31.26 

  (. /01. /01./01./01 ����  K7*L� �M K7*L� �M K7*L� �M K7*L� �M 2008) 
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� 5-32 2 þ  !"�– ��¦ .é : •‚  

  (. /01. /01./01./01 ����  K7*L� �M K7*L� �M K7*L� �M K7*L� �M 2008) 

   � 5-33•� 
 2 þ  !"ƒ— Ê  !"3 ß 
é : •‚� efÑ • � l÷HI L  

 

 

 

 

 

 

 

� 5-332 þ  !"�– Ñ • � l ¦ .é : •‚  

  (. /01. /01./01./01 ����  K7*L� �M K7*L� �M K7*L� �M K7*L� �M 2008) 

    p � 5-34]^ 
 8 I 15%(ÅÆ h ? � ). �� " Å S � "æ¾ÄHI !" 41%

ƒ 20 %.é : •‚ 
÷ 9 7 ß � � ß‚ �¾ÄáÂ !".é : •‚‰ 4 %� 30 %L  
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� 5-342 þ  !" Ñ • 28 � ©.é : •‚  

  (. /01. /01./01./01 ����  K7*L� �M K7*L� �M K7*L� �M K7*L� �M 2008) 

2 þ  !" š (H )þ �� f �  

   � 5-22m 2 þ  !". šþ �� f � 
ãÒ©ß � 5-35M � Lf � •� 
 g  !

": 8 I 15%(ÅÆ h ? � ).“ � 2 þ 01 | 
 !" šþ . ��¤ �– � â þ ‚. †

¥¦B #F n \. 
ª:N�� M . 9 7 ß ��� Z . � ß¤� â þ ‚ 33 %~93 %k

åF � • �� L  

� 5-222 þ  !". šþ �� f �  

�� � � þ ? (g)� � þ W(%)�

OPM 5.4 14.4 43.5 58.9 75 0.27 0.72 2.18 2.95 3.75 

D 6.1 16.4 47.7 65.2 82.3 0.3 0.82 2.38 3.26 4.11 

M 26.5 37.7 52.9 69.6 79.1 1.33 1.89 2.65 3.48 3.96 

s 6.7 17.1 47.5 66.4 84.8 0.34 0.86 2.38 3.32 4.24 

Z 26.2 35.4 46.6 65.9 80.8 1.31 1.77 2.33 3.29 4.04 

RH(%) 33% 53% 69% 85% 93% 33% 53% 69% 85% 93% 

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 
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� 5-35� þ W(šþ )ƒ � â þ ‚ (RH).�   

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 

   è ¼ \ � � â þ ‚m 69%
ÓA � 5-36 æ ]^ 
 g  !": 8 I 15%(ÅÆ

h ? � ). “ � 2 þ 01 | 
 Ó B æHI 9%‹ 22%‹ 9%‹ 7%. šþ � � L  

 

 

 

 

 

 

� 5-362 þ  !" ¤� â o ‚ 69%Ž• ¦ . � þ W 

  (. /01. /01./01./01 ����  K7*L� �M K7*L� �M K7*L� �M K7*L� �M 2008) 

    � 5-23m 2 þ  !" H þ �� .f � 
ãÒ©ß � 5-35M � 
æN7 Ž g  !"

: 8 I 15%(ÅÆ h ? � ).“� 2 þ 01 | 
 !" H þ . � [ ¤ �– � â þ ‚. †¥

¦ Ï FHI. �� 
ª:N�� M . 9 7 ß ��� D . S � "+ � • L  
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� 5-232 þ  !" H þ �� f �  

�� � � þ ? (g)� � þ W(%)�

OPM 75 74.7 72.6 69.7 60.7 3.75 3.73 3.63 3.48 3.03 

D 82.3 82 79.6 76.6 67.1 4.11 4.1 3.98 3.83 3.35 

M 79.1 78.8 75.6 73 63.5 3.96 3.94 3.78 3.65 3.18 

s 84.8 83.9 81.1 77.3 67.2 4.24 4.19 4.06 3.86 3.36 

Z 80.8 79.79 76.39 73.49 62.59 4.04 3.99 3.82 3.67 3.13 

RH(%) 93% 85% 69% 53% 33% 93% 85% 69% 53% 33% 

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 

 

 

 

 

 

 

 

� 5-37� þ W(šþ )ƒ � â þ ‚ (RH)�   

(. /01. /01./01./01 ����  K7*L��M K7*L��M K7*L��M K7*L��M 2008) 

    è ¼ \ � � â þ ‚m 33%
ÓA � 5-38 æ ]^ 
 g  !" : 8 I 15%(Å

Æh ? � )“ � 2 þ 01 | 
 Ó B æHI 11%‹ 5%‹ 11%‹ 3%. H þ �� L  
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� 5-382 þ  !" ¤� â o ‚ 33%Ž• ¦ . � þ W 

  (. /01. /01./01./01 ����  K7*L� �M K7*L� �M K7*L� �M K7*L� �M 2008) 

��������������������������������  

   • „…† ’ ‚ ¤ p • � q Õ ²Â „ º t ) * � j 
MN012 „…† � ˆ

f 01.)*4 „ L ACI Committee 201 â !" „…† .œ•ß ¦ Á„…†

 ;ªèé � ô Ì F W* ‹ F
 �F Ç hÍ "# ‹ L – �ª A ë F A + .[«

[67]L  

     ! "#3 ¾ å � ;< . 9 z � 01 
� o ðä œ �r Ô & Ž• ÷Çi�

O« 
 ¡ æ[ o� � ' .F Ç ð n op ;< x " Ì �  ! " . „…† áÂ L 

! " „…† . Î � Z � : 
+ ) � .F ™ š • % n s Ó � � � (Rapid Chloride 

Permeability Test, RCPT)‹ 
 t � � � (Ponding test)
 ¡ ' � � � de#N Í [ u

¦ Å � ô • ž ' ¾ � – .Ë …� @| ÎÙ  ! " � � f g . ! Ø + ‚ Lp ]

RCPTv � ASTM C1202v œ w ~ �� |k 6 � | 
÷ 
 t � � �Ó� AASHTO 

T259 .� 	 Oe ~ 90 � . 8 l x ‰þ æ*N¸¹ ! � �ë F 
¾ 4 &Ÿ y

/ 
ðñ� � � } )* RCPT�ÓÅ �� � | � � q! :  ! " . „…† L  

5-3-1�� q!  

