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Development of blended cement in Korea

Ki Sung, Han(In Ha University)

ABSTRACT

Cement industry in Korea, has made a remarkable progress in recent years
and now annual production capacity is about 9,000,000 tons. However, this
large amount of cement is only one kind of general portland cement type I,
and it is urgent problem for cement engineers to develope the special cement.
for the special purpose in various construction work.

By investigators, it was found that several kinds of high quality natural
pozzolanic materials produced in Korea were available for manufacturing of
blended cement.

Author utilized diatomaceous earth produced in Pohang district which had
rich contents of soluble silica and fine porous structure to improve the physical
and chemical properties of portland cement and developed portland pozzolan
cement practically.

The conclusion obtained was summerized as follows.

(1) Soundness by autoclave expansion test was affected excellently with small.
amount of diatomaceous earth.

(2) Heat of hydration was decreased in proportion of pozzolanic admixture:
and especially 30% of pozzolan cement was sufficient to the requirement of low
heat cement (ASTM).

(3) Water retention value was superior with only 10% of diatomite in portland
cement.

(4) Water requirement of the pozzolan cement was much increased than
those of plain portland cement.

(5) Drying shrinkage of pozzolan cement was severe in initial days and it
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would be desirable to cure thoroughly in early days.

(6) The strength development of 20% pozzolan cement in long ages was the
most excellent, and 30% pozzolan cement showed good result too.

(7) In general, the chemical resistivity of pozzolan cement measured by the
strength of mortars immersed in chemical reagent solution during the definite
periods was superior in proportion of admixture except in MgSO, solution than
those of portland cement. 30% pozzolan cement mortars immersed in 10%
MgSO, solution showed expansive cracks on the surface layer.

In near future, Pohang Iron Works will produce considerable amount of blast
furnace slag as a by-product and which has to be utilized to produce of slag
cement for the special purpose.
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e =1k cement AEERENS ¥ 860 Etm EEE 1, 0008 S
H A9l vk A do $3}he cement T¥9 HAH S B 5 £ BESY &E BES 34
HE BHY 93 KEelst & Aotk et} 860ggdiol 2 A ARE AEETF WS A&
o g cement® BAE 2yl i@ portland cement B—ffEe] gt st AL &3 EHE
whHEE o] obd & glrh :

CementE {FM3HE BiyCl Y Hke 74X AAolol A dam TH, #if cementd] ERTH,
tunnel TH, #HTFETHE, BB TH RTH - BR SETHES Bnstd —& KF LATHEE
T EERBSl % B £ mortar =& concreted] ik Hihd] )EFAX £ HHT Al
oo ol g i MRl o1d cementrt A% Fok ste AL ABT RMES obd Aol HI
EE el BaT B B cements obF 2] 7} SlEsA Rk = Aol® ES portland
cement$ EHE cementd} o] £fE kel —HioE fHTGE AL FHE & A K
o] obd Zolwh. whetA A Biyel JH4 BAT HE cementd PAZESIY HHES e Ao
HENS R FES 49 Aol

o2l BEkelA B o BfES LT AT BIE PESL mieA ol FolAok & AclH 4
3 o rpel AR B BEst Bt PR FES BEEARd EXT B #FHES ok 3
B cemente] ¥3 MIREIT #Rig=E & Aotk

Ry e = {BA cemento] £ pozzolan cement, slag cement ¥ fly ash cementr} @&
AErbe AT & B Rtz e HiFol o $-Elvetel A= B4 cement BiEd fiHE
4 9 BEHEA 25 ol HEIA Pis oL pozzolan WAMS Fo= HET Bl &
distAl 2 slagrt glor fly ashs of=7hA] Hfkoz BfoZ Y BHoE T +7 I
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1714 & pozzolan cement o) $3 HIAERS) slag cementol] ¥E AR MBS o]
~¢Evteke] BA cement BAEEC] HHzA 8t Ao|th

2. Pozzolan cement

2—1 Pozzolan R4

Pozzolan cement 2 portland cement o #:fgo] #EFH3 I FEEHE: silicad &Fo] 2=z
‘pozzolan {EMEEEZ} -2 BAME BER BASY 8% A 22 pozzolan BAMES HEHH
ssilicazl cement®] KA HEEs] = Ca(OH),9} HE EHFoE2XN TEM (4o%es TR
‘pozzolan cement®] Hikg WA H = Ao|th

