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SUMMARY

I . RESEARCH TITLE

Utilization of Long-term expansionary concrete using MgO

II. RESEARCH OBJECTIVE

Generally, the cement hydration can be caused the volumetric shrinkage in concrete.
this phenomenon is an intrinsic property of concrete. The little shrinkage can also be
caused the high tension stress in the mass concrete due to its large volume, and that
finally concrete will be subject to cracking, because its relatively low tension strength.
The factors such as temperature and humidity gradation in concrete can also induce the
tension stress and thus cracked in the mass concrete.

MgO is one of the expansionary component of the cement. Although MgO can cause
the volumetric expansion, lightly burmnt MgO(burnt temperature is relatively low with
about 950C) can be compensated the shrinkage and can be maintained the volumetric
stability of concrete.

The main aims of this project are to study long-term expansionary properties of MgO
concrete, to verify it's durability and to provide the technical support for the practical
use of MgO concrete in domestic.

For the final aim to utilize the long-term expansionary properties of concrete in
domestic, This study perform that an establishment of mechanism for long-term
expansionary concrete, an achievement of data for long-term properties according to
amount of MgO and a verification research of it's durability. This study also perform
the verification of possibility for the utilization using the measurement for test-bed of
real construction and develope the program for the prediction of optimal expansion

value.
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Ill. RESEARCH SCOPES

®  Investigation of expansion mechanism and verification of durability for
long-term expansionary concrete
- Component analysis of long-term expansion agent
- Verification test of durability (Frost, Carbonation, Salt-attack, Sulfate test
etc.)

- Investigation of expansion reaction mechanism(XRD, SEM, DSC etc.)

® Investigation of expansionary properties of long-term expansionary concrete
- Strength and expansion properties for long-term expansionary concrete
according to aging
- Reproducibility test for long-term expansionary concrete according to
aging
- Foundation of analytical model for strength and expansion of long-term
expansionary concrete

- Self expansion test is measuring according to aging

m Utilization of long-term expansionary concrete

Construction of test-bed and measurement for real structure

MgO mixed concrete was placed on selected test-beds

Long-term measurement system was built and carry out measuring for

test-beds

Make a construction guide for long-term expansionary concrete

Development for fields of application and practical use of long-term

expansionary concrete
B Development of analysis program for long-term expansionary concrete

- Expansion analysis program and expansion model

- Analysis for Test-bed structure

_ix_



IV. RESEARCH RESULTS

In this 4th year of the total research periods, we performed that 1) carry out
the autogenous expansion test for determining an indices affected to long-term
properties of MgO concrete, 2) carry out the durability test an experiment
specimens in 360 aging days, which were used the establishment for mechanism
of long-term expansionary concrete, 3) investigate an expansion properties
according to amount of MgO, 4) reproducibility test for long-term expansionary
concrete according to aging, 6) carry out placing the MgO mixed concrete for

two type test-beds.

The detailed results are following that,

B [Investigation of expansion mechanism and verification of durability for
long-term expansionary concrete

- Analyzed the state-of-the-art for MgO agent and concrete, especially, the
applied examples on the real construction structural and the expansion
properties of MgO agent and concrete in China.

- For the verification of durability such as Frost test, Carbonation test,
Salt-attack test and Sulfate test, made a specimens according to aging.

- For investigation of expansion mechanism using XRD, SEM, DSC analysis
test, made also a specimens according to aging.

- Using manufactured specimen, performed XRD, SEM, DSC analysis at 7,
28, 56, 91, 180, 360 days, 1.5 year and 2 year will be carried at the

age.

® Investigation of expansionary properties of long-term expansionary concrete
- To investigate the strength and expansion properties of long-term
expansionary concrete according to aging, made a beam mold specimens

and performed autogenous expansion test until 720 days.



- For reproducibility test using by domestic law materials, assigned the
long-term expansion test to foreign research centerf(IWHR, China).'s

expansion level are also similar to our test. so expansion estimate

m  Utilization of long-term expansionary concrete
- For construction of the test-bed, it was determined two construction
structure. construction field is Hantan-river dam and test-bed structures
are retaining wall in stilling basin and foundation block of Hantan-river

main dam.

® Development of expansion program
- For the test-bed's data is good, this program is being run checking the

measured data is proper.
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A2d = 7led d%

1. #a37ke] ABFE

ANEMael BFE A AA AT @ A AR hsAdel ot Fle
oRE Tl aTIAYE FEEY $2F FYT A0 AEch 74
A8 o)l oyt

i

n

7t MAAZE A=ste T8 A

AAH (=4) AAE T4 3 Hof
oF 30 MFE oF 209709 | HAHE A=sto
Addeor 8 A 2 FFAEE US4 2ok
Rk ZZAE | E°|(m) Z o] (m)
e Qingxi 1993 52 - e
el T Changsha 1999 555 143 e
(IWHR) & (&) Shalaohe 2001 63.7 185 24
Longshou 2001 80 141
Datan 2002 65.4 150
Bamei 2003 53.0 124
Luguhe 2004 69.0 187

U dle Al S L dAAG
MAZRQ] A4 e XS ZAS A8 5 2 3] F 1% - =] 75
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THFA AT, B FHAYEAEAA T, A TdUS S 7R
o] At 1 FolA T= FYFAATAIWHR)S AFAT7HOZE 30 9 A
HE A7 S22 EY MAUSE dHe S8t | 24 2 Aee AT o
TE FEIL A V8o E, B A7 Ao Bud o #d A 71x A
55 HFsta 9o, FEATE Tt BN AY A ES FAAY UL T
of thgk 7lE®at ofye AWAE R Sl tet Vel i =ws 2] #st
of A8ATE FHst= Aol & A7 A& AVIE 4BV st &F Ha
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AT dUE Aser 5 Ak SU(HH) wr'e BV AAE AR

s}
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Aeid MgO AZFAT BRSA ATE FP5L Y& A0 FUAH o],
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A\ WA AR AT F(Me0) & UA ] EA AR Yato] AAHBE

U AL o2 O EL, FRAA YAt He] A ARE 71 FE
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243 P 2adEe] AT B 712 NLFOEA, FF ST A4
qlel 9 AE Aol B3E N&E B8 & AL Ao A
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3 = TL=[(Z 3 E+3FA) T+ 2 H5)] 1
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5 = (A A+ T ((717]1+8 Z+E B )< A o )*TL 14
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=7} o =9d =4 TEY/FINY |HE=E
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St A7 |EATY .08.25.
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= 200316891 2001.08.21 9 g 2003.03.03 A
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X : H(@ehe A8 Ao FFE = F e &3
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A H(ahY #d AE7F o2 dhl ddxs
* A¥s B dH@aghe daA5S EAste 59 ouwd ¥4y a¥= 2R gyt

CAzae ﬂ&o}oﬁ Zaee 24Re YT 2 5294 5 Zss
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A |- ANERF FFH 4~5%9] A4 MgO 2S Frtste 9A9,

- A48T MgO S AsdA=Z FAgUTH

webs 2 olE] B, JAEEIEH dF FAYES] WEES A= F

3 (AR X‘% a3E =3eta AR, ARMER THH 4~-5%2 A4 MgO

22g Arlete HAT, ALsdd MgO B2e Asas A sl 7A
Hog sl&stel 1 FolWe RAWA 24U Evlsts ol nAFY.

_14_




3. 79 7|eFHF

SOl A= 196691 4 1976'd ¢l Baisham o}x] F& 2] @ AAMA] A3 A244
H MgO7} 23E FAYEY FHEY &35 st HAAT ol F 1980 o -
B, AL243 M0 ZAYES | AMo] g A7 Hgo] 2u3HA o] Fo
A 9o, 1980 dthel 1990 d ] ZHkolE AL 243 Mg AT Eo Uig
A% AN@ALo]l Y, A 7|x2H O3 JF F&o] FsHA A&ste AAE
T2 JAF Tl AFHOE o] FoHT o3} AEE Tk, AFT A}
AP B0l oA 19983 FE AL 24T Mg0 ZAZEE Z /MY ofx e
AA FEEF AEEHJL, FEERE 7EF, AL 55 d& F AU

3 21200 FEelA AL 24T M0 ZIYEE o] &3t AME HEY A
g7 AelEo] Aok 19999 1€lA 497bA] A" F5 Fa5Fo g2 oA |
Q] Changsha®2 53], A2 A28 MgO % 35~45%ANHE £33 25~

3.5%° Bste])E oF 138ue ] A7 A& &7] Hsto] A&ttt | 7oA F
= 8

13
< 7+7} 36.8C, 1.

1) 88 SIYEY AreHE daAF

() AME7IESG 2SS BASL 2EASE AT 5 BT

(3) A4 7% (impound period) &t EEAEE QIF FHFS BT
@) MNEEEE 7771 fdll AlgoleS AU £E5 & das AT

212 MgOZAYEE &3 H(FT7Y A9

o o] Eo] | A9 el MgO ARE | Z oo Al | 27| B3 =5
C m | (m | (x10°m’) (%) (kg/m’) | (kg/m’) (ue) |I=
Changsha | 55.5 143 31 3.5~45 | 120~140 60~80 70~138 | 1999
Bamei 53.0 124 35 50~5.5 183 46 92~100 | 2003
Datan 65.4 150 62 7.0 - - - 2002
Luguhe | 69.0 187 64 7.0 - - - 2004
Shalaohe | 63.7 185 57 4.0~45 107 72 100~130 | 2001
Longshou | 80 141 208 3~45 58 ~96 109~113 | 45~60 | 2001
Qingxi 52 - 150 5.0 120~150 52 ~64 90~100 | 1993
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WTd AE 2 8% 182 A9 sas19 e Xé% Soll g AAZA A7 2
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g Ao 7& A8 o A g3l= A 100

2. =9 HEAH

7t MgO BFAE AT 3729 54
sTooAME A @ AR 3 720 MgO BEAZE A&t MgO 2
A ER 4" A WA @2 Baishan T4 o= 1973d $59] 555 A Y
o A Ao HAMEAT 19821 JilinA ol Hongshi 32 w, 19904
Guandong”d ] Qingxi®¥ ¥ Fujian’d ¢] Shuikou® <] 2 719 AIHE Fo] MgO
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ZAYEE o] &3t PUAHJT. =3 Zhejiang’d ©] ShitangW e EIE &5 7]
z AFA, Sichuan’d®] Tongjiezi¥, Guizhou’d®] Dongfeng® ¥ Puding® ]
MgO E3ERZ AL=A

MgO £32E o Adr|Ed A3 A7 2569 Y 7
o] F3hk-g WAYUSE, MgO AHES} Fa2ES MY E, MO &%) SAEY]
7Aoo g AT FAA B AT s FE FH dvh FA 1048 F
F, FF FEREY A o] MO ZaFES o =

> ZEAE 71 MgO ZAYEE AES W ZRAE R gy o= %
o ZEAHE+ FZ thin arch dam¥ partially gravity damo|t}h. MgO Z =g
E= TEHHY &7 F= AR EH
ZE EA . MgO ZIZEE AL3E thin arch damoll& $H A &9] 29|
o 2 e HEte] & BAES 93 oloFHE =Yt
TAo] B4 . MgO 3 EE dUldoz AAs He] 7zl A
o

o
Y FZHsmall working surface)S 7HA&= Hell 2 ALEHTH AR A

o) BAL LEFFE BASEY ASH 3, £HAFolgol gl 29
E @48 48T 5 Atk B, ATEEES FYA7IH 2EA4E B WG

54 0 Mg0 228 EE Y2 A7PE4E sF< /M S3dA=
% (high volume)®] fly-ash& At
A st Agtetn rlews] 44 A

o]
A& dgslsd fsith MgO 23 E

SEA ;. WoF 7]2o] AT 18~20C A=Y AL 7|20 15~17CE
wEEStHE A FolSo] Yl AlFTlEe] At BRA T dukyg o s

o 7)o g2 A BAES AR g AT o)A FAYE



A (impounding) 2 F& A<l o] FojXtt. 11 o fr= HAZF Lol T

hell ARl 2o 528 4 don 2EistHA ] FEFo] Hr] wjEol

=3

MgO ZIYEE AG 712 9 Hol AFHeA AT + A7t §2 &
ANRA e 5 FEE A Z2AE MgO B3AA 9] 2 8o AFZ A7 el

e AR gelAs Be m=do] AR Aol Aotk ALo 2 MgO A
o ) A7e BRI = & AP Tang Mingshuis MgO B3 9] QA AL g
o AL Al BEAA Aot Aol AT ST F, BAEE, WA

MgOS) gl G v A%

D 2AHLe=

@ AETxE] AN 54

3£ 3.1.2 Active index of lightly burnt MgO

Burnt 950 1000 1050 1190
temperature ()
Ackve T (@) 83 140 268 > 720
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(2) MgOZAg ES] AAEA

ZAYE MgO RHAE AHgste= ¥ 27HA7F Tk Inner-dropped ¥ 2
out-dropped ™ ©| t}. Inner-dropped™ & AIRE ] &g 7G04 MgO F&=& H7t
sk W¥oltt WEA out-dropped™ -2 ©]H| AYAHE A|HE 2 ARIE S 70
Ao MgOE Hrbste otk o5 F 7HA WS MO AIRES] 274
< "Xtk 9 3.1.1<2 inner-dropped MgOE 713t AHIE
B AN BAE UEd Zoin. Ao 2RY, 27AH

olAe) A7 AP E FHFUE JEE A 72 o Felk HAHow B
doeE 2ES 45 & At 19 3.1.2% out-dropped MgOE H71sH ARIEQ]
W@ A7 B Adehe] BAE GeRd Aolth MO HrhEe ZrpAdS
& A7) Aol Frtsta oyt o] 59 A= vlEFo] ofynh o]AL FA
PE %o Mg0o] BAo] o) 74 elabo] o) YL Wi ok e ehac
15 T T T T T
10 oy
o 5 \ V';:/!" ‘(X Thmy
% 1] 3 /Vvvvvi}{,....... 7\ ®e0000°®]
~ \ VV/' :,:'.
§ S5+ \.i\wv‘fv/ ',=/./ B
K . .7!1 :l: cementl
& 10 ge? ° cement2 |
H cementd
{I —V— cement4
-15 u
20 . I . I . I . I s 1 s
0 60 120 180 240 300 360
B (R)

19 3.1.1 the relationship between autogenous volumetric deformation and

time of different cement with inner-doped MgO
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19 3.1.2 The relationship between autogenous volumetric deformation and time

of one type of cement with out-doped MgO
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Az F)el A8 P W] WE MO TAHES g AVHOE A
Holoh ¥ 2o 22 MO BHAN B9 7= AFHLS] B4 AFTEE

A= EAR Ao 919

of gt} & TEZES &F o)F wf 2d; A &-EHojoptt sk WG A
TEx=oltt. 1y, MgO FagEd A3 AP dojof 1~21d F=rE HAAstar
AT 2 AF7IE TF MO A ES A7] AAAEse d5Tues AL
ol deoltt mEtA i 2 e | FE2E2 A4 o] MgO FAHES
AREE AFolle FoAE 7okt o FA7EA, MgO FAZES] HA&3t=
30 A=o 73t T o] FoiH o fAHA e B2 A7 SA T

(3) MgO &3 ES] A7 #zAN
MgO 232 ES] 2ol glo] thebhbs shbe] Fal A (stability)ol . 1]
nEgvEe] ex7) ¢AEE oF, MgO TZIAYEE 15:—%% B Zst =) o

of, o] Xli%q?i H TxE &S doed Aolt}h, 122 MgO

i&

MgO ZIFEE BFE & 10d0] A o] 375 v@%}% A &ska ok 28U
Rio| Ange 2IYEs gsHe dnke AL dEit. 193138
Mg ZAelEe] £xo] utE A7 #5AR}E et
20 7-50° .
wol — _ T-40° —
5 /T=30
2150t/ 7 ///
X L T=20° ‘
sl / R28d 250 BBk TIRE 525" KHKIE
sol/ 5B MgO 4% [EI¥6% MgO 180H
/ u‘i{’irfi‘l’ ¢200m><60cm

200 200 600 R00 1000 1200 1400
#(d)

18313 Long term observation result of a kind of MgO concrete

W ZAYES] 2588 WY A7E W FEEY Y MgO A ES] &3}
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#Ha F2 AFHIL Utk OdF TR MY (RENY, Ax2FF, AVFEF 55
Aol N23 FH2AT P33, vARAHE @ Ll xS #
A 5S ABY) 7ML o] &3t FAFT) ol F YSME BFF] &, BY
TN, BAELE, FAGYANL B F2E FH /e So] a7 W Z3g
Eo £=88 B B At RS ik A7rt oz " Aeolt} g
3 By 238 E o] b B2 i3k A By oA )AL

