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Portland cement o] A& CiS 9 C,S 9 &itrt &#KF 70~80 % & A f3lx slag cement -‘2]—.
7S A cement o] A% E@%ﬁﬂ BAe AAA HEZ cement BLEES] ok 80 % & %
B —?{-6] fEo] W) ekel BEERA KR (near amorphous CSH: CSH gel =& cement
ge) 2 o vk vr A HE-& cement 9] 10~20 % & %]—z] 3= Ca0-ALO;—Fe,0; % $479
KFps CS 3 C.S o mKkIEESH ARA Ca‘(OH)‘zi Heol gE Aol

A= portlandr cement EE{{:’%BI e Fhisk= AL CSHEZ &A= cement gel (non-
‘e\}aporable water 28) 7 2 ¢+9] gel pore(gel B}&) 2 capillary pore (EMIEZER) I 2 =
&g A$%E pore water (evaporable water, gel water, capillary water) o]k <Fig.-1>
o] cement paste o KALGREA BfLige] MRREE ZA A

o]7]A] non-evaporable water & (LB = FHE Koo evaporable water & #EEI3l
BES EMENeR B4stn e A5E X8
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A...capillary pore(capillary water)
C:--non-hydrated cement particle

E---transition field (super saturated liquid)

B---gel pore(gel water)

D---cement gel (non-evaporable water)

F---large crystals of Ca(OH),

<Fig.~-1> Hydration procedure of cement paste.”
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<Fig.~2> The relation between the shrinkage and ages

of hardened cement paste under the different
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<Fig.-3> The shrinkage of hardened cement paste 7b =8 AR W/C7t Az SR

effected by W/C and water loss. 2 pEfkEase] v Agk capillary ol A S

e He ke 9t dolvtE MeEE RoiE = & Aeolth zEv ksl Ads <

Zroll whebA BEfLBES] BoEES KT A9 kel wet ARTh ol & MKEME A EH
A0S MBS A9 gel water (capillary water) ] 7ggel 2% A+

2) JREESt AHIE BE(LEE2| Ydgnie] BRLR.

2388 k4o ZA3e] BikE cement paste &= AA el il capillary & A S 3 o]
% capillary system 8] KA&HRS F99 AEREC wteh BMESS) KB Kool ol Fl
Fge A Drvh = AHEHRE 100 % o A$dE BE BMEERE KFos A YA HY
HEHEIETE 0o 7A7be EIREEETIAE 5223 uA "k o) & mmiel Fid 94 3=
BE ASeEs 2] HEHRE 2 BAERY BHEe B wet KpEERE EEAA
Jb= Zloleh. ol Kol WA BEEE Witz Kool AA =R EiEEE. ol2l¥ cement
Bibase) BESML W Bk 2 BREEERES wHd JdAE AUHHLE do v
Ak olad BIEE Jesser & g <Fig—4>elAg o] AU oA AREFS
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16
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L3tz Bk AW i CF & 9 - V.P. mms. Hy.
A 2z E@RBE R CF& w <Fig.-4> Vapour-pressure/water-content curves for
B Vel vheba figE ABCD = set portland cement.
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<Fig-5>% 1~2mm 9 FA=Z AZe slab & 8749 T REELT R HEE 7
% AR BEE ek Aolth B 1REMEIA ERES 100 % o410 % 74
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e Aol FAHMAE b= Aol o
U omokpmn oA B Y BRERE A3
o= vlad W FBRE JEgch
ol21d el AAGHAEE S-S cement B
z  feRgel EEREEe BLE IR Aelth
Roper® = BE#IFE FHEHRE (100~7 %) o)
* A W/C7F0.35 & -0.59 portland cement
Y paste & RZESREBAAS KoEAES Al
-0.8 ' ' L L #t HRE <Fig-6>o2 ZAYHG AL
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<Fig.-5> Vapour-pressure/length-change curves Ry A—td sekste BEAEPIAA a0
for set portland cement(W/C0.6).2 o] MRS 29 ez EAUt =2 A3
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o M 2 dEe ek
Bgle] HE-& B paste o) wlmd & mBbe Kool REEslE Aoz £ EBERETS
o MEMERLE dIlnz dkiEd FA3R vl 29 REL capillary pore ] FEfEKS
R BIBERESS] WEE Mol @A A vebdel 39 ¥EL ]w capillary pore 9|
EBiEKS meniscus &= 513 5 3 capillary pore o] 82| 72 s1A BEE QW KFe KEtd <
T Ao Mfpdle A A ok BB FEAAN B¢ dE PE 2 KES o 3
ol IREESlE kS-S WmEAS b3 238 FEAKS 2ol AHIA AR Eol Hﬁ%ﬁ‘d}%
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4. Powers 2| #i%

Bift. cement paste H19] JK4r-& evaporable water $} non-evaporable water o 2o E Vg
47} 9tk ©}A evaporable water = capillary pore Hre] meniscus & 7FA i bulk water (¥
e B9 AAL ZE K BT AHE %FY Kooz v BRKeH BAEK
9 AAE FRAA RH=0.4~0.59 fHiKe] Ak o] F=e]A paste the] dF-£9 capillary
pore Fho] EHEAKE SR 2T HRAA AF3he K52 paste o] ARMEE gt
oh © w2ba RH.=0.40~0.45 D Bl A FstE K582 paste o porosity of o o} Bt
cement paste #1¢] capillary &= 2 A £ cement gel o] 2] to] k= o] capillary Z2[H-& =M
9 FeH 2 EAste Aolzt A4deh 2z Y Fo A& ofF AL gel pore oA &
9] #KgEol Yol gutdt B Y =2 AR FuskA Fech AA paste A& vz
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A 5 EHETAAL o] 59 &gl A Lol Whsln Jonz Bkpe F45: B q
(hydrostatic tension)¢ 2&#& I g7} glch P