5-3-1-1 �� 01  

ÛÜÚ Á ¤ �– [ ‚ € ú ¦ @0 | 
 ÛÜÚ� É (� F�–. z c R F 
ß �

5-39 M � L� � �M Ñ *. ÛÜÚ � D³ Ü·*.ÛÇ « 
 # 3 ³ Ü

·* | deWmx { . @1 
 @0 . UV[ ‚‰ 450oC~650 oCL ÛÜ

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

ZsMDOPM

M
oi
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e 
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%
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Ú . �h m 1.98
 F
 �hÒ†Í T 1 ] � 5-3 ƒ� 5-4L  


 z*Å Á è � % 5-1-1-1L  

� ô H � 1 Á è � % 5-1-1-1L  

� ô ì � 1 Á è � % 5-1-1-1L  

ÅÆ Á è � % 5-1-1-1L  

ÙÚ Á è � % 5-1-1-1L  

Å Ý í Þßà Á è � % 5-1-1-1L  

  

 

 

 

 

 

 

 

� 5-39�– 0 f [ ‚. ÛÜÚ  

  (. /01. /01./01./01 ����2� �342��342��342��34 ) 

5-3-1-2 ����  

    ���de ×Ø Åû � 0.35� 0.65' ¾ 1 Á Ÿ ³. �� |U¢ � Ÿ 
 / h ( 1 ×

ØÙÚ ‹Å Ý í Þßà ‹ ÛÜÚ ïD Ó�� � Ä ± �ÅÆ h ?. 30%
m © n?ÙW

‚
� I�� : 8 I•ç � 
 �� ¼�ß� 5-24M � L  
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� 5-24„…  !" �� ( kg/m3) 

��  Åû �  Å  ÅÆ  ÙÚ  Å Ý í Þßà  ÛÜÚ  H � 1  ì� 1  � �  

C3  220 629 - - - 841 585 1.89 

F3  220 440 189 - - 809 562 1.89 

S3 220 440 - 189 - 836 581 1.89 

R3 

0.35 

220 440 - - 189 782 544 6.29 

C6 220 338 - - - 983 683 - 

F6  220 237 102 - - 964 670 - 

S6 220 237 - 102 - 978 680 - 

R6 

0.65 

220 237 - - 102 952 661 1.69 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

�� �� Á C � � —Ê  !" È  

          F� � ÙÚ È  

          S� � Å Ý í Þßà È  

          R� � ÛÜÚ È  

          � å � � Åû � 0.35(3)‹ 0.65(6) 

5-3-1-3� � Z �  

™š • %n s Ó �� (RCPT) 

� ��Ó� ASTM C1202v œ2Z � U¢ �� 
 �� � ä ¤ Å:¾Ä Ñ • O ò g

� l ± <©ÜN !" Ù | � Ù | 
 ± � ä: } �¾ ~ r VW (D)m 10 cm� y r VW

(H) 5 cm2 ' � D U¢ • %n ™š  Ó �� 
 Ù | / _©½ � D[ � D Ë ‰ 24 � | 


š f )* š Å01½ � D â •€• D ‰x ^ Î \ : 
·* ^ Î n‚] ] ) ] ^ Î ‚^

t 1 mmHg³ ] : DŒG ^ Î ‚ 3 � | L2© 
 ƒ s › Å „q _ �… A. P † Å (~ 0

Q © )Éx ^ Î \ˆ t P † Å � A � D 
Ü ƒ s ^ Î n‚ s O 6 ] E }~ 6 ] 3 � � |

N( L� M ^ Î n‚ © ƒ s ^ Î \ ) Î ] U x ^ Î \ D ± < � Dx ‰Å: 18±2� | 


š f ½ � D‡� ] Í  ˆ : Lª: F º ˆ Hx 3%2 • F X : õ 
 � º ˆ Hx 0.3N 2

• EF X : õ 
 å Ÿ � D ƒ Í  ˆ 2 k � ‰Å© #/ _ã �Í a . �‰ 
 Í  �� .

�‰ ß � 5-40M � L  

��|� I 60V .œ ˆÉ Í : 
 Ê Í © d æ] t ¨ 0 � | . Í É ` 
2©> B�
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� | ë R 3 ³ˆ t 6 � | © ��/ _ 
� x M ë R > B� � | . Í É ` ]N ¦`� d

æ� � < ^Ê A Í ? Á  

Q I I I I I I= + + + + + +900 2 2 2 200 30 60 300 330 360( )����                      (5-4) 

� : 
  

Q : ^Ê A Í ? (coulombs) 

I 0  : � I Í : © �O . Í É ` (amperes) 

I t  : � I Í : © ¨ t ¾ � . Í É ` (amperes) 

a � ä. ˆ ò u 9.5 cm
 ‚Ó� ASTM C1202v ´ }~ � ³ ^Ê A Í ? `� Á  

Q Q
Xs x= ´ (
.

)
9 5 2                                                     (5-5) 

 

� : Á QS  : � ä ˆ ò m 9.5cm2 ^Ê A Í ? (coulombs) 

      QX  : � ä ˆ ò m x cm2 ^Ê A Í ? (coulombs) 

      X  : � ä ˆ ò (cm) 

 

 

 

 

� 5-40 RCPT���‰  

 (. /0. /0. /0. /0 1111� ���2� �342��342��342��34 ) 

5-3-1-4� � f � ƒÞ 
  

„…  !"é : • ‚ � � f �  

    � 5-25 m„…  !"é : • ‚ . � � f � 
ãÒ©] � 5-41 � � 5-42 ¾

Ä •� Åû � 0.65 � 0.35 � ä.é : • ‚ L  

 

3% NaCl 

0.3n NaOH �� �
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� 5-25„…  !"é : •‚ �� f � (MPa) 

��  

Ñ • � �  
C6 S6 F6 R6 C3 S3 F3 R3 

7 22.71 20.01 11.6 7.07 43.96 41.88 26.99 19.47 

14 26.71 26.12 15.2 11.34 48.83 47.51 32.78 22.5 

28 28.33 28.52 18.85 15.15 51.68 51.69 41.99 27.75 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

