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ABSTRACT Recently, in order to reduce a damage of chloride attack and hydration heat in marine concrete structures, blended

cement in mixing the marine concrete is widely used. Long term strength development is distinct in concrete with blended cement

and it also has excellent resistance to chloride attack and reduction of hydration heat. However, blended cement has a characteristic of

relatively low compressive strength in early age of 28 days. On the other hand, a high level of compressive strength is required in the

Standard Specification for marine concrete mix design. Such concrete mix design satisfying Standard Specification is effective to

chloride attack but disadvantageous for hydration heat reduction due to large quantity of binder. In this study, the material properties

of marine concrete considering water-binder ratio and binder type are experimentally investigated. Through the research results,

compressive strength in blended cement at the age of 56 days is similar although it has smaller compressive strength at the age of 28

days compared with result of OPC (ordinary portland cement). Even though blended cement has a large water-binder ratio and small

unit of binder content, chloride ion diffusion coefficient is still small and hydration heat is also found to be reduced. For meeting the

required compressive strength in Standard Specification for marine concrete at 28 days, the increased unit content of binder is needed

but the increased hydration heat is also expected.
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Table 2 Physical and chemical properties of materials

Density| Blaine Ig.

Material ( gcm3) (sz /g) Si0; |ALOs|Fe,Os| CaO MgO SO; loss

OPC | 3.15 | 3365 |20.83|5.30|3.00(62.39/2.31|2.30|2.44

BFS | 2.94 | 4174 |28.14/15.87|1.06|45.95/4.98|2.12(0.35

FA | 2.20 | 3990 |50.72/20.73|6.37|3.61|1.08 | 0.54|3.04

i i Unit weight (kg/m’
V\:/B Binder|Slump ?H So/a nit weight (kg/n’) Test items Table 3 Physical " . t
(%) | type |(mm)|(%)| ()| W | B | S| G able ysical properties of aggregate
OPC 49.0| 165|344 | 883|947 |= Slump . Classification Types Ginax Densigy Absorption M
48 | BSC 48.5| 165| 344|873 | 055 |, (& 60 min) (mm) | (gem) | (%)
" Air content Fine aggregate| River sand| 5 2.55 1.14 291
TBC 475|165 | 344|839 956 | (0, 60 min)
= Compressive Coarse Crushed 25 262 178 705
OPC 210 |45 48.0| 165|384 849|948 | strength (3, 7, aggregate stone ) ) )
43 |BSC| + | = [47.5/165|384 839|956 _éi’loi?d‘iaiy;)l
25 |15 . . i i ici
TBC 46.5] 1651384 | 804|954 | diffusion Table 4 Physical properties of superplasticizer
OPC 47.0|165 434|812 |944 E;) e§§°;e6“§ays) Main Solid | |Density Setting time (min)
o Aot components |contents (% /em’) | Initial | Final
38 | BSC 46.5| 165|434 | 802 | 951 fdlaba“tc - P - ) (glem )
emperature olycarboxy
TBC 455|165 | 434|766 946 | rise (K, ) late 180 ] 66| 1.048 ) 20 30
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Fig. 1 Concrete mixing process

Fig. 2 Non-steady-state migration experimental set-up
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D, ...  non-steady-state migration coefficient (m’/s)

z : absolute value of ion valence, for chloride, z=1

F : Faraday constant, F=9.648x10*J (V - mol)

U  : absolute value of the applied voltage (V)

R : gas constant, R=8.314 J/K - mol

T : average value of the initial and final

temperatures in the anolyte solution (K)

L . thickness of the specimen (m)

x, : average value of the penetration depth (m)

t : test duration (seconds)

erf ! : inverse of error function

¢y : chloride concentration at which the colour
changes, c4=0.07 N for OPC concrete

Ion : chloride concentration in the catholyte solution
co~2N

N
w

(¢,]

o
2
o
HT

AbAZE
ooo

+ Fig. 33 22 A& Tokyo RicoAle] T+
é A2 ALgstel BaEE BALE 3
toich WA 2agE ARE Azl @
F gex ol At Age Ane
LA QL fAek] A E AR}
012741 Eh, LEFJE 2k 9] gk 9
]7].(0,_ =438l 7=
A= 0‘6H doixl A= ol 4 (2)
Bz 29 o odon, Al 9d&
LR YFFOR A

o 2 oy n2
n2 rio oo off rfo O
N e
> o b S
= o, 4
2 oy ofy é
Mo o l __

oy N
u)
tz

bt
i
OSB
1
N
1;

N T
N

(bt ok pob (gL
o M + av
o flo L n
ol R rlo

o
ki
>
{>
> =
9;

