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Мѝ  

ȸ Іȳ♄ἤ Ёȳ ȴ 

 

Ӑׁשṅ ᵅὍ ἤ ᾬ ЁҠ ṿӣП

ѩ C ѩ MẒ ЁȲ∂Ӵᶼ ⇔ цẔ҃Џ ἤ

Ӑ Ȳ ᶼ ⇔ Ẕэ П …Ȳѿ― ϚḔ ᴷ

ЁПֹוϵἤȴ 

Ɫ Ḗ Ѡᾎ Ёֹוϵἤ сȲὑӐׁשṅᵓӣЛ֝

⇔ 60̆ (1ȳ2ȳ4щ)ц 80̆ (3ȳ4ȳ3щ+200̆ 12Њ )Ȳ

╥ᵡ с ЁПֹוϵἤȲ ẞ ₇ П ὨȲиᵑ

ᴩᶼ ⇔ ȳэ э иӁȲ ᴷЛ֝ Ѡ

ה П ȴὑэ ȳэ иᵉȳ   Ȳד ὑ

ṿӣ 80̆ Ѭ צ с₇ Ȳṿэ Ḇ

ȲҠ ІϤ–П ϩȲᴖ Ὠכ Ṿ щ Ɫ 4

щȴ 

ṳṼ ASTM C1556 ᵂ Ȳὑẞ ᾙ

Ȳ ᾚ о 36щȲԛѿ ASTM C1152 Л֝

ȳЛ֝ᾼ ѠהП Ё ⇔ Ȳ Ӧ ᵌ ϡứ√

ӢהȲ ҏῶ І ⇔ … ȴӦ …

Ὠ ῀ ∟П ЁҠ ᶶ Ёנ Ѭо ⇔Ȳ

ṿ ḆҒ Ȳ ІḆ Ϥ–ȴṳѿ

… Ғᴖ ᵅП ȲḖậ ֪І m Ȳ ѿ

Л֝ … ᾼ оȴṼ ACIἬ ῶ ה Life-365Ȳ

Ёắ ІϤ–Пὢ ד ᴷѠᾎȲ Ϛ



 

ᶧȲҠӣὑ ᴷӑẃ ╟Ẕṿӣד ȴ 

ѝ  

The final disposal of low-level radioactive wastes will be using 

concrete barriers. Due to the long service time, it is likely to encounter 

adverse environments and thus the service life of the concrete barrier 

needs be explored.  

In this study, two concrete mixes possibly used for fabricating 

highly integrated containers, namely mixes C and M, will be tested by 

ASTM C1556 standard procedures to determine their diffusion 

coefficient under the attack of chloride irons. The profile of chloride 

concentration at various depths will be determined for concrete 

specimens at 28, 90, and 183 days of age after immersing in NaCl 

solution for over 35 days. Then, Fickôs second law can be used to 

obtain chloride diffusion coefficient and surface chloride content 

using non-linear regression technique. And the experimental data will 

be used to estimate the change in diffusion coefficient with time for 

the two concrete mixes.  

Finally, a computation scheme will be developed to calculate the 

time required for chloride irons to penetrate 35 mm (approximately 

one-half of the thickness of containers) of the concrete barrier and 

reaching a concentration level of 0.05% by weight of concrete. The 

calculated results can be compared and verified with those derived 

from Program Life-365 to validate the effectiveness of the program. 

By using the computation scheme, the service life, in terms of 

resistance to chloride attack, of the two concrete mixes can be found. 
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ȳ ӭᾼ 

Ϛȳׁשṅ￼  

ᵅὍ ἤ ᾬ ӣɦֵ ɧ ἘȲ…ᵓ

ӣֵ Ṯ ╟ ᵅὍ ἤ ᾬ Ϣ Ӣ♄ ȷӦὑЏ

  ẁ  ғ Ȳ֪ױ Ḋ   ὑ

ϯҠ о֕כ Ẕ֕о ᶮȴӭ›

ᵿҠ ∂ ὑ ѹҠ Ɫ ֮ Ȳױ

ὔὑ  כ П ӢȲṿ Ё  ϵוֹ

ἤȴӐׁשṅ═ ᵓӣ ЁⱢ Џ Ḋ Ȳ

Ҡ ӣП Ё ѩȲ Ё ѩ

ὂᶼ ІϤ–П ϩȲṼ ASTM C1556 Ѡᾎ ᵂ

ṳ ᴩ ȲḖậ ứṿӣ Ё ѩП І … ц

֪ІȴױҵȲⱢ ϚḔ с ЁП₇ Ȳ ӣ

ᾙѠהȲѿ Ḃ Ё Ȳṳ сẔἤ ȴ ∟Ȳ

ᾙП ЁȲ ᴩϚṆԝᾼ ἤцֹוϵἤ

כ ѩ Ȳѿ ᴷ Ё ѩ ᾙᾼ ȴ 

Ὠכṅשׁ     ӣὑ ᴷ ӣ Ё ѩПᶼ ІϤ

– ϩ ᵡ Ṝ ὢ ד П Ḗц Ẕ֕о

Ȳѿ ẁ в ∂ᵅὍ ἤ ᾬ П╓ ᴕȲ

сᵅὍ ἤ ᾬ ╟Пׄԓἤȴ 

ϡȳׁשṅӭᾼ 

ᵅὍ ἤ ᾬ ӣɦֵ ɧ ἘȲ…ᵓ

ӣֵ Ṯ ╟ ᵅὍ ἤ ᾬ Ϣ Ӣ♄ ȷӦὑ

  ẁ  ғ Ȳ֪ױ Ḋ   ὑ
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ϯҠ о֕כ Ẕ֕о ᶮȴӭ›

ᵿҠ ∂ ὑ ѹҠ Ɫ ֮ Ȳױ

ὔὑ כ П ӢȲṿ Ё  ϵἤȴӐוֹ

ṅשׁ ═ ᵓӣ ЁⱢ Џ Ḋ Ȳ

Ҡ ӣП Ё ѩȲ Ё ѩὂᶼ

ІϤ–П ϩȲṼ ASTM C1556 Ѡᾎ ᵂ ṳ

ᴩ ȲḖậ ứṿӣ Ё ѩП І … ц ֪

ІȴױҵȲⱢ ϚḔ с ЁП₇ Ȳ ӣ

ᾙѠהȲѿ Ḃ Ё Ȳṳ сẔἤ ȴ ∟Ȳ

ᾙП ЁȲ ᴩϚṆԝᾼ ἤцֹוϵἤכ

ѩ Ȳѿ ᴷ Ё ѩ ᾙᾼ ȴ 

Ὠכṅשׁ     ӣὑ ᴷ ӣ Ё ѩПᶼ ІϤ

– ϩ ᵡ Ṝ ὢ ד П Ḗц Ẕ֕о

Ȳѿ ẁ в ∂ᵅὍ ἤ ᾬ П╓ ᴕȲ

сᵅὍ ἤ ᾬ ╟Пׄԓἤȴ 

Ϯȳׁשṅв  

Ӑׁשṅ ᵅὍ ἤ ᾬ ╟ ЁḊ

Ȳắ ІϤ–Ȳ Іὑ Ёв Ȳṳ ᴷᴟ

Ở П Ёṿӣד ȴẔѻ в и ֽϯȸ 

(Ϛ) Ӑׁשṅ Ҡ ṿӣὑ П ѩ C ⅔ П

Ḋ ѩ MȲṼ ASTM C1556 ᵂ Ȳ ᴟ

ứПЛ֝ Ȳ ∟ ᾚ о ᴟю 36 щȲṼ ASTM 

C1552ậ ֯Л֝ ⇔П І ⇔ Ȳ ҏῶ І

⇔ CS … DȲѿцẔ Ғᴖ оП ȴɲ 
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(ϡ) ṿӣП›ׁשṅ῏Ṽ AASHTO T259 ᵂП

Ȳ ᴩ ếӰᴊѬ Ꞌ 28щ∟Ȳ ᾚὑ о Л֝

П ȲṼ AASHTO T260ậ ֯Л֝ ⇔П І

⇔ Ȳ ҏ ῶ І ⇔ CS … Dappȴ 

(Ϯ) Ṽ ACI Ἤ ῶ ה Life-365Ȳ Ёắ

ІϤ–Пὢ ד ᴷ ѠᾎȲה Ϛ ᶧȲҠ

ӣὑ ᴷӑẃ ╟Ҡ ṿӣ ѩẔṿӣד ȴ 

 (ҳ) Ӧэ ᵮ  Ȳ ∂Ӵэ

ȳэ … ᾼ ἤȴ 

ȳѝ ֫  

Ϛȳ Ӑ  

вҵצ  RPC ѝ ṅשׁ Ȳ֢ ῏ѿḂ Ёἤ

Ɫѻ ӭ ȲЄ ѿ Ғ П ἤȳ Ẕ ⇔ ȳ

ᵓӣ иІḊ ᵅэ сᶼ ⇔Ȳ♄ἤ Ё⁄

ậϱ ἤ ᵂⱢḂ ạȴ♄ἤ Ё Ӑ … ю

Ḋ в (Ҕ╗э ц )ѿ ⇔цֹוϵἤȲ

Ἐ ὑХ ⁄ȸ 

(Ϛ)ҟ ѿ ҒḊ ᶁлἤȴ  

(ϡ)ѿḊ Ṿо ᾭ Ѡה ѩȲṳ֯

М 

(Ϯ) ϩ Ḋ ἤȴ  

(ҳ) ѠהḂ Ḋ Ȳ ᴖ сד ἤ ȴ  

(Х) Ғ Ḋ Ἃ ἤȲӇ ậ҅ Пṿ

ӣȴ  
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(г)ד Ϛ ЁПἯ֥ц ᵂ ═

ѠהϚ ȴ 

ϡȳ♄ἤ Ё 

♄ἤ Ё(Reactive Powder Concrete, RPC) Ӧ 1990 

ד ỞȲד ὑ ἤ Ё(1980ד) Ɫ҅ד Ȳ ῴӦᾎ

 Bouygues еҨ᷾Ϥׁש Ȳױ Ḋ ṿӣὑᾎ ѠП

ṶЏ Ȳὑ 1994 ד Bouygues еҨ ẔׁשṅכὨ ῶὑּר

Ё (ACI) ȲỞ ҵꜜ Ở ȴӦὑ♄ἤ ЁЛ

ᵀẓצ ᶼ ⇔ȲẔ Ҡ  200 MPaȲ ᶼ

⇔Ҡ  800 MPaȲѹẓצ ᶼ ⇔цֹוϵἤȲד ὑ

ЁȲֽ ῶ 1-1 ἬӱȲ♄ἤ Ёϩ ἤ (ᶼ ⇔ȳ

ᶼ ⇔ц ἤ )Ꞌ Ёȳ ἤ Ёἤ Ṿȴ 

ῶ 2.1 ♄ἤ Ё ЁПϩ ἤ ѩ  (Ḉ ῠ ϢȲ

1999) 

