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Abstract

In this study, it was developed eco-friendly mix design of mine sprayed concrete, which satisfies both the stability and eco-                   

nomics by mixing the industrial in cement, for development of the mine sprayed concrete and recycling of industrial. From this                   

research, it is found that mixing of mineral admixture is effective on strength enhancement. Also, it is considered that designed                   

mixing ratio of sprayed concrete using industrial  byproducts should be applied to the field through field test.
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2. �� � 	
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2.1. ����

^
 ���0 ��6r� 
�E
� �WdX Ä������

\� Å% v�:D 4ÆÇ ¹�U� ¹º� È sT e��������

É5Êd: +� vËX $Ì\¼/. � R:> µÍ�����

� 4�Î ¢ot @��� AE*t ¹º\¼/.

(1) R¸r

vË:> KS L 5201 `a: � � Ï� HC� o��������

½ ÐÑÒÓ R¸rt CW\¼/.

(2) ÔU

 vË: CW© ÕÔU> m�� \�C(s§³)	�����

m�� EÖ§³(CS1), Õº�Î0 ×! EÖ§³(CS2)    

t CW\¼/. Ø! ÔU> �+k5 13, 10 mm ÙÚ��������

(EÖ ÔU)| 4Æ(ÚJÚ1Æ, ZÚ1Æ, `Ú2Æ)� ^
�����

f� ÔUt CW\¼/.

(3) ¹�U

- °�0±R

KS L 5405:D `H© Ï��
 1Æ °�0±Rt������

CW\¼/. Table 1! vË: CW© °�0±R� �������

6�Û� Êd e °�0±R� §ÜX 9µ�� ./.

- v6® ¯

Table 2> vË: CW© v6® ¯� �6�Û� Ê�������

dX 9µ�> Ý�� ÞßT� 20,047 m
2

/kg� *2�������

� SiO
2
¿Î0 90.4%� Þßw(Undensified) ÆÇ�����

KS F 2567 ��6rW v6® ¯X CW\¼/.

- ´µ®¶·

Table 3> ´µ®¶·� yK�� �6�Û� d�X�����

ouàQ, �6� Êd�� áT� 2.63 g/cm
3� U�t������

CW\¼/.

- ��²³�

Table 4> ��²³�� �6� Êd e �Û3dX������

9µ�� ./. vË:> KS F 2563 ��6rW ���������

²³� jÞß 3ÆX CW\¼/.

(4) ¹�*

 vË: CW© ¹�*> â6®
$ã(PC$ã)    

X àdÞ�� \> ä�6rW �åÀ�*	 æ0ç$�����

ã AE*t CW\¼/.

2.2. ����

(1) ²è� e 4�ÎRË

��6r� Ké��t ê� Å% ²è� RË! KS      

F 2402: �ë\u 5ì\¼�Q,  vË:D> íÅ������

R¸rÎ î� î5:D> ²è� 12 ± 2cm @ï� å��������

À�*t 3ð\¼�, /ñ � ! åÀ�*t �H\�����

u ��6r Ké�� Ä�t vR\¼/. =� ò� ¬�������

Table 1. Physicochemical characteristics of fly ash

Classification KS standard Result

Chemical

ingredients

SiO
2

(%) c 45.0 46.1

C (%) 16.80

Al
2
O

3
(%) 22.90

CaO (%) 4.91

Fe
2
O

3
(%) 1.84

Physical 

performance

Density (g/cm
3

) c 1.95 2.25
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! ��6r� 4�Î RËX KS F 2421: �\u ó��������

ô�: �% vR\¼/.

(2) óBsT

õ î5� 28y óBsT φ  100 × 200 mm� �àn����������

4R�t ��� KS F 2405� *`H: �� óBs�������

Tt 5ì\¼/.