 

 

 

 

 

 

 

� 5-41�– Ñ • � lé : •‚ (Åû � 0.65) 

 (. /01. /01./01./01 ����2� �342��342��342��34 ) 

 

 

 

 

 

 

 

� 5-42�– Ñ • � lé : •‚ (Åû � 0.35) 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 
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RCPT�� f �  

� 5-43ƒ � 5-44m 28 � RCPT. �� f � 
æ7 Ž  !"�ð / h ( 1. ¾ À

÷T R D K Ž <�–._ 8 JK L  

 

 

 

 

 

 

 

� 5-43›œÊ A Í ?ƒ Ê Í |k �  � (Åû � 0.35) 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

 

 

 

 

 

 

 

� 5-44›œÊ A Í ?ƒ Ê Í |k �  � ( (Åû � 0.65) 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

p � 5-45æ7 Ž 
 ¤ Åû � 0.65. € ú ¦ 
 6 � | M ›œÊ A ^ Í ? � Ÿ ]Åû

� 0.35. € ú ¦ í © ½ Œ 2 A 
� � Åû � . å §¨ 6 � |›œ^Ê A Í ? L  
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� 5-45�–Åû � 6 � | ›œ ^Ê Í ?  

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

� 5-46 mÅû � 0.35 . !"] 8 I�– ¾ À. / h ( 1 | . 6 � | ›œ ^ Í

?
æ7 Ž Åû � 0.35.— Ê  !" � Ÿ ]ª A ²À !"F Ÿ Â. ^Ê Í ? 
 Ó �

� ³ B � Äv e 1 %‹ 7 %Å 1.2A . 6 � | ›œ ^ Í ? L  

 

 

 

 

 

 

� 5-46 6� | ›œ ^ Í ? (Åû � 0.35) 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

� 5-47mÅû � 0.65. !" 8 I�– ¾ À. / h ( 1 | . 6 � | ›œ ^ Í ? 


æ7 Ž Åû � 0.65.— Ê  !" � Ÿ ]ª ) ²À !"F Ÿ Â. ^Ê Í ? 
 Ó �� ³

B � Äv e 5 %‹ 22 %Å 2 A . 6 � | ›œ ^ Í ? L  
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� 5-47 6� |›œ ^ Í ? (Åû � 0.65) 

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

„… †¸¹  

   AASHTO T277·* ›œ^ Í ?|¸¹  ! " . • % n s Ó[« 
•¾_

í‹: ï ‹Â‹ u ) ÂS � ?ï ú Ï 
æ � ñ| æ �  !" . ! Ø †ƒ „… †


¸¹ �ß� 5-26 M � L  

� 5-26›œÊ A Í ?â • %n s Ó; `¸¹�  

 

 

 

 

 

 

 

(. /01. /01./01./01 ����  AASHTO T277, 2006) 

� 5-48m Z ã „…  !" 6 � | . › œ^ Í ? 
æ Y� � 5-26. v œIN �� D

ãÒß� 5-27M 1 L  
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� 5-48„…  !" 6 � |›œ ^ Í ?  

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

p� 5-27]^ 
Åû � 0.65. � ä Ï �í • %n s Ó 
� � ª ! Ø †ƒ „…† Ÿ

ÂLÅû � 0.35.�¾— Ê  !"ƒ 8 I 30 %(ÅÆ h ? � )Å Ý í Þßà . !"�

]Â • %n s Ó 
� � ªåF� Ð . „…† 
 w 8 I 30 %(ÅÆ h ? � )à 1 ÙÚ . 

!"�ò: 
 8 I 30 %(ÅÆ h ? � )ÛÜÚ . !" ‚ mí • %n s Ó
�Â „…† 


ñf � ³ � ƒ AASHTO T277:. � n ß � � Š z L  

� 5-27 !" • %n s Ó;`  

��  

¸¹;`  
C6 S6 F6 R6 C3 S3 F3 R3 

í  ‹  ‹  ‹  ‹     ‹  

:ï        ‹   

Â      ‹  ‹    

u ) Â          

� ?          

(. /01. /01./01./01 ����2� �342��342��342��34 ) 

������������  �����	
��
�������	
��
�������	
��
�������	
��
��  

m © Á Fˆ d Œ. nÊÅ í « Í.i¥Å ¿ 
³?.  !" ‹ • 2 u Õ � Ô )  

!" fgü • ± � © # Fb ” L ¤ •€¡   i¥( ¾¾•‘ ~‡.– | 
Õ , ŽŽ Q

• ú â i ˜ Ž• Mx_. ´ Õ�� L³?. !"� • 2 u Õ ) ]� ô" � äh “ `

Ó ] † � ø S 2 uÊ?ƒÐÅ  Ó2[« 
ðñ o� A‚ 78 . z y ü • • ø � ô 2

u [ ‹ o ‚2[« L  
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áÐ | 
�ÓÅ u Õ � oœ Å ÷“ �  x”¦ 
 i )" �ø S ¬ Ñ Å¾2 � [ L

ˆ3ý � 
³?. œÅ / = }[ ‘’ G Å 0ZG Å 
HI o� “ ˆ .°± ´ w LÓÅ

 !" . À¿ #å = íÓÅÃ† 
 w “ ¿ # « 
 †Í“ � ^t— Ê  !" .•‚`

¿ Lðñ 
ÓÅ !" ¤ O* (de º r ]•‚e‡ Ÿ Â .Ù + ¼ � 
ßÕ¢ è ‹ “

”• è �, z ï L�
� ¤ ñ  3 �� q! 
 �� ÓÅ !".ÓÅƒ•‚Ã† L  

5-4-1�� q! [68] 

5-4-1-1 �� 01  

� ô � 1 Á� � � M)*2 � ô � 1+³ � ò m 0.48 cm
 �h 2.67
 � É ß

� 5-49 M � L  

Í – Þ þ Á+³ � ò 0.95 cm
 �h ‰ 3.18
 � É ß � 5-50 M � L  

ÅÆ Á è � % 5-1-1-1L  

 

 

 

 

 