ἤ  Ё ἤ Ё 

♄ἤ Ё 

RPC-200 

(

Ѭ ) 

RPC-800 

(

) 

ᶼ ⇔ 

(MPa) 
10-40 60-100 170-230 500-800 

ᶼ ⇔ 

(MPa) 
3-6 6-10 30-60 45-140 

ἤ  

(GPa) 
30-35 35-45 50-60 65-75 

 

ϮȳѬᴊѩ 
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ϱѬᴊѩ Њ ẞ ᵅᾼэ ȳ ᾼᶼ

⇔ȳц ᵅᾼ ἤȲᵀ֯ ӣϱȲ ᵅᾼѬᴊѩӦὑЏ

ᵂἤЛṾȲ ẞᶙ ᾼ ᾚ ҏ╥ϫиᵺ ᾼȲ╝

ӣ Ẕ Ὠ֯ᵅѬᴊѩ Ȳ ⇔ṳЛֽ ȲἬѿ

ṿ Ёẓ ᾼᶼ ⇔ц ЏᵂἤȲ ᾼ Ғ

╥Ӈ ᾼȴ 

ҳȳ♄ἤ ЁП ӣ ᾓ 

ӭ›♄ἤ Ёׁש ᾭᾓѻ ѿϯѠ֣ȴᾎצ ȸ

Bouygues ᾎ І ỗ ὑ 1994 ד ҏẒ ₇ 

RPC-200 ц RPC-800(ẔМ200ц800)̔ ῶᶼ ⇔ Ȳѿ MPa

ȴᾎ І ỗ ṅѠ֣Ɫשׁ ♄ἤ Ё ӣὑ

׀ П Ȳѝ ṅשׁ (Torronti and Maret, 1996)╓ҏ♄

ἤ Ё֯ϩ ἤ ȳ ᶁ ֥ П Ḗȴ 

Ғ ЄȸҒ Є ἤ ЁׁשṅМї (Concrete 

Canada)∂ ѷꜜ Ϛ ♄ἤ Ё Ȳѻ Ɫ Л

♄ἤ Ё ▐ ȴ(Adeline, 1998) 

Хȳ ҒϬᵂ Ḋ П  

♄ἤ Ё Ёѩ ȲҠ ῀♄ἤ ЁП

ᶼ ⇔ц ἤꞋ ЁȲѻ ֪Ɫ ҒϬᵂ Ḋ

ҒẔ ⇔ȴ♄ἤ ЁМ ҒПϬᵂ Ḋ ȳ῁ᴊ

цӰ ȴѵ (2007)ב ♄ἤ Ё ⇔ Ѭ ѩ ᵅᴖ

Ȳᵀ֝ ☼ ἤ ᵅȲ ֥иέЏᵂἤṾѹ ⇔ ṏ

ֻПѬ ѩȴ 

῁ᴊᶮכ МȲ֪ד ắῶ ϩПᵂӣȲᶮכ
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ד ᾭ Ȳѹῶ ԏ Ȳ֪Ẕῶ ЄȲӼⱢ ч

ПϬᵂ Ḋ Ȳ ᴊцѬᾇ ІѐЉѩ Ȳ῁ᴊПѐЉҬצ

ᴊцѬᾇ ІѐЉϫиПϡȴ ѬᾇѬоӢכП о

(Ca(OH)2) ᴩϬᵂ ч Ȳ Ӣ ứ῁ Ѭоᾬ(C-S-H)Ȳᵓ

ӣ ЊП ἤȲЛᵀҠ ҉Л֝ э Ғ

ἤȲӼ Ё ⇔ц ҒֹוϵἤȴPapadakis (2000)

ЁМ Ғ ֵ῁ᴊӣ Ȳ Ҡ Ё ἤȲ юэ

Ȳצ   оᾬ צ о ᾬ –Ϥ כ Ȳ ӱ

῁ᴊҠ о Ё ȴ ԑ(2009) Ὠ ῁ᴊ

Ғ ҒȲ ⇔ Ғᵀ☼ ἤ ᵅȲѻ ֪῁ᴊ ҉ ȴ

Ể ⱷ(2007) Ὠ ӱ῁ᴊ П Ғ ᶼ צ⇔

ᵂӣȲᵀ Ғ ֵ⁄ ☼ ἤϯ ȲЏᵂἤ ᵅȴ

Papadakis(2000)ɔ ӣᶼ ⇔ Ṽ῁ᴊậ҅ ѩẂ

Ȳᶼ צ⇔ П Ȳֽ 2.1 ἬӱȴRao (2003)ṿӣЛ

֝῁ᴊ Ғ ן П ᶮȲ῁ᴊ Ғ иᵑⱢ 

0ȳ5ȳ10ȳ15ȳ20ȳ25 ц 30%Ȳֽ 2.2Ȳ Ὠ ן

῁ᴊ Ғ Ғᴖ Ȳᵀ῁ᴊП Ғ ὑֹוϵἤ П

Ȳ   ὑ ן П о Ɫ ȴ῁ᴊṿ

ӣὑ♄ἤ ЁМȲѻ Ϯצ ғ (Gleize et al., 2003)ȸ 

(Ϛ)ᵓӣ ЊП ἤȲҠ ҉э Ғ ἤȴ  

(ϡ) Ѭᾇ ᴩѬоᵂӣ ӢП о ᴩϬᵂ ч

Ȳѿ Ғ ⇔ȴ  

(Ϯ) ӦẔ ᾭ ІȲ Ӣ ὨȲѿ ЁП☼

ἤȴ 
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ϱ ѝ ӱȲ῁ᴊП Ғ RPCПЏᵂἤȳ

⇔ȳᶼ ⇔ц о Ȳ֪ױ ϵἤוֹ Пᴕ Ȳ

῁ᴊ Ғ ╥ ᾼ ֪Іȴ 

 

 

 

 

 

 

 

 

 

 

 

2.1 ῁ᴊ RPC ⇔П (Papadakis V . G., 2000) 

 

 

 

 

 

 

 

 

 

 

2.2 ῁ᴊ Ғ П (Rao, G.A. 2003) 

гȳ П  
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ѝ ӱ Ё ȲҠҒ с

Ё ⇔цֹוϵἤȲӼὑ вṿ ЁМϬᵂ Ḋ

Ѭᾇ ᴩϬᵂ ч (Pozzolanic reaction)Ȳᴖ♄ἤ Ё

ᴥ… Ғ ᵶ ῁ᴊ Ӱ ♄ἤϬᵂ Ḋ Ȳ֪ױ♄ἤ

Ё╟ᴩ ѻ ӭᾼᵛⱢҒ Ϭᵂ ч Ȳᵓӣ ⇔

с Ё ⇔ȴZanni et al. (1996)ׁשṅ╓ҏ♄ἤ Ё Ғ

῁ᴊцӰ Ȳ Ԛ иέ ῀Ȳ♄ἤ Ё֯ 20 ˘

ѬМ  28 щȲẔϬᵂ ч ѹЛὙ ȲѬоᾬ C-S-H 

 ⇔ ȷᴖ֯ 90 ˘ѬМ  48 Њ Ȳ⁄Ὑ ҏכ

⇔ Ғ Ϭᵂ ч ȲѹѬоᾬ C-S-H  ⇔Ӽצ

  Ȳ Ҡ ῁ᴊцӰ ♄ἤȲצᵗὑ

ЁϬᵂ ч цѬоᵂӣП ᴩȴ 

Lee and Chisholm(2005)ɔӣ ⇔иᵑⱢ 23ȳ90  160 

˘ ᴩ Ȳֽ  2.3 ἬӱȲ ⇔ сẔᶼ Ὑצ⇔

П ȴCheyrezy et al. (1995)ɔӣ ḗ (Mercury 

porosimetry) ♄ἤ Ё ֢ ⇔(20ȳ90ȳ200 ц 400 

˘)ц╟С ϩ( ѩ SCⱢ 1 atmȳPⱢ 310 atm)П Ѡה ὑ

э П Ȳֽ  2.4 ἬӱȲ 3.75 nm ᴟ300 ɛm 

Пэ Ȳ ד ὑ ⇔ 20 ˘(B20 ˘/SC)Ȳṿӣ ⇔ 

90̆ (B90 ˘/SC)Ẕ э צ юП ȲӼ ṿӣ ϩ

310 atm П ѩ(B20 ˘/P)Ẕ э ᵅὑ (B20 ˘

/SC)Ȳ Ὑ ѿᵓ ὑ ЁвПῈ ц Ғ

⇔ȴᵦ∂ (2003) ὑ⌡ ⌡ (90 ˘) 4 

щ  9щᶼ ⇔ 192.6 MPaȲѹ♄ἤ Ё  28щц
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90щП ếӰᴊѬ נ Ὼȴד⇔ ϱ ѝ ӱ♄