20} A R
Wdo] 2R3 WS AU Ashs BAATHE A7) A5 BFAL
& AANY Bart Yok TG A7) AN B IR BAh FREe
W7 BAE opIstER HF AY T ogo] ool Bake AL olHT

Q3 £ ZIYE FRE M0 BAAS HL3= A
™ o]A AHES} ZIPES A Zo| EH3)
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do] WAstA Aokt APAH, |H FAYE AR A
periclasex= 50~100 pe®| AP Eo] LAY t= bruciteE F st A= UEp
T} 1980 Metha & WI2EAT Eol 278 S HAY A7
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MgO+ W2FAZES] M3t o) T st AAH =
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(1) Shitang dam

19873 8EFE 1989 4¥€7tA]  Zhejiang®] Shitang® FFZE(pool for
elimination water pressure) A @A 3 ZIAYE EF° AH4A MgO0E H7IME
ZAYEE AFo s BHAEsHH. 1987 BHER FAYE 59 A5 12mx7
mx15mol™ 1989 4¢ 119 B 9 ke/m*9] MgO &Y ZIATES FEY
ZAYE 59 AFE 2mx65mx1.8m |tk #3130 jFEE Uehch

3t 3.1.3 Concrete batches of Shitang test blocks

Materials (kg/m®)

No |[Concrete
Cement | Fly ash | MgO Sand 51%3151“1 20r(;1C()kmm 40r()8c()kmm Water | Water

1 | Co20-1 173 43 0 467 324 486 810 119 0.320

2 | Cgo20-I1 173 43 9 462 321 486 810 124 0.331

39 314 FAYE & AE S LEAE depiRon 19899 €

de Zagee] T $¥E 1393159 YETh 9 ke/m?2] MgOE EUF
ZAYEE 01~1.0MPa?| 4Fe4< Aoy F&Y ZAEE IFSH
ol BATAY. ZATE £ MgO= AZEHE BAds7]ol 28 BFeHE

YA LT

Central line
Thermometerr, jo e

T
40cm Z/l 40cm

stressometer el By 51.5,
44 F
Y
l- /Nz 1

B AN A4

e
t'\Thermometer
r

1% 3.1.4 Location of stress gages and thermometers in concrete

40cm

| 40cm
1500180)cm

cm
\{

{40

“
v

g
l{_,m:ml[}u::m
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o {MPa)
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3 L Z |
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vV ]
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- 0-7 /
- 1.04-
0 15 30 I 80 75
Age (d)
(a) Gage S1 and S2
5 N
; 0.2 0-5.+ N f-
Y

NN

4

[ T-Ss7

N\l

A\

30 45

Age (d)

60

(b) Gage S3 and S4

(31}

Age (d)
(c) Gage S5 and S6

I Concrete contained MgO, II Concrete without MgO
19 3.1.5 Stress of Shitang concrete
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(2) Qingxi gravity dam

2 W2 GuangdongX Dapus Dingjiang sl x|af ow APH7]&L
21Co|t}. 793 199 H+ 7|22 2837C, 11.8Co|t}. =o°] 51.5m, 4°] 315mY
84 Wolr 150,300 m* o] A EVF R E T 1 3.1.69] 2-18W 9 V&
F(04~05L, FA & 7~8m)oll A-2A4 MgO <F 68,000m*7} AHE-= T 1990
795E 19919 7971 3~15W TS BEPES A 19921 49 FE 19921 747}
A 16~18W @S BT das o83 2=AE AT 14~15% 9 &
AQsty FAYES] 2T A S HAASA &gkt

AA ANE71F 5 @ FAHE 20 mn FA12] 2] 2" 2 (polystyrene)F-= ©]-&3}f
o & AHE HAAEA T Wenfu Cement Plant®] P.O42.5 AHEE AH-8-31% 0
yong’ano A &1{tgt E2to] o4 9} Liaoning’d Haicheng®] MgO %A 500 ton<
Ab-8-3} T

ol

3£3.1.4 Chemical compositions of MgO expansive agent, cement and fly ash

MgO expansive agent Cement Fly ash

N Residue() Mgo(%)] LOI%) R;ji‘;;y MgO(%) [cao(iMeolcao@®)|

1] 56 |9%13 | 118 1990.06.29
2 9140 122 | 5853 | 040 | 057 [199007.11
3 85.40 201 | 6103 | 036 | 073 [1990.07.18
4 92.73 232 | 6048 | 015 | 050 [1990.07.26
5 91.47 126 | 5949 | 036 | 1.05 |1990.08.05
6 9033 146 | 5989 | 028 | 052 [1990.0817
7| 380 | 8843 | 37 1990.08.24
8 89.09 144 | 5957 | 031 | 070 [1990.09.03
9 89.23 124 | 6101 | 045 | 049 [19901007
10 90.68 153 | 61.83 | 033 | 049 |1990.10.26
11 91.49 150 | 5921 | 032 | 075 [199011.02
12 92.44 1.06 0.41 1990.11.11
13| 408 |s678 | 402 | 139 1990.11.23
14| 365 | 9108 | 374 | 117 1990.12.05
15 8891 136 013 | 013 [199012.10
16 89.38 154 | 5791 | 053 | 053 [1991.01.13
17 83.44 211 | 5470 | 040 | 067 [1991.0326
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19 3.1.6 Illustration of plan of Qingxi dam

T8 S EEs E3.140 YRSl Z32E WtEE & 3.1.590
o} e 749 9(0~0.2L) o A= 10.75 kg/m* 2] MgO & EYshH L, ot
(0.2 ~ 04L)N A= 8.6 kg/m*e] MgOE EY3ATH

3t 3.1.5 Concrete batches of Qingxi dam

Materials (kg/m®)

No | Concrete Rock grade San?(y 1;atio
Cement | Fly ash | MgO Water ?
1 C9015 150.5 64.5 10.75 129 4 25
2 C9015 173.8 74.5 10.75 150 3 28
3 C9010 120.4 51.6 8.6 129 4 28
4 C9010 139.1 59.6 8.6 149 3 31

ZAgE x3d Mool i &4 (Homogeneity)= 382 Wi o=
= AAste O ARE E3160] UYEMIAT. ZAE Bl x9¥ MgOof #HA
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TES g 108 ALlsta A, B, Coago® YUeth ol A3s Mg09 +
Ades FE3 Aow AdHY
3t 3.1.6 Statistics of homogeneity of MgO in concrete
Section of dam 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13
Sample Numbers 40 | 40 | 50 | 30 | 30 | 40 | 70 | 20 | 100 | 90 | 120

Average MgO (%) 449|484 441|456 |433|4.69|472|435|4.36|4.31|4.23

Mean square deviation

(%) 0.5310.710.74|0.71 | 049 | 0.36 | 0.57 | 1.12 | 0.65 | 0.64 | 0.54

Coefficient of deviation

(%) 119|146 |16.8 | 155|113 | 7.6 |12.0|25.7 | 149 |14.8 | 129
0

Maximum deviation (%) | 3.49 | 2.39 | 4.22 | 3.76 | 2.73 | 1.53 | 3.96 | 4.06 | 4.07 | 5.49 | 2.93

Evaluation B C C C B A B D C C B

Note: A, B, C and D represent excellent, good, normal and bad, respectively.

a9 3175 FAHLE 40T, 0.0, 8.6, 10.75 kg/m* 2] M0 E &E3 ZIAYE A
Ho| A7 AAHE S YepA Aotk 8.6 ke/m*F 10.75 kg/m* 2] Mg0 &9 238
E AL 60 Aol §43] WAL HiF o =9 £52 WA 180
A7 o] A7 AAHEE - 22 147 e 193 peol At

o

Ol

% 318, 29 3.1.9% 11 3.1.10001= 9} 10 Tl A el A7) A A H
3 £xo H3lagS Yl &% A=) S2, 6, S10= W i 10 ol 9
] o2 7|22 HE 25m, 5.7m, 8.0me] =old A3 At 529} S
71Z29 HUeTe AE 20¢ A0l 44T 45TCo|P e o3 Hak 75t
S109 4= AW 10240l oF 39T Hu2E=E 7IF3dth MgO & FAYE
o A7HAUYP L 0L7HA F7kstaL o] Hak HAF S AT MgO & &2
E] A7 RBANP L FAYES] 257} stete AX7MA st doid o
2 F43% xS Hol: 30¥ 3 90Y7tA ZIYUEE ¢4 AAdTH(2
Y3111, 1Y 3.1.12). MgO &% I EZ A4 HolMes A4 #4948 ¢4
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719 3.1.8 Self volume deformation of concrete specimens with 0.0, 8.6 and 10.75
kg/m® MgO cured in 40C

—m—S2

Temperature °C

T T T T T T T T T T T 1
0 30 60 D 120 150 180 210
Time /d

19 3.1.9 Temperature processes recorded in different parts of section 10 of dam

T —=— N8|
—e— N6-]
—A— N7-]
—w— N1
—<— N2

—>— N4

Deformation of concrete /um

T T T T T T T T T T T T T T T 1
0 30 60 90 120 150 180 210 240 270
Time /d

13 3.1.10 Self volume deformation of concrete in section 10 of dam
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1% 3.1.11 Stress of concrete in section 10 of dam
(Negative stress: Pressed stress, Positive stress: Tensile stress)
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1% 3.1.12 Temperature of self volume deformation of concrete in section 9 of dam
(MgO=10.75 kg/m?)
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(3) Shuikou gravity dam

Shuikou ¥4} #-2 FujianX MingingT Minstzd ol 918 At} Zo] 783 m
%°] 80~101m F 16~20m o|t}. 3t HohZL 72m o|th(Z1H 3.1.13) F03F
ZRJET} glow dA¥+7]22 196CeIth 7€ 199 Hd7]2L 287C 10.
Colt}. 1990 84 F-E 1990 12:47bA] 7H~159 @] 7] & ghibi-o] Mgo &
T EE BASY. 293113 ¥ WHUES EASAT. MO Z AT EE
A Fdo] diside AEHd 2=AEE AMESA FUth AWMEE
Shunchang Cement Plant®] P.I52.5 AlMIEE AH&-31 1 Edto] o4+ Fuzhou?l
Al &Rkste] ARE3EA T Liaoning’d Haicheng®] MgO € AHE3SIATH AE-A| 5.9
st 54 #3179 et

)

U3/

3t 3.1.7 Chemical compositions and physical properties of materials

Copressive
N | it Chemical compositions (%) st/r;r;g;h 1;2322‘;(13
SiO2 | AI203 | Fe203 | CaO | MgO | SO3 | LOI | 3d | 28d
1 | Cement | 23.02 | 463 | 3.78 | 61.32 | 047 |2.03 312 | 634
Fly ash | 47.72 | 3858 | 6.22 | 250 | 0.66 | 0.20 | 0.88
0.83 | 91.25 7.76 240
0.20 | 92.73 3.96 421
3 MgO 1.20 | 90.52 6.63 237
1.94 | 90.53 7.13 238
1.61 | 89.13 4.36 179

1% 3.1.13 Shuikou dam
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19 3.1.14 Mlustration of plan of Shuikou dam
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3 3.1.8 Concrete batches of Shuikou dam

Materials (kg/m®)
No| Concrete Rock grade
Cement | Fly ash | MgO | water Sand Rock
1 C9015 116 39 7.4 90 510 1678 4
2 C9015 125 42 7.4 100 599 1558 3

/
_) Block I
Block IT
\ D NI.‘.I‘
Sli.lb .:5:_113_[&
142
® Sis.14 o o100 o Ay
@ N, @ N
y 9. ;i i 7A iii
© Sy = e | ® Snm‘wu‘m;“-"
@ x:9:0 Nis L Nisa 00
@ ©2.0 Se.10 ""; LW Mgo ® Ser.s =4 ——
I e 56 ] !ul
@ 2 0.0 Sag N concrete | =0.00 Nan——2-1.00
@ =20 b—l 5, == Lo ~1.00 — @ Szuo"“N '—!—‘*_ .
0 | oo S Nig a0 @ Suarss w2239 MgO
G —y 7 Y Y \ @ Sf;:zNw‘-‘ concrete
D L -8.5
2 ; § g 14 v b4 14 7 e 14
- .
3 3 = Thermometer for base |2
x - 2
3 g g ° s
£ 3 Ly >
i ) =
=) +
].L =3
=

Note: 10
r1_00 100
a—a NI\ .S./ﬁ—N
@ ©

N—Stressless gage
S —Stressometer

19 3.1.15 MgO concrete in block I and block II as well as gages buried in
concrete

FIYE wgHE E3.1.89 YEF AT M0 ELHFL 74 kg/mPolH MgO =
AYEE 7|25 F4£Y99d gAY 13831159 6m~4me E=1 3 85
m~0.0me] EZ[] 3 Mg0 ZIATEES ZA3ATH
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il

SN P S o]l 83t ZAYE &9 M0 #2AS AFAL ol A
3*3.1.99 YeERIAT 7-19H, 724, 819, 82 Tl Mg0 ¥ THS A
BT & A= Mg0 9 #EAS #FR3I Aow AGE 10, 13, 14, 15 &
me] #AALE BFES Aoz Agd,

a9 3.1.16°0 0%, 4%, 5% Mg0 & EUT LAY E AFA Y VA FS
AEFAT Mg0 & EYstA gL ZIYEE vl$ 2 HyFS YeEhgsle
AYE BRFFS M0 Y Fo] F713ol wet S7hetith FA2= 40T<

o

o

kg
o i M1

¥}S 1331179 EASYET =
E]El_ 1_.——‘—7]' ]'71‘ ]' 1
S &+ U Mgoé%‘

A a
Holl A= A7 2Eddo] HHA FUTh

3t 3.1.9 Statistics of homogeneity of MgO in concrete

Section of dam 7-1 7-2 8-1 8-2 10 12 13 14 15
Sample Numbers 20 40 30 57 70 40 120 | 100 | 110
Average MgO (%) 425 | 438 | 530 | 440 | 412 | 446 | 4.02 | 4.05 | 3.79

Mean square deviation (%) 0.44 | 0.22 | 040 | 0.60 | 0.87 | 0.12 | 0.99 | 1.20 | 144

Coefficient of deviation (%) 9.79 | 491 | 7.62 | 13.55 | 21.19 | 3.68 | 24.48 | 29.86 | 38.00
Maximum deviation (%) | 1.41 | 0.87 | 1.51 | 4.61 | 480 | 480 | 477 | 5.02 | 5.7
Evaluation A A A B D A D D D

Note: A, B, C and D represent excellent, good, normal and bad, respectively.

3004 | —=— 0% MgO
—e— 4% MgO
—4— 5% MgO

8
(=)
1

e ——®

Self-deformation (i)
g

L L T N T L L T L L T T
0 30 60 90 120 150 180 210 240 270 300 330 360 390
Age (d)

19 3.1.16 Self deformation of concrete specimens with different dosages of MgO
cured in 40T
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719 3.1.17 Self volume deformation and temperature of concrete in section 15 of
dam

(T: temperature, N: self volume deformation recorded by strain meters )
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719 3.1.18 Stress of concrete in section 15 of dam cast with MgO concrete
(Negative stress: Pressed stress, Positive stress: Tensile stress)
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(4) Feilaixia hydro junction

Feilaixia hydro junction (¥ 3.1.19) Guangdong’ Qingyuan®| North 3}
of X Atk =ol 523me| FH2 Holw 1995 119 FE 1997'd 10274
A4 = At 160,000 m*e] Mg ZATEE Ho| F&HF A AHEIATE AT

LEACE A 2.