� 5-49� ô � 1                      � 5-50Í – Þ þ  

(. /01. /01./01./01 ����NOPNOPNOPNOP 2009)               (. /01. /01./01./01 ����NOPNOPNOPNOP 2009) 

5-4-1-2 �� Z �  

    u Õ tÉ Ù 0Z  

� 0Z 2í‚‰m 55 cm
 8 ‚ ‹ —‚£‰ 70 cm
æ H‰8 ‹ —£m 60 cm2Ó

Å u Õ L � W| ß � 5-51M � 
 g Å ˜ 2í‚ ™œ|# âÓÅ u Õ U¢œÅ ˜ �� 


æÙ œ£ ¾ � ¥¦ . u Õ  Ó  � ¶ K· L  
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� 5-51ÓÅ  ��� � ‰ 

(. /01. /01./01./01 ����NOPNOPNOPNOP 2009)       

áÐ þ !0Z  

1.ÕÙáÐþ !  

��� . â � ôáÐ . †¥ ¼�3ÕÙþ ! áÐ 8 
N ¦ ½ ���� A + : M¼

œ2áÐ € ú�ÕÙþ ! áÐ 8 gx ï � ��� L  

    2.¼�áÐ   

¼�áÐ—˜*] 5 œÅ ó0Z ¼� :M~ .áÐ ç ˜ 
 }~ n?áÐ © ‚ ‹á

Ð•‚ Å áÐ 4 | .�  L$%3žÅ·Ù + . v ¶¼� :
³ � Ôò�T 4.Ð?

É Ù 9 1 ©� n?£ ¾ �– 4 | .Ð? 9 1 ©U¢ Z �¾ 4 
 � ñ � ¹�– Q W.á

Ð © ‚ 
Ü h VáÐ•‚ -4 | -Q W™š ¶ IDF curve·g Wm¼� Ó� L  

3ž÷ ¼ 
 a áÐ 4 | æ’ ‚ P ³ ÏÐ•‚ æ³ 
 X 2áÐ 4 | æ8 ‚ ª •‚ æ

�
 ¡ # áÐ•‚ Å áÐ 4 | _ X � �  L ñò � ³ ÏÐ2áÐ•‚ ƒáÐ 4 | . ë

R ©
æN y � `� � áÐ•‚ (mm/hr)� ~ � `máÐ 4 | (min)h VáÐ•‚ -4 |

™š 
ª ™š Z +� › žN Horner� � � Á  

                                                                 ¶ 5-6·  

� : 
 I máÐ•‚ (mm/hr)È t máÐ 4 | (min)È a‹ b � c m � œ  � L  

��� � n°±�Å· & 2001Å ó ¼�O* � . 9 1 
 � ¹£ Q W42¼�Ï

Ð
ß� 5-28M � 
D � ñ Wm �� ¼�` ¿ 
A + : Ñ * 5 43 ³ .áÐ Q WWm

áÐ•‚ 
áÐ 4 | ¼œ m 60¾ � L  

 

( )cbt

a
I

+
=
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� 5-28L ® Ð? œ�– áÐ 4 | � Q W¶³ /4 ·¦ 2¼�ÏÐ •‚ [68, 69] 

h Ž l ,  2 4  5 4  104  254  504  1004  2004  

4 | 30¾áÐ¼�•

‚ ¶ mm/hr·  
75 94 103 111 115 117 120 

4 | 60¾áÐ¼�•

‚ ¶ mm/hr·  
49 69 82 99 112 125 137 

4 | 90¾áÐ¼�•

‚ ¶ mm/hr·  
39 53 63 76 85 95 104 

4 | 120¾áÐ¼�•

‚ ¶ mm/hr·  
32 44 53 64 74 84 94 

(./01./01./01./01 ����567QRS567QRS567QRS567QRS 2001) 

3.ÕÙáÐþ ! 8  

)* ÕÙáÐþ ! 8 2 $.# ö ‘¤ Ž ” ÓÅ u Õ�� A + : 
Mþ ! 2áÐ €

ú[ - š Œ• � ôáÐ ’2 †¥ LPáÐ 8 . ‡ gß � 5-52M � 
deæ¾_ ' � I 


3mæ à ¦ � : / « • ‡ 
 � 3máÐ* 	 ž Lmþ ! � ôáÐ . †¥ 
 	 ž O•€

¼�<Å?E ~ [ V � 	3 Å? O u Õ ( 
 i ×Ø (ON 	 Å?ƒ 	3µ ‚m Ó� L

��� Ñ * 2 kg/cm2 2 	 ž 
ª 	 ž µ ‚m 70Ÿ
áÐ´ 
   æ¬ � � ä
>¾ � <Å

?m 0.42“ L  

 
 

 

 

 

 

 

 

� 5-52ÕÙáÐþ ! 8 � � �  

(./01./01./01./01 ����NOPNOPNOPNOP 2009) 

 

à ¦ � : / « • ‡ �

áÐ* 	 ž �

…ÅÑ �

…ÅÑ K@ � �
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5-4-1-3 ����  

    ] �� ¼�: 
 � 1•¾ � ô � 1� Í – Þ þ� 1 2 ¾ 
de R � m � ä 	 ø �

1 ;< . { ¾ W(70 %‹ 80 %‹ 90 %)
NÅÆWmûf1 
Å Ú� m 0.35
ß� 5-29

M � L  

� 5-29ÓÅ !" �� (kg/m3) 

��  Å Ú�  
 zÅ  ÅÆ  � ô � 1  Í – Þ þ  

O7 131 374 1720 - 

O8 150 428 1720 - 

O9 168 481 1720 - 

B7 135 386 - 2009 

B8 154 440 - 2009 

B9 

 

 

0.35 

173 495 - 2009 

(./01./01./01./01 ����NOPNOPNOPNOP 2009) 

�� �� Á O � � —Ê ÓÅ !" È  

          B� �Í – Þ þ È  

          � å � � � ä 	 ø � 1 ;< . { ¾ � (70 % (7)‹ 80 % (8)‹ 90 % (9)) 

5-4-1-4 �� f � ƒÞ 
  

ÓÅ !"é : • ‚ � � f �  

� 5-53mÓÅ !"é : •‚ �� .f � 
U3ýã Ò©.f � ß � 5-54M � L  

 