ἤ Ё ᵗὑҒצ Ϭᵂ ч ȳᶼ ⇔ ὡ ȴ 

 

 

 

 

 

 

 

 

2.3 ⇔ ♄ἤ Ё ⇔П (Lee and Chisholm, 

2005) 

SellevoldɎ1974ɏ Ȳ֯ ỆоѬᾇ

э Rachel J. Detwiler(1990) Ȳ50 ʕᾼ ϯȲѬᾇи

І эᾼֵצ C-S-H֯׀Ȳ ⱢѬоᾬ ⇔ МὑױѬо Ể

Ȳѿᴟὑ  ∟ ᾼѬоȲᴖ   ⇔ Лṏכ ȴ 

 

 

 

 

 

 

2.4 ♄ἤ Ё ḗ Ὠ(Cheyrezy et al., 1995) 

ϝȳ ∂  
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Ḧ ѻ ᾼ ֯ὑ ᶶ Ғ Ё ⇔Ȳὑ

ᾼ ϯȲ 60%П ⅍ ϯᾼ 28щ Ёᶼ ⇔Ȳ

Ҡѿ֯ 24 Њ в ẞȲᵀ ֵ ▲ц МϷ Ȳ

М ᾼῴ ⇔ ю Пᶼ ⇔Ȳᴟὑᶼ פ

⇔ц ἤ Ȳ֯ МϷצ ᴿᶼ ⇔ᾼ оȲҬ╥

⇔ ᶼ ⇔ⱢЊȴ 

(Ϛ) ⇔ 

› ⇔ᾼ ȸӦὑ Ё ᶙכȲѬоч

Ữӑ ẞ Ё оП ⇔ȲӇ ‹◕Ϛצ Ȳṿ

Ё ứȲ ◕ױ Ȳ⁄ Ḧ ӢҠ ⇔П ȴ

Shiedeler ╓ҏȲ ⇔ Ȳ  П› ȲẔנ

⇔(24Њ ) ṾȴҠṓ П› Ȳ Ёנ о

ṾȲ ὑ ⇔ Пכ ϩὂᶼ ṾȲṿ ЁṜѿᶮכṜ

Пᶼ ⇔ȲҠ ю Ḧ Ӣ МӢכ Ȳ ᵅ ⇔

П ҷȴ 

с ⇔ ȸHansonПׁשṅ ӱȲ֯ ᾼ›

ϯȲᴞ 11̆ /hrᴟ 44̆ /hrᾼс Л Ё

נ ⇔ כ Ȳᵀ ӑצ П› Ȳ ᾼ

с Ȳ ЛᵓПצ⇔ Ȳ כ ⇔ ҷȲѹс

⇔ Ȳ ⇔П ⁄ ЄȲ ֪֝›Ἤ ȲӦὑ

› ⁄ṿ Ёנ о Ȳὔὑ Ӣ Ἤ ȴ 

⇔ц ⇔ ȸKlieger ṅᵛ╓ҏȲשׁ

ᾼ ⇔Ȳṿ Ёנ ⇔ Ȳᵀ ⇔П ҷӼ

ЄȲ֪Ɫ ⇔ Ȳ ЁỆ ֪Ѭоч Ғ Ȳ כ ⇔ᶶ
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ҒȲᵀ֪вҵ ⇔ ᶮכ ϩ ц Єэ Ȳ כ

⇔ ҷȴ 

⇔ כ Ẕ ⇔ ȸShideler ҏ 74̆ П

⇔Ȳ Ё ⇔ כ ȴNasser צ ὑҽ

ЁПד ṅϷשׁ ӱȲ ⇔ 71̆ П ⇔

Ё ⇔ᾼ ҷȲ֪ױ ҷᵛ ⇔с ᴖҒЄȴ 

ϥȳѿ Ḃ  

RPC ὑ Ệ∟ ╟ȲϚ ֯Є ϩ ϯҒ ȲṼ

Richard(1995)ȲRPC200Ҡѿᵓӣ 90̆ ᾼѬМ Ἠ

ᴩ Ёᾼ Ȳѻ ╥ⱢϠҒ Ϭᵂ ч ȲḂ Бכᶮᾼ

Ѭоᾬ ȲᵀѬоᾬᾼ Ь╥ ᶮ Ȳ Ɫ  Ғ ᾼ

֥ᾬȴRPC800⁄╟ѿ 250 ˘ẞ 400 ˘( ֥ὑ RPC)

ᾼ Ȳᵓӣ ẃ сϩ ἤ ȴṳӦ Marcel 

Cheryrezy(1995)МȲXRDиέẔ ᶮ ᾼѬоᾬ Xonotlite ὑ

200 ˘ѿϱ ӢכȲẔиІהⱢ C6S6HȲד H/CѩẂⱢ 1/6Ȳ

ᴖױѩẂ֯ ϯⱢ 1Ȳẞ Ɫ Xonotlite Ɫ 1/6Ȳ֪ױẔи

ІПᶮד╥כ ֵѬи ҷ ѬП Ὠȴ 

Ӧ Ѭ М ӢᾼѬ Ȳ RPC ᾼ ᵺ֯

вȲ ϠϚ Ȳᴖױ ԈӔ╥ ᾬἬ

ḖᾼȴӦ XRD иέМȲӦṔ Ἤậ П Ё ѱМȲӑ

XonotliteȲ֪ױҠѿ Ɫᶝ ᾼ ạ╥ЛṜѿ Ӣױ

ᾼ ȴ 

 

ϟȳ ϯᾼо ч  
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(2001) ṿӣ Ϭ ѬᾇⱢ ᾼ ЁȲ╟

ѿ Ȳ ᾎ ẞ ᾼ ⇔ȴẔ ֪ ẔѬоᾬ

֯ ᾼ ϯצ−Єᾼ …ȴὑ 180̆ ᾼ ϯѬоᾬ C-S-H

Ŭ-ϡכ ῁ Ȳч ֽϯ 

(C3S+C2S)     Ą     C3S2H3+CH     Ą     Ŭ-C2SH 

  Portland cement            C-S-H          calcium hydroxide 

Ŭ-C2SH ᾼ Ӣ ᴴ Ѭоᾬ ⇔ᾼ Ғцד Ệד

Њᾼ ȴ֪ᴖṿ э ϱсȲ ᵅ ⇔ȴ 

ὑ ѩМҒϤ♄ἤᾼ῁ Ḋ Ȳ Ḃ Ẕ ᾭ ϯᾼѬ

оч ᾭᾓȲч ֽϯ 

(C3S+C2S)+SĄC3S2H3+CH+SĄC-S-HĄC5S6H5 (tobermorite) 

 

чױ ӦὑϬᵂ Ḋ ᾼᵂӣȲ ӣҟѬоᵂӣ Ӣᾼ

о Ȳѿцᵂӣҏᵅ ѩẂᾼ ȴױᵅ ᾼ ֯═ Ғ ᴖ

כ tobermorite  ȴ῁ Ḋ ᾼẃ ҠӦ῁ᴊȳ ᴊ

Ϭᵂ Ḋ Мậ ȴ Ṿ ⇔ ӢὑЛ Ӣ Ŭ-C2SH ᾼ ᾓ

ϯȲױ ᾓ Ғ 30~40 %ᾼ῁ȲẔ Ѭᾇד Ȳ ֵᾼ῁

Ḋ ᾼҒϤȲӦὑЛѬо ᶮכ ҉ᾬȲ╝ Ё ⇔ȴ 

RPCӦὑ ⇔ Ȳṿ C-S-H כ ᾭ ᾼ

XonotliteȴXonotlite ᾼӢכᴴ ѬиЄ ᾼ ҷȴҠӦ Marcel  

Cheryrezy (1995)ׁשṅכҏȲXonotliteП Ɫ῁- ҳ

ῺϮ ҳ ᴖ֯׀ȴ 

ϫȳ ⇔ Ёэ ᾼ  
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ѬᾇѬо֯ Ѭо ᶶȲṿѬо ᾬᶶ ᾼ֯Ѭᾇ

Ể ᶮכ ⇔ᾼ ⅜ Ȳṿ Ѭо ᾬЛᶁлиӁȴѹϚ

Ȳ֯ C3S Ӣ ᾼѬо Ȳ э

ȴ֪ ЁП Ḋכ ᵶצῈ ếѬױẓצ Єᾼ Ȳ╝

֪ Л֝ Ӣ ϩ Ȳ Ӣכȴ 

ϫϚȳ ІϤ–  ה

1. І ạ 

І֯ ЁМצ ֵᾼ ѠᾎȲ֯ ṅМȲשׁ

І Ҡ ╥ ѻ ֪ПϚȲ ῏Ṽ Ҡ ᾼ

֪Ȳ ҏϯԝ ᴩⱢȸ  

І ȸ ЁМ І ╥Ϛ Ӧ ⇔Ἇᵅ

⇔ П ȴᴖ Э֯ ЁМ І צ ѠהȲ

ẔᶮצהѪ ᵮ ế ⇔ ⇔Ἤі ᾼ (Ordinary 

diffusion)Ȳҫҵ֪צ ϩȳ ȳҵϩἬі П ϩ

(Pressure diffusion)ȳ ֪ ⇔ᴖҒ І ᾼ

(Thermal diffusion)цᵓӣ ☼ ạϩ ᾼ ạϩ

(Force diffusion) ạ(ѵ Ȳ1987)ȴ 

І֪Ѫ ᵂӣ ȸᵶצ ІПѬиІȲ֪Ɫ Ё

ᾼῶ Ѫ ᵂӣᴖ ȲױѠהᾼ ІЄֵиᵉ֯ӑ

ế Ёᾼῶ (Young et al., 2002)ȴ 

І ȸ (Dispersion)ϭ ϴ Ӡϩ(van 

der Waalsɵforce)Ȳ╥Ӧὑ І֪֝ד ἤȲ Іế ІἨ

ІếЮ ֝ד֪ ᴖדФ Ȳ ЁМ І ֪Л

֝ᾼо֥ᾬἨЛ ֣ᾼ Ȳṿ І֪ϴ ӠϩФד
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Ӎᴖ (Young et al., 2002)ȴ 

