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ABSTRACT

In order to evaluate the applicability of steel slag aggregates for tetrapod concrete, the properties of
concrete as structural material were investigated. The biochemical research of marine concrete using steel
slag aggregates was also carried out. The tested concrete properties are slump, air content, compressive
strength, splitting tensile strength, elastic modulus, carbonation, hydration heat, freezing and thawing, sulfate
attack, drving shrinkage, etc. The “biochemical experiments are carried to research the propagation and
reproduction of seaweeds and survival of bottom dwelling species.

According to this experiment results, the steel slag aggregate content did not have a significant effect on
compressive strength, splitting tensile strength and elastic modulus. The durability of concrete was not
influenced by the steel slag aggregate content. From the biochemical research, steel slag aggregate can be
evaluated as the material that is ideally suited for promoting propagation and reproduction of seaweeds and
sessile benthos.

Keywords  steel slag, artificial armor unit, durability, sempeeds, sessile benthos

.M B 3 xF 53 PRER olgdm Ut Mk T &

Y15 o]&dte] A9E BEQ TTP(Tetrapod)& A|Z3}

AL FANAM 2= FAEA €l (ag= 2% few, of TTPIl= dxfFEc] & F3ste AFdcta
Aol A Aes B8 Wil de B4 AEE FAE P_J-%}&‘E}

oz s nzedad 4E T4 14 55 Lodd £ GrolAxE ol @ Adede] TTP 4843 3

o 2k Adedaz FEEY a=edad] B¢ FANBA e e o] 8l AT F

ASAQ] $x LS Foto nESPad 60%018E SEAE AHR 2aEY 98 43} Y2

AuEgos AREAT JT YoM n2edaE BE AAL vk,
L3y ARG HEgER JhEste AMEStn Yok a8y

A7rEY 1o A %ol HESL At 72 A7 _ > A B
ABE FEHT Q) 1 AHEHNE FjT At ek

A2 graiE A AHgol AgHol gd A% o1 A8 U 2 Y el
&g H43 sl AAFAE A7 2752

oFl, 53] SIS G 2 WAL = ATy agoe puraEe elsg A AR

al

7} B P n ek £3), Isoo EVe Xﬂﬂéﬁﬂ TTPS Aol iﬁa]Eoﬂ guom 2|7 —f_;‘:-g]] EERCTE

=

+ Corresponding author lﬂ'%f?]'o% 21]7&—%:3}11 Z A9 ’1er ;q_g.x-] RN SR L WY
Tel : 033-640-2418  Fax : (33-646-1301 dashey 7% Az ATsart sgon FLIx

E-mail : etlyang@kangrmung.ac.kr

591



aR)E TIPANS %
dag Feadz A
westag s A
Table 13} 2e)

2 AR&Ya 2AZ QA
A2 A0 e ZAEs S A%
& 2aye TTPY & - T4
ol AR g 2 A9 Y

ru1> FHJ

rlr ru[o

22 AN Z

2.2.1 AHE 2 A

B Ao Algg AHERE SAI HEYEHC l e
(53159 1ZSYIAWEM|FI0E AF%*«‘?}
DEEYIANAESY EAL Table 29 2o} &
FA ATk BI(MF258 e 13, &
2802 AHEE F2EFAE ARG 5 4 E’A]
AFAL RG] AT 272, &
ZHE 6 ABBIGT 51 €HZ 2 37 1% U&
E3he wWigs 27) A8 JAHe dzZedA 285 35A
9 BFY AEAE ZZ4 AHEZTZH 10%~17%,
0.07% ~ 0.12 %A= AHE-3IA T

—1>
N o
o'
tn
\

222 A=

AEH 02 agingd *EW o}%lzui ol S ok ¥
ol 2mE WA YEF N I AFFe
=&50] e 7t Y ol A} Ho] JEE =
A stk AREda F2EA J=A g 2 -
334 E42 Z47} Fig. 1, Table 3, 49 2