BNl A EHIS = pozzolan BE&M 24 BlfE7HA] e vt2E EMEBL, i, bentonite
fly ash o] glovt & WA = WHEMGAA EHEE FELE BEE dgeod Fr &
B A A8, BRERE 5 OSENQ B okey Hhked Aok

HELE #Rels B EERY SKERS RS2 dtx o MGl i £IEY
ok el MRSt BESl &89 AIHMK: silica® 47435t portland cement FKaHe KIE
thol RiFstEE EACA EHSE £ pozzolan BAMEAE 74 BHs e BeEdd. 22 i
TRE L} Stulsts EHGHT oot MRS A B RS Rz gl
REMS EEge A BES Mie RABgol B Aol

2—2 % W

19635 KREHK BB THAA ASTM C 340-61 (portland pozzolan cement) S #H#to =
pozzolan cement®] #iE HIEE & vl Az o] Wik R HET W Gastd “EEtd &
o] portland cementd] o] w] X & HEo|= HEHom ZEGIE(VoL 9, No. 3, 1972) 4]
BEERT uF slon fiEmihe 3 e o8 2o :

L) WHEMFANA EHE = B RS 58 pEstadd o 2ol WM silicad] &8
©] 60% LAEol3l 2™ pozzolan activity i&E7} 100kg/cm? Bl o2 #H%3 BA M v
Art. & o] F BB Xeray @4 547 #5RE LMEESEYO] a-cristobaliteq] & oFgkrh.

(2) gLt 71A &= souluble silicas} pozzolan activity 9] #:AES pozzolan cement BREE ol
TEES ZEE WA

(3) Cementd] ZEE M kolE EHEI $HEE 2.

(4) e RE B X Fshd Bl slelAe] mE MRS FrmeAA dehdzm
|let.
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(5) WMRMUMRS BNy W fHolw Frkkr Fpa] YEStoloF & Flolth

(6) {E# cement: portland cement® o} AH¥EE B KBS Hal: FrEhol Atk

(7) &Eol £& HELE 202 HE BATo2A M) BHT pozzolan cements: BET

T AEe 2o F3idh

8) HUEE 30%7t7 Eastel sk &5k Aigds k58 T 5 I Aol

o] HIFE kiSRol wel KEPEK MBI S 19635 —19644] A% HELE 15~20% &
473 pozzolan cement® #J 35E L HiEste] FI| dam P EEIL dam THEY #7k fikel fifs
stod 22 EE AE ub ok zEv EE § 3 cementd] fiige] T n[ A A Xatd F
o2 —f concretefl o2 L& HAANS] AL W e dozd dol A oA
& A A} B B B FIMSA 27 WEeln £k cementd] ¥ FRHC)
Zsetet Sl 2t 19711972000 = AR e] F - EESE 7K dam TH 1% 5
1] pozzolan cementE- fifgslel HHT v ok

2—3 #Btt HR

Pozzolan cemento]] ¥f3F Sk Foeol Rzhdt % AE Lol BUES #aE sbol BRI Rt
2oure] AERQ e EHES A EHToEA Kk Ak #AFME A 2
“PBTHEE B+ FURE pozzolan cementd] kel BAT BAETSr HEHoE £ ABE T L
He A&y 29 gg3 g

(1) Pozzolan E&#HS] Hinel et Afngel FEA KTt er 30% EET pozzolan
cement= ASTMe] Type W (Low heat cement) o] #¥ Mg F£53 WEAZ 4+ AL
(Table 1 28).

Table 1. Heat of hydration of pozzolan cement(Cal/g)
diatomite o o i ASTM Type | ASTM Type
daye fatomite | o | 104 | 204 0% | I | v
7 days 59.1 57.1 52.5 41.5 70 60
28 days 74.9 72.9 70.4 57.6 80 70

(2) B 10%9] pozzolan EAHS BANLZAE HES & HAEES EBMAZ ¢ 3o
workability 7} £ cement® 2¢ F %5¢ ¢kt W/Cx pozzolans] E&EN =t Mim,
s EinEse] % R7 Yok (Table 2 2A).