І֪ᵮ ᵂӣᴖ Ӣ ȸᵮ ᵂӣ╥ ֥Ϡ›

1 2 ᾼ ѠהȲ ЁМ І֪Ѭ ӢϠᵮ

ᵂӣᴖן Ȳ ᾼ Ё ѬԌ ӢϠ ֥Ѫ ᵂӣ

ế ᾼᵮ  ᴖ І Ȳ ֽ

2.5Ἤӱ(Zibara et al., 2000)ȴ 

 

2.5 Ёᵮ ᵂӣӱ (Zibara et al., 2000) 

2. І …  

І … ╥Ӧ І ᾼо ⇔ế

ᵧӔѩᾼѩẂ ȴᴖ ЁМ Іᾼ ֵᵓ

ӣ ᵌứ√ẃ ὙȲ ᵌᵓӣ ᾼ Ӑ Ἐі ᵌ

Ϛứ√ȲẔᵓӣ … ẃῶӱ█ Ԍכ М Пᶶ

(Stanish et al., 2003)ȲẔứ  Ἤӱȸ(2.1)הֽ

                                        (2.1) 

ẔМ Jȸ І  
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        Dȸ І …  

          Cȸ І ⇔ 

          xȸᾬ Ἤ ẞᾼ  

ᵓӣ ׂ⌡ứ√ᾼứ Ȳֽ(2.2)הἬӱȸ 

                    (2.2) 

ẔМ FxȸxѠ֣ ᴯ ᾬ  

     FyȸyѠ֣ ᴯ ᾬ  

     FzȸzѠ֣ ᴯ ᾬ  

… DỆứȲӦ(2.1)ה Ҡ(2.2)ה  ȸ(2.3)ה

                  (2.3) 

оכ Ϛ Ѡ֣ȲҠ  ȸ(2.4)ה

                         (2.4) 

ה (2.4)ᵛⱢ ᵌ ϡứ√Ȳϭ Ѡ ה (Diffusion 

equation)ȲױѠ ה ᾛ ӣὑỆ Ἠ Ѧ П ȴ 

ASTM C1556 ҏ ᵌ ϡứ√Ẕ ӢהⱢ(2.5)הȸ 
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           (2.5) 

  ẔМ C( )ȸ֯ ⇔ x tϯᾼ І ⇔Ȳ ᴯ(%)ȴ 

    ȸῶ І ⇔Ȳ ᴯ(%)ȴ 

      : ῴỞ І ⇔Ȳ ᴯ(%)ȴ 

           : ⇔Ȳ ᴯ(m) ȴ 

         ȸ … Ȳ ᴯⱢ(m2/s) ȴ 

         ȸ ẗ  

3. ῶ І Cs 

Sherman, R. M. (1996)ҏ Ғ ᾬ ᵅѬ ѩП

ЁȲẔὂᶼ ІϤ– ϩצ Ṿᾼ Ὠȴᵀ֪Ẕэ

Л Ȳ ᵅѬכ ѩἨ Ғ ᾬ ᾼ ЁȲ֯

ῶ чᴖѩ Ѭ ѩ Ёצ ᾼ І ⇔Ȳֽ

2.6Ἤӱȴ 

 
ᵅѬ ѩἨ Ғ ᾬ П Ё
(ῶ І ⇔ )

Ѭ ѩἨ Ё
( І ⇔ ᵉ ᶁл)

Cl-

Cl-

Cl-
Cl-

Cl-

Cl- Cl-

Cl- Cl-

Cl-

Cl-

Cl-

Cl-

Cl-

Cl-

Cl-

Cl-

Cl-

Cl-

Cl-

Cl-

Cl-

Cl-

Depth Depth

Chloride 

Content

Chloride 

Content
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2.6Ѭ ѩἨ Ғ ᾬ ῶ ⇔П (Sherman, R. M., 

1996) 

 

4. ֪І m 

Ё ὑ І МȲ ІӦ Ở֣вϤ

–ȲẔϤ–ᾼ ⇔ѿ … (diffusion, D) ȲϚ

ṿӣᾼ ᴯⱢ m2/sȴ Ӧ Ϛ и (Л֝ שׁ(⇔

כ Ȳ Л֝ד ⇔ᾼ І ⇔Ȳᵓӣ ЊӂѠ

ᾎ҅Ϥ ᵌ ϡứ√ ӢהȲḖ ῶ І ⇔(Surface 

content of chloride, Cs)ц … ȴ֪ Ḃ Ѭо ⇔

ҒȲṿ э ϯ Ȳ І֯ Ёв ϩ ắ

  Ȳ╝ … ϯ Ȳ … оᾼ …

Ȳ ֪І(m)ȴ 

ϫϡȳ ה Life-365 Ю 

1. ￼  

רּ ЁẦ (American Concrete Institute, ACI)ᾼ

ỗ (Strategic Development Council, SDC)ὑ 1999

ӴϚכד Ȳׁש Ṇה Life-365ȴױ Ҡӣה

ὑ Ё ᾬ ὑ І ϯᾼὢ ד

ӢỄ ӐȴLife-365Ɫᵍכ ϯ ᾼ ᾪ ‹Ȳӭה

ᾪӐⱢ ᾪȲẔЮד2013 ֽ 2.7ц 2.8Ἤӱȴ 
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2.7 ה Life-365Ю  

 

2.8 ה Life-365ṿӣЮ  
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2. ứ  

₇ (2015)Life-365 ѻה ᵓӣ ᵌ ϡứ√

І֯ Ёв ᾼ Ȳ І … цẔ ֪

І mȲӼᴕ ⇔ᾼ … ᾼ Ȳ ӭᾼⱢ

ױ ЁҠṿӣПד ȴ ПҵȲױ ϤḊ ӐȲכ

ӼҠ Ẕ Ἤ ῧ ȴ Лᴕ ȲҬ

ᾬắ ІϤ–ᴟ ᴟ ᾼ Ȳṿӣ῏

Ϥѿϯ Ȳ ₇ (2015)Ἤ ứ: 

ᾬ Ӑἤ ЁḊ ֽῶ 2.2ἬӱȲ Ḋ

ה ứȲẔ ҅Ѡ Ɫṿӣ῏ᴞᴩ Ϥ

28щП … D28ȳ ֪І m( ạ Ɫ 0.20 - 0.60)ȴ 

ῶ 2.2 ה Life-365 ứ ѩ  

Life-365 ה  ѩ  

  ứ  HIC-C HIC-M C M 

ᾬ 

Ӑἤ  

⁴⇔(mm) 75-2500 75 

’ ⁴⇔

(mm) 
30-75 35 

 

Ё 

Ḋ  

Ѭ ѩ 0.25~0.60 0.26 0.24 0.24 0.26 

ᴊᵶ (%) 0.00~50.00 21.35 0 23.52 0 

Ӱᵶ (%) 0.00~70.00 18.56 20.97 14.38 20.93 

῁ᴊᵶ (%) 0.00~15.00 4.11 16.14 4.60 16.18 

 

Ἤ֯ І Пḕѣӂᶁ ⇔цẔ І ⇔ȲҠ

ӣ Мᾼה (Ẕ Ɫּר ȲἨ╥ṿӣ῏ᴞᴩ(א֢
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Ϥד ȴ 

ה Life-365 ѿּר ᾼא֢ І ԈᵂⱢ

Ȳ Єῶ І ⇔ Cmax Ѡהѿц Є Ṽ֢

֮ᴖ Ȳֽϯῶ 2.3Ɫּר ֢֮ ῶ Іכ  ѿц

ῶ І Є Є ᾼ Ȳױҳ Ɫ ֮

ҏ ᾼ ᶮȲ ẞ Єῶ І ⇔ ᾼ Ɫ ד1

ᴟ  ȴד30

ῶ רּ 2.3 א֢ Іכ  ц Єῶ І ⇔ ῶ 

 
Build-up rate 

(%/year) 
Maximum (%) 

Time to max 

(year) 

Marine tidal zone instantaneous 0.8 1 

Marine spray zone 0.10 1.0 10 

Within 800 m of the ocean 0.04 0.6 15 

Within 1.5 km of the ocean 0.02 0.6 30 

 

ה Life-365ᾼ МȲ᷄ ẞẔМ Floridaᾼ֢ѣᶁ

ᵿᾼүὧ֢ѣᶁ Ὼֽῶ 2.4ἬӱȲ֮ױ Ѭ 800е

ѐвᾼ ᾬȲ ẞ Є Ɫ 15 ȲᵂⱢד ῶ І

⇔ ẞ Є ᾼ ᴕ ȴ 

ῶ 2.4 үὧ Florida֢ѣᶁ  ( ᴯȸ˘)  