19 3.1.19 Feilaixia dam

Guangdong”d 9] Yindeol A AJ4kE P.O 42,5 A9 E$} Huangpu#7 Ao A &81F
H ZoldHAE A8t Loaoning”d Haicheng East Huanmei Company©ll
A AE A4 MgOE AHESHAH. SR 2YAdde £3.1.1000 YE
Witk #3111 Mgo &Y ZAES] MFES HEALT MO EHFLE
3.6~ 7.1 kg/m’o] T},

3£ 3.1.10 Chemical compositions and physical properties of materials

. Chemical compositions (%) Specific surface area | Reactivity
No | Material ) )
Si0, | CaO | MgO | SO; | LOI (m”/kg) index (s)
1 | Cement 248 | 237 | 1.09 344
2 Fly ash 052 | 578
3 MgO 333 | 1.09 | 9041 2.16 232

3£ 3.1.11 Concrete batch of Feilaixia dam

Materials (kg/m® g
No | Concrete (kg/m) Rock grade Sando ratio MgO (%)
Cement | Fly ash | water (%)
1 C9020 142.3 61 122 4 245 175 35
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13 3.1.20 Self deformation of concrete with 3.5% MgO

(5) Dam of Changsha reservoir

Changshas}? ¢] Changsha #5A ¥ Guangdong’d Yangchunol 9J*s U
o} Zo] 1426 m, %£°] 555m, & 3.87 m(*H) ~ 9.66 m(3HH)3] o] FXE ol XY
olth. FTAYE AREEE 30,000 meolH AW EI|&E 22TCeIH. MgO A E=
1999 1¥5-H 19999 49742 A Hell M8t A ES] 2=A01E 9

S PWF oleRe ABHA FHWL AEIHA Gtk

19 3.1.21 Dam of Changsha reservoir
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Guangdong”d ] Yunfuoll Al A4tE P.O 425 AW ES} Huangpu i Aol A &
HE I53 EFgoldldE AHE3EAT Loaoning’d Haicheng East Huanmei
Company°ll Al AH4Hd MgOE ARSIt st 3 8 de 3 31120
RStk & 3.1.139) MgO &% 3 EY miFEE Yehyiler MgO U

& 35% ~4.5%°|t},

3 3.1.12 Chemical compositions and physical properties of materials

Chemical compositions (%) Residue on Reactivit
No | Material 0.080mn | oY
Si0; | ALO; | FexOs | CaO | MgO | SO; | LOT | | index (s)
sieve (%)
Cement |20.16 | 5.29 | 342 |61.06 | 3.69 | 258 |1.93 1.3
2 Fly ash [50.44 | 2349 | 9.08 | 6.08 | 1.44 | 0.87 | 5.06 11.0
243 | 036 | 053 | 0.60 | 88.57 7.06 0.2 183
3 MgO
1.61 |92.24 1.62 236
3 3.1.13 Concrete batch of dam of Changsha reservoir
Materials (kg/m’) o Sand ratio
No | Concrete Cement | Fly ash Wator MgO (%) |Rock grade (%)
1 9020 145 60 100 35 45 3 27

E ¥3.1.14° YeEAY. MO #3284 T35 A9 BIH. ol Z234= M09

ar

FA4S BRF Ao Bud

3t 3.1.14 Statistics of homogeneity of MgO in concrete

Altitude of dam (m) | 190.0~200.0 | 200.0~207.5 | 207.5~215.0 | 215.0~230.0 230.0~245.0
Sample Numbers 90 45 45 88 90
Dosage((yo)f MgO 35 35 45 42 45

Avera(%f) MgO 357 3.70 4.40 439 434

Mean square deviation 041 0.39 045 055 022

(%) . . . . .
Coefficient of deviation 115 105 10.2 125 40
(%) . B . . .
Maximum deviation 208 1.45 181 251 0.80
(%) . . . . 0
Evaluation B B B B A

Note: A and B represent excellent and good, respectively.
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13 3.1.22 Self volume deformation of dam concrete at 3m, 10 m, 20 m, 30 m and
50 m away from rock base

(6) Bamei hydraulic power station

Datan 3139 Bamei®¥ 2 guangdong’ Ruyuan©ol| #x]si o™ Zo] 125m,
%°] 53m, F 35m(dHF) ~10.0 m(stF) 9] olF =& obA Holth. ¥ FATEE
31,000 m*7F EHEE 10w MgO A2 EE 20031 2€%E 2003 8€7kA] A
Holl Bpdstgion 3.0C~354TC2 2=R9E YR A8 oj5F= 24

kA gtom 2xAoE A% AFHA FAHAMS AHESHA &g

Rl . . ol
1% 3.1.23 Dam of Bamei
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Liaoning 5 Haicheng®] MgO& AH&3t3i o™ MgO9| 3ttt =24
& #3115 YeERAT #31.1690 MgO0EY ZIYES Hig®
H MgO EYHFE 5.0%°Ith 19 3.1.24> Z
ot MgO F3=2 Qg gL =34 0

A7te gde BEEA Rtk

R

rL
Ay
o
ko
_L
HU J
fz
0%
ol
2
o
2

3£ 3.1.15 Chemical compositions and physical properties of MgO

Chemical compositions (%) Reactivity

SiO, ALO; | FeOs CaO MgO LOI | index (s)

No | Material

1 MgO 0.10 0.36 0.24 1.99 93.38 2.00 262

3 3.1.16 Concrete batch of Bamei dam

Materials (keg/m?® R
No | Concrete (kg/m’) MgO (%) ock Sando
Cement | Fly ash Water grade ratio (%)
1 C9020 183 46 126 5 3 27
120
{ | —=—20C
101 | —e— 30C
100 —a— 40°C
904 | ¥ 50C
80
2 70
® 60
8 50
S 40-
30
20+
10
0_ T T T T T T T T T T T T 1
0 10 20 30 40 50 60 70

Age (d)

19 3.1.24 Self volume deformation of concrete contained with 5% MgO and
cured at different temperatures
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(7) Changtan hydraulic power station
Changtan ¥ o] 121.5m, %°] 535 m % 4.0 m(%+F)~12.0 m(3}+F) % olF3
E ofxdolth | 23 EE 29,000 mo] AFEENOH Mg0 I EE 20043
d5H 1029704 dA] Holl e AT Holl= 2719] o]=F7F 1o
B0 LEANE A5 AgSHE AFH SYWL ASFHA 2tk @Y 239
E5E °F 300C, HEAYEANN FAHH A 5= 527CAH:
Liaoning’d Haicheng®] MgO & A&t om AHMERFS] 55% ~5.75% 2] MgO
g EYskarh

|

[

(8) Dam of Shalaohe reservoir

Shalaohe #]<+A W& Guizhou’Xd Guiyangoll #1X|a Ut Zo] 184.81m, %°|
612m, % 4.0m(3F)~128 m(3HH)<l o]F=FE otx o]t} 50,000 m'e] HEA
FE7F AFLE AT 20013 3L EE 10¥€7FA MgOZ B EE AA WHol e}
o Wl e AASA ggkon] @ 2aYE] LEAE AT ABA
SAME AHESkA dtth 20021 W /M EHECA 5749 #do] TAHUT.

1% 3.1.25 Dam of Shalaohe reservoir
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Guizhou Cement Plant®] S84 ZEWE AW E(middle heat Portland
cement)’7} AHEE O Guiyang TH40 IN5E ZTolodi4E AHEsiAt
Liaoning”d Haicheng®] MgO & AH-83t5 o
MgO 3= QI3 Wio] 2rslio] WE F5& a9 oE WAste 2S¢

T Atk

Zolth. MgOe 32 g ZAYES HHo] A3 259 574l dAst=
AR A F2 skl e e & 5 AT 35%9F 4.0%2] MgO &9 Z47
EE A odolAe HAELS oF 120 ped} 140 peo] A H ok

ot
]

71 238.20

19 3.1.26 Dosage of MgO in concrete

250 T=50C
200 T=40Q'C
= T=30"
160
o
hag T=20'C
*= 100 t
w
50
U e - e 1 A
0 200 400 600 800 1000 1200 1400
t/d

19 3.1.27 Self deformation of concrete specimens contained 4% MgO and cured
at from 20T to 50T
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1% 3.1.28 Strain meters buried in dam concrete
Microstrain /e Temperature /°C |
180.0 T e T T T —7 30.0 ‘
! [—M —N —8 —Temp. | ! | \
ol o o S S—, S RN O 25.o!
100.0 ' ‘
60.0 L
!
I
200F------r------ e Il
1
i |
_20 0 4 1 1 1 1 0_ 0
01-3=22 N2-3-292 03=3-22 04-3-21 5-3-21 06-3-21 07-3-21
Altitude 1177.0 m (MgO=3.5%)
: : =
Microstrain /U Temperature / Cl
T T

180.0 \

T T == ||350
M= —%—Temp ] |

02-4-27 03-4-27 04-4-26 05-4-26 06-4-26 07-4-26

19 3.1.29 Self

Altitude 11895 m (MgO=4.0%)

volume deformation of dam concrete at altitude 1177.0 m and
1189.5 m
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(9) Dam of Sanjiang reservoir

Guizhou’d Guiyang®| Sanjiang 3t ol 9123t Sanjiang A1 +A ©-2 Zo] 1374
m, 0] 715 m, Z 4.0 m(“3H) ~ 104 m(3HH) 2] ofxYolth AFHF7]2 1537C,
193 799 HH&5+ 51T, 24To|th 37,000 me] @ ZAYETL AHEH AL H
20021 12¥ %€} 2003 5€70A MgO ZAEZ A ol b= Aok

d ZaYE] 2EAE AT AEHA SAWS AHRHA &Fkoen F 79
I olFHIF AAHJA FEe EHHA gt

Liaoing”d Haicheng®] MgO & AM&-3t3 0™ SHH-Z A ELL AHZ A Eol A
HES] 45%, 5.0%° MgOE &4ttt 137 3.1.32% 3% 1100.0 m} 1115.0 m
ore] H FagES 2x9 HIEES YEl Aotk MgO 3tz A3 3ol

2 AL 4 F Aot 35%9F 4.0%9 MgO &
A FIAYEE A 4~53A HPELS <F 1050 peol AU

19 3.1.30 Dam of Sanjiang reservoir
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1% 3.1.31 Plan of Sanjiang dam
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(b
1% 3.1.32 Self volume deformation of dam concrete at altitude 1100.0 m and

1115.0 m
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(10) Luojiaohe hydraulic station

Guizhou’d Dafang®| Baipu 3}zl 9123t Luojiaohe & &x 4 H(Z1H 3.1.33)
< 4o] 195.6m, %°] 81.0m, & 4.0 m("3+H) ~ 15.8 m(3H) ] ofx|Ho|th. A+
718 1417C, 193 7€9] BH25+ 4.0C, 23.1TCo|th 96,000 me] & FHZE
7F AREE e 20051 129 F-E 2006 9E7HA] MgO ZAZEE A Hell B
23kt

H ZAYEY 2EAE At AFAHA SAHAES AHSEHA @gker v 79
L o] F RV AAHAL 7 LS THEA FUTh Liaoingd Haicheng®| MgO
g AHgstdom ARER] 50%, 55% MgOS ST

19 3.1.33 Luojiaohe Dam

(11) Machaohe hydraulic station

Guizhou”d Sangtao®| Daliang 3t ol 912% Machaohe 34
1420m, =°] 675m, & 40m(dH) ~95m(3HE)2] ofxdolt} AHF7| L
141°Celtk. 50,000 me] @ ZABEZF AREHASH 2007'd 1€5E 11€7HA
MgOZ AT EE AA el ebdatdrt

H ZAYES EEAE A% AFHA AN S AEHA FdHh Qiandong
Cement Plant] P.O325 AWEE A831% 2™ Dalong &4 N5F ZEo]
§HE A&t ™. Liaoing”d Haicheng®| MgO A E AEstion A2
=9 BHEE 47 90.23%, 232s o]t 311791 H A2 ES| wigEet A
71 S Yl EI8EE 75~82 peo] FAHFES YR

9o Aol
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3£3.1.17 Batch and self deformation of concrete

Material (kg/m?) Self
No Rock deformation
Cement Fly Water |MgO Water Sand of concrete at
ash reducer 5~20 [20~40|40~80(80~150 90d
1 144 62 | 109 | 124 1.65 611 | 315 | 315 | 472 | 472 75
2 132 88 | 110 |13.2| 1.76 608 | 312 | 312 | 469 | 469 82

(12) Laojiangdi hydraulic station

Guizhou’d Xinyi®] Huangni st ol| %3t Laojiangdi a4 H(H
3.1.34)2 4ol 121.25m, ¥°| 67.0m, F 5.0 m(FF) ~ 16.0 m(3+) 2] o} x| Ho|t}.
AR 7] 2L 161°COITh 62,000m>e] H FAEZF AHEH IO 20079 1297
E] 2008 10¥7kA MgO £ EE Al dol epdstoh

d ZAYE =AM E f% AT FAERS AEHA Ut Nanxia
Cement Plant2] P.O425 AHEE ALE3tH o™ MgOEYHFE 1.3%°l™ Anshun
Lo I5w EgholfHE A& T Liaoings Haicheng®| MgO A&
AFE3ta T %3189 B ZIgES wgd e AWM AS QT 2aYE
= 69~ 93 ued] FARFES UERAAT
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3 3.1.18 Batch and self deformation of concrete

Material (kg/m”)
Rock Self
No | cement| Y | Water | MgO | WA |sand | 5~20 [20~40 |40~8 | deformation of
ash reducer concrete at 90d
mm mm mm
1 147 63 | 118 | 105 | 1.68 743 | 414 | 414 | 552 69
2 142 94 | 121 |[11.8 | 1.89 | 712 | 414 | 414 | 552 93

(13) Longtan downstream cofferdam with roller compacted concrete
7FE9to]l H(coffer dam)> Roller Compacted Concrete® AAF Ut Ao

273.0m, ¥°] 51.0m, & 40.9 m(“¢+) ~ 7.0 m(3H) o]t}
NHAE : Zgtolo4] : & =55: 105 : 870 60%2] MgO g7} AH&5 ATh
T EAAT 14kgs AHE3IA 2™ 30,000 me] MgO FABETL 4EE]
ZZ2RE 45~264m B FA 21.9me 7HEo] ol e E A 200413 3
12958 449 1997HA eHdatdnh. AW ol BASHA dger A 2
AYES 2xA0E A% AFTH] SHHELE AHESHA Fdh
719 3.1.3500 BAA e o5 HAR BFFES JEAT 2EF O g
EQ 2EFFS BASIET AMSE oz duE

ri

180
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N
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o
1

120

100

(o]
o
1

[o)]
o
1

S
o
1

—u— NA-7
—eo— S7-1

Self-volume deformation /um

O 1 T T T T T T T T T T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200
Time /d

19 3.1.35 Self volume deformation of MgO concrete in cofferdam
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3 3.2.29] UrEWj A3} 7o) S1000-0.59F S1000-1.08] AA F=A| 2o FHU3sith
gy 249 74 9-(51000-1.0), F=2717F O AW whebA HIEHA LS B} o 2
o}, Bl = 5900-1.09] A4 Al }OI 5900-0.5° Hl3} © AARF A2 o & HEHA
< Yepdth 32200 YERA A o] AT} A AZTe] FTFSHE MgO e

UEs 7M.

(a) S900-1.0 (b) S1100-1.0

1S5kV X2Z@, see

719 3.2.1 Effects of calcination temperature and residence time on the morphology
of MgO¥
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719 3.2.2 Effect of calcination temperature and residence time on the specific
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3£ 3.2.2 Properties of MgO calcined under different calcination conditions”

Calcination |Residue| Crystal Lattice Specific Pore Average Densit

Sample | temperature | time |grain size| distortion |surface area| volume |pore width ( 72:1;’)
(©) (h) (nm) (%) (m2/g) | (cm3/g) (nm) 5

5900-0.5 900 0.5 21 0.16 53 0.19 15 297
S900-1.0 900 1.0 29 0.06 55 0.22 16 3.02
5900-1.5 900 15 37 0.04 46 0.18 16 3.12
51000-0.5 1000 0.5 30 0.02 50 0.24 19 3.13
51000-1.0 1000 1.0 43 0.02 40 0.24 24 3.26
51000-1.5 1000 15 66 0.01 19 0.10 25 3.32
51100-1.0 1100 1.0 >100 - 4 0.02 23 3.43
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7} 29 tro]l A Mg09 97.05%7F =3HHH-g- 3 THLH 3.2.4(a)).

