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A�2B��� ��� ����� ���	 
��� ���� C��� �! �D8 �EF�� KS F 4571& ��GH I�

9% 3J� /KL �E& MNGO@. P Q+���, ��� ����� ���	 PMC(Polymer Modified Concrete) RSTU�

���� V.�W5 XA, 
��% Y��Z =[� \] ^_ #I� `V� ab� >�) Q+�Y3 �W@. P Q+��

� c�* 4[d ef% ^_(RC ��g^, RC Bh^, PSC Beam̂ , Steel Box girder̂ ) RS% i�j_& #b 8�/, RS�

Z =[� \] �k Y��Zl m 1~2% &n� =[�Y, �Z,o� %! I�p(qrsh)l m 2% &n� =[�W@. �

�Y RS�Z =[� \] ># +,9% ituv	 wx! y�, it  �z& m 3% &n� {��W@. \B�, RS% i�

j_ =[� |� +,9% +,8  �<�� ab5 `Vd }5 ~F� �i*@.

��� � ��� �����, PMC, ^tRS, Y��Z

Abstract

Electric arc furnace slag is made in ironworks during steel refining, it is been increasing chemical and physical resistibility

using ageing method of unstable state of melting steel slag for using concrete’s fine aggregates. Which is been changing stable

molecular structure of aggregates, it restrains moving of ion and molecule. In Korea, KS F 4571 has been prepared for using

the electric arc furnace slag to concrete aggregates. In this study, Electric arc furnace slag is used in the PMC(Polymer Modified

Concrete) which is applied a bridge pavement of rehabilitation, largely. In that case, this study evaluates the structural safety

about increasing the specific weight. The 4-type bridges(RC slab bridge, RC rigid-frame bridge, PSC Beam bridge, Steel box

girder bridge) pavement’s increasing the total dead load is in 1 ~ 2%. Design moments in a load combination are increased less

then 2%. safety factor is decreased less than 3%. Therefore, the structural safety has no problem for applying the electric arc

furnace slag within PMC in bridge. 
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1. � �

��� �����	 
� � �� � �� ��,

��, �� �� � ������ ���� �����

�� ������ �� � !�"# $����%�

&' (, ������ �())� *+ �� ���%

��� ���� ',-.. /012� ������ 3

4�5 6789�� ���:� ;�<=6 >?� @

6 � AB�� &1 4�C DEF AGH 4��

I<(�JK)F LM5 N ;�<= >?� @6 � -

..
1,2) JO5 ��� ������ 4�� I<� LP

Q R6 ST�� 3<GH U? VW� ��� ���

� ?X6 6Y� Y�6 Z C[6J \ 85% �Y�

��]� ^!'_ `�G(, ;�<=6 >? a b�

cdUe�� f& $ g� >?��� X6h ii

5 b�J.. �Oj k<j+�� 2011l ��5 $�

���% ������ mm 1,359n oQ 1,033n o

2� �p12� \ 2,400n o �Y �� $ g2(,

����� � ��� ���� ��]h 364no, �

����� \ 668n o �YJ( ���� ?X6q

_ rsET, $� ���% �� ��� tu 100%�

vwG$ g2j �� ���� xyz� !{{|{

}h '~� 5�12� @6J  $ g�, !{{|F

�/ � g� '~� ^5 �&{ �k �f5 b�

J..
3,4)

VW��� J% �h ��F B�G� AGH ��

� �����(Electric Arc Furnace Slag JG EFS)

F ;�<=6 �>?� X6G� A5 �Y1 �02

�� KS F 4571(;�<=6 ��� ����� >?,

2011. 5)J �� �$ !�"� ��� L�� �0J

�� � ;�<= �>? |�� ^5 �&{ �v X

�� �M $ g2j,
5) U?z� ��� �����

>?� b6� ���� Y�G� �G�2(, ;�<

=6 �>?�� X6 {�C_ �{G� A5 ���

����� �>?� |��� *� ;�<=� �� �

h C8, ��1 C� Z �B,  ��, ¡�7B a�

W&C� �{� ^GH �&G$ g� ���2j2,6)