֮  
1 

ѣ 

2 

ѣ 

3 

ѣ 

4 

ѣ 

5 

ѣ 

6 

ѣ 

7 

ѣ 

8 

ѣ 

9 

ѣ 
10ѣ 11ѣ 12ѣ 

ӂ

ᶁ 

үὧ 19.5 20.0 21.8 24.1 26.2 27.8 28.9 28.7 27.5 25.7 23.3 20.5 24.5 

Miami of 

Florida 
19.6 20.3 22.1 24.0 25.9 27.4 28.1 28.2 27.7 25.7 23.1 20.6 24.4 
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ῶ ( ⇔ ) ẞẔ Ở П 

( Ɫ 0.05% wt. conc.)П Ɫṿӣד Ȳṿӣד Ғϱ

ᴟ ᾼ ᵛⱢ ה Life-365 ứ Пὢ

ד (Service Life)Ȳֽ 2.9ȴ 

 

2.9 ὢ ד (ῴỞ ◕ ti+ ◕ tp) 

 

ϫϮȳὢ ד ᴷ  ה

1.ҟ Ϛ  

Ann et al. (2009)ц Song et al.(2008) І

⇔ Ȳ І ᾼῶ Ӈ ҵꜜ ᾼ ⇔

ẞӂ Ȳ ҏᾼ ⇔ ֽ 2.10ц 2.11Ȳ Ɫ∂Ӵ

І ₤ Ἤṿӣᾼ ⇔ Ȳᴖ ⁄Ɫ

Ȳ֪ױȲ֯ ẞ І ⇔ ∟Ȳ Лṿӣῶ ᾼ

Ϥ ᵌ ϡứ√ … цῶ І ⇔

ȴ 
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2.10 ᴷ ₤П ⇔ ѩ (Ann et al., 2009) 

 

2.11 ᴷ ₤П ⇔ ѩ (Song et al., 2008) 

 

2. … ᴷѠה 

Ṽ AASHTO T259Ἤ П ȲẔ І ⇔ ҅

Ϥ ᵌ ϡứ√ ӢהȲѿ ЊӂѠᾎḖ ῶ І ⇔

(CS)ц … (D) Ȳױ … Ɫ … (Dapp , 

apparent diffusion coefficient) Ɫֽ 2.12П

(ttotal , total time)ȲẔ Ɫ( + ᾚ )ȴ

… Ɫ█Ϛ ứ П … Ȳᴖױ ứ Ɫ

צ (teff, effective time)Ȳ╝צ (teff)ד П

… Ɫ … ȴ 
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2.12֢ ֤ Пứ (Nokken et al.,2006) 

Stanish et al.(2003) Ȳ … (Dapp) ὑ █Ϛ

ứ ֝ὑ … ȲⱢ ױ᷄ … (Dapp)

֝ὑ█Ϛ ứ П … Ȳֽ(2.6)הȴẔМ Drefȳ

tref ц m Ɫ ȲᴖḖ ױ иѠ ה ὨҠῶӱⱢה

(2.7)ȴҠᵓӣ(2.7)ה ᾼ(2.8)ה ȲḖ צ ᾼ

ѠהȲⱢ(2.9)הȴ 

                    (2.6) 

    (2.7) 

                          (2.8) 
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    (2.9) 

Drefȸ ᴕ trefП …  

mȸ ֪І 

t1ȳt2ȸ Ởц ḇ  

teffȸצ  

ה Life-365֯ ᴩὢ ד ᴷ Ȳ Ɫד1 360щ

ṳѿ 30щⱢϚ Ḕ Ȳ28щ⁄ ᵂ 1 Ḕ (30

щ)ᾼ … D28 ֥ ֪І m ḕ Ḕ ᾼ

… ȲLife-365М ᶮȲ⁄ 25 Ɫד

ЁѬоᵂӣᶙכᾼ ȲϷ ╥ ȲэכѬоᶙ֪∟ד25

ЛԛḂ Ȳ … ЛԛḂ ȲꞋⱢ D(25ד)ᾼ

ȴ 

                             

(2.10) 

Drefȸ ᴕ trefП …  

D(t)ȸ ứ tП …  

mȸ ֪І 

3. ֪І ᴷѠה 

Nokken et al.(2006) П ( 28щ+

ᾚ о ) … Ȳ ȲṳḖ
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Ẕ ἤ Ȳױ ἤ П ( ֪ІȲmtotal)Ȳ

ױ ҅Ϥ(2.10)ה∟Ḗҏ֢ П צ Ȳ

צ … Ḗ ἤ Ȳ

ẞϚ ֪І mȲ ױ ᵂ m ԛ ױ Ἤ

ҏ Ϛ צ ֪ІȲԛ ȲḖ ᾼ

mȲ Ḕױ ᾿ᴟ҅Ϥеה ᾼ ֪І

ᾼ ד ⱢѦȲᴖױ ֪І m ᵛⱢצ

֪І(meff)цד ᾼצ … цצ ȴ 

֪І m Ɫ … Ғᴖ ᵅᾼ Ȳ

Ɫ  ṿӣד ᴷП Ȳ ṿӣᾼ ᴯⱢ m2/sȲ

֪І m ֪Ἤ ҒᾼϬᵂ Ḋ ᾼ цᵶ Л֝ᴖ

Л֝ȴ Ὼדẃắ ІϤ–ד Ȳ ҒЛ֝ᵶ П

Ϭᵂ Ḋ ֪Іᾼ Ȳѿц ҒЛ֝ Ϭᵂ Ḋ

֪Іᾼ Ȳ ֽῶ 2.5ȴ 

Mangat et al.(1994) Ё Ὅ ὑ ᴄ

Ȳ Ѭ ѩⱢ 0.58ȲᵓӣϮ Ϭᵂ Ḋ ậ҅ѬᾇȲ

ᴩ ᾼד2 Ȳ ứ Іᵶ Ȳ Ẕצ ֪ІȲ

Ҡכҏ ЁѿϬᵂ Ḋ ậ҅ѬᾇҠѿ ֪ІȲ

Ғ … ϯ ᾼ ȴ 

Stanish et al.(2003) Ѭ ѩⱢ 0.50Ȳ ᾚὑ

ІѬ Ȳ ᴩ 90щȳ180щȳ1דц ד4 Ȳ

Іᵶ Ȳṳ Ẕצ ֪ІȲ Ғ ᵶ ᾼ

ᴊȲ ֪І Єȴ 

Nokken et al.(2006) Ѭ ѩⱢ 0.30Ȳ ᾚ 1.0 
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mol/L ᾼ о Ѭ МȲ ᾚ Ɫ 28 щȳ90 щȳ140

щȳ1דц Ȳד3 ᵶ ᾼϬᵂ Ḋ ậ҅ȲӼҠ

֪І ȴ ῶ 2.5ᾼ Ὠ ӱȲậ҅Ἠ ҒϬᵂ

Ḋ Ҡצ ֮ Ғ ֪І m Ȳṿ … ϯ ᾼ

ҒȲ ᵶ ᾼϬᵂ Ḋ ȲҠ Ғ ᾼ ֪І m

ȴ 

ῶ 2.5 ắ ІϤ–П Ё ֪ІҠ  

ẃ  ѩв  ֪І m 

Mangat et al.(1994) 

OPC 0.53 

25% ᴊậ҅ 1.34 

60% Ӱ ậ҅ 1.23 

15%̈͂ ᴊậ҅ 1.13 

Stanish et al.(2003) 

OPC 0.32 

25% ᴊ Ғ 0.66 

56% ᴊ Ғ 0.79 

Nokken et al.(2006) 

4%῁ᴊậ҅ 0.88 

4%῁ᴊậ҅ 

25% Ӱ ậ҅ 
0.96 

8%῁ᴊậ҅ 

25% Ӱ ậ҅ 
1.19 

 

4.ῶ І ᴷѠה 

Chalee et al. (2009) ҒϬᵂ Ḋ П ЁὍ ὑ

Ȳ ᴩХדᾼ І Ȳ ῶ І

ᾼ оȲ ẞ(2.11)הᾼῶ І еהȴױҵȲ

ᵅѬ ѩἨ ᵶ ᾼϬᵂ Ḋ ậ҅Ȳ צ

Ṿὂᶼ ІϤ– ϩȴ 
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                        (2.11) 

ẔМȲΖȳΘȸḊ  

 

ϫҳȳ ᶧ Life-365  

(2015)Ȳ ӂᶁᾎȳ ᾎȳ ϚᾎϮ ѠᾎȲ ᴩ

ṿӣד П ⇔ Ȳѿᴷ (Standard Error of 

EstimateȲѝ∟ SEE)o ֢ Ѡה Life-365 ὨП (

⇔)Ȳѿ ᶧ Life-365 ὨПᵭ֥⇔Ȳ ѠᾎⱢ

ȲSEE(2.12)ה Њῶӱױ ᵭ֥ȴ 

ҏ ІϤ– Ё ⇔ П ᶧȲиᵑ

ЁѬ ѩ Ɫ 0.25 - 0.50ȲѿWῶӱȲֽѬ ѩ 0.4҅

W40ȷכ ⇔ 55 mm - 63 mmȲѿ DῶӱȲֽ

ὑ 55 mm҅ כ D55Ȳ ֵ Ԉѩ ֢ ᾎȲἬ

⇔ ṳ Life-365 Ὠѩ ȴѿW40D55ⱢẂȲӦῶ 2.6Ҡ

ѿ ῀ẔМѿ ᾎⱢ ֥ Life-365  Ѡᾎȴה

                     (2.12) 