A 7oA MEA-46°] e ZE MgO7F &3]
o] Ao FAE 71U THLE 3.2.4(b)). MEA-3252] 7%, ¢kt
e o] Mg(OH),7F A% 2 ellA = om o] FAE S 58 AT
¥ 3.24(c)). MgO 9] 3=+ 453% ATt ¥ 7LollA Mg(OH),7t B3t oH
T E7F 9.9% 2 F7FFATHLE 3.24(d)). MEA-1966% HI-9%- %3] F3ik-g-o]
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719 3.2.3 Effect of calcination temperature and residence time on the neutralization
time of MgO”
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1% 324 SEM images of the hydration products of MgO cured in water at 20°C*
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19 3.2.5 Expansion curves of cement pastes containing 8 wt.% of MgOwith
different neutralization time®
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1% 3.2.6 Backscatter SEM images of MgO embedded in cement paste cured in
40°C at the age of 270d”
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19 3.2.7 XRD patterns of clinkers burned at 1100-1250C for 1 h
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1% 3.2.8 SEM and EDS of MgO-bearing expansive agent burnt at 1200°C for 1 h
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19 3.2.9 Expansion of pastes contained 0%, 4%, 6%, 8% and 10% expansive agent
burned at 1200C for 1.0 h and cured at 80C in water
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19 3.2.10 Hydration and expansion model of the porous MEA with high activity

in the cement paste.
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19 3.2.11 Hydration and expansion model of the porous MEA with low activity

in the cement paste.
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1% 3.3.2 Expansions of concrete prisms containing 8% MgO cured at 80°C in

water with fly ash®

3£ 3.3.1 Flexural strength of concrete prisms after curing at 80°C in water

Concrote Fly ashes MgO Flexural strength (MPa)
(%) (%) MEA-A MEA-B MEA-C
F00 0 0 7.96 7.96 7.96
F05 0 5 8.18 8.62 8.67
F08 0 8 8.72 8.06 9.03
F30 30 0 7.27 7.27 7.27
F35 30 5 7.30 7.38 7.84
F38 30 8 8.15 8.40 7.39
F60 60 0 6.14 6.14 6.14
F65 60 3 7.08 5.72 6.18
F68 60 8 722 5.66 6.94
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Spectrum processing :
Peaks possibly omitted : 2.073, 2.320, 6.390, 9.427, 12.970 keV

Processing option : All elements analyzed (Normalised)
Number of iterations = 4

Standard :

C CaCO30
Si02

Mg MgO

Si Si02

Ca Wollastonite

Element Weight% Atomic%
CK 3.34 5.16

O K 57.06 66.17
Mg K 3345 25.52

Si K 1.53 1.01

Ca K 4.62 2.14
Totals 100.00

Spectrum 1

! S00um ¥ Electron Imaae 1

0 2 4 ] 8 10 12 14 16 18 20
Full Scale 1063 cts Cursar: 0,000 ket
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Spectrum processing :
Peaks possibly omitted : 2.075, 2.328, 9.430, 11.032, 12.580 keV

Processing option : All elements analyzed (Normalised)
Number of iterations = 5

Standard :
0 Si02
Mg MgO
Al Al203 " .
Si SiO2 Spectrum 3
Ca Wollastonite ¥
Element Weight% Atomic%
O K 59.29 76.99
Mg K 2.54 2.17
Al K 0.45 0.35
Si K 4.27 3.16
Ca K 33.44 17.33
Totals 100.00

' S00pm ’ Electran Image 1

0 2 4 6 8 10 12 14 16 18 20
Full Scale 1063 cts Cursor: 0.000 kev|
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349 ARE A=A =E A

A& A 7ds 28ds 56ds 91ds 180ds 360ds
A0-20 25.25 39.03 43.78 51.94 57.30 59.86
AO-40 32.86 43.47 48.71 51.74 54.24 54.18
A5-20 24.04 35.00 40.76 43.36 50.55 53.46
A5-30 27.68 38.45 43.97 45.30 48.00 49.44
A5-40 26.12 40.66 44.73 48.39 47.26 46.43
A10-20 20.72 31.78 37.27 40.50 46.41 50.00
A10-40 26.32 37.73 41.65 42.73 38.65 37.06
B0-20 28.52 36.47 41.99 45.81 52.76 56.24
B0-40 33.81 41.28 44 .52 44.19 48.60 48.86
B5-20 25.55 34.57 40.88 44 .84 49.88 54.71
B5-30 26.89 35.08 40.98 44.76 48.01 48.50
B5-40 27.15 40.40 45.60 47.79 47.24 49.98
B10-20 24.68 30.72 35.87 40.97 47.05 49.70
B10-40 26.19 34.97 40.57 40.35 38.41 36.79
7O
GO r
RO+
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30 F
20
10 F
AD-20 AO-40 AB-20 AE-30 AE-40 A10-20 A10-40
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T Days Hydration
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91 Days Hydration
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(2) SEM A&

Y& Topconijit-®] FE - SEM(Field Emission Scanning Microscope, D150F)& ©]-&3t m] A
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(3) DSC A&
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#3502 ANHES ey 23 =4 AE

_ £ 83
SiOs | Al,O3 | CaO | FexO3 | MgO SO3 a5 A= 2o
(%) (%) | (%) (%) (%) (%) 2—;—; (g/cm®) | (cm%/g)
0
Cement | 21.60 6.00 61.40 3.10 3.40 2.50 0.21 3.14 3,539

353 EolofA 9 stekd A =24 dA

fkl

SiOz A1203 CaO Fezog 803 PzOs MgO Na20 Kzo SI‘Og ‘_‘QE
(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (g/cm?)

Fly
. 678 | 1827 | 317 | 240 |240| 1.00 | 08 | 078 | 068 | 0.19 2.20
as
¥ 354 MgO +29 3stghx =43 Z24 44
) z4 £ 83
SiO; | Al,O3 | MgO | CaO SO3 FeyO3 7 <5 =t
(%) | (%) | (%) | (%) | (%) | (%) " (g/emd
(%) (%)
MgO | 156 | 020 | 9202 | 201 | 013 | 098 2.68 2.83 3.24

3 35500 Al A Ze] AHgS ZAEC] wigdulyE AElEo] Atk BE F % 12, 24, 45
MPa (w/b = 65, 48, 35 %) Al FF LAY E 3] 15 ANES} Zefo]oA ke A&
3 dul 2 E Wi AHE Ao 5%S MgOE hAlgF MgO Y EZS E3to] &
6T F ZAYE wiFS AP AESHAT

¥ 355 Ago] Alg3 ZAE vl

Mix Mix w/b s/a Unit mass (kg/m?)
No. Type (%) (%) W% C FA MgO S G
1 K12-0 203.1 50.8 0.0 949.4 920.2
2 K12-5 6 o2 165.0 190.4 50.8 12.7 949.6 920.4
3 K24-0 275.0 68.8 0.0 837.6 942.3
4 K24-5 48 48 165.0 257.8 68.8 17.2 837.8 942.6
5 K45-0 377.1 94.3 0.0 749.9 914.2
6 K45-5 S 46 165.0 353.6 94.3 23.6 750.2 914.6
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714, fanon= A8 91LA Y B A=A =010,

# 359% 4 (353)°N AR B, AlFE ZANE MY T/l wek Aelste F2 Aotk

AELAEE AF(L,)E AHEHA MgOE 4% Z23gEV 9 & @S /HAE 2e 3
g 4 9lon, o]F Tl MgO ZIEV ¢t FIYERT =¥ FELd £55 HAE
e & Ark =3 AZho] Bx Ao wet 5.9 57l FdAeT, ol Y% F
F9] MgO9| E9e°l w/bol Fagle]l TATESY FEdd Lo FAZ IFE 7ATE
AeE & F Ak
# 359919 AEE VFoR A& [, A g
TR K12-0 | K12-5 | K24-0 | K24-5 | K45-0 | K45-5
fem(or) (MPa) 216 21.7 389 37.3 59.7 52.8
B,. 0.41 0.46 0.35 0.40 0.17 0.22
R2 0.987 0.982 0.989 0.983 0.994 0.989

1% 358 ~ 359+ 4] 3535 o] &3 g S3S B AT A AP nludte] e

W Aew APt d5gte]l 2 Bete 2e & 7 A
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Aerpo(t) = Ae,{1—exp(—axt"7)} (3.5.6)

A7NH, Aeyolt)e A tol Aol MgOe] A71BH F71%, Ae, = MgO9] HF 7|83
74, o MgOo] A% £% A%, ti A% (day)elth
B Aol 5u dolws AAATE MROR HF AV|WH FEE G&H go]

=% & Qo

T )0486

Ae, = 67.8 < exp(0.4X w/b)x (20

71A, Ae,t MgO9 HF A% 37, T FALE(C)olth ZaES] HF A7)
B FNHF(Ae)e FHLE, g FAUES B/AFA vl(w/b)ol & ek 4
A, FYLe=rt E3 FANES w/b7t FFF MgO TAYES] BAFL A vehy
w/b7h Fe FAYENA MgO9] Fael B Fie] T3 FFH WEOR B

-]
rlr
o,

C), 23ES B/

) Y
EL5E M

ag
@)
o

L

S, ol w/bh B A AMES] Fapukgoe] W Joju} pHL F43
Bolx7] wWEe] MgO®] 3 Ed Wi AYHY] WEd Ao pAth B ATFolA
243 MgO 2agE9] BFAFARE T3 < &

a =0.0022 < 7Y% (w/b)~ 17 (3.5.8)

G714, o' MgOo] BH &5 A4, T= FALw(C)olT
2 356014 AT MgO Bl w2 ALF| BAEEAR()9 HAFE A7 AH S
(Ac,) 9 A AL HF 7183 S712S & 351000 BatAeh. A@z o =7k
A% ANAH FVF
[e)

Y FEe

S0l AT A%E 407 MgOo HF A
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3% 3527 MgO #F a7 odF 242 35609 A5 A€, awt

N K12 | K12 | K12 | K24 | K24 | K24 | K45 | K45 | K45

T -T20 | -T30 | -T40 | -T20 | - T30 | -T40 | -T20 | -T30 | -T40
Ae,, |Agz | 87 122 161 84 118 156 77 107 | 138
(x10°%) | I3k | 88 125 | 160 82 116 | 149 78 111 | 142
a 0.0359 | 0.0472 | 0.0574 | 0.0609 | 0.0803 | 0.0976 | 0.1059 | 0.1396 | 0.1697

R’ 0.981 | 0995 | 0999 | 0.997 | 0.980 | 0.959 | 0.637 | 0.405 | 0.662

| -
o= K455 A @At g widd t=2A 7)o AFaATE & FAHA G ol AR
¥ H7l Wiio R AsdE.

200
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€ (t)=¢€_(w/b) < ﬂ(t) (3.5.9)

.. (w/b) =—2,360exp [— 7.2(w/b)] for T=20C

€0 (w/b)
e, (w/b) =—1,430exp [— 5.5 (w/b)] for T=40C

—1,760 exp [~ 6.3 (w/b)] for 7=30C (3.5.10)

B(t)=1—exp(—axt’) (3.5.11)

# 3511 w/bell WE 44 a, b

w/b = 0.65 w/b = 0.48 w/b = 0.35
a 0.02(T/20) 0.06(T/20) 0.6(T/20)
b 0.85 0.70 0.30

Zaelee] $% $58 AYSE AF o b BF w/brt RolASE ol Ae & S
glov], ol A ES w/brt Fe5F 27 RE ANES] £33} s A o] 2
£ %ol 27 et u% = gk

AC)

39 G ZagEee] gojwsh AY A3
M

2MPa2] Z3TEE 20T FA 45
2 mdol 27 £Zo] A% d @ﬂ% 2golskAl vEREH], ol& 20T oA FA S K12-09]
A 274 ¢kzke] BAUYNS JEMH =Y ol £E2rdo] BAAIFS v A &) o
wolth AR AAH S 2 Miyazawa & Tazawa®] TAHEHo] B AT oA A2 MgOE &
YUshAl o83 K12-0, K24-0, K45-09] Zeoldss & vele A & + A
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A6 A MgO BY ZAES BHEH AP AYJ(V)

1. 44 M8

7h AHE

<Medium-Heat Portland Cement, Low-Heat Portland Cement and Low-Heat Slag

Portland Cement> (GB200-2003)°l ]3] AWESAZA RS FhtAth A FAA+= & 3.617%

® 3620 E=ASAT AWES 318HEA L2 <Test Methods for Chemical Analysis of

Cement>(GB/T176-2008) & A}-&-3}o] Al st$Th.
NG A= E 36300 EASET AY 393} 7Y A 9] S319-E 278,300 K]/ keol Th. TAM
air micro-thermal analyzerE ©]-&3t YA 2o A ANES 35d3%} Fly-ash %

2 MgO =
523 AW E] that Al FS AA AT o)

A= AMES] #31d P& o] st

rot

= 58S Foh A¥ARE F 3649 19 3619 AT
¥ 361 AHEZS =837 EA4
e T e A1zt (h : min)
| AsSE PN R i
(8/cm) | () (%) (cn'/g) MAAZE | FAANZE
AW E 317 0.91 26.6 341 4 3:21 4:51
GB200-2003 i
_ _ _ A . .
Az <12 4 >1:00 <12 : 00
& 362 ANWE Z= A@ZAH}(MPa)
Compressive strength Bending strength
3d 7d 28d 3d 7d 28d
AW E 34.4 45.8 58.1 6.2 7.5 8.5
FTEEARES] 2 F=x1
> > > > > >
(GB200-2003) >12.0 | =220 | =425 >3.0 >45 >6.5
# 363 AMES gL 4 Ad (%)
Chemical .
.. 5102 A1203 F€203 CaO Mgo SO3 KQO NaQO LOI
composition
AW E 2119 | 454 | 320 | 6174 | 310 | 215 | 1.03 014 | 2.39
FTEIEAWE
o a7z <5 | =35 |NROY0E8K0
(GB200-2003) =06
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# 3.64 TAM air micro-thermal analyzerell & 3t A @A

Hydration heat (kJ/kg)
No.
12h 1d 2d 3d 4d 5d 6d 7d
AHE 14.6 | 110.0 | 184.0 | 221.5 | 2495 | 271.6 | 289.5 | 304.2
AHE 80% : FA 20% 304 | 1069 | 1624 | 193.3 | 215.2 | 232.0 | 244.8 | 254.9
ARE 95% : MgO 5% 129 | 1063 | 184.4 | 221.3 | 248.7 | 269.9 | 286.9 | 300.8
A= IZ/TEO:SIZ/? 20% 263 | 1043 | 163.7 | 194.8 | 216.7 | 233.2 | 245.6 | 255.4
Hydration heat (kJ/kg)
e 8d 9d 10d 11d 12d 13d 14d 15d
ARE 316.3 | 326.3 | 334.4 | 341.3 | 3471 | 352.1 | 356.4 | 360.3
AHE 80% : FA 20% 263.3 | 2704 | 276.6 | 281.9 | 286.7 | 291.0 | 295.0 | 298.6
ARE 95% : MgO 5% 312.2 | 321.6 | 3294 | 336.0 | 341.5 | 346.3 | 350.5 | 354.2
ARE IZ/?;)O:SE/? 20% 263.3 | 270.0 | 275.8 | 2809 | 285.3 | 289.3 | 293.0 | 296.4
Hydration heat (kJ/kg)
e l6d | 17d | 18d | 19d | 20d | 21d | 22d | 23d
ARE 363.7 | 366.8 | 369.6 | 372.1 | 3744 | 376.6 | 378.6 | 380.4
AHE 80% : FA 20% 302.0 | 305.3 | 308.4 | 311.3 | 314.2 | 316.9 | 319.6 | 322.2
AHE 95% : MgO 5% 357.5 | 360.4 | 363.1 | 365.6 | 3679 | 369.9 | 3719 | 373.7
AE IZ/?:)O:SIZ/OA 20% 299.6 | 302.6 | 305.4 | 308.1 | 310.7 | 313.2 | 315.6 | 318.0
Hydration heat (kJ/kg)
No.
24d | 25d | 26d | 27d | 28d
AHE 382.2 | 383.8 | 385.3 | 386.8 | 388.1
AHE 80% : FA 20% 324.6 | 327.0 | 329.3 | 3314 | 333.5
ARE 95% : MgO 5% 3754 | 377.7 | 3784 | 379.8 | 381.2
A= ;25’02512/? 20% 1 3202 | 3223 | 3243 | 3263 | 3281
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400

C t e
e Thment95 % Mg 03%
Cement 803 FA20G e

200 Cement 75% FA2 G M=05%

Iop

{Jig)

Lo

5 10 15 10 15 30
Time(day)

1% 361 20Tl AME 3t W3t
Red curve : MgO 0%, Blue curve : MgO 5%, Brown curve : MgO 0% + Fly-ash
209, Green curve : MgO 5% + Fly-ash 20%

1. Fly-ash
Fly-ashi= <Fly Ash Used for Cement and Concrete>( GB/T1596—2005)°l ]3] A3 A
At e AgAzE #3659 YERNSTE Fly-ashE &3 AWES] ES4E+ ®

3.6.6°1 YEFHIAT. Fly-ash®] 3182 54 <Test Methods for Chemical Analysis of
Cement>(GB/T176-2008) & ©]-&3t Al @stA o™ APdAFA= & 3.6.7°0 HEFHA.