Table 1 Details of test

Experiment .
content Experiment range Note
Slump and air
Fresh content test with the KS F 2402
concrete substitution rate of KS F 2421
steel slag aggregate
Compressive strength KS F 2405
Hardened .
concrete Tensile strength KS F 2423
Elastic modulus KS F 2438
and thawing
Resistance to 10% Carbon dioxide
Durabili carbonation environment
urtastl: e Drying shrinkage 23=1C, 50+3% Age
e rying & 7day (ASTM C157)
Resistance to 10% Sulphate
chemical attack solution
: Adiabatic
Heat of hydration temperature rise test
- Laboratory test . .
-A sessile benthos Circulation
Biochemi- survey about each water tank
1ochiem : (100%400cm)
cal test specimen
experiment - Field test
-Construction of Artificial reef
submarine forest
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Table 2 Properties of blast-furnace slag cement

Gravity | Loss of Ig. (%)

Blaine(cm®/g)

S03(%)| S(%)

3.05

0.39

4016

2.50 0.38

Table 3 Physical properties of S‘teel slag

. Water Abrasion
Gravity absorption(%4) EM ratio(%6)
3.43 1.70 6.76 8.9
KS F 2503 KS F 2502 KS F 2508

Table 4 Chemical

properties of steel slag

Si02 | AlkOs | TFe Ca0O MgO | MnO | TiOq
(%) 1269 | 2.22 | 20.83 | 40.30 7.95 4.40 1.22
Table 5 Leaching test condition
Sample pH RPM Elption Solvent
amount time amount
Sample :
08 87 | 20 6h | Solvent=1:10
Table 6 Slag leaching test results (mg/ ¢)
Sample Cd Hg Cr® Pb P As
BF slag ND ND ND ND ND ND
BOF slag ND ND ND ND ND ND
EAF slag ND ND ND ND ND ND
Standard 03 | 0005 | 15 3 1 15

FREIL|ESE ==L

ND : Not detected

& M163 55(2004)



2 AREYT FLBAY AL He Eazed
q5t BEAS ZAE] A5l BESUT 12:2em T
7% 5:1%2 WEHEE S gl LT HFe

Table 8% 2. W/C—5OA, 717 EE 206 MPaolH,
FAE AZl glo] Ay A4 ZIYE YAE A
salon ddd dag AHSEE et 13] WiAZE
S0zEl2 Astaint B F me] EH|E ¢ 10x20cem 9
FEE 3302 Lol B slo] FAIAE AL
b, AxrS 5948S dste] 10x10:0em 45 A3

AE A

3. Algldy

4
ML

Jd
=

31 Mz m23X 232|E9| dsty &4

EXZ sk ‘é“jé_ﬁ. ! F7 ]3*(12+20m 5:1 %) —.Eo}
7] 95t E3HA Ago] WYY 5 &
F n] AZsd T A9 A& wet &8 éi}xﬂ%
o] Hl#A g Frletglon %"’—ZHE A& A
2 B0 %A ZAYENA AME FH(SSH0, PSH0)el
et AFEEAFY 2folE %M A= Fig 29
Zom olfdt ARES Tt HU 9, AREYL
ALEAY iAol e AFA AIe nREYIAMEY
MR o= A® BA & F 9louR ARSI ENE
AH}S}M} g 7 °°ﬂ% IZEYIANES WY Agohe

3‘:

U5 AR

23 e g AP

Table 7 Test variable

Substitution rate of Cement tvpe
steel slag aggregate(%) yp
SS 0 0
Blast-furnace slag
SS 50 50 cement
SS 100 100
PS 50 50 Ordinary portland
cement