ẔМȲYȸ  

  Yôȸ  

  Nȸ  
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ᾎⱢ Ϛ (0щᴟ 30щ)ᾼῶ І ⇔

(0%)ц … Ȳ҅Ϥ ᵌ ϡứ√ȷԛ ϡ (30

щᴟ 60щ)ᾼῶ І ⇔ Ғ ц … Ȳ҅Ϥ ᵌ

ϡứ√ȷѿױ Ȳ᾿ᴟ ∟Ϛ Пῶ І ⇔

Ғ ц … Ȳ҅Ϥ ᵌ ϡứ√∟Ȳ Ἤצ І ⇔ὑ

֝ ⇔ Ғ ẃȲѿױ Ғᾎ ⇔ ᴟṿӣד Ȳ

Є ∟Ȳḕ ѿῶ І ⇔ᾼ ц …

Ȳ҅Ϥ ᵌ ϡứ√Ȳᴖ ⁄ ל Є Ȳ

Є ᴟṿӣד ᾼ І ⇔ Ғ∟Ȳѿ Ғ ל

Ȳ ẞ ᾼ ⇔ ȴѿױᾎ Ѭ ѩ0.4Ȳ’ ⁴⇔55 mm

Пᾭᾓ(W40D55) ᴩ ⇔ Ȳ Ὠֽ 2.13ȲӦ МҠṓ

Ἤ ᾎ ᶧ Life-365 Ὠד ᵭ֥ȴ 

ῶ 2.6 ⇔ Ѡᾎѩ  

Ѡᾎ SEE (%) Ὑ 

ӂᶁᾎ 0.0469 10 - 60 mmὙ ὑ Life-365 Ὠ 

ᾎ 0.0138 ḕ Ꞌ Ὼ Life-365 Ὠ 

Ϛᾎ 0.0690 5 - 60 mmὙ ὑ Life-365 Ὠ 

 

2.13҅ W40D55 ᾎ ה Ὠѩ  
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ϫХȳҒ І  ה

Ғ І (ACMT)ȲⱢ ◦Є ԇ ᵓӣ

ASTM C1202ᾼᶶ І (RCPT)ἬḂṏᴖכȴ╥ᵓӣ

ᴯ Ғ Іὑ Ё ѱМ Ȳ ☼ѿц

(NaOH)ὑ֢ П І ⇔ оȴҒ І (ACMT)

ᶶ І (RCPT)Л֝П Ɫṿӣ 60 VḆḂ

ᴟ 24 VȲẒ Ϸ 250 ml ᴟ 4500 mlȲױӣ ╥ⱢϠ

ṿ МЛ ֪ ᴘ ᴖṿ ⇔ϱсѹ І

⇔ Ḃ ☼ЄЊȲ ⁴⇔ Ё Ɫ 3 cmѬᾇ+ 5 

cmȲ ֽ 2.14ȴ 

ᵓӣ І Л Ҡ … ӼҠ М

Ḋכ ϵἤПוֹ ȴ (2012)ACMT ὨȲ Ὑ

ᾬ ậ҅ѬᾇȲ … ֪ ᵶ Ғᴖ ᵅȲѹẔׁש

ṅ + Мᵶ ᾬ Ȳṿӣ ACMT ᴷֹוϵἤ

ἤ ὑ RCPT ȴầѷ (2002) ҏ ӦҒ І

Ҡ Ὑ Ѭᾇ ֥Ḋ І ᴩⱢиᵑ  ȳꜜ

П Ȳ ӣ Є ꜜ Ф

ד Ȳ Ғᶶכ І ȴYang (2004)ɔ ӣҒ І

ẞ Ё … Ѭ ѩ Ғᴖ Ȳ֪Ѭ ѩ

Ғ Ёв ӢḆֵэ Ȳṳᵓӣ ЁП …

Ὑ Ғ ᴊ Ӱ Ẕ … ϯ Ȳ Ὑ ᾬ Ҡ

Ḃ Ёэ ȳ Њ ȴ 

2.15ⱢҵҒ Ғ І ӱ ȴ Ϛ ◕Ɫ

Ȳ ҵҒ Ȳ І–Ϥ Ёв ȲẔ
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ІᴩⱢⱢ ᵂӣȲ–ϤП ạ…Ѫ ᴴ І Ȳ ⇔

–Ϥ ⇔ᴖ ȷ ϡ ◕Ɫ Ȳ Ё╟СҵҒ

Ȳṿ в э Ѭ Ӣ Ȳױ Ϛ Ὅ ẓ∕

ІП ȲṿẔ І Ӧ ᴯ ⇔ Ϥ Ȳᵛᵓӣ Ṇ Ғ

І ȲҠ ᴷ І ЁḊ ἤȷ Ϯ ◕

Ɫ Ȳᵛ І Ϥ ṳ֯

⇔Ȳ І ứ ᴟ Ȳ כ в І

⇔ᶁϚȲױ ч Ȳ Ɫ ᵂ

ӣȴ 

Cathode

3.0 % NaCl

Anode

0.3 N NaOH

_
+

Recorder

(60 V DC)

Concrete sample

(ű100 mmí50 mm)

# 20 mesh bras screen# 20 mesh bras screen

 

2.14Ғ І ӱ (ầѷ 2002) 
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OH-

Na+

Cl-

Na+

4500 ml

3 % NaCl
4500 ml

0.3 M NaOH

(Diffusion process)

OH
-

SO4
2-

K
+

Na
+

Ca
2+

 

(a)  

OH-

Na+

Cl-

Na+

4500 ml

3 % NaCl

(Migration process)

4500 ml

0.3 M NaOH

(+) (-)

 (60 V)  (60 V)

OH
-

SO4
2-

K
+

Na
+

Ca
2+

 

(b)  

OH-

Na+

Cl-

Na+

4500 ml

3 % NaCl

+

(Diffusion+Migration process)

4500 ml

0.3 M NaOH

(+) (-)
 (60 V) (60 V)

OH
-

SO4
2-

K
+

Na
+

Ca
2+

 

(c)  

2.15ҵҒ Ғ І ӱ (Andrade, 1993) 

(24V) (24V) 

(24V) (24V) 
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ϫгȳ Ёן ᶮ ạ 

Ёᾼן ᶮἏἏ═ ד  ᾼ Ȳꜙᴟ ϫד∟Ữ

═ ӢȷϚ ᴖṕȲẔϡ╦ ᾼן ϡϫןד ᾼ

20-25 %ȷϮ ѣвȲּפ ᶙכϡϫןד ᾼ 50-60 %ȷ֯Ϛד

в ᶙכϡϫןד ᾼ 75-85 %Ȳן ᴖ≡ ϯ

ȲϚ ᴖṕ Ёᾼן ᶮȲṼẔᵂӣ ᾼЛ֝ȲҠиⱢ

ϯԝϮ ȸ 

1. ἤן  

ἤן ϭ Ѫ э ן ( capillary shrinkage )Ȳ Ӣ

֯ Ё ᶙכᾼῴ Ȳѻ Ӣᾼ ֪Ɫ Ёῶ Ѫ

э МᾼѬиȲ֪ Л Ἠҵꜜ ֪ ᾼ ᴖ

∟Ȳṿ ӐѬиἬᴾ ᾼэ Ӣ ᾼэ ϩ( negative 

capillary pressures )Ȳᴖ Ғ Ёῶ ᾼ ϩȲ ᴖ

Ёῶ ᾼ ן Ȳ ן ṿ Ёῶ

Ӣ ȴ 

2.ᴞ ן  

֯ Ё ҵꜜ ⇔ӻ ᾼ ᾓϯȲ Ѭоᵂӣᾼ

ᴩȲ Ёэ в ᾼѬԌȲṿ Ё Ӣñᴞ

òᴖ ן Ȳ Ɫᴞ ן ȴ Ẕ Ӣᾼ ֪Ȳ

ᴞ ן ҠиⱢѬ ן (Dehydration Shrinkage)ȳ оן

(Carbonation Shrinkage )ȳ о ן ( Conversion 

Shrinkage )ȲѿϱϮ ן ᶁ ὑо ן ȴ 

Ϛ ᴖṕȲ Ё֪ⱢѬᴊѩ ȲἬѿ֪ⱢѬоᵂӣ

ṿ Ѫ э Ἤ Ӣᾼ э ϩȲҠӦ֯׀ὑэ вֵ
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ᾼѬԌẃӂ Ȳ֪ױ Ёᾼᴞ ן ṳЛὙ ȲЄּפЮ