3 365 Fly-ash o =22 54 H7} A3}

. . Water Loss on
Gravity Fineness ) o SO,
No. /i) (%) requirement Ignition ”
(8 ratio(%)) (%) (%)
Fly-ash 2.34 20.96 94.0 1.07 0.60
GB/T1596 —2005
< < < <
(Grade I fly ash) =12 =% =5 =3
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3 3.6.6 Fly-ashs AT AHNES HF=AE 43 (MPa)

. Compressive strength Bending strength
0.
3d 7d 28d 3d 7d 28d
AR E 34.4 458 58.1 6.2 7.5 8.5
Fly-ash : 20% 36.1 48.8 6.8 8.7
Fly-ash : 30% 294 429 5.7 7.9
# 3.6.7 Fly-ash®| & &4 A (%)
Chemical | "gi 1 A1L,0, | Fey05 | Ca0 | MgO | SO, | K0 | Nayo | LOI
composition

Fly-ash 54.65 | 19.62 9.32 8.66 2.20 0.60 1.02 0.63 1.07

<Test Code for Aggregates of Hydraulic Concrete >(DL/T5151-2001)¢]]
vx, 298, HBEAE, SSD AHdlA ) 53, +2FSF

=
59 EAL gyt AEREE ¥ 3683 19 3.620 JEHAT BZA o EAS

& r
L
il
2
o
1A/
bl
o

=<1

3 368 IUIAL AEAE 23

oo off Soge Accumulative sieve residue (%) Fineness
pores (mm) 5 25 | 125 | 063 | 0315 | 016 | <016 | modulus
Sand from 032 | 192 | 636 | 2553 | 8827 | 9874 | 100 2.20

K-water
fine 0 |3~10|5~30|30~50|55~70|85~90| 100 | 1.78~2.50
Sand
classifica [medium| 0~8 |10~25|30~50|50~67 | 70~83 | 90~94 | 100 | 2.50~3.19
ti
O | coarse | 8~15 | 25~40 |50~70 | 67~83 | 83~95 |94~97 | 100 | 3.19~3.85
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100

80

60

40

Accumul ative sieve resi

10 = 2.5 1. 25

0.632

0.215

0.16 5}

Size of sieve pores(nm

13 3.6.2 Gradation curve of Sand

E 369 EA =UF 4E AEAH

Items e Sand
Fineness modulus 2.20
Stone powder content, % 1.26
Gravity on S.S.D basis, kg/m' 2.607
Water absorption ratio on S.S.D basis, % 0.69
Mica content, % 0.02
Sulfide content, % 0.05
Organic material content Passed
Light weight material content, % 0.07

AN o SSDAH A o T, FEFTE firmness and crushing index 5 A1 @3

¥ 3610 FS =A9 E8Hd Ad A2

5~25 mm 5~40 mm
Items
aggregate aggregate
Gravity on S.S.D basis, kg/m' 2.698 2.724
Water absorption ratio on S.5.D basis, % 0.55 0.43
5~10 mm 4.5 -
Firmness, % 10~20 mn 5.2 -
20~40 mn - 0.3
Crushing index, % 8.4 -
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2k, MgO 3|
MgO 3 %A} o] gt AlPL  <Test Methods for  Chemical  Analysis  of

Cement>(GB/T176-2008), <Medium-Heat Portland Cement, Low-Heat Portland Cement and
Low-Heat Slag Portland Cement> (GB200-2003), <Fly Ash Used for Cement and
Concrete>(GB/T1596 —2005)& ©]-&3&t Attt Al @A3= & 3.6.113 & 3.6.120] LE
W At

3 3611 MgO ARAe =814 54 Ad23%

Producer Gravity (g/cm) Fineness (%) szgjli C;t;;f)a e
Haicheng
DongFangHuaMei - > -

& 3612 MgO BAA 9 35tz EA AdAIH(%)

Producer MgO CaO Si0, LOS:S . on
Ignition
Haicheng 92.44 1.16 2.60 3.15
DongFangHuaMei
Sta.ndard =90 < <4 <4
Requirement*

* Note: The requirement was according to <Requirement on Lightly Burnt MgO for
Hydraulic Engineering>(Trial Implementation) established by State Resources

Burea and Institute of Water Resources and Hydropower Planning and

Designing in 1994.

2. MgOR3AY Ald 2 A3

7l A= AE
MgO HFAS BH=E= FAME A FR(citrate method)E  ©] &3t  AAISATH
°

SHTE 200 mL8] TR Y-S FHlstar d8T

z

Z(B0T+1 C)«l Fxo 898 G T wkS 93] 45me nREr9F £33 MG 2001102

S| A4 55 7HA = HOIL-1B type2] A4 1 Hb7](magnetic agitator) 2 ©] &A1t} wuka} 4 5

A EHES 7HEsHA de=Th 1.7 g9 Mg0 AREE &0 ¥ sz &9 2%e< A
743k & g o] Mol gre FH2Ao] & wzhxe] ARt 7] E7iT

o A=

AN F5E m7HA 9] MBS M0 o BEARRE Aot AdLaE £017] 4
30C=E dASA FASoF 8t shdo] HHZ nlo|AE ARESioFdth 1% ==
A 1

g} 100 mee] o+T-LA)oK95%)F F=H]FTh.
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U BAEAE 29

MgO A ST ANFZA3, SR E= 337

rr

o A= AIF
<Autoclave Method for Soundness of Portland Cement>(GB/T750-1992)°l £|3t L EF#|

olH AFH-E o] &3ty AASATE E-AWE vl AFAA 3] ZAASIATE MO <}
fly-ashe] ERF ARME SFHZ 0, 1, 2, 3, 4, 5, 6%E AHE3IATH

= 3 3.6.139] YeE AT

- 151 -



#3613 LEAHCIE AR AFAH
FA Expansion
Cement MgO dosage | Expansion ratio ratio after
dosage o . o Remarks
Type (%) (%) after boiling (%) | autoclaved
(o]
test (%)
0 0.087 0.130
1 0.092 0.187
2 0.097 0.282
Distorted and
3 0.109 curved, unable to
0 measure
Distorted and
4 0.113 curved, unable to
measure
Distorted and
5 0.145 curved, unable to
measure
Distorted and
6 0.161 curved, unable to
Cement
from measure
K-water 0 0.056 0.103
1 0.064 0.159
2 0.073 0.247
Distorted and
3 0.083 curved, unable to
20 measure
Distorted and
4 0.096 curved, unable to
measure
Distorted and
5 0.105 curved, unable to
measure
Distorted and
6 0.113 curved, unable to
measure
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3. MgO 233 E

7t MgO AT ES WigE} =4 #2 FATEY &4
MgO ZAYES] &S = (K-water)ll A 11]%3]'93\ H. APt A, £H9=8
cn) 2t 71 F(G+1.5%)E 7] A8l FstEsA o] EdFe =HsAH.
W/B:35%-MgO:0%, W/B:35%-MgO:5%, W/Bd5%-MgO:5%2] Az EolE 5~25m 2
2 Aga9om W/B:65%-MgO5%ol talAE 5~40m SAS ALatgTh. WAEE =
3.6.14°1 YA A %S FIYES EALS <Test Code for Hydraulic
Concrete>(DL/T5150-2001)°l ] A3t A& AASHA oW AFAAE= & 3.6.159 HEFH S
=

¥ 3614 ZIYE MITE (kg/m)

No. Water | Cement FA MgO Sand Stone spP

W/B:35%-MgO:0% | 165.0 377.1 94.3 0 749.9 914.2 2.83

W/B:35%-MgO:5% | 165.0 353.6 94.3 23.6 750.2 914.6 2.83

W/B:48%-MgO:5% | 165.0 257.8 68.8 17.2 837.8 942.6 1.72

W/B:65%-MgO:5% | 165.0 190.4 50.8 12.7 949.6 920.4 1.27

E 3615 =A 2 TAYUES =94 54 ANIAH

No. SP (%) Slump (cm) Air Content (%)
W /B:35%-MgO:0% 0.6 20.0 4.8
W /B:35%-MgO:5% 0.6 18.0 5.0
W/ B:48%-MgO:5% 0.5 9.2 6.3
W/B:65%-MgO:5% 0.5 7.0 5.6

- 1583 -



13 3.6.4 Air content test

19 3.6.5 Specimens for compressive strength Z1¥ 3.6.6 Molding of expansion specimens

19 3.6.7 Molding of expansion specimens 1% 3.6.8 Specimen (W/B:35%-MgO:0%, 20C)
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Aed EAS Foslr] f8l ZAYEY UFAE A FES <Test Code for Hydraulic
Concrete>(DL/T5150-2001)l &J3] AAIsFA S 150 nm x 150 mn x 150 nm 2 A2 Al @A & Al
Aot Nde AASAT AdAdE & 36150 UERA AT

# 3615 ZIHE =45 AIAx

Compressive strength (MPa)

No.
7d 14d | 28d | 56d | 90d | 0.5y ly 15y | 2y

W/B:35%-Mg0:0% 444 | 509 | 596 | 659 | 728 | 814 | 796 | 71.6 | 75.7

W/B:35%-MgO:5% 447 | 487 | 594 | 645 | 685 | 699 | 60.1 | 582 | 725

W/B:48%-Mg0:5% 222 | 287 | 35.6 | 427 | 446 | 483 | 521 | 57.7 | 584

W/B:65%-Mg0:5% 11.8 | 14.0 | 185 | 246 | 268 | 303 | 329 | 329 | 343

. MgO 3 ES BF WAUEEAR &4 ANEZAH
o] Aol = A7IAA M ofs AAHYP (S W)Y A4S Add 5 Aok A7A
2 Mo gk A2 <Test Code for Hydraulic Concrete> (DL/T5150-2001)°1 ©]&l 4 A]
stelom 27| W g AdAHAE & 3.6.1600 HERHATH

N
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# 3616 ZATYE A7|BH

HE AdEy

FA

Autogenous volumetric deformation, (<10~ °)

No. SaIiInple W/B | dosage, Cemer}1t, kMgO; }\i\/atef Teorélp.
o. %) | ®m) |(ke/m)\(ke/m)| (C) | 14 | 2d | 3d | 4d | 54 | 6d | 7d | & | 9d | 10d
W/B35% .
1 MgO0% 0.35 20 377.1 0 165.0 | 20T 0 -25.71 | -32.05 | -38.58 | -43.55 | -49.14 | -54.86 | -60.38 | -66.09 | -71.72
2 20C 0 995 | -958 | -9.93 | -10.68 | -12.51 | -14.82 | -17.29 | -20.56 | -22.02
W/B35% .
3 MgO5% 0.35 20 353.6 23.6 | 1650 | 30T 0 -16.67 | -24.82 | -29.88 | -34.13 | -37.68 | -40.45 | -43.39 | -45.81 | -48.59
4 38T 0 -9.42 | -17.53 | -22.59 | -25.83 | -19.57 | -24.11 | -24.23 | -24.74 | -25.03
5 20C 0 297 | 517 | 770 | 844 | 9.06 | 10.02 | 11.16 | 13.11 | 13.51
6 W/B48f 0.48 20 30C 0 12.84 | 14.74 | 1257 | 987 | 584 | 271 076 | 1.31 0.75
-MgO5%
7 38T 0 735 | 928 | 848 | 627 | 444 | 449 | 686 | 731 | 6.86
8 20C 0 114 | 415 | 673 | 9.08 | 11.42 | 14.07 | 17.23 | 1859 | 19.46
9 W/B()Sf) 0.65 20 30C 0 11.24 | 1492 | 17.08 | 18.82 | 20.22 | 21.12 | 22.68 | 22.87 | 24.04
-MgO5%
10 38T 0 10.85 | 16.75 | 21.61 | 25.82 | 29.56 | 32.82 | 35.81 | 37.63 | 40.09
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(continued)

FA Autogenous volumetric deformation, (<10~ °)
Sample Cement, | MgO, | Water | Temp.
NoNo. | WP 90588 | oy | (ke m) | ke )| (O)
i (%) & 11d 12d 13d 14d 16d 18d 20d 22d 24d 26d
W/B35% o
1 MgO0% 0.35 20 377.1 0 165.0 | 20C | -76.25 | -81.27 | -85.83 | -90.22 | -97.23 | -103.1 | -111.4 | -113.2 | -118.3 | -122.3
2 20C | -24.24 | -27.29 | -29.04 | -31.02 | -34.43 | -36.78 | -39.18 | -41.18 | -42.84 | -44.15
W/B35% o
3 MgO5% 0.35 20 353.6 23.6 | 165.0 | 30C | -49.90 | -51.08 | -51.60 | -51.56 | -54.90 | -56.30 | -56.61 | -57.16 | -57.28 | -57.75
4 38C | -24.19 | -24.32 | -23.10 | -23.13 | -19.88 | -17.40 | -14.95 | -11.34 | -9.06 | -10.21
5 20C | 12.27 | 11.90 | 1048 | 9.76 8.03 560 | 4.84 | 493 562 | 4.72
6 W/B48OA) 0.48 20 30C | 228 278 | 416 | 3.87 | 447 | 392 | 2.68 324 | 135 1.51
-MgO5%
7 38C | 7.40 6.54 | 6.01 -0.37 2.67 0.44
8 20C | 19.61 | 20.81 | 20.96 | 22.01 | 23.23 | 23.94 | 24.74 | 25.19 | 25.80 | 24.74
9 VI\\]/[/ng;;’ 0.65 20 30C | 25.21 | 2657 | 28.20 | 28.78 | 3213 | 3345 | 35.59 | 37.16 | 39.26 | 39.96
10 38T | 42.83 | 44.20 | 40.79 | 40.88 | 40.32 | 42.28 | 44.48 | 5142 | 52.03 | 53.86
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(continued)

FA Autogenous volumetric deformation, (<10~ °)
Sample Cement, | MgO, | Water | Temp.
NO. NO W/B dosage/ ( / ma) (kg/ ms) (kg/ mz) (OC)
i (%) & 28d 30d 35d | 40 d | 45d 50d 55d 60d 70d 80d
W/B35% o
1 “MgO0% 0.35 20 377.1 0 165.0 | 20C | -126.5 | -129.9 | -142.5 | -149.5 | -150.2 | -156.9 | -161.3 | -165.6 | -174.8 | -178.8
2 20C | -45.65 | -46.57 | -52.54 | -55.81 | -52.77 | -55.76 | -56.40 | -57.10 | -61.17 | -59.98
W/B35% o
3 “MgO5% 0.35 20 353.6 23.6 | 165.0 | 30C | -55.96 | -54.22 | -47.80 | -37.64 | -39.94 | -35.17 | -30.90 | -26.21 | -17.65 | -9.22
4 38C | 924 | -6.66 | -049 | 2.01 6.37 | 4.97 798 | 1096 | 12.85 | 17.19
5 20C | 3.60 3.25 4.53 5.10 5.53 6.44 6.44 6.54 6.27 7.21
6 W/B480A) 0.48 20 30C | 096 | -1.57 | 1.03 1.59 2.78 1.73 2.73 487 | 1093 | 12.01
-MgO5%
7 38T 0.73 0.33 2.09 6.41 797 | 9.38 9.37 | 13.29
8 20C | 23.81 | 24.33 | 2445 | 2471 | 2491 | 24.77 | 2513 | 25.74 | 2625 | 27.89
9 YK/[/nggﬁ 0.65 20 30C | 41.60 | 42.03 | 47.27 | 49.56 | 53.11 | 5743 | 58.57 | 6149 | 65.36 | 69.85
10 38C | 54.00 | 55.10 | 58.39 | 60.68 | 62.40 68.10 | 72.76 | 72.51 | 78.23
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(continued)

FA Autogenous volumetric deformation, (<10~ %)
Sample Cement, | MgO, | Water | Temp.
No. No W/B |dosage, (e/m) |(ke/m)|(ke/m)| (T)
; (%) & 90d | 100d | 120d | 140d | 160d | 180d | 200d | 220d | 240d | 260d

