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Properties of Concrete for Industrial Floor using Mineral Admixtures
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Abstract

Recently, exposed concrete by machinery trowel is generally used in industrial floor such as warehouse. Also,
concrete using only the cement has been mainly used except mineral admixture in order to secure surface abrasion
resistance. However, in hot weather construction, it is causing a serious problem such as workability inhibition of
trowel using only ordinary portland cement. Due to this, it was investigated the effect of application of fly-ash and
ground granulated blast furnace slag on properties and abrasion resistance of concrete for industrial floor in this study.
The result of this study, it was confirmed that fly-ash and ground granulated blast furnace slag can be used in
concrete for industrial floor without affecting significantly the properties of concrete.
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Properties of Concrete for Industrial Floor using Mineral Admixtures
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Table 1. Experimental design

Factors Levels

Unit binder contents (kg/m*) 330, 360, 390

Mineral admixture types Fly Ash, Blast Furnace Slag

= FA
* BFS:

0,5 15

Replacement ratio of admixture (%) 0. 10. 20
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Table 2. Physical properties of used materials

Kinds Properties

= Type 1 (KS L 5201)
= Density 3.15g/cm, Blain 3,318cm/g

= Type 3 (KS F 2563)
= Density 2.86g/cm, Blain 4,300cm/g

= Type 2 (KS L 5405)
= Density 2.14g/em, Blain 3,964cm/g

= Crushed sand
= Density 2.60g/em, FM 3.09

= Crushed gravel
= Density 2.61g/em, FM 6.61

= polycarboxylic acid group
= Density 1.05g/cr

Cement

Ground Granulated
Blast Furnace Slag (BFS)

Fly Ash (FA)
Fine aggregate
Coarse aggregate

Super-plasticizer

Table 3. Mix proportion

Binder Rep. ratio (%) W/B  S/a Unit weight (kg/m*)
(kg/m') FA  BFS (%) (%) W OPC FA BFS S G
0 0 330 - - 946 946
5 0 314 16 - 944 944
330 15 0 515 50.0 280 50 - 938 938
0 10 297 - 33 945 945
0 20 264 - 66 944 944
0 0 360 - - 915 953
5 0 342 18 - 912 950
360 15 0 472 490 170 306 54 - 907 944
0 10 324 - 36 914 0951
0 20 288 - 72 913 950
0 0 390 - - 8385 958
5 0 370 20 - 882 955
390 15 0 436 480 332 58 - 875 948
0 10 31 - 39 833 957
0 20 312 - 78 882 956
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(a) Test equipment (c) Specimen

Figure 1. Abrasion test method

Figure 2. Abrasion depth measure position
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Table 4. Test results of fresh concrete

Binder Rerz%gatio Sump Ar  SP Bleeding Settirz% time
ke/m) "Ea Brs ™ B %) Tewiar  Time int. finish
0 0 140 21 140 0095 70 75 103

5 0 180 11 140 0125 80 75 103

30 15 0 170 15 140 0113 70 80 113
0 10 130 19 135 009 80 75 105

0 20 130 08 135 0106 80 75 103

0 0 10 23130 00ss 60 70 98

5 0 155 13 130 008 70 78 103

30 15 0 140 19 130 00% 70 80 107
0 10 170 09 130 0076 70 75 98

0 20 180 10 125 009 70 73 97

0 0 145 15 120 0070 60 77 95

5 0 150 10 110 0066 60 75 92

30 15 0 135 15 110 0090 80 76 98
0 10 130 12 115 0103 60 70 93

0 20 160 08 115 0081 60 67 9.1
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Figure 3. Bleeding test results

10

rok

(

#, Al 2Tl Z7H) wet B £9ng 3
23l7] $Je BB H7HEL Aashe A0 et
Y, ol wglaTAel F7H4s Equs Aol
F7hels Ao} AREso|AE §Ao] F7e fjo]
7)elet Rloz A

oI e S AR AakE Tefa ), ARE v}
o #ae|Eo] Befoloji] W MRS 0BT A

|

O

et
M,
_{
o
5
oL
=
=)
Rl
rlr
12
of
]
lo

ARG vkt el v A

S (Blister) @4 ¥ S&(Delamination) Ajo] ZHoj| Al
= 7] W2 Aol 4 AeR d#A it

ALE = 497t @] gio Sy doMs 3RS
2% nlire] 202 Felsh= A7 Wit

olof 1 HE = HE2] AEAIE AMSSHA] o= A
o2 AZsIom, Table 404 K= ule} o] Z2fo|o
Al 9 1 2&E T v S AR H9- ARIETRS AR
g ZAE0| vjg)| F7]=ko] tha W2 Ao R YERitt

oli= FYUg TRk HETt W2 EEtolof
Al W I2&ET njEEE 285 A9 AE o Agt
Ao g2o] S7HE7] HEQ Ao wrhEch

s, 291 AR e Yol E3kA) 2|gkeo] IAIG
o] TR 1~2% 4202 vigaAN A8 133l 3]
& 3% o= SHE9om, SAFdl tigh A&-do] &
Tels 97 opd A9 s vt dste] S5 A
Slof) W 71 SHE| of R ¢l ACE AlRHT