Table 8 Mixture proportions of concrete

Type S/a unit weight (kg/ms) AE |SP/|Shump| Air

G w|c|s|GlSlag|% )| m | )
5SSO | 50 |170(340(862(909] O [007]1.0| 115 | 55
SS50 | 50 1170 340{862(455| 573 | 0.1 | 1.3 | 115 | 54
S5 100 | 50 (1701340(862| 0 [11470.12| 15| 115 | 6.1
PS50 | 50 |170(340|867|457( 576 | 012 | 1.7 | 12 | 58
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Table 9 A inhabitant biota in each test specimen

Test Inhabitant | Number of Weight Length
piece biota existing(No.) (g) (cm)
Green laver 24 374 2.1-15
Small _ _
Slag | inelia 4
Water flea 15 - -
Cement | Green laver 4 6.8 1.2-34
block | water flea 1 - -
Green laver 7 84 1.3-36
Concrete Small 1 _ B
block annelid
Water flea 2 - -
Green laver 14 19.7 1.5-4.7
Rock
Water flea 7 - -

Fig. 11 Artificial reef (normal concrete)

Fig. 12 Artificial reef (steel slag concrete)

2 AToNE ARG FLEAE dAY 2aeE
TIP 4848 siely] 94 el i 295 4
aoe el Asien ol

D A€ SL345 dA AHs o ZadE
9 AEAe Astetion, HHg EaA AHgoR
N 7hesiict &3 Adeda SA4E A A5
A8 e Heted RSP IAUES Y AL
sk o) wasi,

2) AZEdL EAE FLIAR dAst] ARsiriEtE
TTPI £85HE HARE R e S8 UHEshe
AL AT

3 Aded1E FLIAE A AR A EY
A, Sitst AP, gl wg A4, Az
%, 7 T WAL IA 9¥E ¥A gen

4) €943 SAE A AT ZIEY AFHEE &z
ol SHoly W4, AMTEY F= H Bl A
3 A7) Ao wddt § S0l T Fexs

H;LE ZXAd| Fo3t Mihuz o] T4 FAAEF
2 ol AZedE FLBAZ AP A0S

& Fohd dxf 4 AT EY) SAd fag
Aoz wodrh

2AAlel 2

B 97E ERIARATAY Adow s
w olo] ZPAbE Puuk

Ik

gl

Al
!

1. Isoo, N,, Takahashi, T., Kato, M., Nakajima, H., and
Tanabe, H, “Seaweed bed growth promotion-type
fishbank,” Japan Patent No.2000-139268.

2. 1ok, @A, /M, “ABEATE o8-S 1sAY &4
I HYEHAY AL dEIFFI A AZAR
=33, Vol.14, No.l, 2001, 144pp.

3 43H, WY, Aa%, R, “ABelxg s 2

ELE]E«] AZ" RIST A=,
155~159.

169 23, 2002 pp.

4. ACI Committee 209 (chaired by Rhodes, J. A.),

“Prediction of Creep, Shrinkage and Temperature
Effects in Concrete Structures,” ACI SP-27 (Design-
ing for Creep & Shrinkage in Concrete Structure),
1982, pp.193~301.

5 CEB, “CEB-FIP Model Code 199%0," Comité Euro

International du Betdn, 1991, 57pp.

? o

WAL B 2oHS AgAE Wi S, T4 Ausdsl Sae $Ag AFHs Y AR
SAE 48T A 2a0ES B ATE FUHSY, F4E EadE] BA A9E S0 P13, GAUE 22
VAT, AT, TS AR, FHE, A9, A B4, 425% 4Y Soldk B, % AHARF A=FY
A4 0 FA dd ZAE 98 AR Agel Fasidn: |

2 Q7A3) mew, AREdn B0 B QEAE FAVERE, 28T SAFe i) L2 e A
cov], EaiEe] WY SVINE AGEAT BAY Fhol 9 GGG B Qglch BB del w2v, AP

h1 SAE ¢ AXEEH =

HABO| : AEd I, 2AEE

20| =3 Wale) ojAbAel AaEA HrlEe)

AT, AEF, AR

596 =232 E8E| =2 163 55(2004)