W/B35% .
1 MgO0% 0.35 20 377.1 0 165.0 | 20T | -180.2 | -182.1 | -183.2 | -184.1 | -182.3 | -182.3 | -183.3 | -184.5 | -185.6 | -185.8
2 20C | -57.19 | -55.26 | -49.70 | -44.58 | -38.29 | -33.5 | -31.0 | -27.7 | -265 | -24.4
3 Vl\\]/[/glggg(f 0.35 20 353.6 236 | 1650 | 30C | -6.15 | 492 | 1001 | 1330 | 7.82 | 1.88 | -1.51 | 032 | 570 | 7.10
4 38C | 2030 | 22.24 | 31.54 | 39.65 | 47.12 | 50.36 | 4545 | 37.73 | 4813 | 464
5 20C | 654 | 724 | 873 | 11.04 | 11.72 | 13.01 | 12.82 | 1345 | 1595 | 18.92
6 W/B48OA) 0.48 20 30C | 1025 | 1477 | 757 | 294 | 3.63 | 216 | 094 | 096 | 146 | 1.01

-MgO5%
7 38C | 1594 | 20.13 | 25.86 | 30.19 | 3091 | 31.46 | 3255 | 3512 | 37.75 | 39.82
8 20C | 28.00 | 29.39 | 31.82 | 33.80 | 34.63 | 36.27 | 37.11 | 38.35 | 39.57 | 41.46
9 YK/[/ng?ff 0.65 20 30C | 68.03 | 68.38 | 59.54 | 62.14 | 61.18 | 68.36 | 63.94 | 69.14 | 60.61 | 62.42
10 38C | 80.99 | 86.50 | 91.95 | 97.05 | 92.48 | 86.45 | 90.8 | 92.0 | 934 | 94.0
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(continued)

FA Autogenous volumetric deformation, (<10~ %)
Sample Cement, | MgO, | Water | Temp.
NoNo. | WP 90588 | oy | (ke m) | ke )| (O)
' %) | & s . 280d | 300d | 320d | 340d | 360d | 380d | 400d | 420d | 440d | 460d
W/B35% :
U | Mgoow| 35 | 20 | 3771 | 0 | 1650 | 20C | -1853| ~1850 | ~180:8 | ~1804 | <1786 | ~174.1| -1747 | -I1718 | 1746 | 1746
2 20C | 215 | -183 | -126 | -97 | 55 | 04 | 11 | 36 | 78 | 105
3 |W/BS% a5 | 20 | 3536 | 236 | 1650 | 30C | 779 | 9 | 96 | 106 | 113 | 116 | 111 | 112 | 12 | 126
"MgO5%
4 38C | 451 | 423 | 497 | 466 | 526 | 532 | 523 | 512 | 521 | 547
5 20C | 215 | 251 | 281 | 312 | 363 | 387 | 368 | 388 | 404 | 415
W/B48% :
6 | Mgosn| 48 | 20 30C | 12 | 13 | 05 | 03 | 23 | 38 | 25 | 15 | 10 | 12
7 38T | 430 | 447 | 463 | 447 | 47 | 478 | 600 | 586 | 589 | 60.3
8 20C | 435 | 466 | 488 | 516 | 562 | 564 | 551 | 562 | 572 | 581
o |W/BSHI g5 | 20 30C | 652 | 655 | 59.1 | 638 | 649 | 646 | 669 | 689 | 703 | 72
“MgO5%
10 38T | 958 | 964 | 962 | 9.1 967 | 9.1 | 974 | 981 | 982
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(continued)

FA Autogenous volumetric deformation, (<10~ %)
Sample Cement, | MgO, | Water | Temp.
NoNo. | WP 90588 | oy | (ke m) | ke )| (O)
; (%) & 480d | 500d | 550d | 600d | 650d | 700d | 750d | 800 850 900
W/B35% .
1 “MgO0% 0.35 20 377.1 0 165.0 | 20C | -173.7 | -174.2 | -173.8 | -178.9 | -175.6 | -176.5 | -181.0 | -181.1 | -180.3 | -180.5
2 20C | 111 112 | 148 | 133 | 134 | 141 | 142 | 137 | 147 | 144
3 W/B35f’ 0.35 20 353.6 236 | 165.0 | 30C | 132 12 118 | 119 | 102 | 121 | 128 | 126 | 138 | 128
-MgO5%
4 38C | 533 | 536 | 542 | 529 | 53.1 | 530 | 533 | 54.2 54 53.8
5 20C | 424 | 433 | 462 | 475 | 462 | 481 | 483 | 489 | 493 | 484
6 W/B48OA) 0.48 20 30T 1.5 -1.9 -1.3 21 -1.9 -3.2 -3.8 -3.8 -4.5 -4.7
-MgO5%
7 38C | 610 | 60.7 | 63.0 | 622 | 63.1 | 625 | 648 | 638 | 62.6 | 628
8 20C | 596 | 608 | 652 | 66.6 | 668 | 672 | 675 | 693 | 711 72
9 W/B650A’ 0.65 20 30C | 714 | 682 | 683 | 69.7 | 688 | 701 717 | 709 | 708 | 69.1
-MgO5%
10 38C | 100.1 | 100.1 | 100.6 | 1009 | 101.0 | 99.9 | 100.3 | 994 | 98.7 | 99.6

Note: The age of concrete autogeneous volumetric deformation is t-1, that is, the benchmark is the value measured 24h after the molding of specimens.
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(continued)

Sample | W/B Dosage Qe | W0, | Wit Curing Autogenous volumetric deformation, (<10~ °)
No. N Rati of FA, 3 |k 3 |k 3 Tempe
o. |Ratio) —, " | g/m3 ‘kg/m3|kg/m3| . | 950 | 1000 | 1050
W/B35% .
1 “MgO0% 0.35 20 377.1 0 165.0 | 20T | -180.9 | -182.7 | -183
2 20C 134 14.3 14.5
3 W/BBSf’ 0.35 20 353.6 23.6 165.0 | 30C 131 12.4 13.4
-MgO5%
4 38C | 542 | 543 | 539
5 20C | 46.7 | 483
6 w/ B480A) 0.48 20 257.8 172 | 165.0 | 30TC | -43 5.1
-MgO5%
7 38T 63.2 64.9
8 20C 724 72.6
9 W/B650A) 0.65 20 190.4 12.7 | 165.0 | 30T 69.2 70.2
~-MgO5%
10 38C | 100.3 | 103.2

Note: The age of concrete autogeneous volumetric deformation is t-1, that is, the benchmark is the value measured 24h after the molding of specimens.
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4. MgO 23 E9 BRRE
<= StAQl Bofang Zhu®] 470 W=H, AWAIE AHE vig o2 3 MgO
ZAES FARAL 53} o] X

F(T,t)=F,[1—exp(—aT"t")] (3.6.1)

714, T : MgOZATEQ &5(T)
t: MgO A ES] FAAZHd)
Fo : Al HZBAZF(<10 ")

a, b, c : ¥l E
9 T AAROE F H FHEH, ot A dS & U
Ina +bIn7T+clnt = In [~ In(1— F/F))] (3.6.2)

gkek In 79 In[—In(1— F/F))E Zt2t 7f2 23 A 22o)g
1,3} t,o1 49 NPATE o] gatel F He] HY HHe 1Y
7147, F2HE 09 = AN HHOZRE 7 £ Ut o] A Y
B & Ads] 2dstH 49

o] AT, A=} Tt

MgO ZagES] AEAFFL Lk B PHL

b 38Tl A FAT MgO ZaBE ANFARE TEH T
BAol| Algste] E-AHEHN] 7} 0659 04891 MgO ZITEQ] F
TatA . BEAe O 3699 17 3.6.100 YERIATH H
2 3.6.49F 2T,

o

= oo

Og;‘; r_?l(‘
ftlo

f

oL

o i
o

=
1>
rlr
1>
(8]
(o)}
(O8]
:;1

F(t) =104t/ (t+21.25) (3.6.3)
F(t) =103t/ (t+450.65) (3.6.4)

HI12] 3.63% 3.64ZFE], S-AHWEH 0.65%9} 0482 MgOZ AT E 9]

- 163 -



HEFPAFL 104x10 7 103x10 So)T}.

HIA] FALEE7F 20T 38Colar A 1009 7 20091 AN AHE o] &3
gt E a, b, & TEFATE ol E o]&ste, E-AIREH] 0.659 048< 7HA&=
MgO 3 ES] FFRIDS 23659 23.6.65 o] AA3AT.

F(T;t) = 104[1 — exp(—0.00002 7% ") (3.6.5)
F(T;t) =103[1—exp(—0.000008 7" t"57)] (3.6.6)

120

) Fmmmmmmm e e e e o ——RIEER -
—a— Y ELER
0@
0 100 200 300 400 500 600 700 800 900 1000
B (R

19 3.6.9 Test results and fitting results of AVD of MgO concrete (w/c=0.65, MgO
dosage=5%)

80

70

60

50

40

30

20 F-— @5 ] —&—Experiment results

10 il -----—----—-———-"—"—~~—~—~—~~~~—~~~~~ | —=m—Fitting results

26 126 226 326 426 526 626 726 826 926

1NN
19 3.6.10 Test results and fitting results of AVD of MgO concrete (w/c=0.48,
MgO dosage=5%)
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A7 H MgO £ ZIYES YTEA 2 HAS(M)

1. 43 Ms

F 371 A9 W 8 e

AY ¥ 7l & I v 1
AR MPa 12, 24, 45
E o] o Al FA 20%
KL I AT ey MgO 0, 5% NEE ZF |
FEEE T 20, 50°C TETE
EX4E 12MPav ¥ Z3YEE, 24MPav A5 FE2EE, 45 MPax 1%
T FAYESEo|H aigHl= E 3729 Eoh
® 372 A% W H A
Hfj < 9] #(kg/m3)
(E;f;g-},‘—_- Gmax | W/B | S/a AE
M;oe:ﬁg (mm) | (%) | (%) | W | C | FA |MgO| S G ﬂ’“ozﬂ
L) (Bx%)
% 175.0 | 2154 | 53.8 | 0 | 9287|9002 | 05
12520 o © 175.0 | 201.9 | 53.8 | 13.5 | 9289 | 9003 | 05
12-5-50
% 165.0 | 2750 | 688 | 0 |837.6|9423 | 05
_ 24520 ® I 165.0 | 257.8 | 68.8 | 17.19 | 837.8 | 9426 | 05
24-5-50
% 165.0 | 3771 | 943 | 0 |7499 | 9142 | 05
_ 45520 ® i 165.0 | 353.6 | 943 | 23.6 | 7502 | 9146 | 05
45-5-50
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2. MgO £9 23 WTH AFA A

7} AeAR
(1) AHE

AFES KS L 52015 WHE5shes 54k SAbY] 15 R 5= ARNES AH83)
Fom 3etx EgA 2AHAEE ¥ 3.7337 2

¥ 373 OPCe 3stxA 9 584 A4

¥F | 5i0, | ALOs | CaO | Fe,05 | MgO | SO; | Insol. | ®= | Barx
z= (%) (%) | Ce) | (%) | (%) | (%) | (%) | (g/cm) | (cur/g)
OPC 2160 | 600 | 6140 | 310 | 340 | 250 | 021 | 314 | 3539
(2) MgO

MgO &2 AdEst A FE M0 A ES] FH5H 9&F= F
23k ga0)7]d AA3 FA S ok Rtk WEkA FFolA ojn Al H
oA AR MgO 2XH 298l FEd8oz ot Thaste] A
o] Ml A FAFAQl MgOE AR M, 1 MgO 9] 8|3 A2 & 37.
on, A 8 FPe Hrlstd AHSTbe A4 MeO de A

o}

3 374 MgO9 3t E B =83 44

7 e
[ - A I I N
= Si0, Fe,O | Al,O3 Mg O CaO SO3 Fe;,O3 21 3k 5H Zk o
53 %) | %) | %) | %) | %) | %) | % | | B | &
(%) o m")
= (%)
MgO | 156 | 040 | 034 | 9358 | 121 | 008 | 040 | 268 | 7.80 | 3.24

(3) =&FolelA

ZAYES 34 AA tF o8 FEpoloAE ARl Hed # ATl e
ZAYES] 20% U= AASAT. =4k sAY] EEfol oA E AFEEkl o, B}
AEEE E 3759 2Th

U:
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3 375 ZToloiAle AR B =2 HA

fsol—
% SiOQ A1203 CaO F6203 SOs P205 MgO Na20 KZO SI‘Og H]%
& (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (g/cn)
_'F:"_
Eefo]
o 2] 678 | 1827 | 3.17 | 240 | 240 | 1.00 0.8 078 | 0.68 | 0.19 2.20
4) =
Mg0 Z3IYE u|Fgo] ALH IANZE FIFA= HlFo] 245°]3, F5E0]
1.07%1 SALE ARESIR e, w2 SAEE AW X7 40m! FF, ¥lEFES
A A<¢7F 25 med A$, HEFS

273, &5E0] 0572 A4S AHEsIgEoH,
o
=]

2.70, E&°] 0.44¢ A& ALLFAT

24& 93t 3 HARY 2728434 114
A, E213 24L& E 3763 2oL

¥ 376 318 &35iAe B3 AH

3= 3o B PAR-E:
A Ak A0 A} nl = = B By S
%TET o o = 7o ] 3 (%) pH (CXWt %)
A5
A g A 1.05 20 7+2 0.5~2.0
AEZF A
. FAA A 2 A
MgO 3T E A|Z+= KS F 2403 3T E FEATE FAA A 2ol w
#o ZA), ZEA), AHNE =D M0 BTS E95le Au S 18 307t g
=58, 5283

g5 AJUlske] 18 30%3F wigts
3-8, AN E S, d3lE S S48,

Zslg k. FAS LE=Z(20T, 50T)ol wet g4

- 167 -



2+

A Al

A

¥4 (20°C)

=i
=

[}

s

2 oy

A A A=

oL
[€)

a4 371

- 168 -



W
<

g0 &4 EIYEY U748 AN¥

4y flo

) AE FAY

o osf aYstAtt.

2l KS F 2405 : 2005 "Z =8| E 9]
g3t om ZAJAFEE KS F 2423 : 2006 "Z A E Q] #27Y

2w

. ¢24=AY A%
1) FFB=ANTE AT AE)

A A

(A2 & Ao E) Test 1 Test 2 Test 3 (MPa)
12-0-20 8.83 9.32 8.90 9.0
12-5-20 7.81 7.69 7.78 7.8
24-0-20 18.91 18.31 18.89 18.7
24-5-20 17.10 18.32 17.49 17.6
45-0-20 36.86 37.82 37.25 37.3
45-5-20 34.16 36.92 34.38 35.2
12-0-50 12.41 12.11 12.63 12.4
12-5-50 10.83 11.64 10.65 11.0
24-0-50 28.19 30.00 28.62 28.9
24-5-50 26.18 26.31 26.52 26.3
45-0-50 48.12 46.05 47.77 47.3
45-5-50 43.45 43.59 45.58 44.2

Q) ASAEANY AE8Y HE)

A A

(AE-E 8RN ET) Test 1 Test 2 Test 3 (MPa)
12-0-20 14.90 13.80 13.43 14.0
12-5-20 13.04 13.43 13.22 13.2
24-0-20 30.81 30.75 30.01 30.5
24-5-20 24.59 25.32 25.52 25.1
45-0-20 45.94 46.40 46.64 46.3
45-5-20 44.87 4511 44,98 45.0
12-0-50 19.17 19.05 18.47 18.9
12-5-50 18.45 19.52 17.78 18.6
24-0-50 31.00 28.41 31.56 30.3
24-5-50 28.39 29.89 29.03 29.1
45-0-50 55.51 56.76 55.67 56.0
45-5-50 50.17 50.64 50.78 50.5
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B FEZEAT AHGeY 4 E)
RER: B
(A= &Y ET) Test 1 Test 2 Test 3 (MPa)
12-0-20 16.51 17.33 18.85 17.6
12-5-20 15.56 15.45 15.39 15.5
24-0-20 33.92 33.3 35.95 344
24-5-20 33.33 33.26 33.17 33.3
45-0-20 53.24 53.89 55.25 54.1
45-5-20 47.99 47 .41 47.76 47.7
12-0-50 20.81 21.66 22.54 21.7
12-5-50 19.62 21.27 20.96 20.6
24-0-50 35.70 35.89 36.50 36.0
24-5-50 35.24 34.68 34.87 349
45-0-50 53.80 55.19 54.82 54.6
45-5-50 51.51 51.98 52.10 51.9
@AFAE=AND AH0E A=)
Az o 7
(A=- ?Z‘—?J s Zo]: Ao Test 1 Test 2 Test 3 (l\jIPa)
12-0-20 22.62 22.90 22.32 22.6
12-5-20 20.39 22.20 22.51 21.7
24-0-20 38.86 37.73 40.10 38.9
24-5-20 37.36 37.26 37.19 37.3
45-0-20 59.35 59.84 59.97 59.7
45-5-20 51.88 52.71 53.67 52.8
12-0-50 24.97 24.35 22.93 241
12-5-50 23.84 23.12 22.39 23.1
24-0-50 38.05 35.81 36.99 36.9
24-5-50 33.06 33.42 34.82 33.8
45-0-50 54.03 53.83 57.86 55.2
45-5-50 54.17 54.97 54.56 54.6
EUFAEAY AH180Y )
A5 o+t
AE-EY -G L 5) Test 1 Test 2 Test 3 (MPa)
12-0-20 24.37 25.10 24.76 24.7
12-5-20 24.85 25.45 23.86 24.7
24-0-20 49.20 42.32 49.65 47.1
24-5-20 47.19 45.16 47.11 46.5
45-0-20 63.73 58.12 61.94 61.3
45-5-20 54.97 54.57 57.18 55.6
12-0-50 25.75 2303 23.84 24.2
12-5-50 24.10 23.38 23.56 23.7
24-0-50 39.59 43.68 43.35 422
24-5-50 35.10 37.47 35.77 36.1
45-0-50 68.00 65.26 64.63 66.0
45-5-50 55.00 59.11 63.16 59.1
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O)ASHE=A D AHEO0Y FE)
A o+t
(A= - ET) Test 1 Test 2 Test 3 (MPa)