(3) �ö0ç ÷É øùd RË

�ö0ç ÷É øùd vË! ��6r� ��� É������

|d� HTt úû\u 5ád| ~ü ��ÊdX Ä������

�\� Å% 5ì©/. yK��� ��6r� É5R�����

Ë! ý! óô�� �X s* É5Rþ Darcy� ���������

: �\u É5$5t &H\> Á�0 .�9 3�0������

ká� ��6r� �_ É5-> 5Î0 Y� ��Q������

vË: ZR~0 ��-> í�0 ./. ��D  ��������

�:D> 5ó: �� �� vËo/ {��� �ö0������

ç� É|t �ó�: �\u ��\> RË�X f�������

\¼/. ��D  vË! /m� ���0 � : +�������

\u �ö0ç� ÷É: +� øùdX 	H¿��Â�����

õ � � É5dX ~ü��� ê
�>� � @�0������

./. �ö0ç É|RË! KS F 2711| ASTM      

Table 2. Physicochemical characteristics of silica-fume

Classification KS standard Result

Chemical

ingredients

SiO
2
 (%) c 85 90.4

CaO (%) 2.0

Fe
2
O

3
(%) 3.0

Al
2
O

3
 (%) 1.5

Physical

performance

Moisture (%) < 3.0 1.15

Steel heat loss (%) d 5.0 2.72

Particle size (%), 0-45 µm d 5.0 2.0

Density (g/cm
3

) c 2.8 3.0~3.5

Table 3. Physicochemical characteristics of meta kaolin

Surface area (cm
2

/g) SiO
2

(%) Al
2
O

3
(%) Fe

2
O

3
(%) CaO (%) MgO (%) K

2
O (%) Na

2
O (%)

12,000 56 37 2.4 0.2 0.3 0.8 0.2

Table 4. Chemical composition and physicochemical characteristics of blast-furnace slag

Classification Unit KS Result

Physical 

performance

Density g/cm
3

c 2.80 2.90

Surface area e/g 40006000 4,306

Activity

index

7 days

%

c 55 70

28 days c 75 103

91 days c 95 117

Flowing value % c 95 102

Chemical

ingredients

Magnesium oxide(MgO) % < 10.0 5.61

Sulfur trioxide(SO
3)

%  < 4.0 1.00

Steel heat loss % < 3.0 0.43

chloride ion % < 0.02 0.007

Etc.

Basicity - c 1.60 1.76

Plaster Additoin
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C1202-91: �ë\u 5ì\¼/.

(4) �¶�� RË

��6r� g�d(Ké�� e åÀd)� +ï� Ä�����

�Á�! ²è� RË0/. ��9 �� ��6r ¹�������

U� /m�	 ���Î� ��6r 0�ô � ��������

dX ²è� ���¤ 7í\�:> ��Þ\u ��6�����

r �¶��� 	H0 �� ��j�t 0W\u 7������

í�/. Ê� ���0 ��6r> ø²è� ��6r�����

t ���Î�� �� ��� ��\u �
-> R�������

��� ��d Ä�� ��\/. ��6r� �¶�������

RË Zk 1 �9/:D ¡�© IBB Rheometert �������

��:D CW\¼/.

(5) � î5 e � Í$

Table 5> v�vË� � î5t 9µ� Ý0Q,     

Table 6! î5ÈvË� ït9µ�Ý0/. Table 8        

� Ref>� � X �j�/.

3. � � ��

3.1. �� ��

(1) ²è� e 4�Î

Table 9> ²è� e 4�Î RË &|t 9µ� Ý��������

0/. v6® ¯ ¹º î5t ��oz ����� ²�������

è� 5k� �PÓ> �iX o�/. v6® ¯X C�������

W� î5:D> �H ²è�t ¢o\� ��/z g������

�d0 <a� ø\� Ý�� 7í©/. °�0±R>�����

����� 4�Î 5k� �PÓ> �iX o0� .������

/. ��9 4�Î0 8.5:D 8� � � ²è�> 90:��������

D 120�� î�\¼>� 0> °�0±R� AE*t�����

��\u 4�Î0  ö\9 � ¹ºÎ0 ��(5p�����

°�0±R� nw: �ñ q!P" {|� ²è�������

/ö w#© Ý�� 7í©/. ��²³� jÞß ¹º������

î5:D> 4�Î, ²è�� �PÓ> �iX o¼/.     

Table 5. Mixing ratio of admixture

Name Mixing rate(%) Symbol

Silica Fume 5, 10, 15 SF5%, SF10%, SF15%

Fly Ash 10, 20, 30 FA10%, FA20%, FA30%

Ground Granulated Blast Furnace Slag 30, 40, 50 GGBF30%, GGBF40%, GGBF50%

Metakaolin 5, 10, 15 MK5%, MK10%, MK15%

Table 6. Mix Design by variables

Variable G
max

W C S G Admixture AE SP

Unit volume (kg/m
3

)

REF

13 184

460 982.7 421.2 -

0.138 1.38

SF 5% 437 977.0 418.7 23

SF 10% 414 971.3 416.3 46

SF 15% 391 965.5 413.8 69

FA 10% 414 970.4 415.9 46

FA 20% 368 958.0 410.6 92

FA 30% 322 945.7 405.3 138

GGBF 30% 322 975.9 418.2 138

GGBF 40% 276 973.6 417.2 184

GGBF 50% 230 971.3 416.3 230

MK 5% 437 980.1 420.0 23

MK 10% 414 977.5 418.9 46

MK 15% 391 974.9 417.8 69
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´µ®¶· ¹º î5:D> 4�Î, ²è�� �PÓ�����

> �iX o�/. �H4�Î| ²è�t ¢o\� Å�������

%D> �H ¹ºÎX $H\u �� î5t T»(���������

�d0 .�Q, 0 4�Î e ²è�� ���0 ��6�������

r g�dXÄ�\�Å%�¶��Ä�tvR\¼/.