ὑ50~100 ɛm/mȲἬѿ֯ ן ᶮ Ȳ Лѿᴕ ȴᵀ

ἤ ЁᴖṕȲӦὑϬᵂ Ḋ ᾼ Ғц ӣᵅѬᴊѩ

Ȳṿ ἤ ЁҠ ẓצЛҠἕ ᾼᴞ ן Ȳ

ὑ ӣ ἤ Ёὑ ἨЄ П ϱ Ȳ Ӈ

Ғѿ ᴷ ᴕ Ё ֯ᾼᴞ ן Ҡ ᾼЏ

ȴ 

3. ן  

ЁᴖṕȲ ן ╥֯Ἤןצ ᶮМ

ᾼȲ ן …╓ Ё֯ӑἭắ Ȳṳ ὑ

ᾼ ᾓϯȲ Ёв ᾼѬи ֣ҵ ᴖ ҷȴ

Ё֯ ᾼῴ ȲἬ ҏЄэ вᾼᴞӦѬȲ כ

Њᾼן Ȳᴖ ᵂӣ═ ᴩ Ȳ ṿ ὑ֯׀

ᾼᵮ Ѭ Ѭ ҏȲ ᾼדФ Ȳṿ

Ё Ӣן ᶮȴNeville(1981)ׁשṅ╓ҏȲ э Ѭ

ҷҟ і ᵮ ѬП ᴖ Ӣ Ȳ֪ױ ἤ

ᴴ Ӣ ן ȴ 
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ȳׁשṅѠᾎ  

Ϛȳ Ḋ  

Ɫ Ё ᾬắ ІϤ–ᴩⱢȲ Ԓ

Џ Ḋ Ҡ ӣᾼ Ё ѩ ᵂ ȲṳѿᵅὍ ἤ

ᾬ ╟ ҳ ᾼ ԈϯȲ Іѿ

ϚѠ֣Ἇ Ёв Ϥ– ᴩ  Ȳ ѿ ІϤ–

ᶮȴӐׁשṅᵓӣЛ֝ѩẂᾼϬᵂ Ḋ ậ҅ иѬᾇ ᵂכᵅѬ

ѩПѬᾇ Ȳиᵑ ᴩ֢  ṅȴשׁ

(Ϛ) Ϭ Ѭᾇ 

ӐׁשṅἬṿӣᾼѬᾇⱢϬ ̥₤ѬᾇȲӦү ѬᾇеҨ

Ӣ ᾼ ₇ȴᾌ ѬᾇϞϚװ ᷅ Ȳṳ ⅔Ҕ

ὑ ᾼ ⅍ ᵍắ Ẕἤ ȴ 

(ϡ) ᴊ 

ᴊⱢ ѭϩ ᾼ ᾬȲ ὑϬᵂ Ḋ ᾼϚ

ȴӐׁשṅМἬṿӣᾼ ᴊⱢ F ᴊȲẔѻ оᾬכԌ

(SiO2ʞAl 2O3ʞFe2O3)Ɫ 91.07 Ȳ̟ ֥ CNS 3036 ᾼ Њ

70 % ḖȴẔẃ Ɫү ϩеҨᾼүМѭϩ ȴѿ

᷅ậ ṳҒѿҔ⅔ ȲḊ׀ ₇ ứȴ 

(Ϯ) Ӱ 

ӰⱢ ֯ Ἤ Ӣᾼ ₇ȲӼ ὑϬᵂ

Ḋ ᾼϚ ȴӐׁשṅМἬṿӣᾼ ӰⱢѬ ӰȲӦМ е

ҨἬӢ ẁȴⱢ ═ ₇ ứȲӼⱢ ᷅ậ ṳҒѿҔ

⅔ ȲẔо׀  Ԍȴכ
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(ҳ) ̈͂ ᴊ 

῁ᴊⱢ ᵶצ῁  ᾬ ῁֥  МἬ ᾼ

₇ȴӦὑ῁ᴊҠ ѬᾇѬоӢכᾬМᾼ о ӢϬᵂ

ч ᴖᶮכẓ ἤᾬ Ȳ ꜜ ᾼ ֥ϩȷѹ῁ᴊ

ѩѬᾇⱢ ȲҠ ҉ὑ ᴖ ᵅэ Ȳ Ғ

Ёᾼ ἤȴ 

ῶ 3.1 Ḋ ᾼо  иכ

о  (%)иכ
ѻ Ḋ  

I ₤ᾌ Ѭᾇ ᴊ Ӱ ῁ᴊ 

SiO2 19.98 54.09 33.34 94.61 

Al 2O3  4.74 28.94 14.36 - 

Fe2O3  3.00  8.04  0.59  0.54 

CaO 63.70  3.28 41.35  0.01 

MgO  3.58  1.46  6.18  0.29 

SO3  2.29  0.17  0.99  0.12 

Na2O  0.28  0.57  0.23  0.14 

K2O  0.51  1.54  0.20  0.11 

C3S 59.00 - - - 

C2S 12.00 - - - 

C3A  7.50 - - - 

C4AF  9.10 - - - 

 

 

 

 



41 

(Х) ȳ  

Ӑ Ἤṿӣᾼ ȳ ẃ Ɫү Єׄ ᾼщ ᾈ+

цщ Ӱ Ӱȴ ȳ ᾼᾬ ἤ иᵑȲֽ ῶ 3.2ἬӱȲ

ȳ ֥ CNS 1240ᾼ ứȲẔ פ Ȳֽ 3.1

ц 3.2Ἤӱȴ 

 

ῶ 3.2 ȳ ᾬ ἤ  

ӭ 
Ḋ   

   

ѩ (SSD) 2.65 2.64 CNS 488 

ᵮѬ (%) 1.0 1.1 CNS 488 

 

3.1 иᵉפ  
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3.2 иᵉפ  

(г) Ѭ  

Ӑ МἬ Ғᾼ Ѭ Ɫ F₤ ἤ Ѭ ȲӦү ᴫ

қеҨἬ ẁȲẔ Ѭ Ɫ 13 %ȲᵂⱢ ᵂ Ёᾼо

Ȳױ Ѭ Ϛװậ Ἤ ӣ ȴ 
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ϡȳ  

 

3.3 ☼  

Ɫ Л֝ Ѡה Ёᾼ Ȳ ᵂ ЁḊ

Ȳ Ԓ Џ Ḋ Ҡ ӣᾼ Ё ѩ

ᵂȲ∂ӴḊ Ӑᾬ ἤ ȲҔ╗ᶼ ⇔ȳэ ȳ ᵮ 

ȳ   ȲẔװ ᵅὍ ἤ ᾬ ╟Ҡ

ὑ ֮ ᾼ ԈϯȲиᵑ ᴩḊ  ϵἤПוֹ ȲҔ

╗Ғ І ѿц Іѿ ϚѠ֣Ἇ Ёв
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Ϥ–П  Ȳ ѿ ІϤ– ᶮȴӐׁשṅᵓӣЛ֝

ѩẂϬᵂ Ḋ ậ҅Ѭᾇ ᵂכᵅѬ ѩПѬᾇ Ȳиᵑ ᴩ֢

 ṅȴשׁ

ӣ ⇔П 60 ȳ̆80 ˘ṳ Л֝ ᴩᶼ ⇔

Пѩ Ȳѿ ṏֻПᶼ ⇔ẃ ᴷ Ё₇ כ ȴ ⇔

ứ∟Ȳ ᴩ Ệ Ё Ȳѿ ASTM C642-13 ứ

∟Ȳ ỆѬᾇ+ ППэ Ȳṳѿ ᵮ  ∟

П ЁвϬᵂ Ḋ ПϡװѬоч ╥ᵡצ Њэ ЄЊȳэ

П ὨȲṳ ֥᷄ ȲҠ ẞ Ṿ юэ

П ὨȴБ І ᾚ цҒ І Ȳ Ἤ ᵂ

П Ёὂᶼ І П ϩȲṳ ױ ЁПֹוϵἤȴ֪

Л֝ ⇔ц Ȳ ЁП ן ἤ Ȳᴖן

Ҡ כ Ёв ПӢכȲ ᴖ ᵅ ЁПֹוϵἤȴ

ѿױ֪ ן Ё ∟Ȳ ЁПן

ἤȴᶼ ⇔Ɫ ὔ Ё₇ ПѠהȲ֪ױ ЁП

ᶼ ⇔ЛṏȲֹוϵἤϷҠ ЛṾȲ֪ױ Ӧᶼ ⇔ Ȳ

Ё₇ Ȳṳ ЁПᶼ ⇔╥ᵡצ═ ᴩѬоч

Ȳṿ ⇔ ϱсȴ 

Ϯȳ ☼  

֯Ḋ ֥ Ѡ ȲӐׁשṅṿӣП ЁⱢҠ ṿӣ

(ᵶ І) Ё ѩ(ѝ∟ ѩ C)ȳ⅔ П Ḋ (ѝ∟

ѩ M)ȴ Ё ѩ CѬ ѩⱢ 0.24Ȳ ҒϬᵂ Ḋ Ҕᵶ

ᴊȳ Ӱц῁ᴊȷᴖ+ ѩ M Ѭ ѩⱢ 0.26ȲἬ ҒПϬ

ᵂ Ḋ Ɫ Ӱц῁ᴊȴ 
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Ӑׁשṅ ᵅὍ ἤ ᾬ ╟ ЁḊ

Ȳ֯Ԓ›ׁשṅ Ἤṿӣ AASHTO T259 ASTM C1556ᾼᾼ

ϯȲⱢ ҠᵡצѠה Ёֹוӣ⇔ ȲὑӐׁש

ṅ Ḗ ѠᾎȲ ᵓӣЛ֝ Ѡה∟Ȳ╥ᵡ с ЁП

ӣוֹ ⇔Ȳ ẞ ₇ ᾼ Ὠȴ ᴩᶼ ⇔ ȳэ

ȳ ᵮ  ȳ   ȳҒ І (ACMT)Ȳ

ѿц П›Ẓᴯׁשṅ῏ṿӣП ASTM C1556 AASHTO T259

Ẓ Л֝Ѡהᾼ І ᾚ ẃ ᴩ ѬϤ– ȴ

в ѻ иⱢḊ ֥ ẒЄ иȴ 

֯Ḋ ֥ Ѡ ȲӐׁשṅṿӣᾼ Ё ѩⱢҠ ṿӣ

ὑ (ᵶ І) Ё ѩ(ѝ∟ C ѩ)ȳ⅔ П Ḋ

(ѝ∟ M ѩ)ȴC ѩП ЁѬ ѩⱢ 0.24Ȳѻ ҒϬ

ᵂ Ḋ Ҕᵶ ᴊȳ Ӱц῁ᴊȷᴖ M ѩП+ Ѭ ѩⱢ

0.26ȲἬ ҒПϬᵂ Ḋ Ɫ Ӱц῁ᴊȴ 

֯ Ѡ Ȳᵓӣ Ё Ệ∟ ắЛ֝ᾼ Ѡה

∟ ᴩ֢ Ӑἤ цֹוϵἤ ȴѻ ֢ ѩ ᵂ

ᶙכП Ё ᴩЛ֝ ⇔ ứ 3 щȳ4 щȳ3

щҒ 200̆ 12Њ ᶙכ∟Ȳԛ ᾚ ếӰᴊѬ ╓ứ

Ɫ 28щȳ90щ∟ ậҏȲ ᴩ Ӑἤ Мᾼᶼ

⇔ ѿцэ ȳ ᵮ    Ȳᴖֹוϵἤ

╥ й Ἤכ ѐЉἼ Ὲ ╓ứ ∟Ȳԛ ᴩҒ І

(ACMT)Ȳ ậ ∟ᵓӣ AASHTO T260 І

ᵶ Ȳ ᴩ∟ иέ ẞ … Ȳ ᵅὍ ἤ ᾬ
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╟֯Л֝ Ȳ ắ Ѭц֮ϯѬϤ–ᾼ ȲẔׁשṅ☼