53
é U?L'
= 5
= g
ole
by
ol
O
i
an)
1e

&

(1—e ") 2)

i
£

Fig. 3 Adiabatic temperature rise apparatus
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Q.. : maximum temperature rise (C)

: temperature rise at time t (C)

r : reaction factor (‘C/Hr)

t : time (day)
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Table 5 Amount of superplasticizer required for achieving
target slump (210+25 mm)

W/B (%) Binder type Superplasticizer (xwt.%)
OPC 1.17
48 BSC 0.60
TBC 0.58
OPC 1.05
43 BSC 0.50
TBC 0.48
OPC 1.15
38 BSC 0.60
TBC 0.55
o momin @60 min

Slump (mm)

QpC BsC TBC C B! TBC OPC C

WIB = 48% WIB =43% WIB =38%
Biner type

Fig. 4 Results of slump test by binder types
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Fig. 5 Results of air content test by binder types
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Fig. 6 Results of compressive strength test by binder types
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Fig. 7 Results of chloride ion diffusion coefficient test by
binder types

ol 57 }z Asher AR AT v

G o w Aol

T =211~ O O

53] 42 %
pool AA teht A 2aeE 2
Azrol folat Wkl Ao R weke)

e il
4 12
o
e ko
o,

4. Ng 7|1ES et ol 232EL| ds S

41 9|Y¥ E32|E2| S =M

AgA Sl e g ZAHES] da WA 2
Fohted 548 EA87] flste] Fig 99F ol =54
wol AgA-En, hEAE) dskE AT 2 4E
Awsl Gaew et dAAS 42 AAsklv

Fig. 102 &-2 A0 9 A4 Tl o sl 2
AYES AW 289 UFAE A Aol AFA-EM],
A3E gl 2 G n JSEute] BAAE 77
LERd Zlolth Fig. 10(2)9} (b)E ¥ EH, B el
A AE 28 SEAEIL ZUEHE AFA-EuE AR

E_ 1,500
C; =
g F
2 1om £
E 0,500 E
£ ; S
E -| o.o00 é
S

ORC BSC TBC OPC BSC TBC OPC BSC TBC
W/B =48% WiB=43% WiB =38%
Binder type

Fig. 8 Results of adiabatic temperature rise test by binder types

O redicted 1 & predicted & Prodicted  § Pradicted
. _h WIB and unit binder : chloride ion E - maximum 3 L. reaction
H content H E i diffusion coefficient E i temperature rise H factor
I I D e : :
: : NP :
: i o€ 3 @ (€ —
@ Pl E
@ € SN s
5 El
2 G S =
= é o @
= s9 g H
g 53 s g
= - &
3 e E z
H =28 £ 2
= s E = 5]
£ =3 = z
-] 58 = o
Compressive strength Compressive strength Compressive strength Compressive strength
at 28 days at28 days at 28 days at 28 days
Compressive Compressive Compressive Compressive
strength strength strength strength
= binder-water —chloride ion — maximum - reaction
ratio diffusion coefficient temperature rise factor

relational equation relational equation

relational equation relational equation

Fig. 9 Prediction process of marine concrete properties for achieving compressive strength at the control age of 28 days
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Table 6 Prediction of unit binder content required for
achieving compressive strength of 43.5 MPa
(constant unit water content of 165 kg/m3)

Binder Relational equation'”| B/W VZ/B Ulll;nltjélrll(tier
e 1 tegm)
OPC |B/W=0.0772£-0.3569| 3.00 | 33.3 496
BSC |B/W=0.09291-0.7396| 3.30 | 30.3 545
TBC |B/W=0.0859-0.2140| 3.52 | 28.4 581

@) These are plotted in Fig. 10(a) for each binder type.

Table 7 Chloride ion diffusion coefficient predicted for the
compressive strength of 43.5 MPa

Binder Relational equation” Dif‘fusio_rll2 c02€fﬁcient
type (x10"" m"/sec)
OPC | D¢=-0.7390£:+40.6550 8.5
BSC | D~=-0.6459£+31.6980 3.6
TBC | D=-0.0312f+ 6.1285 4.8

" These are plotted in Fig. 10(b) for each binder type.

Table 8 Adiabatic temperature rise predicted for the
compressive strength of 43.5 MPa

Binder . . (1 | Adiabatic temperature rise
Relational equation . .

pe Q. (C) | r (Chh)
@,,=0.8986f.+10.552

OPC 1 —00471£02260 | 0 1.823
@,,=0.8986f.+10.552

BSC 1 —00471£02260 | PO 1.429
@,,=0.8986f.+10.552

TBC 1 o0amif02260 | 2*0 0.685

" These are plotted in Fig. 10(c), (d) for each binder type.
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