Table 2. Water retention value and W/C of pozzolan cement(%)
diatomite | 0% ! 10% 1 20% | 30%
water retention ( 43.7 [ 71.7 [ 82.2 \ 82,
w/C 49.5 | 50.7 | 55.5 ‘ 64.2
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- (3) RIS mRKEE S RABd 2 53R pozzolan cement] #MEMdE BlRE 453] 48
Aol #HA deoj vtz 28 & F o by %JJEM %Mﬁ—‘ﬂ 4 HEE UES AL
2t} (Table 3 BfE). . o '

Table 3. Drying shrinkage of pozzolan cement (%)
M] « | | s | s | 9 | 4 | =3
0% 0. 046 0. 064 0. 088 0.109 0.111 0.124 0.134 ' 0.141
10% 0.078 0.104 0.129 0.144 0.152 0.168 0.178 0.181
20% 0. 096. 0.105 0,137 0.144 0.153 0.169 0.180 0.180
30% 0. 118 0.125 I 0.145 0.161 0. 165 . 0.187 0.192 0.198

@) BW] HEES BH B5e pozzolan BAMY Bl ENTTE & Waslg o HMEEE 20%
BA&T cementst 7 BA VEdtz 30% BAS AS 2 U BES WEA LER A
Zl:

%= mass concretef &= HEKNoE (FH fi} 284S ¢ & ivH(Tabled 2 <Fig-1>

He g

28). |
Table 4. Compressive strength of pozzolan cement (kg/cm?)
diatomie—— 1 7| s ) s | s | e
0% 119 198 217 278 346 352 .- 367
10% 111 207 249 320 364 401 419
20% 88 203 239 356 383 456 . 461
30% N 63 123 218 278 344 410 414
(kg/cm?)
500
eAemmemmsrosomsmSSTomososoosooosTIomITIITETT *
400 ’;/.'.__:_:—_—:m__—-_‘-_:.—_;f
300 0%
—— 10%
200F £ e 20%
/ —_ 30%
100, -
1 L t 1 { ! ——) 1
0 20 40 60 80 100 120 140 50 180

<Fig-1> Compressive strength of pozzolan cement (days)
(5) —iEHy2 2 pozzolan cement®] {LEBISHIM: S portland cement®ch WEI e A&
¢ 4 govt NaCl el #alA e g FEE A g3 Na,SO,8t MgCl, Bl #HAA=
pozzolan &M & &l BT+ (BENMl EFII
22U MgSO, #Hol A= 10% 143 cementst 744 Egtx 20%, 30% 2 H|inde] gzt &
3 ET3E BRI AT =3 67 Fo REe NEE 24 —BpIe = RES st B2
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Table 5. Compressive strength of mortars immersed in 10% chemicl reagent solution

chemical T days )
reagent solution diatomite 7 1 14 ’ 28 | 56 84 168
109 0% 176 207 245 283 305 312
NaCl 10% 217 258 316 352 373 332
solution 20% 233 274 305 361 385 371
30% 191 243 284 342 367 | 371
109 0% 192 215 262 309 323 318
Na,SO, 10% 213 278 307 352 372 340
solution ! 20% 228 257 338 370 386 375
30% 202 255 313 375 414 383
10% 0% 183 196 229 253 253 250
NaCl 10% 198 241 263 314 295 271
solution 20% 211 235 295 320 314 318
30% 165 205 276 342 354 323
10% 0% 194 211 241 307 301 295
MgSO0, 10% 189 237 288 338 344 354
solution 20% 182 ; 224 285 344 320 326
30% 136 208 264 310 303 309
(kg/cm2)
500 ¢
400
06 -
200 - ——=
100 |-
1 ) 1 t - 1 1 ! 1
0 20 40 60 80 100 120 140 160 180
: T {days)
(ag/em?) <Fig-2> Compressive strengtn of ‘mortars immersed in 10% NaCl solution
506 — -
ﬁ e e
wr e e I T T
300 + o
0%
200 ———10%
1 . . . Toet 20 %
100 F : ; —-— 30%
2 | i 1 1 | ! 1
0 20 40 s 60 80 100 120 140 160 180
{davs)

<Fig-3> Compressive strength of mortars immersed in 10% Na,SO, solution
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- SATRS FEUGz 0% BAT cement: % Hate] 168H T —F Mot RS
ehfle] MgSO, %ol 3 FRMS Yot sieh(Table 5 3 <Fig-2~5> BE).