12-0-20 25.87 26.17 25.57 259
12-5-20 26.68 26.30 26.57 26.5
24-0-20 46.46 45.84 49.87 474
24-5-20 46.67 4748 47.27 471
45-0-20 61.06 61.37 64.65 62.4
45-5-20 58.94 59.57 58.90 59.1
12-0-50 26.88 26.45 26.18 26.5
12-5-50 27.61 28.22 27.87 279
24-0-50 42.37 43.38 44.00 43.3
24-5-50 43.28 43.65 43.70 43.5
45-0-50 67.08 65.15 66.39 66.2
45-5-50 59.18 59.88 58.93 59.3
70
60
50

g 40

H

ﬁ 30 -m- 12MPa-0%

ol -5 12MPa-5%
20 —&— 24MPa-0%

—#— 24MPa-5%
10 —4— 45MPa-0%
—— 45MPa-5%

L=H T (MPa)

50 100 150

200 250

HEY

138 372

AN <k

701-

300

50 100 150

200 250

MEE
dFE= (¥

I8 373 A=EE
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- 12MPa-0%
- 12MPa-5%
—&— 24MPa-0%
A 24MPa-5%
—— 45MPa-0%
—<— 45MPa-5%

400



o ZAJNGZ=E ANddH

(1) Z2AANBAE NP AL BE)

N =R EET
(7011‘:__33_%} S oFAY %E) Test 1 Test 2 Test 3 (MPa)
12-0-20 1.11 1.26 1.07 1.1
12-5-20 0.96 0.96 1.01 1.0
24-0-20 1.98 1.83 1.86 1.9
24-5-20 1.59 1.67 1.68 1.6
45-0-20 2.66 2.46 2.55 2.6
45-5-20 2.43 2.34 242 24
12-0-50 1.84 1.52 1.62 1.7
12-5-50 1.39 1.37 1.34 1.4
24-0-50 2.36 2.38 2.46 24
24-5-50 2.31 2.41 2.25 2.3
45-0-50 3.29 3.37 3.20 3.3
45-5-50 2.87 2.89 2.96 2.9
(2) AN A YT A Y 7&;}(289___1 701_1,:_)
AR EE
(A= 8- L T) Test 1 Test 2 Test 3 (MPa)
12-0-20 1.57 1.48 1.48 1.5
12-5-20 1.45 143 1.44 1.4
24-0-20 2.56 2.47 2.50 2.5
24-5-20 2.30 2.34 2.33 2.3
45-0-20 3.36 3.29 3.29 3.3
45-5-20 3.14 3.26 3.23 3.2
12-0-50 2.30 211 1.99 2.1
12-5-50 1.87 1.92 2.05 1.9
24-0-50 2.63 2.44 2.50 2.5
24-5-50 2.48 2.38 2.40 2.4
45-0-50 3.64 3.49 3.61 3.6
45-5-50 3.61 3.57 3.25 3.5
(B) ZANAAE A dHG6Y HE)
AER B
(A E-E - B LT) Test 1 Test 2 Test 3 (MPa)
12-0-20 2.03 2.03 1.98 2.0
12-5-20 1.87 1.89 1.85 1.9
24-0-20 2.67 2.73 2.79 2.7
24-5-20 2.56 2.56 2.55 2.6
45-0-20 3.57 3.54 3.58 3.6
45-5-20 3.21 3.29 3.26 3.3
12-0-50 2.33 2.34 2.33 2.3
12-5-50 2.26 2.28 2.28 2.3
24-0-50 3.03 2.88 291 2.9
24-5-50 2.75 2.75 2.74 2.7
45-0-50 412 414 415 41
45-5-50 4.02 3.96 3.95 4.0
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= =
Alad W1
(B=- ?Zl%} & -Zoh A Test 1 Test 2 Test 3 (l\l%/g[Pa)
12-0-20 2.45 243 241 24
12-5-20 243 242 241 24
24-0-20 3.58 3.37 3.51 3.5
24-5-20 3.15 2.96 3.00 3.0
45-0-20 3.87 4.30 418 41
45-5-20 3.48 3.61 3.22 3.4
12-0-50 2.54 2.36 2.40 24
12-5-50 2.28 2.25 2.28 2.3
24-0-50 3.45 3.40 3.35 3.4
24-5-50 3.16 3.07 3.05 3.1
45-0-50 4.30 4.70 453 45
45-5-50 4.05 4.06 4.05 4.1
) ZARJNAIAHAE Al Y @ﬂ'(lSO%l 701'11:_)
ANEH o+t
(AT & FA L) Test 1 Test 2 Test 3 (MPa)
12-0-20 2.58 2.62 2.59 2.6
12-5-20 2.39 2.58 2.59 2.5
24-0-20 3.79 3.69 3.64 3.7
24-5-20 3.44 3.45 3.24 3.4
45-0-20 415 422 412 4.2
45-5-20 4.24 416 4.10 4.2
12-0-50 2.46 2.62 2.57 2.6
12-5-50 2.42 2.36 2.34 24
24-0-50 3.73 3.73 3.67 3.7
24-5-50 3.56 3.93 3.61 3.7
45-0-50 5.03 5.10 4.97 5.0
45-5-50 4.38 4.46 4.42 44
(6) Z7AJNAAE A AHB60Y HE)
A A
(23 & FA o) Test 1 Test 2 Test 3 (MPa)
12-0-20 2.59 2.65 2.62 2.6
12-5-20 243 2.55 2.58 2.5
24-0-20 3.84 3.81 3.78 3.8
24-5-20 3.52 3.58 3.97 3.7
45-0-20 4.21 421 4.20 4.2
45-5-20 4.22 421 4.24 4.2
12-0-50 2.53 2.69 2.62 2.6
12-5-50 2.52 2.51 2.50 2.5
24-0-50 3.71 3.77 3.76 3.7
24-5-50 3.83 3.85 3.90 3.9
45-0-50 4.99 5.13 5.07 5.1
45-5-50 4.75 4.69 4.77 4.7
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- 12MPa-0%
- 12MPa-5%

—&— 24MPa-0%
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(edA)T 2200 &

400

THEE)
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& 24MPa-0%
|| =& 24MPa-5%

—— 45MPa-0%
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( ) Al HE
Agell AHEEE SAAE G g es o el dolrl 100 melaL, &4
Ao dolE 400 mE 7B E Frh EF FLEAY AYAFE FTAATGAY
g we] 1/3 oJst® AN AR FAd mebs e 3, Age] FAAE A
&7bs 3t7] Wil & AFelAE $100 x 100 m FA A E A}%f‘s}‘ﬁq.
FTAAL] A2 Ksol g8 FAIA ARl metol shH, BEEl €Y
5

Fol T2H F 16 ARt o4 3¢ oW =Z jHt. o] Afo] FA A=
1=

N

O

[

% 60£5%, o|AFsterA 5+02% 2 3+

= o
g zolo] FYSA HEF dof 31, ZF FAA= 20m ©]
o

qo o

ZHHe ~A o 277 el D3 A - A FA A Dolsks} =
oA oF 60 mm XA TE = Ao Ho g i) =4
Ae KS F 25962 AWl et ASMis 1] =
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o= Ald7Iu

SR
| we} 914E Wl

Yo
T2yl
MO = x BRI T Z7EL IR

D N D A )

| | | | g

| | | I .

2 | | | I :

| | | I ,

| | | I 2

TR N ™ o el
SER ER R EMER TR IX|
REW 7RI
19 374 ©AbE zlo] S 9A]
(2) A4t

A8 ol FAAL] 2709, 10 /HAe] Bk 371 SAIAS] 7 29, &
Al 6 ghatsl Zlol o] Pk Atsted, 05m T2 T gt
sto] £E25 EASHE WHORA, &4l3} Zojm)E SATNAIAIZ]N A & 71312

Bpol A wiA 3 SASE = A F(m/ Jweek )7F AHEE 7= gk

2
Lo
B M
=
B>
Lo

T F4 87 %.200] (mm)
(BE-E08-FA2E)
12-0-20 7.5
12-5-20 5.3
12-0-50 6.4
12-5-50 5.3
24-0-20 2.3
24-5-20 2.1
24-0-50 1.7
24-5-50 1.7
45-0-20 HF2ol fl&
45-5-20 HFddel §l=
45-0-50 HFdol =
45-5-50 HFdol §l=
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12-0-20

12-5-20

Mg 2I2IE SAH28L)
[12-0-20] “~f-—==-

Moo 2I2IE ZAoH28
(125200 — e

12-0-50

Mg0 232E SASH28L)
[12-0-50] ~ ferseeee

Mg 23E EATH28Y
[@:501 ey S

24-0-20

24-5-20

Mg0 E232E S49H28L)
[28-0-20] — fau-eee

Mg0 232IE ZA9H28L)
[24-5-20] ~ foreee |

24-0-50

24-5-50
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Mg0 232E S43H28L)
[24-0-50] ~ hoveoee

Mgo 232= SAM28L
(28-5-50] “~hau--eee

45-0-20

45-5-20

Mg0 232E SMH28Y)
[45-0-20] ~~hpr e

Ma0o 232 SAM3H28Y]
[45-5-20] ~for-ee

45-0-50

45-5-50

MaD 2232|E SAM0H28)
[45-0-501

{71 e

Mg0 232IE FAMH28L)
[15-5-50] — ===
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(1) A&
TAA = EAEE A
x200 e YF& FAAZ o] &3t} FA|A S YL FEUIAY S

ol mhel The ) o] WHT

DO FEo] e A% Y1 -2Y)>20CFTHAY(~7Y9)—~20THFHAY(~21Y)
—20C, 5 60%(~24¥)>3 5(24L)—>20CFF(~28<)
@ FEo] gle A9 EH1~29)-20T, F560%(~26Y)—>20TC FZF(~28%)

AldA ] e FAA (1010 x40 cm) 1MF ¢ 5LE gt 2% 4kt 5% 4t
2 Abol digk steA A, 10% FAHHEF I 10% FatvtadlES kol oist
stetA e AN@ste A-gol ol &3t ZAA Y e 5
ARt 570 AE=7F uiEA st ARl Al & 4
T, %7015, UEAE, T93F 2olo 7/ FFola, RxeHo=w pH &
FEoltk. Ade Adde 5" FAA =

3
Nl HE R, FEUER FAA L 5L 712 Yol Ariul g EA

Aste Aol AR FAAY 21z BF WA, £F AFE FAA

o} &L 71kl ojA FinlEE EAZH.

(3) A%
2 _ W=7 = (MPa)
q4A A qA & Z=11(%)

12-0-20 25.9 23.2 89.6
12-5-20 26.5 24.8 93.6
12-0-50 265 23.0 86.8
12-5-50 27.9 25.0 89.6
24-0-20 474 429 90.5
24-5-20 471 43.7 92.8
24-0-50 433 39.9 92.1
24-5-50 435 40.5 93.1
45-0-20 62.4 54.3 87.0
45-5-20 59.1 54.9 92.9
45-0-50 66.2 59.9 90.5
45-5-50 59.3 54.7 92.2
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o olzs = HEIO OISk BRI O Ol2s: < HEOO 0IRs%:

q
@ AOOOQOO @ 4 Qooqo‘g
+

+++++ ++++

a9 376 ZAYE ZFH A dIt= ol w5

341 ) @) vz 230
E %50 O 5Bele $57 #749) QBB FERUE ¥ A S, 45
Foleo] o] 5L o AFHORE 9NN YRR oA, FEHFORE YR
AA 9% Fath mepd, ALPAN GHE Bt S5 F AW EAo|
Azhgel wHo] Wwepd WEZAS WME it st ARZolE Ao %
7} B RoR Bt W, BEo] P8Eo|Lo] Sl wheh AlZEA A
2o Ajololi @agol Lol ol EASA Hr] WEel o|AF o] Aol of
A Gk dso] SRolA WREe JAFH, WA 9REY FEIA g
EZo|A BAYE WEEY FEHe] o)F o] A9 Fyo| W W, T =
39 9 G5Bl FEE B4 ARl FERUE £ AHoIA A
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oh. Gl LAFAGH A
zagEe ga) uTAe Bketr] SsiA Ful 742 KS F 2711 AIREE
of o8 daole YEAGHY AW Bal Aw| AAAE o] §3te] HkolL

< FAE FAANA Lol AFAZAY Friste ot Adel YU ol

$ 379 FHAsIG mE daole JEA
3} 25H2(C) Axole HEA
> 4,000 =o
2,000 ~ 4,000 nE
1,000 ~ 2,000 sy
100 ~ 1,000 Wo v
< 100 TAY gt
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1) A@HH

ANgo AgEs TAAE $100 x50 m ! FAIAE AFEStH, FF Aoz =
03M NaOH &5 AHEStIL, S58A 2= 3% NaCl &S ARE3ITh AJE A
He AdFAN FAR 525 3 &, AZGHANA S/HTFE ol &8t x35 AZ
T ANES g} ofy a7 2 gkl AXE g & A 60+0.1 Ve A

42 6 ATES o] WIS SATh

() A@AFAE 19)

s _1;__;6_:;:} g_tik L) Coulombs(C)
12-0-20 1359
12-5-20 1326
12-0-50 1380
12-5-50 1279
24-0-20 665
24-5-20 634
24-0-50 691
24-5-50 640
45-0-20 269
45-5-20 255
45-0-50 272
45-5-50 263
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® 3710 ALHSG F A7

Initial currant fyyy Applied voltage U Possible new initial Test duration t

with 30 V) (md) (aftar adjustmeant) (V) currert f (md) (hawr)
ly<5 60 Iy < 10 96
§<ly<10 &0 1021, <20 48
102y <15 80 20y =30 24
15< fy <20 50 25 < [y < 35 24
20 < Iy <30 40 25 < [, < 40 24
30 = Iy < 40 35 35 <y < 50 24
40 < I, < B0 0 40 <y < 80 24
60 < [, < 90 25 50<l,<75 24
90 < [, < 120 20 60 </, < 80 24
120 <], < 180 15 60 </, <90 24
180 = [ = 360 10 60< 3 <120 24
Iy = 360 10 ly= 120 &

Aol EUd AEE = A7 A FHE 55 ¢4A3] AAS & S
o2 Y 2N Hell 01N AgNO, & 533 158 Fol /N7 AdA 24
Ao} PAEo] KO HUFA e w 01m B9I7HA A AsE
A8708 249,

|il]mm! Measurement zone !10mm
> AEH Go] ()
10 10 10 | 10 10 10 mm Ruler ‘
Fg. 5. of for chloride depih
1% 379 ATl 4
(2) ALt

EE AYS Y% $ SA4E HH2E9 AFZolE e Ao diyEt

of d3lE AT E AR E = Utk
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_ 0.0239(273+ T)L
nssm (U_2)t

(273 + T)Lx, )

(xd—0.0238 03

(3.7.1)