 

 

 

 

 

� 5-53Ñ • 28 � ÓÅ !" é : •‚ �� f �  

(./01./01./01./01 ����NOPNOPNOPNOP 2009) 
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� 5-54m � ä 	 ø ;< Wƒé : •‚2�  
æ7 Ž  !".é : •‚� ef	

ø� ! .HI÷HI 
E)* Í – Þ þ� 1. !"•‚ Ÿ Â L  

 

 

 

 

 

 

 

� 5-54� ä 	 ø � 1 ;< Wƒé : •‚ �   

(./01./01./01./01 ����NOPNOPNOPNOP 2009) 

� 5-55mÓÅ  ��� .f � 
ãÒ©ß � 5-56M � L  

 

 

 

 

 

 

� 5-55ÓÅ  ��� f �  

(./01./01./01./01 ����NOPNOPNOPNOP 2009) 

� 5-56m � ä 	 ø ;< WƒƒÓÅ  � (K)2�  
æ7 Ž  !".ÓÅ  � � e

f ;< 	 ø� ! .áÂ÷HI L  
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� 5-56� ä 	 ø ;< WƒÓÅ  � �   

(./01./01./01./01 ����NOPNOPNOPNOP 2009) 

������������  �������������������� ��� �����������

������������

������������

������������

��  

   p]=”Õ g ü • HI 
£�m © TÔ ¡ i ã ®ƒ x U°±._ 8œº�
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ðñx_ � ô � 1.~‡?³ R•“ L

óô$% � ô � 1. f¿ Â ¡ ‹ |Š,-E ±] � o 
 w � ô 9 ŠD u ± 2�

û *2� —
 a � ä ¿ Ñ @
{|½ Õ ‘ 9 Š ¢ —‹ ¯ ä £ ¦ � 7 F T è ïŽ

• � �ã ®
ðñ×ØhÜ·*â ]Ž• 9 Š.Œ•�5678 u ) åF�• L  

   � 3Z Õ 
 Œ4|p] � õ ƒÕm.�   
 Ì � ³? óô Sr�h< Ž ë

F � (Ý . Ž• 
 o� ¼ � ,O_ ° ø S # F. � [ 
½ Õ ‘² ûh � . ã ® L

ô÷ 
³ �¾¡   M ˆ . � ‘ ½¾ ° ) {° 	 à � Ò # ™� Ž¤ ¬ S z y • â

U¢ ´ õ. 	 ^ Sì � \ œ
ßñ�} ¥ � " ”9 Š ¡ Ÿ © i ˜ Ž• L X 2 
  

a [F � Ü·*¡   � ‘×Øh 
 �} � �§¨ �¼. � ¦ 
 ¡ åŽ• 9 ŠŒ

ý 2 � * L  

   p]% £ u _ ° 1  © o� � � .01� � � Z � 
ðñ] �u. � � q

! :½U3ý . âÜi � 1.O*U¢ ´ õ. � � � Ÿ L  

5-5-1�� q!  

5-5-1-1 �� 01  

ÅÆ Á è � % 5-1-1-1L  
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� ô H � 1 Á è � % 5-1-1-1L  

ì � 1 Á è � % 5-1-1-1L  


 z*Å Á è � % 5-1-1-1L  

Üi ! " � 1 Á � 1 �h m 2.44‹ š Å W 1.7%
+³ � ò ‰ 3 cm
 � É ß

� 5-57 M � L  

 

 

 

 

 

� 5-57Üi !" H � 1  

(./01./01./01./01 ����2��342��342��342��34 ) 

Í – Þ þ Á è � % 5-4-1-1L  

5-5-1-2 ����  

� q! : !".Å Ú� m 0.5
de)* � ô H � 1m K@ � 
 ��×Ø Í – Þ

þ ‹Üi !" H � 1ï 2 ¾ H � 1mâ � � 
N / = ± � � ô H � 1.Z � VW 

!" 
ß� 5-30M � L  

� 5-30Üi � 1 !" �� (kg/m3) 

��  Å Ú�  ÅÆ  ì� 1  � ô H � 1  Í – Þ þ  Üi !" H � 1  

O 440 649 934   

B 440 649  951  

r 

0.5 

440 649   898 

(./01./01./01./01 ����2��342��342��342��34 ) 

�� �� Á O � � —Ê  !" È  

          B� �Í – Þ þ È  

           r� � Üi !" H � 1 È  
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5-5-1-3 �� f � ƒÞ 
  

Üi � 1 !"é : •‚ �� f �  

    � 5-31ƒ � 5-58mÜi � 1 !"é : •‚ �� .f � 
 •� ¤ �– �� ƒ�–

Ñ • � l ¦ .é : •‚ L  

� 5-31Üi � 1 !"é : •‚ �� f � (MPa) 

��  

Ñ • � �  
OPC B r 

7� 36.85� 37.89� 29.86�

14� 40.78� 40.89� 30.8�

28� 44.3� 45.9� 32.88�

(./01./01./01./01 ����2��342��342��342��34 ) 

 

 

 

 

 

 

 

� 5-58Üi � 1 !"é : •‚  

(./01./01./01./01 ����2��342��342��342��34 ) 

� � °U3ýãÒ©ß � 5-59 ƒ � 5-60 M � 
ª :p � 5-59 æN7 Ž 


Üi � 1 !" ¤ �– Ñ • � l ¦ .é : • ‚ƒ— Ê  !" Œ� 
 ¡ � efÑ

• � l .HI÷HI Lp � : & æ7 Ž 
Üi � 1 !" .é : • ‚ � Ÿ ]—

Ê  !"# Ÿ Â. 
÷ Í – Þ þ  !"ƒ— Ê  !" � Ÿ ‚ “ � • 1 Á L  
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� 5-59 Üi � 1 !"ƒ Ñ • � l�   

(./01./01./01./01 ����2��342��342��342��34 ) 

p � 5-60 ]^ 
Üi � 1 !" .é : • ‚ƒ— Ê  !" � Ÿ áÂ‰ 26 

%
÷ Í – Þ þ  !" ‚ �HI‰ 4%L  

 

 

 

 

 

 

� 5-60 Ñ • 28 � Üi � 1 !" é : •‚  

(./01./01./01./01 ����2��342��342��342��34 ) 

��� �    � �� �  !"!"!"!"  