(kg/cm?)

500 —l
400 - . I
300+ P | a
S e
‘ ———10% )
100 : L e 209 |
_ —_ 30% !
| 1 1 | 1 ! - [ ]
0 20 40 60 80 100 120 140 1680 . . ( 580
. . . S
kg/em?) <Fig-4> Compressive strength of mortars immersed in 10% MgCl, solution 2ys)
500 —
400 -
300 i pihiajuds snalegpniniely ettt gl eteteteiuieintelptate-
200 — 0%
e (7
100 b o mmmae- . 20%
—-— 30%
1 1 1 1 | S L . 1
0 20 40 60 80 100 120 140 © 160 180
‘ © (days)

<Fig-5> Compressive strength of mortars immersed in 10% MgSO0, solution
3. Slag cement

3—1 Slag BA&M

Slag cemento] A BAHQ slag: BB THS ¥R (blast furnace) Rl A BERS
EF (gangue material), cokes®] K4 D fAH(lux) 2 A E AIKA o) RES G £RE
RAOE H M $ 250~300kg 2R Bl EHEAT o slagel LBy AR #3EH,
cokes, BIKFY BS 2 (ehtfd et 22 £-5-e Ca0, Si0; ALO, MgOels Hff
Age MnO, TiO, CaS, Alkalis, FeO &2 f43teh. %@ (CaO+ALO,+MgO)/Si0.5 &
Hprel oba BEELEEUL 1.4 Dkl Ao RIS AR Hof gl

Slage] Wikt (LB Aol ol & portland cementd] BEEe}l 7ol BES MRS BXEI|
7} RSl JRRRIE slage] WEMEMEC] whebA BEfuike] EREZL AZS A Fond AL BE
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febko] Font A AL Wktko] Ao) HolAch BRUMES slag® skl WFAA A%
S el WilolH o AL KTk Ao @A TFo A HENF Akd glass B BARW
0% LIE) REDES sto] BES e Aol

3—2 Slage| #E H%

Slag cements] BEftihS fLa3ny - Ry WH kA XES Y 2 BRE B cement
BAM slage] MAES EREs) HBTo A o x BE $I5s 2 Aolth slagdl ki i
B R S S we ooy 2o
A. [ (cements] BREEIAER)

1) Cemente] slag® EE&sHS RES HKEgsl= ik
© 2) Slagel] FEREIS Winshe] HET R Hr.

B. [z (slage) @E 5

1) B5pe SRR BMKES Y Ees ik

2) @ W © B © BHW @ S/ BXHE © Xray B R S K glass

w9 BES AR Hik

3) @ M- aH O BIE O 5% @ kR © Fk BHE $& WEsts RB /i

4 LIk # FEe Mt REsts Hik

33 R X} BRE2| slag FA HR

Bim o) st %ﬁ“ﬂ KB B &) FEHE = Bk B89 slagd BEES FHA MEA
BENS 24 H9 £Estc ol o I Fgcel B ffn% Agolx glor R %4 FE cement
HEREZY slag [EH L} slag cement A:pE YREBE 2 Table 6 @ Table 73 7 vk

Table 6. +%¥ cement ﬂEEl | slag S5 #kR (10, 000M;)
% T ¥ slag e B slag bi =3 Ha KEEHRBHR
Russia 199 61 2,313 2, 573(1967) 90(%)
England 1, 300 20 8 1,328(1971) 1
France 500 10 700 1, 210(1971) 54
Belgium 95
W. Germany 838 26 254 1, 118(1962) 22
Austria 20
America 2,224 195 193 2,612(1970) 8
Japan 2,224 0 200 2, 424(1971) 8

o1& Fo| WAL HAS EEE— Hig —179 “E8 - BCE slag PIRBER AR MR #
EQ972F 9 E M= T Aol SHES] slag H slag cemento] 23 PHIERIEES] B} &
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Table 7. FF cement &£FEEO| slag cement £EE (1971) (1, 000¥;)