cement gel o] ¢]3te] RS Fo] A9l B2 capillary & 238k Bk cement o) #4#o}
A ol FEEEE o] ShW BEAKS AKEES WMol webA “hydrostatic tension”s] Z7heh
Z 37 e F99 HHE et A= 2 el ko] wek Fo) RES fFIH] oz
stel o 3@ffe] =& “hydrostatic tension”s] BE=A EfA FEs FEE EobAw
el FEE AT Eol AL BREE fE A KEe H9d ¥lad FL “hydro-
static tension” o 2 whEe]Zl ot o] AL HEEE] vz wL o)A B KA HkEE
A& vEblE Aol 28y Kile BEIIA FE£3 278 AR capillary  ZRFe] A Rt
FRE = At

@ebA ol Folal RH oA o zr] UTY capillary ZREAE Bo] Iz = Pk
ol A= Firt ZgH ] 9ok 2% EFskxw “hydrostatic tension” 2 £iHS T3t &
< capillary ZRlAY 28 BRAANE 2 Aololok etz A=l fABREANA A
Z3le] “hydrostatic tension”2 ®r} w& RH. oA #fge o] webs FESa Ffge] =23
HAelE o= capillary ZEeIALE vt ZE mRe] 2 2 IR Zo] AH3] #2dd. 2
2]dle] RH. 46 % LI kS RH. o) Ae el 28 IKiEe “hydrostatic compression”e] <]3}
Aol . B paste 7} A &= BN, JEEMERY RRMETENE BORRREC] S Eske Aeldh

fEES] BENA TEikEEAd d& Bk cement paste 7} SEFREAA EHEH ] 7HdA=
HEESD gads B A3t 258z e KK BfESIe) S48 Kok 93
2 aelA ol Edtz, MEHGAA HeE & o2 LA 2434 522 AR BEe
LR o] WFY RELARE HEY $715 7HA Lz 470 Hitste Aoz e
deoch =3 AFE BEAAN FHE 3 FA7 24 o= & KiFol S &3t EES 44
HE Fotrbm wbA Mol deoldeh whek BBF M2 FHRITA FolA =xd 24 geld
BENOR MRS d KBRS BHE WRS 2 Hoed sk g e REdA
Kol ol Edtm WS BEE Z4dch osh widE kEEl el skl Mol Lol
e

5. Feldmann 2| #{&

4. cement paste & fEFIREE A i3 (first desorption) s>, k¥ (first absorption), &
% (second desorption) & v} BEBLS} o] BLFAHRE Fig Do TA}AorR AL
BREME = DA N BBl dehdzgddh olE& KoY FHatkiEe HEAA 2 A
olgt B 4 glonl mg WkEHrel Aol EEe FMREEE EEA & ek o] F A2
EISEET S BB RuTEML = Bl 7d #est deold Aozt E 4
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{Fig.-7> The relation between weight changes
and length change of hardened cement
paste under the drying process.

9% Aol th
Feldmann®-&- BE{t. cement paste o &= ¢

water 9] #ffol 2%k o] Foll glelA FH, T
AR S-S WE Sch EERERE
9lo]A] gel BhilkEES] W3E cement gel o]
colloid @ #A49) =71 & Z& Wikl jennite =
= tobermorite & H Pz =z BREEETS]
JBREK (inter layer water) ¥ #EEEKSE
b #iEK BE KK HES e
ot BYEHE BEEBRE V22 #EER]
MRS S <Fig-8>d EA g <Fig-9>
= BREkE &9 % B wWaEd &
EAF Aolth, 94 RH. 30~10 % <A (a)
—>(b)z FHz FrelA 2F BHEK7 w2l
oFzke] #fLrt Young's modulus & A o]H 3}

evaporable water $& non-evaporable

7ol

A £4 itk RH 10~2% AR (b)—>(c) & 5|3 b2 =8|z [AZe] et Young's
modulus & #W3}etx] ¢z 2 Bold st vk RH.7 % ol 3ol A& F3kel dolfle =ol itk
32 RH 0.9% oA (©— W= Ho BRI AXeA =z Young's modulus & A F4dth
BEsE BEIIE o Rawe Mol deldth (e)ol3e RS MR = KE] WER

o2 HY AFste] sEFS Hilenergy o] WIE dorz (e)—>{)A FHEoEZRY 3E

X; Interlayer water
B: Tobermorite sheet
O: Physically adhesive water.

<Fig.-8> Model of fine structure of hardened
portland cement.
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<Fig.-9> Deformation of layer structure of
tobermorite particles by transfer of
interlayer water.
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A= S Rkt = B 8

B E4F7F BAS Y} 2 €5 8tk RH 50 % 71=] & Zo] ¥yl de]vtxz RH. 50
~100 % o] A& Young's modulus 9] W3 gz 3 Bl AYAe] o2t Young's mod-
ulus & F713tx Aol Wiz A A3 dojyde).

6. ¥ =@

ANA A ERE R A9yl R |t Hste] Powers 9] e} Feldm-
ann 9] S B TlstAh & Powers & EBMEEMAS Rigel = o744 &
TIBGRIT kel BFEREel "otz stgl =, Feldmann 2 ke Mg =2 & NuHE
oo HEEZE MofEe] JRERel et st ot Btk AlSA Ql METE ol H/H MRSl A o
T A1 AS B Hol dom MEEEY HMED Bk Al 2 Bl 2 331
EHf) =23A Xtz Ytk
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