(2) óBsT

Fig. 1! 
�E
� ¹º � � óBsT &|t������

9µ� Ý0/. óBsT RË&| ¹�U� ¹º: �������

� óBsT� ��-> �iX o¼/. Ê� °�0±������

Table 7. Result of slump test and air contents test of          

industrial byproducts

Variable Air content (%) Slump(mm)

REF 15 125

SF5% 15 95

SF10% 15.5 80

SF15% 10 30

FA10% 11 100

FA20% 8.5 90

FA30% 8 120

GGBF30% 14 110

GGBF40% 13 105

GGBF50% 11 65

MK5% 14 100

MK10% 12 70

MK15% 8.5 30

Fig. 1. Compressive strength results by mixing ratio of industrial byproducts.

Table 8. Rheology and slump by variable

Variable Slump(mm) H(Nm.s) G(Nm)

REF 125 2.599 5.487

SF5% 95 2.281 5.486

SF10% 80 2.226 6.965

SF15% 30 3.279 10.789

FA10% 100 3.694 10.309

FA20% 90 6.854 11.113

FA30% 120 6.949 9.597

GGBF30% 110 3.219 9.064

GGBF40% 105 3.101 6.973

GGBF50% 65 4.494 13.156

MK5% 100 2.293 6.917

MK10% 70 3.077 11.738

MK15% 30 3.479 18.673
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R	 ´µ®¶·� �_ ¹�U�� 4�ÎX  öR%�����

| ¿& óBsT� �l �+-�, v6® ¯! 4��������

Î� hi�� ¹º' 15% �_t *(\�> ¹º�������

: �ñ óBsT ��{|0 ø\© Ý�� 7í©/.      

��²³�� ¹º�: �ñ sT��{|> 8_ jj�����

� &|t )*/.

(3) �ö0ç É|�

Fig. 2> 
�E
�� ¹º�È �ö0ç É|� R������

Ë&|t 9µ� Ý0/. v6® ¯| ´µ®¶· ¹�������

U> ¹ºÎ0 ��¿: �� 5ád0 m+%�> Ý������

�� 9µ,�Q, Kz °�0±R> ¹º�: �ñ 5������

ád � �ö0ç É|� ø\� jj� ÝX ê 5��������

./. ��D, sT e 5ád &|t ½% ���0 ���������

�6r W ¹�U�> v6®¯| ´µ®¶·0 �Z�����

� � U�� Ý�� 7í©/.

(4) ��j�t 0W� 
�E
� ÆÇ e ¹º�È������

g�d Ä�

H(?��d), G(-.øù) /æ� �¶�� H5t 0�����

W\u ���0 ��6r� �d| �: �ñ ù/ø������

ù�X 	H\¼/. Table 8| Fig. 3! �¶�� Êd�������

X 9µ�� ./. ?��d &|t oz, v6® ¯|�������

´µ®¶·! ¹º� �+: �� ?��d ��Î0�����

�� ¬�, °�0±R> ¹º�: �� ?��d0 8������

_ �l �+©/. 0 &|> 0(+�)� U�t 0�R�������

U�w �d?�� gl Ä��5p ��d0 _5%�����

�1� v6® ¯| ´µ®¶·� ��d0 _5(�����

Ý�� 7í©/. =� ù/k� -.øùk> 25p�����

34d! 5
�9, 6� ��óô0 �l ��-�,     

78�w0 ��� _[� ./. ��D °�0±R e������

��²³�> ù/k� 8_ ý
 6� 0�óô e +�������

�780 ��( �d0 ý/. ��D �¶�� �5������

: �� g�dX ~ü��� Ä�\¼X � v6® ¯�������

| ´µ®¶·0 _5\Q, i9 �ü ��ó vËX ½�������

% ¹�U�: �ñ ��dX Ä�\�� �/.

3.2. 	
 ��� ���� ����� ��

�sT, �*d Êd� �  T»X Å% :D 5ì�������

© vË &|t ;<�� ^�d ¹�U(v6®¯, ´������

µ®¶·, °�0 ±R)t ¹º\u �sT, �*d Ê������

d� v�� X T»\�� \¼/. =�, T»© � ������

X ;<�� �Z �Wd Ä�t 5ì\¼/.

(1) �d Êd� � 

�sT, ���d Êd� � X T»\� Å\u ^������

�d ¹�U� v6® ¯| ´µ®¶·X ¹º\u v������

Fig. 2. Relative permeability by mixing ratio of industrial byproducts.
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�� X vR\¼/. Table 9> v�vËX ½\u �������

d Êd� � X T»\� Å\u v6® ¯| ´µ�������

®¶·X õõ 5, 10%� ¹º\u 9µ� � ï0/.      

�d � X Å\u W/Bt 40%� �=� íÅ R�������

¸rÎX 480 kg/m
3�� ýl ÍH\¼/.