» Jo o

45 -
40 -
35 -
30 -
25 -
20
15 -
10 -

u

330kg/m’ |1

—O—FADD
—— FADS
—T—FAl1S5
—i— BF510
—H— BF520

2 4 6 3 10 12
Elapsed time (h)

390kg/m’ ||

12 140 2 4 =] 8 10 12 14

Elapsed time (h) Elapsed time (h)

Figure 4. Setting time

20



3.1.2 £¥99 2 $AAL 54 25}

71414 mjAro] AP El= g 2 EL upgd AJ7E
9 ol 9 ¥ wvie) F43) pieiel] B 9 Be)
G Azl 2| FFe nAle Aem dEA .
A13] 0] HQlof| A= Table 4 ¥ Figure 304 B
}9} @01 S S eI eibie) Batelso

el A8 7} A EAfept Eefolol
gl ﬁ—ﬂﬁl njHRS ARSlo) we BelgEe tha
Ed FRARE v A s 2o® YE

jug)

£ 35| HOH 3k A
%.OE] ARgEFol A= EetolofA] L
&Yy} tha Z7)E QA o
—,—7]— ‘5‘7}E]E‘ %J_?_O] Hlos

e, Befolol ALt el vie] 49 A
HES LG 79l ula) 2710 Bake] uES4TEs) v
A olo} 7ol elelol S B2l Ao WK

T, ATl F7HAS BeYF L By
FRAREE PAus A0 e, o Belag
A Z710] W TR 24 D B el
2o WE Rl Fo2 Bk

et P AR A3 BAT AN Hejolof
A 8 e R Mgk e Selgae
et O], o] FRAREE oF LARE oJthe] Afol2l
A0 Uegon], ol W v ThEst Aeto]

U uPg F8ol 37 G vlAle #E2 ofd Alem

T2 éﬂxﬁ% <eo]| w2k R

%;*éﬂl Hol7} slom, oj2 el 43 AL 2N
= el 9 F2A0] S8 s 4ol 908z, o
o thet 710l AE B W Ag 4] ol Jeat A
B0 4Ao] Wag Ao wekEt
Figure 4= H912T4E E3kY Aat] 02 524
[ 57 A e A0, BY B U 2

57, R v B3

3 AR 420 Uehott :zx} 1= 147t ol
upg wum pelslo] 27 fofnlet Sl

ke

O
Wo, Sey FRARE W Bedge) iE4E %
2 W FEANE s AT Sl 4 gl
12
11 g e
10 o @
4 | 8 O
[
E g ! S |
E : O O
£ 8 g 6
£ 9 -
6 -
5
4 T T T T T T T

4 5 6 7 2 i
End time of bleeding (h)

Figure 5. Relation of setting time with end time of bleeding

12

11 4
= | @&0 °
00 0¢
o o
g | ! ! @ @) !

Setting time [h)
[=4]

o
CQOQ)CBO o
Gl

4 T T T T T T T
000 0.02 004 006 008 010 012 014

bleeding capacity [ur/m’)

Figure 6. Relation of setting time with bleeding capacity

21



Properties of Concrete for Industrial Floor using Mineral Admixtures

el oY FRA U Belg] A Aol
A 22 W 2RI el 1L5ARPI) Aol Al
I7F 4= e Ao® Uesith
i) o ) 71 g
(Trowelling)-> eaHA By, 2474
o] Afgte] Spzsb 2 39 2 oe] Aas Akl
S7FElE Ao laL, FAAIE o]l 71AI4] uA 2t
o] HEshA| X3YE 7 ol Agto] WgE 4 9l
B9 T8 $HE T4 ZGATK Y] A7t 3 FE
shio] QlojA e8] sttt

Figure 7 ZZAA 7ML} B2y Z8 A
Gl Aoz B9l 75 Welop ANETE ALeE
AO| B A7 of 3+4 ARto] £QF= Ao® U
o, e AsAEF 330kg/m'e] FALSE AlQlshd &
gloloflA] 9l e njEES At FAYE
Aot @88 At Ao Yeith ol ‘_QXH
Z|gto] whet T3HA| ARGEFO] thar HAE|QL] HiEe
o7 gt}

rlr
°
(o]
H1
30
Q.
~
i}
r o
N

E
ke
;