Ȳֽ 3.9Ἤӱȴ 

ҫҵ ӣׁשṅ ὑӖ ד103 ᵂП ѩ C ѩ MȲ֯

Ѡ Ȳ ЁὑЛ֝ ắ ІϤ–Ȳᴖ Ẕ

ᴩⱢ ᴩ ȴṼ ASTM C1156 ᵂᶙכП Ё

Ȳ ᾚ ếӰᴊѬ ╓ứ Ɫ 28 щȳ90 щȳ183щȳ365

щ∟ ậҏȲԛ ᾚὑ 165 ð 1 g / L о Ѭ М 36щȲ

Ṽ ASTM C1152 ᴩד Іᵶ ứȲṳᵓӣẔ Ὠ ᴷ

ЁП … цῶ І ⇔ ᶮȴ ᵅὍ ἤ

ᾬ ╟֯Л֝ Ȳ ắ Ѭц֮ϯѬϤ–ᾼ ȴ 

ҳȳ ѩ 

(Ϛ) Ё ѩ 

Ӑׁשṅṿӣ שṅἬׁשׁ МҠ ṿӣὑἭ ᵅὍ

ᾬᾼ (ᵶ І) ѩ C ⅔ П Ḋ ѩ MȲֽ

ῶ 3.3ἬӱȲѬ ѩ ӣ 0.24 0.26Ȳ ᴩ ᾼ ᵂ Ȳ

ṳ ᴩ І ᾚᾼ иέȴἯ֥Ḕ ֽϯἬ : 

1.Ѭᵶ ԒϯȲ Ғ ( Ԓ ֥ᶁл)ȲἯ֥

Ϛиҙפּ ȴ 

2. Ғ ȲἯ֥ẞҏ ȲἯ֥ Ϯиפּ ȴ 

3. Ғ ȲἯ֥ Ϛиפּ ȴ 

4. Ғ ȲἯ֥ Ϛиפּ ȴ 
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ῶ 3.3 Ё ѩ C M ( ᴯȸkg/m3) 

ѩ 

֤  
W/B 

I ₤ 

Ѭᾇ 
ᴊ Ӱ ῁ᴊ    

Ѭ 

(ᵶ )  

water(ssd)  

ӣѬ 

C 0.24 325.2 133 81.3 26 747.2 936.1 117 135.7 23.7 

M 0.26 603.4 - 200.8 155.2 - 1094.3 - 253.0 10.9 

ӣ ∂ Ɫ ᾼ 0.7%~0.9% щ ⇔  

Ἧ֥Ѭ Ɫ ѩМ water+water(ssd) -  

 

(ϡ)Ѭᾇ ѩ 

Ӑׁשṅѻ … ᵅὍ ἤ ᾬ ╟П

Ё Ҡ Ѭц֮ϯѬМП ІϤ–ȲẔ ІϤ–

ᾼ э Єᾼ−צ ἤȲ֪ ױ Ҡ ṿӣὑἭ ᵅὍ

ᾬᾼ (ᵶ І) ѩ C ⅔ П Ḋ ѩ

MȲҟ ᵂכѬᾇ ȲֽϯῶἬӱȲ

Ẕэ ȴ 

ῶ 3.4 Ѭᾇ ѩ 

ѩ I ₤Ѭᾇ%P ᴊ%FA Ӱ%SG ῁ᴊ%SF Ѭ ѩ 

CSF4.6 57.5 23.5 14.4 4.6 0.24 

MSF16.2 62.9 0.0 20.9 16.2 0.26 

ῶМ֢ ѩ҅ ứ ֽϯ: 

Pȸ҅ῶѬᾇ Ғ (%)ȴ       SFȸ҅ῶ῁ᴊ Ғ (%)ȴ 

FAȸ҅ῶ ᴊ Ғ (%)ȴ      CSF4.6ȸῶ 3.3 Ё ѩ CП ȴ 

SGȸ҅ῶ Ӱ Ғ (%)ȴ      MSF16.2ȸῶ 3.3 Ё ѩ M П ȴ 
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ῶ 3.5 Ѡᾎ 

 
ѬМ ⇔

(˘)  

ѬМ  

( day)  
200̆  

W 23 ᴟ   

60-1D 60 1  

60-2D 60 2  

60-4D 60 4  

80-3D 80 3  

80-4D 80 4  

80-3D12H 80 3 12(6+6)hrʆ 

ɿ ֯ 6Њ Пс ᾿ẞ ⇔ẞ 200 ˘Ȳṳ ═ 200 

˘П ⇔ 6Њ Ȳ Ɫ 12Њ ȴ 

Хȳ Ѡᾎ 

(Ϛ)  

Ӑ Ṽ ASTM C191Ѭᾇ ᴩ Ȳи

Ɫῴ ц Ȳѿᵒứ ѫ ᴞ ῶ Ȳὑ

вה30ּ Ϥ ⇔ 25 mmП Ɫ Ȳᴖ᾿ᴟ ѫ

ᾎ֯ ῶ ϯ ȲᵛⱢ ȴ 

(ϡ)ᶼ ⇔  

Ӑ ASTM C39 ᾼ ứ ᴩ Ёᶼ ȴ

Ё ẞἬ Ȳ֪ Ӑׁשṅ Ё ⇔

ᾎṿӣ ӂ Ȳ֪ױṿӣ ӂ ᴩ Ё ▀ῶ ӂȲ

ѿ ẞӂ ᾼ Ёῶ ȴԛ ӂᶙכ∟П Ё ὑ

ϱȲ Ἤ П Ё ᶼ ⇔ȴ∕

Ё Ȳּנ Ẕ Є Ȳԛ Є ѿ
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ắϩ ᵛҠ ẞ Ё ᾼᶼ ⇔ȴ 

(Ϯ) Ё  

Ӑ ᴕ CNS11056 П ḖȲѬᾇ+ ֯ ứ

⇔ȳד ⇔П ϯȲ Ḋ + Пᴞ ן П

ứѠᾎȴ 

Ѭᾇ+ Ϥ ѐЉ25Ė25Ė285 mmП▀ᾭ ẓ

МȲ ᴟ ⇔ 23̆ ד ⇔ 95 %ѿϱП ⅍в

24Њ ∟И ᴩ Ȳԛ ᴩ Ѭ 48Њ ȴὑ

72 Њ ѬМậҏȲṳӴᵛѿ ᴯהѩ  ῴỞ

Ȳԛ ѿ’ Ҕ ȴ 

ᵍѬи ᾎ ҷȲṳ׀Ὅὑד ⇔ 50ð2 %ȳ ⇔ 23

˘ М ȲἏ∟ ᴩ֢ ֢ П ⇔ о Ȳ

ѿ Ẕ ȴ 

(ҳ) І ᾚ  

◕ 

І ᾚ ASTM C1556Ȳв ֽϯἬ Ẕ

Ὑȸ 

(1) ῶ 3.3Ἤ ẁᾼ ѩ ᵂכέ10 15 cm Ё

Ȳ ᾚ֯ ếӰᴊѬМֽ 3.4Ἤӱȴ 

(2) ∕ ẞ ∟ ậҏȲӣᴞẃѬẚ♃ ӐȲ

ṳиⱢϮЄ иֽ 3.5ἬӱȲ Ϛ иⱢ ᾚ о

ứ⁴⇔Ӈ Єὑ 75 mmȲᴖ ϡ и ῴỞ ứ⁴⇔Ӈ

Єὑ 20 mm ȲẔᴕ ậ Ѡ―Ȳ ϡ и⁴⇔

ậⱢ 45 mmȲ Ϯ и⁄Ӷ Лӣȴ 
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(3) 3.5 Ϛ иέ10  7.5 cm Ё Ȳᵓ

ӣ Ё ֥Ȳ Ϡй ѿҵȴ 

(4) ∕ ∟Ȳ Ẕ ԛװὍϤ ếӰᴊ

ѬМȲḕ 24 hr ϚװȲ᾿ẞ о< 0.1 % ứẔ

Ɫ ếᾭ ȴ 

(5) Ẕ ὍϤ 165 ± 1 g/L о Мᴟю 35щ

ֽ 3.6Ἤӱȴ 

(6) ẞᾼ ậҏȲ∕ ∟Ȳṿӣׁש

и ⇔ֽ 3.7ἬӱȲ ῴỞ ᾼ שׁ Ϛ

᾿ Ȳḕ 2 mmԚ Х Ȳ Ẕ Ӓᶁл ế Ȳ

צ ᾚ о ᾼ שׁ Ϛ ӂ Ȳ›г ֢ 1  

mmȲ∟Ẓ ֢ 2mmȲḕ и Ȳֽ 3.8Ἤӱȴ 

 

 

        3.4 Ё ᾚ ếӰᴊѬӱ     
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3.5ȳ3.6 ᾼй ѐЉ ȳ Ё ᾚ NaCl ӱ     

 

 

 

 

3.7 и ӱ  

             

2mm 
2mm 
2mm 
2mm 
2mm 

 

 

1mm 
1mm 
1mm 
1mm 
1mm 
1mm 
2mm 
2mm 

 
















































