56 !" Ó� ^_$. 
æ¬­ ACI .¿À 
 û•“  !" „…† ‹³?

)*Üi01 � 
OI•u[vw.ÅÆiÇXYƒTÔÕÖŽ• ¦ [01.
7 L

� ° ¤�� q! :¼� � � �� ƒ01 �� 
ÓA �� �¶Z ���� � ��� �O
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��
�  

�#��#��#��#�  �$%&'()*�$%&'()*�$%&'()*�$%&'()*  

    6-1-1ijkl¸¹ � ä  

2010 4 
® Moigna ·*ijkl¸¹Z �� Ÿ Ë Z Í � € t ƒ 	 € 01. : õ

âŽ•.§¨ 
P¸¹ Ñ * SimaPro¾ 4 � ä 9 1 : :. # 1ƒ[Šþ � Eco-Invent

¨ D Z U¢¸¹ [70]L 20094 Dufour ·* SimaPro7.1¾ 4 � ä 9 1 : : Eco-Indicator 95

þ � 
ÝÞ¾ æz{ ¶ � ô ] · )ªƒ DEF w Å Å P ] X O© � F ©M G _ CH4C

ƒ H2 ïÇhâáÂŽ• ´ § � [\] ä GH . �� [71]L ¨ � 
® m © TÔ� • í z y

6 Å 0Z . « Íƒ56† 
 Ç Ñ * SimaPro¾ 4 � ä 9 1 : :. Eco-Indicator 99þ �

U¢ijkl¾ 4 
f � 7 Ž â] z y6 Å 0Z §¨+³.F 68 %Š � ]+ �*+�

Ò 0 Q ©.×Å 
ô©F 18 %Š � ]í – [. Ÿ Å � Ò � [72]L Œ4| 
v e w€ � #

g %� jk 3¤ u ) h eÙW L 2011 4
F 
® ö ‘ [v e | h © âw€ � .§¨ 


ðñ . â | h © (çû ‹ {© ‹� Â ª ‹ ª )p íîOïð .ijklA + U¢ 23 
D

Ñ * SimaPro7.2� ä� IPCC 2007.Z � � � ƒ¾ 4 1004�. ^ w GH ? 
 Ó� ¾

4 .f �•6 P� %ù TÔƒ�	Z q [73]L–4 
 
® Monaco m ©ÀF Ç « .iÇ

f ` 
 Ç ·*ijkl_� (Life cycle costing, LCC).Z � |¾ 4 Ç « .°±† 
– |

n ? t Ç « i Ç â Ž • � � . § ¨ 
 ð ñ Ñ * SimaPro7.1 � ä 9 1 : : .

Ecoindicator99 Å Impact2002 þ � U¢Ž• �� ¸¹ [74]L  

g %yÕ (ijkl¸¹. � � � ä�} w F § . s7 Simapro
 y F o� | � ª

A � J Ms7. � ä 
ß 	 �. Weston‹ FAL ` > . REPAQ‹ ChemSystem̀ > .

LIMS‹ ¶· EMPA ` > . EcoPro‹ H �. Boustead� PIRA Internationnal̀ > . PEMS

� ž M . DoITPro
£ijkl¸¹ � ä.Ã†ãÒß� 6-1M � L  
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� 6-1 ijkl¸¹ � ä.Ã†   

� ä ¤ a  78� J  ¾ À  Ã†  

DoITPro ž M  9 1 :  1.å LM �" F Ž• 9 1 L   

2.Ín Ç « . 9 1 «¬ L   

3.æ� �[ 3 f � ƒŽ• �� ¸¹ L   

GaBi µ �  9 1 :  1.� ä •6 � ¦õ æ¢� 2 � [ L   

2.æU¢_� Å ÙW |k 2¾ 4 L   

3.9 1 : .¾À / Ô L   

Boustead H �  9 1 :  1.� n2 �� 2 ø ¾ L   

2.� ä 6 O ® æ' \ �� ˆr L   

3.‡ g ´ õ� o Ò æL   

4.9 1� o›œ L  

Weston 	 �  � � �  1.�� A + Ó �F L   

2.0Z � œ¾_² Ï L   

3.o � " Ã ­ * ñ L  

Ecopro ¶·  9 1 :  1.�� ¸¹.[« p L   

2.æ¾Ä� � ¤ �– á Í:. � ` L  

SimaPro § .  9 1 :  1.o ] 
 ¸ L   

2.��›œ [« º p L   

3.£ 9 1 : 2 k . �� æË ¢ L  

(./01./01./01./01 �����TUV�TUV�TUV�TUV ) 

°±�ÙÚ Y ] ISO1400001 -ijkl¸¹XYƒO* � : Ç . â EcoPro‹

SimaPro‹ Boustead² ¾ � ä . 
 ¸D o ‹ �� ¸¹.[«ƒ �� )*U¢ � Ÿ 
ß�

6-2M � L  
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� 6-2 ijkl¸¹ � ä 1 Á [75] 

¤$ \� ä  SimaPro EcoPro Boustead 

o ] 
 ¸  À  >  œæ 

›œ��  À  1  >  

�� [«¸¹  À  À  “  

�� .Ó � ‚  œæ œæ œæ 

ÒÍF 2 …<ƒ …x  œæ >  1  

� n �� 2 ø ¾ + ‚  >  œæ À  

� ä 6 O ®' \ �� ˆr  œæ “  F  

@2 /Í « /� …�� 2 ÃÄ  œæ œæ À  

      (./01./01./01./01 ����GKW�TSGKW�TSGKW�TSGKW�TS ) 

óô23 .f � •� SimaPro� ä Ÿ ›³ [j ® 
 Ÿ ª A' ¾ � äå Ÿ í. � *

†
ðñ�
� ×Ø SimaProWm¸¹Ç « 2ijkl�âŽ• �� ¾ 4 . � ä L  

     6-1-2 SimaPro� ä ´ á  

    SimaPro� ä#p § . Leiden³ 
 Ž•� 
 : Ç ¶ CML· Ms7. 
ª$.de

¤ ] ´F ¸¹ É+ ƒ �� ¸? F�� 
p]£Žu2¸¹A + ƒ ¯ �V æN* 0 ° É

? ¶Ö ­hÍƒ[? · Z � � � 
 i ¼�Ù + ± �~e …1 � Ç p S©æ ijkl¾

4 . � äA + � �� 
 d [Nijkl. É » ² TÔÇ « ¼� 
U÷^tŒ•Ž•.

