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Explanation about Development Process, Several Unique Characteristics and Application Examples

on Steel Slag Hydrated Matrix (SSHM)
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Abstract

Steel slag hydrated matrix (SSHM) is a new technology that has been developed to enable the
use of steelmaking slag as a substitute for non-reinforced concrete and artificial stone. Formerly,
in the field of concrete and other hydrated matrixes, the use of steelmaking slag as an aggregate
for the hydrated matrix was prohibited because its expansion can hardly be evaluated accurately.
In order to avoid the influence of inaccuracies in expansion measurements and to enable the use
of steelmaking slag for the steel slag hydrated matrix, a technical manual that clarifies quality
standards for steelmaking slag and provides a manufacturing procedure and relevant instructions
has been recently approved by a public organization. In this paper, we shall explain the technical
points and quality characteristics that have led to the official approval mentioned above and present
examples of application of steel slag hydrated matrix to actual structures and facilities by evaluating
various types of applications.
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Classification of SSHM

. . . Lo Alkaline activator
Classification Steel making slag content Main binder - —
Material Range of addition
A 100wt % . . No regulations .
Tope.l Ground granulated Slaked lime However,there is no effect that slaked lime content
e_
P blast-furnace powder | Dust of quicklime | of the total quantity of slaked lime and ground
B From 50 wt% to 100 wt.%
granulated blast furnace powder more than 20%.
Portland cement weight ratio for the total quantity
Ground granulated
Type-II A 100 wt.% Portland cement of ground granulated blast furnace powder and
blast- furnace powder
portland cement less than 70%.
5o
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Quality reference of steel making slag for steel slag
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volume condition
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Performance of biofouling to SSHM
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Amount of emission of carbon dioxide (kg/m®)
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Amount of emission of carbon dioxide on concrete and
SSHM

&, kT ayy, WETOy s, WETO Y 2EERH L,
CZTIE, KB Ty 2 ~O#PEF EBNT D,
WHxTSL, 80 P EIDIME Ty 7T, ENTIERA
DLDTHA, EMIIBVWTIE, A2 27)—FThb
U, Aol E o727, KRB X B IRE O UE]
TUCHLRE L 72 L2 4T o 720 EMRAZR21R7T . (RH
H& U CEtEReR K 2 WM KRB 2 B 2, &6
MEROERLT VI )M THE XY bab LT,
KRB Z I Z 7B A L L7z M EETIE, 10 1R
T L, WEICAESAREL, MLEZ>SREZ(L
EHIL 720 o850 % S mERI O MAL, kL
7oARRIE LR O W BGERBE FAFEEE S 212, FHll Sz
JE % BUZEMANTIC X ) L 72

L FE AT A R 2 R 11 (7R AT & SEMMFIL H i
BLA—HL T2, T/, BMREMATAE R LRSI —

Data logger

ensor of temperature

10 AEREEEHAIAHENOME
Measurement position of internal temperature

50
— K-1measured value

— N-Imeasured value ||
— N-lanalytic value ||
— K-1lanalytic value

| -~ BBcement concrete |
N

|
R

45

40

35

30

25

20
15

10

Temperature of block center (*C)

5

0 6 8 10 12 14 16 18

Elapsed time (day)
11 AEREEORRZELDEAE & FERED L8

Comparison of internal temperature by analytic value and
measured value
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Combination example of SSHM on large wave extinguish block

. Unit weight (kg/m?)
Maximum| Strength
size of index Ground Alkaline
Mark of e Air . |granulated| . Steel Steel Water
. . |Classification | steel- [(BP+2NP| Slump Service activator . . .
combination . content blast- Fly ash | making | making |deducing
making | +CH + water furnace (portland slag (1) | slag (2) |admixture
slag | 0.35FA)/ cement) € 2
W powder
(mm) (cm) (%) W BP NP FA SS1 SS2 ADI1
K-1 II-A 20 259 12+£2.5 | 2.0+1.5 174 297 53 134 1999 2.94
N-1 II-A 25 2.18 10+£2.5 | 2.0£1.5 186 259 48 144 1852 2.18
BoOH 8 O & O E39% (2014) — 46 —



SR Z T JKMEN L DORFRERE &S L 0BRSS

12

BREILNEERI 2 —K
Result of temperature stress analysis

I I I I/

——— N-1(FC=24 moderate-heat portland cement concrete)