Fig. 4> �d Êd� � � ²è� e 4�Î R��������

Ë&|0/. >¹º î5: ¦\u ^�d ¹�U� ¹������

ºÎ0 ��¿: �� ²è��  ö\> &|t )*������

/. ´µ®¶· 10% ¹º� �_ �Z �! 70 mm���������

²è�t 9µ�*/. 4�Î� �_ 1215% C0� 9������

µ9 ¦?� �0� @> Ý�� 	H-*/.

Fig. 5> �d Êd� � � óBsT &|0/.      

¹�Ut ¹º� §¨ î5� � î5o/ ýl 	H�������

-P v6®¯| ´µ®¶·� ¹º0 sT ��: {������

|� .> Ý�� 7í-Q ¹�U� ¹ºÎ0 ��(������

5p sT� ��\> Ý�� 9µ,/.

Fig. 3. Rheological Properties by mixing ratio of industrial byproducts.

Table 9. Mix design for high-performance characterization

Variable

W/B

(%)

Gmax

(mm)

S/a

(%)

Unit volume (kg/m
3

)

water cement

fine

aggregate

Coarse

aggregate

Steel

Fiber

addition

SP

SF MK

1 REF 40 13 65 192 480 1102 565 40 0 0

3.84

(0.8%)

2 SF5 40 13 65 192 456 1097 562 40 24 0

4.08

(0.85%)

3 SF10 40 13 65 192 432 1091 559 40 48 0

4.80

(1.0%)

4 MK5 40 13 65 192 456 1100 564 40 0 24

4.80

(1.0%)

5 MK10 40 13 65 192 432 1097 562 40 0 48

5.76

(1.2%)
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(2) �*d Êd� � 

�*d Êd� � X T»\� Å\u ^�d ¹�������

U� °�0±Rt ¹º\u v�� X vR\¼/.    

Table 10> v�vËX ½\u �*d Êd� � X������

T»\� Å\u °�0±Rt 10, 20, 30%� ¹º\������

u 9µ� � ï0/. 0 � � �_ �*d � X�������

Å\u íÅ R¸rÎX 460 kg/m
3�� �d � :������

¦\u �l ÍH\¼/.

Fig. 6! �*d Êd� � � ²è� e 4�Î R��������

Ë&|0/. ²è�� �_ 12590 mm� 	H-P ¦?������

� yH\l å�-> Kz 4�Î� �_:> ¹�U������

� ¹ºÎ0 ��¿: �� �
�/. 0�� &|> ¹�������

�U� ¹ºÎ0 AP9zD ò� � ��6r� áv������

%B CD 4��  ö� �� Ý�� 7í©/. Ê��������

°�0±R� �_:> AE*t ��\> d�0 .������

�): ¹ºÎ0 ��(5p 4�Î0  ö\> �iX�����

o0> Ý�� 7í©/.

Fig. 7! �*d Êd� � � óBsT &|0/.      

Fig. 4. Result of slump and air contents test of mix design 

for high-performance characterization.

Fig. 5. Compressive strength of mix design for high-  

performance characterization.

Table 10. Mix design for economical characterization

Variable

W/B

(%)

Gmax

(mm)

S/a

(%)

Unit volume (kg/m
3

)

water cement

fine 

aggregate

Coarse 

aggregate

Steel

Fiber

addition

SP

FA

1 REF 40 13 65 184 460 982.7 421 40 0 1.38

2 FA10 40 13 65 184 460 970.4 415 40 46 1.38

3 FA20 40 13 65 184 460 958 410 40 92 1.38

4 FA30 40 13 65 184 460 945.7 405 40 138 1.38

Fig. 6. Result of slump test and air contents test of mix 

design for economical characterization.

Fig. 7. Compressive strength of mix design for economical 

characterization.
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Table 11. Mix design of field test

Variable

W/B

(%)

Gmax

(mm)

S/a

(%)

Unit volume (kg/m
3

)

water cement

fine 

aggregate

Coarse 

aggregate

Steel

Fiber

addition

SP

FA SF MK

1 REF 40 13 65 192 480 1102 565 40 0 0 0

3.84

(0.8%)

2 SF5 40 13 65 192 456 1097 562 40 0 24 0

4.08

(0.85%)

3 SF10 40 13 65 192 432 1091 559 40 0 48 0

4.80

(1.0%)

4 MK5 40 13 65 192 456 1100 564 40 0 0 24

4.80

(1.0%)

5 MK10 40 13 65 192 432 1097 562 40 0 0 48

5.76

(1.2%)

6 FA20 40 13 65 192 384 940 558 40 96 0 0

5.28

(1.1%)

Fig. 8. Result of slump test and air contents test of mix 

design of field test.

Fig. 9. Compressive strength of mix design of field test.
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