�v ��� ����� �>?F 100% |�GH C�

¢�Q 16C_ D#5 £¤C +¥�¢¦ $C� ;

�<={ ¢� � 16 $ g..
7)

�Oj, ��� �����F J65 ;�<= �

L �1 � ��§ � Gj{ ��� ����� �p

� �h ¨Y Z �A¦]2� #5 ;�<=� �A¦

] ©, $�G� ª^� ��§_ {�.� «J.. J

O5 $�G� ª^� �¬ &"� �TQ &1

4�C� ®¯_ i|�  :� @�� J� ^5 �{

{ J°�±~ ² «J( � ®¯� �YF T¨� '

³GH~ 5.. �Oj ;�<= �A¦] ª{� ®¯

_ ´� �� Y� E�?� ¤k � @6C� �5_

´� �� -.. �Oj µ]� µT¶e?� 16² ¤

k���¬�;�<=�·�x�¸=�¹Q�<$

�G�Jª{G� :�J�^5�{{�M �~

² «J.. *+� º �&��� ;�<=¶e �TE

�%µT?¶e?»�¢�-�������� �>

? |� ;�<=(Electric Arc Furnace Slag Concrete

JG EFS-Con)� ^GH �º1# ?»"C �{ N

µ]¼½� *+ �¬ µT¶e?»% EFS-Con 16

L $�G� ª{� *� µ] 8!��¾� i|� ®

¯� ^GH &B³_ bLG�.. JF ¿B �À!

�"# ��� ����� �>?F ;�<=� @6

L �A¦] ª^ ��% �� *� &" Á¡ Z

�T� Â�F $Ã, ¯N ��� ����� �>?

F ;�<=� X6G� A5 �Ä�»� �LG$�

G�..

2. ���� 	 
��

2.1. ����

2.1.1. Ä£¤LÅ=

º �&� @6- LÅ=� Ä£¤C�¹� LÅ=�

VW�� SB+¥� ¢¦ ;�<= ���6 LÅ=�

¢�, ��- «2� ��� ����� �>? |� ;

�<=� @6 �# LÅ=�� Æf LÅ=� ��1

C'h Table 1Q �..

Table 1. Physical and chemical characteristics of rapid-set cement

Time of setting
Fineness

(cm
2

/g)

Specific

gravity

Cement compounds(%)

Initial set Final set C
3
S C

2
S C

4
A

3
S C

4
AF C

3
A CaSO

4
Ca(OH)

2

30min. 40min. 5,602 2.9 16.0 16.0 30.0 6.0 3.0 20.0 5.0
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2.1.2. ��� ����� �>? Z Çh>?

º bÈ� @6- �>?6 ��� ������ �

�{ 5 mm inJ$, &8¼� É¼_ ÊC2� 5..

·5 ��� ������ ^GH ËÌÍ½� �JKI

<F GH 4��- '�&� Â�LÎ >?F @6

G�.. ��� ����� �>?� Ï��>?% R

µGH, �k }h Ð��_ �Ñ$ g� >?� Ò¦

Ó<{ 6JG( b1�J 70%� �B ;�<= �

L LÅ= ÔÕ, c�Ö ÔÕ, $¨Y� ;�<= �

{ {�G� -..
7) º �&� @6- �>?� "<

1 ÊCh Ó� �×# KS F 4571(;�<=6 ���

����� >?)Q KS F 2526(;�<=6 >?)� �

L $ g� �×_ nØLÙ� «_ @6G�2( �

W6h Table 2% �.. ·5 º bÈ� @6- Çh>

?� µT¶e� ÚÛk� 6Y� �^|� 19 mm >

?F @6G�..

·5 º �&� @6- ��� ����� �>?�

^5 p{Ü LÈ S� �Q, Table 3 Z Fig. 1Q �

J KS ÝÞ� 1ß5 �QF E�2( à×ÉYá�

� 1.2 mm ~ 0.6 mm âA� >?{ {e ãh &C_

G$ g.. J� ��� �����{ �e�Ò2� �

� � ä/5 ÉYF {�� ÊK_ å � g2(, J

F ¿B ä¦5 �Ò ��� *� Ue Ò¦Ó<�Y

Yæ_ Æ$ g..