Olr

i
N

1o
24
©
il

r{r rﬂd ri

E

rlr
>

ro
>N

ol mefat A% Fl AET WSlolA Zejolol]
AL VNS Ak E oo AaHe
el AEIAS & A02 N2ge, ¢ 22¢

v] Rk 2 ESAY] B LEME] et W<
Aol e A W 4909 S

o5t 27} AEs} Bag Row wowt
120
7 o
oo g g (= P |
10.0 (u] o o o
o fu] (= Y
3.0 + (o] o 0 L—
= [o] [o] o O O O
EED— o] o 0O o 0
=
20
CBleeding end time
2.0
O Final setting time
0.0
{ = un (] f=3 (=] [= u un (=1 (=] o L w {=1 =
(=] f=] — — ™ L=] {=] — — ™~ (=] {=] — — ™~
s‘s = E‘m s‘s E‘w‘w | 2| E m‘e
o o o o o o
330 kg/m' 360 kg/m’ 390 kg,/m*

Figure 7. Time difference with final setting time
and bleeding end time

A x|gk ZAHES] eldeS UrEWd Aoz S A
E H9olie Arddgdds 3 FREL 34
Aghgo] JFol & A oR Uit Frdded o
A 9 3 FFel whet tha Zjol= gloy, &
A AFAEFS] Plainol Hlsto] Aw 7471x]2] 27] A
o= Z3A A& 10%7H]= 90% oA}, 10~20%°]
Az 80% oV IdskaL §lom, Ay 28Yelit= thi
H 100% oPds Wdsh= o= UeRth

31, Figure 9= AF 28YUollAe] F=E vepd A

oro. :':_'—ﬂﬂ E9} H|wsle] = oAlo] IS H%ﬁ}
L 08 Ui, 3 U B9lelA Sejojoja] @ 3
2SI vELY Hgo] FAES U5 Y FU=E

16 -

)
£
-
@
g
@
a
=—
g
=
£
3
0
g|1g8|2|vl(R|8l8|S8|alRk|8|8|2|41|R
bl v I - O B - T A I I I O -
a o m m m m
330 kg/m’ 360 kg/m 390 kg/m’
Figure 8. Compressive strength by replace of admixture
R
£ -
g o
=g R ———— e B BSOE e B
= -
=
%4.0—--- 5 A B
E
: 20_ - . =3 i - - ! = o= =l - =
&
[
0.0
= u mn (=] {=] (=] g i 0p] (=] (=] = un u [=] o
L= = — — o4 = = — — ™~ = L= — - 4
il el e B Bt A e Rl B e I el - -
“l*|™|sE|= ‘m‘m m‘cﬂ
330kg/m’ 360 kg/n? 390 kg/nt

Figure 9. Flexural strength by replace of admixture



F 9 e AEE Rl

2 nhuglo] 24 A2 »}E} Aoz, vhegiol o4
2ol S7Hste] BARAN 1HAaT4E Fhans
30] Uehton], Sefolop) o n2del1 ul—zg 2
.Q_

of whe pzlo] o] oSttt FFE HolA] Yokt
FHHE HOlelE Sejolojue] A AMERRS
Mg 90t GAR nlmZlo|g HolTl glon] mEs
oL RS B A9 ©5]e ko)t A hek
UL gle], B Aol A 8gt Bak AMg HelelA
T2 B2 Wutid wste] JA| dFS vIAA] o= A

b QAT

|

o
=

ftlo r%ﬂ

4

110
100 o
50 A O FADD A FAOS O FALS & BFS10 M BFS20
80 A

70

Abrasion depth ()

60

50 A

40

T T T T T
350 360 370 380 380

Unit binder contents (kg/ )

T T
320 330 340 400

Figure 10. Abrasion depth by unit binder contents and replace
of admixture

Figure 112 A% 288 QI545-9F ohgiole] A
e AOR, B AR SEol % ol H
AL glont, HubAoE maE Fu kgL g%
ot 371ARE PP SO Uehton], 94 4
Zo| E7wE 2ush) H oked F71 e 7
As A BRI 4 99k

ool Uiy HE AvE aed v E39E 9
oo ZIAR uht ol lol's A Fof wet
ko) o] o = 9

Ypeige] xjol 7} ubyer
o ol A Al S0
ACE BeEm, B Ao 73

W RS uRRS Hgdtoln J%Pl fhet 220

23

Eo| a3t Yt/ sHr) 7hsd Ao dekE

110

100 -

__ 90 4

L3

£ 80 @

s

.E 70 - 50

2

60 8)(9 5

50 - o O

40 ; . . . .
40 45 50 55 60 65 70

Compressive strength (MPa)
Figure 11. Relation between abrasion depth with
compressive strength
4. 4 &