$. LP � ä] 19904 ² ‚ / _ � < 
 Ž P . Z �m SimaPro7.3
>3 Z �.s7 B

�� f ijkl§¨¸¹Z � .ˆr 
 w – |k j Œh ô F.¸¹Z �•6 )* ®�

n × * LN ¦ # SimaPro.deÃc Á  

1. æ/ ãO*]ijkl¸¹ 
 Ö ­� " ¸¹ ö õ� � *]§¨¸¹.£ *+ 
 ¡ æ

O*]ÙW + B *+ L  

2. â]�–ÙW + B . ö õ� Õ ƒ �� ÑÒ 
 ± æN ¤ P *+ U¢ ´ õ¾ 4 & æNõ

� w ��� Œ® 
 ,O¤ ã � ijkl¸¹:U¢ �� � � L  

3. �� «¬ .Ž• 9 1 : 
ß  ETH-ESU96¶ [Š ‹ Í «Çi ‹ � …·‹  BUWAL 250 ¶Ö

� 01.Ç « ‹ � …‹ ³ r �+© � ‰Z Õ · ‹ IDEMAT 2001 ¶ �–01 ‹XY Å Ù
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W + B . Ù Ú ¼ � Z Õ · ‹  Franklin US LCI ¶ 	 � ­ * « Å Ö ´  

1 · ‹  Dutch concrete ¶ ÅÆ� !" · ‹  IVAM ¶ @A 100¾ O*].�‘� µ .0

1 Å 250¾ iÇXY. � �.[Š Å � …Z Õ · �  FEFCO¶ ­ c x { ÚZ Õ · ïL  

4. •6 � ¾ ¸¹Z � 
ß  Eco-Indicator99‹ Eco-Indicator95‹  Ecopoints97‹ CML 92‹

CML 2(2001)‹ EDIP/UMIP � EPS2000ïL)* ® æN ×Ø 3 ¾ ¸¹Z � U¢õ3

¸¹ 
 & æN– |×Ø � ¾ ¸¹þ � U¢ � â¸¹ L  

5. )*' Õ É > D •6 ¶ Ì � .¸¹þ � 
 � äæ � ¦Çi¸¹ · � fg � 
 i ³ R

‚áÂ © � Ú � ä.)* D ‚ L  

6. �� � Ò. �G F 
)* ® æN* ˆ š É @.Z � | ë ½ £ÙW + B âã � Ç « S

01â]Ž•. ´ ¸ ô L{|P � ä & �½XY�°±.¾ 4 ¹ x ã � ¸¹ 0Z : L  

    SimaPro.ãä¸¹ ‡ gæN¾m Á  

1. Ã Ê F (Characterization)Á ± 3õ æ? •� £;`âŽ• �� . ¸ ô ‚ ¶ �¾ · L  

2. ` ¿ F (Normalization)Á½Ã Ê F .f � âOt �j ¸ ô ‚D8 � �j �¾f � L  

3. s� . (I mF Weighting)Á½` ¿ F .f � º (£;`2 mh   � ©M ] 2f � L  

4. õ3¾ � (Single Score)ÁTNÇ « V + m;` 
 h r� � Ž• �� ¸ ô ‚ L  

�+��+��+��+�  ,-
���$%&'(./01,-
���$%&'(./01,-
���$%&'(./01,-
���$%&'(./01  

�uN ¨ ú °¨ 3u.Âw !" �� m ! ¸¹ªijkl 
 ö ‘ ^ è q! :

Å‹ûf1 ‹ � 1ïâvw. ��Å[\� O.§¨ L  

�
� Â ÓAijkl¸¹ � 
 . âÂw !" �� :.>¤01U¢ijkl

[ 3 
̧ ¹Z � # Ñ SimaPro 7.3 ��.Ž• �� ¸¹þ � Eco-Indicator95|¸¹ [\

� O.§¨ 
ª:·* „ z� » %ù] …R ¼ �� IPCC M @œ.� � `� � � w G

H L  

5-2-1 !"�_01.ijkl [ 3  

1. Å� � 1iÇA + .ijkl [ 3  

    Y� ž®� |Å ‡ Ú � ` ¨ . 9 1 ]^ 
 � |Å .iÇ A + ³ �~ °A # Å ±

Å‹ ½ Å � Ò �I : 6 Å ïA + L � 1.iÇ ‚Ö ­ # ß .s Ñ � u $ � Ò 
+©Ü
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°pA ô ©)* L  

2. ÅÆiÇA + .ijkl [ 3  

� 6-1mÅÆiÇ. É+ � 
 •� pi1. � Òt
 L ÅÆ: k .>3 � A + Ï ~

e*t @1S ® # Í « 
¡   B #ÅÆiÇA + : DEF w GH .de|Š L  

 

� 6-1 ÅÆiÇ É+  

    (./01./01./01./01 ����2��342��342��342��34 ) 

3. ÙÚ ƒ Þß iÇA + .ijkl [ 3  

ÙÚ ƒ Þß Ï �ÙÚÛÇ « LÇ «DEF w. GH æ¾m '*+ 
 ¨ 3 *+ md

e *+ 
#Ç « iÇA + . DEF w GH L ¨ D *+ ‚ m ³ e *+ 
#ÙÚ×1 Ü m

ÛÇ « IÙA + :. DEF w GH Lp � 6-2 ]^ 
 ÙÚ .IÙA + }~e �� � Ò L

Üp � 6-3 ]^ 
Å ÝÞßà Š .IÙA + : ~ °AÅ 0 ‹ �� ‹�
 L +© þ ] tÅ

ÝÞßà Š 
÷¡   A +B ~e)*t @1S Í « L  
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� 6-2 ÙÚ Ç< É+  