2.1.3. ç<è

º bÈ� @6- +¥�� VW J@� �Ò2� C

'h �éêë!ìíî �¹� +¥� $¼' 47%%

" 53%� ï889J.. LÅ= tðìð% ;�<=

� @6GYñ ��- �Ò2�, µT?¶eQ ;�<

=¶e E�6 +¥�¢¦ ;�<=� ò< 16 $

g� �ÒJ..

2.2. ����

Table 4� �>?F ��� ����� �>?�

100% |�GH ��5 �¬ �&� �1óßR7)% �

¬� µT?¶ep# ç<è ¢¦ ;�<=(Polymer

Modified Concrete, JG PMC) óßàF Rµ5 «J

.. JF rsET, EFS-Conh PMC óß ^R �A

�ß?] 60 kg/m
3% �A+¥�] 51 kg/m

3_ ôÕ5

ÊK_ {�$ g.. JO5 �A�ß? Z +¥� Ô

Table 2. Physical properties of fine aggregates

Items Max size(mm) Specific gravity Water absorption(%) Unit weight(kg/m
3

) Solid volume(%)

Electric arc furnace 

oxidizing slag aggregate

5.00 3.70 0.41 2,554 70.0

KS F 4571* 5.00 3.10< < 2.00 1,800< -

Natural sand 5.00 2.60 1.11 1,559 60.0

KS F 2526** 5.00 2.50< < 3.00 - -

KS F 4571* : electric arc furnace oxidizing slag aggregate for concrete

KS F 2526** : aggregate for concrete

Table 3. EFS sieving separation results

Size 

number(mm)

Unit

Passing each sieve(%)

Result Standard

10 % 100 100

5 % 100 90 ~ 100

2.5 % 100 80 ~ 100

1.2 % 90 50 ~ 90

0.6 % 51 25 ~ 65

0.3 % 17 10 ~ 35

0.15 % 6 2 ~ 15

F.M 2.36

Fig. 1. Shape of fine aggregates.
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Õ� �#h &8¼ ��� ����� �>?� Ï

��>?F |�õ2�� }h "-LÅ=R c��

Y �k �h öÀC_ jìW(, �>?� �h b

1�� �B �ß?]_ ôÕL÷ � g�.$ E$

 �..
7) bW óßø�� ùÔ ��� ����� �

>?% Çh>?F ú�� ûÉGH 30ÄP Rü N

LÅ=F ý$ .L 30ÄP cRþ_ bLG�.. �

<$ +¥�% "_ �{5 N �� 30ÄP Rþ_

bLGH ;�<=F ó�GH LÈpF �öG�2(

�c��G�..

3. ������ ��

3.1. 	
��

PMC� �éêë!ìíî �¹ ç<èF " £� $

ð� '@LÎ SB+¥�% ��Y �UJ k�5 Ä

£¤�¹ LÅ=, t�, �� Z �]� ���% "_

1�R� �ßGH �5 Ä£¤ +¥� ¢¦ ;�<

=J.. PMC� �Y� ^5 bWbÈ �Q, Table 5�

�YÊC_ E�.. �Ö�Y� ¤k �× 21 MPaE.