B) AFZAIAE 149)

guz|
sEqearpes A0 (/)
12-0-20 16.46
12-5-20 13.67
12-0-50 15.52
12-5-50 14.40
24-0-20 8.58
24-5-20 8.05
24-0-50 9.00
24-5-50 8.70
45-0-20 3.85
45-5-20 3.43
45-0-50 4.23
45-5-50 3.50
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EE FAAY Tl FAFIMMA AH FHo] 75% T FulseEdASTT
60% % 2 W7tA AdS AL B2 G Aol o] ALE 4 gle W 54
FE 2 FAAE A A oF g
(2) At
O FAIA F=
a[%] = (Wn/W) x 100 (3.7.2)
o 7] A,
a: 283 C AolF Fo FAIA %Ehﬂl
W : Z2F3] 0 Ale]ZaA ] FAA F
Wn : 3283l C Aol FodlAe FAIA &
@ AsedA S
Pc[%] = (n12/n2) x 100 (3.7.3)
o 7] A,
Pc: 5283 C AtolF Fo H5sAAT [%]
n: 283 0 Ao FolA9 712 1A JFFI
nl : 3283 C Aol ZFNAM Y 712 13 AF5FI4
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@ W8 A=
DF[%] = PN/M (3.7.4)

o 7] A,
DF : Al@& ZAAS] W74 A5
P : NApo]Zoll A AulseA Al
N: P7F AIES SE5AZ F e 239 HAighel & &3t Aol &

T EE FAFNY =Fo] BUA HE =39 AlolF £
M : BZA&3 ol =Fo] B W] Alo|F

@) AdA

A aw 2l FbEA AF(%) | B FBA AF(%) | AW S8 AT(%)
[100 cycles] [200 cycles] [300 cycles]
12-0-20 85 81 80
12-5-20 86 82 80
12-0-50 85 82 80
12-5-50 85 83 80
24-0-20 94 90 87
24-5-20 94 90 87
24-0-50 93 90 87
24-5-50 94 91 88
45-0-20 98 94 91
45-5-20 98 94 92
45-0-50 97 94 91
45-5-50 98 94 92
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381 AAANE FAE ZAYE B A E
TZE 782 A & ZIE FE ZaE BF
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2. MgO &Y E38E A=z

MgO &9 #7834 ZAYUES MAH o Aisy] fsiMs ZAES
= 4 ® 212 = w7/HAER-S] pE T
&l =

£ MgO F47]

r
W
i)
fm

382 A7|WAd FAYEE MgO FA7IE(F, 19944)

T & FA7E
MgO FFHEE) 90% ©]%
A3 240s+40s
CaO 3F 2% o3t
A= 0.077mm

Aol Fold=F 3% o3t
E=4H 4% o]s}t
Si0o2 &3F % V)R

# ET, MgO9 &4 &5+ (1,050+50) Colof ok gt

N@GA o AHEE ZAYER MgOol tid FAANFS AAsAT. FEAAE

A3, SR B4 Ay 9D 45 AY 2= U3 3 383 2 3E 3.849 Zo)

3 383 ZIYUEE MgO9] st E 24 Ax}

9 3} (%
T =T Si02 AI203 MgO CaO S03 Fe203 LOI
=271+ B .
T - o| Ak o|& - - -
(E2 w87 4 v 90 °]’¢ | 2 ol3}
Alg Az
(214 2) 2.31 0.23 92.79 1.40 0.19 0.34 2.54
T A
AH A 2.70 - 91.50 2.40 - - -

3% 384 FIAYESL MgO9 FHE AF A

_?_ __1?4 %/‘6] X] E(SEC.)
= 13] | 23] | 33] | 43] | 53] EE
=A< 240+40
(= 7I€87T4) -
/\] S A -‘Jr
e 260 249 246 251 255 252
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ool Yebd kel o] & AldAEol AHEE 2 EE MgO=

F3 27}
0] 19943 AH

AQRo g4 A B A A 7IE8TAMte] ZAYES

= =

Mgo‘/] 12;(]7120 o= [

}. MgO £9 2IIE w2

A3

B 25-21-120 A2 AN 2T EZ A FIEE A FH o
AN ALEZFQ 25-21-120 A2 FIYE g AFA F
MgO=E X|&st+= MgO & &

B Y=
$7183d ZAUEES WA A
g Eo| WigEA A= U

E AAsgEY. 23
¥ 3.859F £t

& 385 AR Het &8 ZIYE 8 A A(25-21-120)

Unit Weight(kg/m?)
zgee 7 |W/M) S/ cM
(%) | (%) | W S G | AD
C FA | MgO
Unk ZIYE 55.0 | 504 | 178 | 324

- - 910 923 | 2.592
178 314 - 10

&9 Za¥E | 550 | 504

910 923 2.592
31, ADE YzgaA AEZSA olth

¥ 3859 ZIAYE uge 24 L& ZIAYE B AF A= e #E 386
I 2}
% 386 AR &8 FAYE B AE A
A8 Az
FIYE FE
<9 2Z(mm) 7 %FH(%)

ddl 29 E 110 45

MgO &4 Za8E 115 4.7

3 38.69 AlE Aol A UERG uke} o] AFA FHY 3% E MgO=E X g
EE ZA &2 Ao gyt ZaES} B4 ol §ith

D 3HS AL AL 80-12-0 749 ¥y ZAYEE,

& 79 80-14-30 ¥ 80-18-30 7+Z <] Ynt LAY EE A L3=

TS 93te] 25-18-120 FZA9 YWk ZIFE W
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3

¥ 387 Ed FaE v A(25-18-120)

j =

Unit Weight(kg/m3)

za9e 7z |W/CM) S/a cM
(o) | (%) | w s G | AD
C | FA | MgO
du ZIYE 565 | 495 | 176 | 218 | 93 ; 900 | 920 | 3.110
MgO &4 ZaAAE | 565 | 495 | 176 | 212 | 90 9 | 900 | 920 | 3110
oq71A, C= 2% AWEOS| N, AD= YXeEA AEZ<A| o]t
A A A
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FLaopo | 2% E3UE|GN 2aelE Qv gage| BT T
(25-21-120) | (25-21-120) | (25-21-120) | o5 51 4
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HEAZ|E 2005 N 68 232 E FHHY
HEAZIE 2005 N 78 EE{thE 232 EHY
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Table D.1 Reference table of MgO amount
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A 1" MgO 2 ES BAY FYATEE

Mehta”® S& MgO9 3, ANHEH|~ES WA FALF BAAST 1
ZIYEY dFAE S Ao, MgO 2] i"é(calcination)L_‘T—_Q} AR =71 9]
< AT AREE MO E 900~1300TC 2] 2= oA oF 1A% &<t 7}
Ao 300~150 gm, 150~75 ym, 75~45 ym, <45 m=Z A7}+EAFE AAFAT
FUEE 60%, 32T 85704 S MgO FHo|2Ee F3rs 1Y
1.1 6.1.20] EAISATE 32Tl MgO7F SUE AWE Fo|~EQ| HAeF

g 6.1.39] AR oM T 1.4% 900, 920, 950 T ol A 7FE 3 MgO & Al

E Ho]~2EZ 32CoA FEdAlste] Ao sixere ek
95 B3 & 91%01, AEA YA e AREHQ AT AES FAH
SolA], 900~950C 9] 2= oA &24AZ] 031~1.18 me] YA=71E 7H 5%
o] MgOE #H7Mge o 5T vt ALES el 2S¢ F Aok
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300-150pm, 32°C & Moist

—® | —=—900°C

—e— 1000°C
—a—1100°C
—v— 1200°C|
—<—1300°C

—=—900°C
—e— 1000°C|

150-75um, 32°C & Moist

| —4—1100C
? —v— 1200°C|
x| —1300°C

Degree of hydration /%
Degree of hydration /%
5
8

T T T T T T T |
14 28 42 56 70 8 98 0 = . . T T T
Curing time /d 14 28 42 56 70 84 98
Curing time /d

(@) 150~300 ym MgO (b) 75~150 gm MgO
a9 611 &44-=2% 900, 1000, 1100, 1200 1300C e 412} MgO 3}=
(A & =: 327)

1004 —
F//“ ——
80
80
—=—900°C
< . | —=—900°C
= 10000 < | —e—1000°C
S 60| —4—1100C 5 60| o
g —v—1200°C g A Tooe
3 . s —v-1200°C
| 100 | < 1300°C
S 404 ., ! - S 40|
? | 75-45.m, 32°C & Moist - g ‘ )
§, “ P §, ‘ <45um, 32°C & Moist
20 — < 20|
—
N |
)-SR S , , . , P e N ——
0 14 28 42 56 70 84 98 14 28 42 56 70 84 98
Curing time /d Curing time /d
(@) 45~75 m MgO (b) <45 ym MgO

&
o
SN
—_
N
[

44 2 900, 1000, 1100, 1200, 1300°C ol 4 2] MgO 3=
(FAL= : 3207)
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a9 6.1.3

0.8+

0.6

0.4+

Expansion of pastes /%

0.2

0.0

900C, 0.045-0.15mm MgO
Cured in 32°C Water P
—=— 5% MgO /
—e— 10% MgO| -
—a—20% MgO e
—v— 30% MgO| 7

0.40

0.35

0.30

0.25

0.20

0.15+

0.10

Expansion of pastes /%

0.054

0.00

—=—900C
—e—925C
—A—950C
—v— 1000C
—<—1050C
—»—1100C
——1200C

10% 0.045-0.150mm MgO
Cured in 32°C water

Az=7] 0.04

0.014
0.012+
0.010+
0.008 4
0.006 4

0.004

Expansion of concrete /%

0.002 4

0.000

Curing time /d
(b) &4 =% 900, 925, 950, 1000, 1050, 1100, 1200C el A 2] A|HEH o] ~E oY
(MgO =4& : 10%)

5~0.150 on MgOS &3 AlHlEy
(FRLE : 32T, FF54A)

Cured at 32°C in water

—=— 10% 0.15-0.30mm MgO (900C)
—e— 5% 0.60-1.18mm MgO (920C)

—a— 5% 1.18-2.36mm MgO (920C)
—v— 5% 0.15-0.30mm MgO (950C)

T T T T
150 200 250 300

Curing time /d

T
0 50 100

T
350

1
400

19 614 MgOE &3 ZAYES] ARE (FH2EB2T, T, AHE=120

kg/m', W/C=0.71, Zt=A1=571 kg/m’, &-=&=A=159%4 kg/ m’)
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Alvarado” 5-& WA 2] wW-8-93-E (mineral dolomite)® Al 7} o] & 3bn} 1y
& ATEHA MegSO,7H,0, MgNO,6H,0, Mg(CH,CO,),4H,0ZHE AF=
MO 29 A2 g& =84 542 EF=c 83 vudTE sy

PE LA AEE HFAOIE(brucite) & AR o™ & HgFd ol
(periclase)= 500C &2 ==& S7HMNZE A% ettt =3, MgOZ27 =(the
degree of MgO crystallinity)© &4 250 Wz} S71stAth EFAlo] E(brucite)
o Ar7|d=e} vEHZ I8 a # g Ed o] X(periclase) T T 22 TAE
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sulfate > nitrate > acetate > dolomite
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LA EAFY (acetate) I A AFY (nitrate) O 2 A2t B2 IASA AR AH
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) 4
—m— sulfate
1001 —e— nitrate
€ —A— acetate |
80- :
= —w— dolomite A
[} ]
N
? 60 - 4 .
T | B S Ve
@ 40- IS S e
= v A /o
c T
20 g—4 o o
l/./
| P
o ]
560 600 700 800 900 1000
Temperature (°C)

19 615 £xH3te) WE MgO2 YA=r] e

acetate dolomite

19 6.1.6 1200°C(40 min)2] A4 z7]o] F2H MgO 2| vAF+x
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A2 A MgOZAIES BAF £29 ATEY

2

STHAE AeaA 4bstotayE
A3 A1) 1970 ol A
P ATFE AFSATH.
CaoVe FFo A4S T3 HE2IYES 2%
S 2RE YEhes WO R 2l
H, MgO ZAYEE FATET} 7] Z2Uvtkel| oa 7
FZAARE ALg-Eofof &tH, ZATEE T2 A
Ebd 83 FHA Y] ETHIE A
o oy FAsY T Li $PPMUYE 19779 R E AH2aAdd MgOEY 24
o

A WE AN, S5t 54, L2854 202 PYEAY 5

rO“

——

r

oy

1:011

_'a

=2

ri

&
oo olo

WAL T2 1,2009 ol HAYsHH 1,200

A o]Folz WHo] ANAHE AFS UdEAT L Btk =3, M09 &9
H MgO& ZATEC AgH AW

E] THRVIOE A4S, o E AAFS vEd 5 Aok Bk 55% MgO
7h E449 ZaYE i A" 10d0A4 dS5AEE AP 199 4575

Deformation /Jim
C1: Portland cement for dam from Dukou
201 ¢2: Portland cement for dam from Emei €1, 5.5% MgO

C3: Portland cement blended with nuneral admixture from Emei
C2, 6% MgO

=TT T C1L35% M

100 /""" b €2, 4%Mg0
PO =~ et
/"'—_ﬁ €3, 5.5% MgO
50 -
1200 " _1600 _ 2000 2400 2800 3200 3600
50 €2, 0% Mg0

s

Curing time /d

U3 SAYEL AW AHE

1% 617 MgOE &
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AREAE Ao E9dd MgO2 tAE=E Ynkg oz ASTM C1513 GB/T
7507 Z& QEIHolH AFHS o g3l Wrigth a8y, A2AAT 25%
MgO = ASTM (1519 w2 & ZEo|t} Jin'E 180T &
EddolE FIYEE o]&3te] MgO9 kst EYHFS AAste WS ME
Atk Liugt Li 57192 ZIYE APAE o] &35t ALAa43 MgOEY &2
FEQ SAEE Hr3tr] Yl ASTM Cl1519 &3 SEIH | BAFHE AL&3
AL ARSIt FAE= 19 6189 YERD A3} o] MgOE A ES A7
A e e ZATE Aol ATh FALE 20T FAAE 4% MgO
ZAYEES AH 4002 ool - Z FAEEE YERlor ™ 4009 ©] F-
ol WALEEI Fak B3E AT A 14008 9= FAY= 20T A S
A ES A7|A A BAAFES 150ucolth. A® 300€ H, TAYEY BHEEE &
ez ZFrld upel Wi, 2adE] WA Y u &

= NS gEAH.

_—

Deformaton /lm
250 s

200

i
150 /"JI/’/,;’—* 30
07C

100

a0 4% MgO. Portland cement for dam

200 400 600 800 1000 1200 1400
Cunnp time /d

19 6.1.8 MgO ZAES A7 3 FYL= J&

(PFA=30%, MgO=4%)12)

19 61.92 Mg0 ZAES] X}mﬂﬂ B4 e Fly-ashe] &35 vEbd
ok Fly-ash #H7FFo] 20% ~40% <Y 7%, L= 20CAE MgOEZAB EQ]
BFE NI E Aol doh. 2 Fly-ashe A= 40CollAE= MgO2=
2 ES BA-E JAste AeFES Bt Fly-ash7}t o|2A th& A &E st= ol
o aiA= ob¥7tA BRaE YA gt
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Defromation /pm

o 40°C, 20%PFA
=l P e e 40C,25%PFA
— /—/”:_____._-—mt, 30%PFA

120 7 —*’;_______,,«-—
_ . 40°C, 40%PFA
: o‘c 40%PFA

:”;f/"“”_

__.._._-———20"0 30%PFA

20T, 25%PFA
20C, 20%PFA

Cunng time /d

I% 619 5% MgOE 43 ZaYES] A7|A- gl gt Fly-ash]
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Synchrorization enabled

T T T T T T T T
50 100 150 200 250 300 350 400 450 €
Temperature (°C)

Lab: METTLER STAR® SW 9.30

5% 35 °C

Method: test-vgn
dr1oos

25.0-500.0°C 10.00°C/min, N2 83.0 ml/min
Synchronization erabled

50

100 150 200 250 300 350 400 450 °C

Temperature (°C)

Lab: METTLER

STAR® SW 9.30




0%-50C A|=E vlw

5%-50C A|&E vl

Aexo 0-50-age 17.07.2010 11:18:57

0% 50°C

Wethod: testMon
dt100s

25.0-500.0°C 10.00°C/min, N2 80.0 ml/min
Synchronization enabled

50 100 150 200 250 300 350 400 450 C
Temperature (°C)

Lab: METTLER STAR® SW 9.30

Aexo 5-50-age 16.07.2010 11:47:42

5% 50°C

7D

Method; testvgn.
dr1oos

25.0-500,0°C 10.00°C/min, N2 8.0 ml/min
Synchronization enabled

50 100 150 200 250 300 350 400 450 °c

Temperature (°C)

Lab: METTLER STAR® SW 9.30
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