4 ‘ Russia ‘ England I France ‘Belgium ’ G:yriztny‘ Austria 'America ‘ Japan

2 cement

B 100, 293 18,141 29, 803 6, 631 40, 167 5, 602 68, 053 58, 769

slag ceme?if 35, 000 18 18,800 1,380 11, 250 1,120 1, 360 2,940
A (%) 35 0.1 63 201 28 20 2 5

ERRS FEMA € 57 Aok 2 #iEER o BaE AE BmRE d7)d #EdoEH o
259 slag cement BAEE WAl BE BREA R4 S ‘ \

(1) Russiao] A& kst Bt fgonige]l BESN Q= sl slags] Kir& K
£ 8}l slag cement BlEol FEtn Yz PR KERH/T TR ot sitall 5 A=$
BE WS ERd=E Az ok

(2) Englandejl Al slag cement, high sulphate slag cement®] {B&H# 24 Kz kol @
&=z glvt. =W slage asphaltl B 2A K E@THA GHAEY E#E F44 3
%olE 5= Fighe] vt

(3) France: KES # & cemento] fHfEs}Y slags) BE R0 20% LA A o] 2 cement
9 50% LlbEg AAtx et =8 Agolvt m=Ey slage] 16~20%9] KEgst 129 AKE K
3 P78 grave laitierr} EREFEC KARISE FHES = Ytk

4) Belgiumdl A& K#5& KEE s slag cement? high sulphate cementS $liEsl =
1} 2] = Franceyl Germanyef #&Hislz 9ok 7

(6) GermanyolA & KEE FEH2 do24 portland cements] B HAS W46tz 9
Lou BURETe] KiRGe] slag cementE, cement@iite] 4 [ ko] slag iAol A -2 & portland
cement® sz vk m X% slags asphalth] BME= H" = 3t Germany % of
Y 2} EuropedA] bl K Sl slage BEE 53 37 B34 &8 KEikss
el .

(6) Austriad]A = IR slags HIBH, KEE MAEME 3t B concretert BEH O
o) FIHE 3 = Fifffe] Germany, England, Greeceol % k= 2 3129 slag® Germany, Hungary
o) st 9ot

(7) AmericaclA & AEMET B2 dust MEZ S8l cement THo] MY Bfgol
et slage] &HIE BEGEHE BLY gasdl T EHFSH BAKE O Wt o = B
fik slag, #53] pellet types] Zo] #3 FEol Wi = slvh. KEgEE FIZ £EH 2 94 9ok

(8) JapanolA & slags £=2 HEEA BEM HAo FIAH slag cementd] A& % cement
HERY 9 5% #FEEel)
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3—4 2|LI2te] slag EH BZ

-t A = 44 TARY HEGASE TS —&7F BES BIEst slagrl EHE A
olu} SERHQ] slag FEHBEE LS Table 83 7).

Table 8. F2|LIEl slag ZEH BER CHERE) (1, 000%)
| w@ammE | g & M E | EREEHD
— x 1,030 350 1973.7.3
- x 1,570 550 1976.7.1
= x 3, 400 1, 200 x E
& 3t 1 6, 000 l 2,100 } —
ol A hub WHHEHM TS BB o Fo] £ Alolm KA HEldhel 5 2,5 39 HET
Beo)l Frsel o ¢oE slage] EHES H$ khkE Aoz Bl

4L & &

Cement®) 4[] AEEpehe) 1, 0008 HZES R Bigd 8w ofF portland cement B

—ffEe] "5 E Al Rtz = AL cementd] AEEV FEEY 9] cementd-
Bt AdEel @ REH BES =k & A= gk

Portland cementr} ».& Wikl H&I e cementrt oldAd % {FH Byl BHIAE=
FEEk cementE BAFESE A oloF & Aotk 4 EAC BFT HEY FEHI 83, B
& cementF 4 FHIE Ao 7ibd A AolH =3 ¢o 2 HXI Bl BIEWE EMH
A 2 slagel A3 HHFES o1& Hxy @IS FAJEA Bt s vrte Aol 8
cement FfAES BEEZ 1A Tt 443
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