——— N-1(Regression equation by mesured data on the scene)
—— R-1(Pased experimental date on rich mix condition by SSHM)
concrete (Blast furnace cement B. C=255kg/m3)

thermal cracking index
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X 13 BEOVOUVENEROZEEL
Change of the time of thermal cracking index
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BAT 25001 C, UTOMREZERT 22 L5k
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(a) MBI SEIAL L 222 8 (BAARE= 3 em/sec)
(b) EFHILERREXHT LI (FAREIIA= 35°)
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UIMER STV 5,
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*3 THDBEROIZOLVTAT7IX—DOREBEZE
Quality of “Flontier Stone” for Haneda Airport D Runway
A h larity index f
Quality items pproac. gran‘u anty 1.n extor Control value
satisfaction quality
Quick sand is affected by coefficient
of permeability. Especially,fine
Non quick | particle fraction concern. qui({k DI0 = Imm
sand sand.Then,we analyze relationship
10 %passage particle size between
quick sand.
Bearing power depend on friction
of particle reciprocal stone.For keep
Keep of . .
. of bearing power have to increase Uc=5
bearing power . .
range of particle size.So, we
evaluated equality coefficient (Uc).
For save sinking,range of particle
size increase,Because if particle size
Save of .
ki is narrow, lead to enlargement of Uc=5
sinkin,
& aperture.Then,we reached minimum
Uc by making full use of the data.

Use part of SSHM  gyppase course material

Soil-gathering

Solidification

=2 Temporary partition weir

Part of substituted by stone

X 14 FIH D BEREADEFAERAL
Part of used “Flonteir Stone” for “D Runway” of Haneda
Airport

BEE?2 JOYT«T A= IBIfEERR
View of reclamation work by “Flontier Stone”
JIIC# 1600m3, FEHJIITH 4200m® 25 L& TW5 (B
BH2), @HIMIEE 15, H16 IR T, HEE L BE O
BAMEE F N2 24N/mm? PR, 2.5¢m® PLETH 7297,
ETHREHED L ThHoTzs BEIICTU Y TATHUY IO
WK%, BE4ICHEARNEZ R T, FARIZT pH O
AL WERE L7275, BABERIZ0IBRELATLH00,
B THRARIO pHIZEE L, DIAIIZEAL 2d o7z,
—7J5, B~ O BHFEF T, ESEEEEE T
FRE SN TN B EAEEOEREYRD 5. BTN, K
17 \ ORI EEBEA OIS T, 800kg ~ 1t DPEAM L LT
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Existing river wall

Use part of SSHM

X 15 mlIEROT7OLT« 70y 7EASM
Part of used of “Flontier Rock” for river wall of Nakagawa

Existing river wall

Use part of SSHM

K16 FEH/IEREOT7OL T+« 7Ay 7EAZAL
Part of used of “Flontier Rock” for river wall of Sumidagawa

BE3 70 7470y 7 OEERR
View of shipping “Flontier Rock”

BEE4 JO>T7470y 7HARR
View of throwing “Flontier Rock”
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Use part of SSHM 7

Use part of SSHM -

M17 FEAZOMKREE 7027+« 70y 7EAERAL
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Part of used of “Flontier Rock” for breakwater of Kamaishi

Port

T VA 71~} 3520
B3,000xH3,500 6 3000 6
V+4.50 SHEB7mEE o V+4.50
v+3.50 i 3
VH.W.L+2.61
ARERE 0 v7AED) G G
& 3
a8
BRABY +0.70
H150
VLW.L+0.04 Q 10.00~ +0.30
= LE] 24 Z
v-1.40

Leveling concrete
O v=334~3.04

18 Kb RS EEKFIEALADIETER 7
Execusion part of anti-washout under water by SSHM

Anti-washout

Normal SSHM

BH5 KARDBEEDER "
View of anti-washout under water
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Combination of SSHM with anti-

washout performance

Unit weight(kg/m?) Air-entraning
Alkali Sand- Ground d high-
Strength . alifle ) sand-coarse . roun Portland  |Steel making|Steel making/Anti-washout anc e
Case . activator aggregate Service granulated . range water
index . . blast-furnace| slag coarse | slag fine | admixture .
ratio ratio water | blast-furnace reducing
cement B | aggregate | aggregate .
powder admixture
(%) (%) w BP BB SS SG (Wx%) (Cx%)
1.8-15 1.8 15 45 45 275 109 812 1031 1.125 2.0

BEE6 HUEBOEIRR "
View of leveling concrete by anti-washout SSHM
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