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ABSTRACT KEYW ORD
The annual average of energy sources is continuously increasing at a rate of 5.8%, and particularly, the power o4& %Q%ﬁ 7|
. . I . . . . [=PSPS
generation proportion of new/renewable energy is increasing significantly. Furthermore, South Korea has establisheda 1, Eg_i
=]

national energy master plan for 2008-2030 and is aiming at obtaining approximately 11% of total energy production

from the wind turbine sector. Although offshore wind turbines are similar to wind turbines installed on land, they  Offshore wind power generator
require materials with excellent dynamic properties and durability to prevent damage due to seawater at the lower parts ~ Anhydrous gypsum
and connecting parts. The lower parts of wind turbines are submerged in seawater, and the upper and lower parts are ~ High speed hardening Calcium-

connected by filling the connecting part with grout.

Sulfo-aluminate Admixture

This paper describes the test results of the process of determining the mix ratios to develop ultra-high grout for
offshore wind turbines. There is virtually no relevant technology regarding grout for offshore wind turbines in South
Korea that can be referenced for the process of determining the mix ratios. Therefore, tests were conducted for

determining compression strength, elastic modulus, flexural strength, density, constructability (floor test), and early

ACCEPTANCE INFO

strength by referencing a high-performance grout produced in South Korea, and the mixing process for achieving the ~ Received February 12, 2015

goal strengths was described using the Korean Industrial Standards (KS) as the reference.
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Figure 1. Panoramic view of the configuration and grout striking
set of offshore wind power generator
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Table 1. Development goals and level

‘World-class
. Korea | Development Test
Assessment | Unit | (Country /
- y Class goals Methods
Compressive 130 (BASF,
Strength MPa | "o y) 70 <100 KS F 4042
Elastic 35
GPa (Densit, 33 <40 KS F 4042
Modulus De 1)
Flexural 18
MPa (Densit, 8 <10 KS F 4042
strength Denmark)
Workability - DgDens1kt,) - superb -
. 60
high early | \ipo | (Densit, 20 <30 |KS F 4042
strength De 1)

2. A8ME % NEwH

2) %7 CSA (Calcium Sulfo-aluminate Admixture)
Table 3.2 &7 CSAS] E¢]318H4] 445 et

Table 3. Physical & chemical properties of the High speed hardening
CS4

Physical Properties Chemical composition

Loss weight of
- _ _ _ . Lok Fineness Grain size| unit main
PE7FE 100MPa o)/ 217 E 22t EE 7idstr] $1sf 474 DTy lg‘(’g/“)" 1 (emYg) Phabe (um) | volume |ingredient
) 3
253100 A7) o3 AP0 8 AR HAjRE AAT 5 Loy
39] P75 7} 30MPa AL 0] HiFHS TjAFo 2 X4 0 2 282l 7t 22 | 345 | 0000 [Rectanglel 1 278 | Silicon
A G EE FA5HA Chemical composition
SlOz A1203 Fe203 CaO MgO NaZO Kzo SO3
2 1 }\]-_g_ZHE_ (%) (%) (%) (%) (%) (%) (%) (%)
85 1.5 3.0 0.7 2.0 - - 02
1) 227 AHE
ZAANE urt A}t 227 ANEE S5t BHET
_ 5) 1 2&d 1 n] &9 &) 1 (Blast furnace slag : ©]5} BFS
& FAUHS) Bl Bor], HEREAE AWEY 79 FE ) jj;A;E]H;J A lgquq
3 Table 6-7. of| A 2SS L V& i = .
£ 19 Tl FAA Y| AUE R 271728 5744717) Slsked At - B o
SOttt ot ot £414 5= 915he] 73 CSA, F4LE A Table 6. Physical properties of the blast furnace slag
stor, BA% 242 FH A% AL dstel 99715 % 1= el | o |
£ 71 nBake g5t Type Den51t3y particle Re51du§: surface area m01osture
size  |(45um, %) (cn/g) (%)
()
Table 2. Characteristics of super-high-early-strength cement It 3 3200
5 ype - >
_— Super-high-early- | KS L 5201 Blast
De ii as|
Sanaon strength cement | (Type 2) furnace | 2type | 2.82 6 - 6,800 04
. Specific surface area slag
Fineness (cmg) ‘ 6,000 3,200 3type 11 2.0 4,300
Stability Autoclav(etz%gillatatlon 01 01
Sefting test Initial set (min) 170 260 bl cal properti . .
g Final set (min) 210 540 Table 7. Chemical properties of the blast furnace slag
o . 1 day 23 10 SiO, ALO; | Fe0s Ca0 MgO SO; Loss
NSNS 3 days 40 20 ©) ©) ©) ) ) ) ignition
strength
sty Lo des 282 340 | 140 04 | 430 | 55 25 33
28 days 51.0 375 : : : : : : :