     (./01./01./01./01 ����2��342��342��342��34 ) 

 

� 6-3Å ÝÞßà Ç< É+  

    (./01./01./01./01 ����2��342��342��342��34 ) 
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5-2-2 !"�_01ijkl. [ 3 f �  

    � 6-3 m !"�_01ijkl. [ 3 f � L�: •� 
>iÇ 1 ` C .ÅÆ

}~Æ– 110 kg. @1 Å 111.3 kwh. Í « L>iÇ 1 ` C .Å~ Æ– 0.16 kwhÍ « L

iÇ ÙÚ w ~e �� 
ðñ £ ¾ � Æ– [Š L>iÇ 1 ` C . Þß¤ 0 Q ‹ u $ �


L A + : 
•~e Æ– 14 kg. @1 � 70 kwh. Í « L  

    � 6-4 •� >iÇ 1 ` C ÅÆM~. # 1 � ? Lp�: ]^ 
>iÇ 1 ` C ÅÆ

~e Æ– 1.28 ~ 1.4̀ C . ßÚß 
 0.05 ~ 0.1̀ C . S � 
 0.05 ~ 0.1̀ C . Jþ 
 0.09 

~ 0.18 ̀ C . Q "� 0.03~0.04. ß M L  

� 6-3  !"�_01.[Š Æ–  

iÇ  @1 (kg) Í [ (kwh) 

ÅÆ (ton) 110 111.3 

Å (ton) 0 0.16 

� 1 (m3) 0 17.064 

ÙÚ (ton) 0 0 

Þß (ton) 14 70 

(./01./01./01./01 ����2��342��342��342��34 ) 

� 6-4 iÇ 1 ` C ÅÆM~. # 1 (` C ) 

# 1  ßÚß  S �  Jþ  Q "  ß M  

� ?  1.28~1.4 0.05~0.1 0.05~0.1 0.09~0.18 0.03~0.04 

(./01./01./01./01 ����2��342��342��342��34 ) 

5-2-3 [ 3 f � ¾ 4 ƒÞ 
  

  !"�_01w GH ?� � ƒÞ 
 (IPCC� � þ � ) 

� 6-4m !"�_01. w GH ? � � Ã Ê F .f � Lp � : ]^ 
� 5-8Âw

 !" ��€ ú ¦ .�_01: 
â]w GH §¨+³.#ÅÆ.iÇ 
ª ³ #Å Ý

í Þßà L  
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� 6-4  !"�_01 w GH ? � � Ã Ê F f � (IPCCþ � ) 

    (./01./01./01./01 ����2��342��342��342��34 ) 

Y� IPCCþ � .� � f � æ]^ 
 UV >iÇ 1 ` C . !" ö�Çi 715 kg

. DEF w GH L �� 
 Climate Wiser�� [13]Ç �	 UV >iÇ 1 ` C . !" ‰Ç

i 798 kgDEF w GH 
 ' ®k }F 9 %1 , 
pñæ �â ��� 23 f � ƒ� � f

� .æ é ‚ L  

� 6-5  !"�_01 w GH ? (` C ) 

 !"�_01  Å   ÅÆ  Þß  ÙÚ  � 1  

kgCO2 eq 0.0997 715 76.7 0 4.01 

(./01./01./01./01 ����2��342��342��342��34 ) 

Âw !"w GH ?� � ƒÞ 
 (IPCC� � þ � ) 

� 6-5mÂw !" w GH ? � � Ã Ê F .f � Lp � : ]^ 
 g  !":. / h

( 1 8 I � ! æí | 
 � â.w GH ?ö�ü • v e (� :. � å ��m / h ( 1. 8

I? )L  
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� 6-5Âw !" w GH ? � � Ã Ê F f � (IPCCþ � ) 

    (./01./01./01./01 ����2��342��342��342��34 ) 

Y� IPCCþ � .� � f � ]^ 
 UV >iÇ 1 m3 . !" (Åû �  0.5)ö� GH

312 kgDEF w L 8 I 10 %. à 1 ÙÚ| 
 ‚ æv e > 1 m3  !"  7 % ~ 9 % kg. D

EF w GH ? L 8 I 10 %.Å Ý í Þßà| 
 ‚ æv e > 1 m3  !" 6 % ~8 % kg.

DEF w GH ? L  

� 6-6 1m3  !"w GH ?  

Âw !" ��   OPC F1 F3 F5 S1 S3 S5 AAS 

kgCO2 eq 312 289 226 163 293 237 202 40 

(./01./01./01./01 ����2��342��342��342��34 ) 

Âw !"â [\� O2§¨ (Ž• �� ¸¹þ � Eco-Indicator95) 

� 6-6mÂw !"£ ��¦ âŽ• �� Ã Ê F .f � 
 ¤ Eco-Indicator95.þ �

: û© æâ [\� O�âŽ•. �� U¢¸¹ � 
 y æN . â �� 10¾ Ž• �� U¢

§¨¸¹ L  
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� 6-6Âw !"âŽ• �� Ã Ê F f � (Eco-Indicator95þ � ) 

    (./01./01./01./01 ����2��342��342��342��34 ) 

� 6-7mÂw !"£ �� â [\� O2§¨Ã Ê F .f � Lp � :æ7 Ž 
 8 I

/ h ( 1. !" � Ÿ ]— Ê  !"â [\� O2 �� Ÿ � 
E� ef 8 I?.HI

÷v� L  

 

 

 

 

 

 

 

� 6-7Âw !"â [\� O2§¨Ã Ê F f � (Eco-Indicator95þ � ) 

    (./01./01./01./01 ����2��342��342��342��34 ) 

ÓA` ¿ F .¾ 4 æ7 Ž 
 !"> 8 I 10 %. ÙÚ æNáÂ 10 %—Ê  !"â

]Ž• [\� O • |. �� L �� 
> 8 I 10 %. Þß 
æáÂ 9 %—Ê  !"â]

Ž• [\� O • |. �� 
 a )* ù h 7 Þß  !" 
 ‚ ³ R áÂ‰ 89 %
ß � 6-8

� � 6-9M � L  
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� 6-8à 1 ÙÚ 8 I?â [\� O2§¨` ¿ F f � (Eco-Indicator95þ � ) 
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