2 AtolAs EetolofA] H J-i’“ﬂﬁl o] &S A
Qg uiet Zae|Ed] 285U B 71 A4 oA 2
of IHE FFYEL] FA) v|x= FFE AESNLS
W, 7 AuE aopshd heat gtk

1) 2 dolx HESH HejolH= SefolofA] & 12&

g mjEae] Bolo wehg FEael=e] SYm Ul
F71e] IRl R 3K ke Aow Uehiet
2) U8 AP Felolol] o el

o] X)gho] W2 e 0,02ai/ar o), £
%) FRAE: O 1412 olUfe] Hol} wsl

08 UEfo, ol HiEg ZAUES] uy
Ul%} Aol 8o I = IRl e oF
o gheht,
Aol SRS b B
T AR WY tollA] Ea Mol
o] Ajoli= LAKE ol e, 21914
QlolA] 2] fefRhsh pFe ofd Zo= %
e,
ATLe] E3A ARG HSlolAE Y 7L
71745 9L thA A AE R A 28Y e

=21
A=

56 1o E YEhY, S Agho] 23FE

O



Properties of Concrete for Industrial Floor using Mineral Admixtures

st = Ik
5) ZAE B9 ke 45wt F7Ke
= P JO0R Uehon, B o] Eak
oA Uk wstel u A ek =

A e A TAT 4 gl
= 7S Fol A uie el sl maelE
o 400 2 G vl ereln elolol
% T2EAT ALY UP U 13 ]

_g_ H]J:‘r uHoL /HZ‘]

S A
=
A2 B4 5 9% Aoz 7l

b mgaes Eap sl a—axﬂoqu s
S BA08 AN ASSH v
J Ti gl ik e} o} ) %Aw ARERES
AFEE S o] Esof ngAe] BAIS Zest
£ AR AT Gl oo ﬁ?mﬂ*i% Hjehg
Sejeo] YR Sejolohy] W meaeT nELe
483 A% e B4 9 bl A Gee
e N L E G R EC R RIEEE
£0] BAJo] 27 FaFE vIXA) gowiA Sejoloji] w
izl vl o Bkl A4 4 ek A
2 3Rl 5 T,
719 23, AHE HIE, 22T, ot2d

References

1. Kim TH, Bang JS, A Study on the Thickness Design of a Ground
Supported Floor in Warehouse, Proceeding of Conference in
Architectural Institute of Korea; 2014 Oct 24; Busan, Korea,
Seoul (Korea): Architectural Institute of Korea; 2014, p, 5212,

2. Lee JH, An SW, Lee SH, Quality Assurance Method of Large
Scale Industrial Concrete Floor, Magazine of Korean Recycled
Construction Resources Institute, 2004 Dec;9(4):33—41.

3. 302.1R—04 Guide for Concrete Floor and Slab Construction,
Detroit: ACI Committee 302; 2004. 72 p.

4, Concrete Industrial Ground Floors, 4th ed. London: Concrete

24

10,

11,

Society; 2014, 96p.

Concrete for Industrial Floors: Guidance on specification and
mix design, 1st ed, London: Concrete Society; 2007. 24p.
Moon HY, Choi JJ, The Present State and Future of Concrete
Admixtures, Magazine of the Korea Concrete Institute, 2003
Oct; 15(5):10-6,

The Characteristics of Fly—ash Concrete and It's the Use, 1st
ed. Deajeon: Housing Research Institute of Korea National
Housing Corporation, 1999, 246 p.

. KS Handbook, 2015 ed, Seoul: Korea Standard Association,

2015, 1767 p.

. Choi SJ, Kwon YJ, Kim MH, Research and Practicality Trend

of Concrete using Fly—Ash, Magazine of the Korea Concrete
Institute. 2001 Nov;13(6):73-8,

Lee SS, Won C, Kim DS, Park SJ, A Study on the Engineering
Properties of Concrete using Blast—furnace Slag Powder, Journal
of Korea Concrete Institute, 2000 Aug;12(4):49-58,

Han MC, Effect of Mineral Admixture Types on the Engineering
Properties and the Drying Shrinkage of the Concrete, Journal
of the Korea Institute of Building Construction, 2009
Oct;9(5):121-7,