Densiry| “PECHe surface |5i00| A1203| Fe203| CaO | MgO | SO3 |F-CaO

N e (oo o [ oo | o) | | 0| o
29 <2,000 1] 8 o550 2 271 16
SEESEE

Table 4. 544319 22]3ksb4 E4S Ehd Role,

Table 4. Physical & chemical properties of the anhydrous gypsum

Physical Properties Chemical composition

Colors | Shape | Chemical | g6 | o0 | caso, | CaFs

water
white H'g"}“;syud;fus 0.5wt% | 2wi% | Swi% | 90wt% | 3wt%
§ARNE

Table 5.+= A2|7H&2] =2|otet4] 5408 Hehd 2ol

Table 5. Physical & chemical properties of the Silica Fume

Physical Properties
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Figure 2. Flexural strength measured drawings
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3.1. Step 1
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Table 8. Basic mix design

Main ingredient Fine agregate + Enhanced additive
Superplasticizer, High speed
Cement+BFS Max Size 5Smm hardening CSA,

air detraining admixture

b A EQ S A8 213 = I EE7)E
o AbgSRL Qe TR ER G AA =R 28U UEA =S FHA]
717 SfohA AMES] RS F7HA71 3, Rt e AelrtE 2
971 n| BT E9510] Table 9. T 22 gt o 2 sjArE e 1at
$ES IES Az 24 Art YHT BEE Fol
A, EFu]go] 2z v FFe Tesort
Table 9. Mix design of high strength grouting

E ) .. |Air detraini 5
Grout Celonent aﬁ;ﬁ: BOFS S1§1ca ; drr?ilelrr]éng Superp(l)astlmzer woater
(%) % o) | (%) % (%) (%)
(%) (%)

Step 1| 43 4 65| 25 1 1 15.8

Note: Increasing the amount of cement
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3.3. 3 @4

Step 2H T} 27|

=
o
HSH- CSA9Jr LS e H]%—% 5@6}1, A7te
H

b novge

3.4. 4 &4

3EARY 27| F e SN, F7 B =S £ol7] Sleid =
A

SAANES AHE3A.0P, HSH-CSAS B4 18] ¥ 82 tha
A5k, A7 HlaS S7HA, H717d =S AT Table 9.
o 3 et 258 S7A7)7] g e A 7 Al 94
g EgHleS o, EHlEo] Aol vA= Y= LSt
Table 10. Advanced mix design of high strength grouting

G HSH-C |Anhydrous Silic SilicaAir detraining Superplasticizer| water

B A Il o (D T B IO R O
(%) ) | () (o)

Step 2| 30 6.5 - 125 0.5 1.5 16.5
Step 3| 25 25 6 | 40 0.5 1.5 16.5
Step 4| 25 25 25 | 40 0.5 1.5 16.5

Note: Step 1. Adjust the amount of HSH-CSA & Anhydrous gypsum for
promote long-term strength & early Strength

Step 2. Adjust the amount of HSH-CSA & Anhydrous gypsum for
promote long-term strength & early Strength
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Table 11. Optimal mix design

HSH-C [Anhydrous|Silical ... _|Air detraining -
Grout| SA | gypsum |fume S(l.}/“;a admixture Super;()(l))as)tlmzer vzroa/t;.r
(%) %) || V7 (%) ’ ’
Final | 25 25 6.5 | 40 0.5 1.5 16.5
4. MY Zm Y n¥

1A v k27 (Table 8) 2] 74-%, 27170 = (19 454 5)= 1
SEZHE2] ol Ak 4ol E7Fs o H, 3U-2 30-50MPa, 74
L 40-60MPa, 2822 70-80MPaZ 7] Zo]| A|ZEo] T E] 17 Ql=
gk Eof H]a]A] 282 ZE 7} ok 10MPa©] ZAH oL}, 27|17
7t @215] o2& Ao & 9l B th. Figure 3. &= Y54 = *1
A3E UEhd Aot

ot
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Figure 3. Compressive strength test results of the Step 1
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Figure 4. Compressive strength test results of the Step 2
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Figure 5. Compressive strength test results of the Step 3
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