4LP �Y�� 13 MPa J8_, 7/ �Ö�Y���

2ó J8_ 8�G� «2� jì	.. 
�Y� 4LP

�Y 6.0 MPa, 7/ 8.1 MPa� 
�YF jìW� ÊC

_ E�.. ·5, !��YY 4LP �Y�� 1.5 MPa

� �× 1.4 MPa_ nØG� �QF ��2( 7/ �

Y��� �× ^R 2ó J8� �Y�U ÊC_ E�

.. �>?F ��� ������ |�5 ;�<=�

�Y S��Q, 4LP �Ö�Y� �× 21 MPaE. \

16 MPa, PMC 34.1 MPaE. 2.8 MPa �h 36.9 MPa

� $�YF jì�.. 7/�Y� 55.8 MPa �Yz��

�Y�UJ  � «_ D#G�.. 
�Y� 4LP ,

�Y�×# 3.15 MPa� 2ó J8� �Y�U_ E�2

( 7/ 
�Y��� 10.7 MPaz� �Y�UJ  �

ÊC_ E�.. ·5, !��Y� +¥�� �{]J Ô

Õ ���Y 3&G$ PMC% �@5 �Y�U ÊC

_ E�.. JO5 ��� �����F J65 ;�<

=� �h �Y�U J��, Ï��>?F |�5 ��

� ������ &¼ É¼� �5 �¡C ª�(���

�)� �5 +¥� �{] Õ�, >? �p� �h b

1q� �5 �A�] Z �A�ß?] Õ��Y 3&

G$ ;�<= W!� p14�C ¯8 Z ¨Y ª^�

*� �#2� ��-..

3.2. ���

��� ������ �p� ¨Y{ \ 3.6� Jð$

�A61¦]J Ï��>?� RGH \ 800 kg/m
3 �

x ;�<= óß L Ï�>?F 100% |�² ¤k

;�<= �p� �A¦] ª^F {±�.. JO5 �

A¦] ª^� �¬ &"� ^5 E�E� L &"

� �T� ®¯_ i|� � «J( Ê�, µ]� µ

T¶e L $�G�� ª^� *� &" �T� Â

�F jìW� � «2� ��-.. ��� �����

� |�- ;�<=� �A¦] S��Q, Table 6Q

�J �¬� µT?¶e Z ;�<=¶e E�?#

PMC� 2.27 t/m
3� RGH \ 18% ª{- 2.67 t/m

3

� S� �.. JO5 �A¦] ª^� ;�<=¶e

Z E� L�� [�!� G�J ö6GH � ��{

�2j µ]Q �h &"� ¤k µ] ��¾ a�

®¯_ i� «2� �� (, � ®¯� �Y{ ��

#� �{G$� G�..

Table 4. Specific mix of the PMC and EFS-Con

W/C S/a Unit mass(kg/m
3

)

% % W C Latex S G

PRCC 38 55 76 360 115 922 777

EFS-Con 38 47 89 300 51 1,212* 1,020

*Electric arc furnace slag sand 100%

Table 5. Results of the strength test

Strengths Specimens 

Curing time(MPa)

4hrs. 1day 7days

Compressive

PMC 34.1 34.9 46.5

EFS-Con 36.9 52.6 55.8

Flexural

PMC 6.0 7.4 8.1

EFS-Con 7.6 10.1 10.7

Adhesive

PMC 1.5 2.0 2.8

EFS-Con 1.5 2.7 2.7

Table 6. Change of unit weight

Specimens # 1 # 2 # 3 Average Remark

PMC 2.28 2.26 2.27 2.27t/ 100%

EFS-Con 2.68 2.69 2.66 2.67t/ 118%



66 ,-./012/345

J. of Korean Inst. Resources Recycling Vol. 22, No. 2, 2013

4. ���� � ��� ��� � !�"

#$

4.1. ���� � ����

��� �����F |�5 µT?¶e� �YÊC

h �k k�5 «2� �{ �2j, �A¦]J �¬

;�<= ^R \ 18% ª^ � «2� S� � �

¬ &"� 16 L &1 Á¡� ®¯��� ^5

�[{ f& � «2� �{ �.. *+�, º �&

��� �A¦] bS|F J6GH �A¦]_ 8¯

�, b� µ]� µT?¶e 16 L µ] 8! &

"� i|� ®¯_ {e ^à12� 16 $ g�

4{� ¼½� µ]_ ��GH �[G�.. b� �d

�� 0®- µ]� µT¶eh �A¦] 23 kN/m
3�

x�¸=;�<=¶e ?»�2( J� ^5 &B³

�»% µT?¶e L �¬ µ] 8! ��¾� /!

F �ÁG$ ?¶d � PMC��� ÊC_ $�GH

¶eu�F �d�E. 20 mm ª{LÎ 100 mm c

Q ��� ������ |�L÷ ¤k ª{ � �A

¦] 27 kN/m
3� ^5 �T Z 4�� Â�F &

B³G�..

4.2. RC ����

Table 7h 12 m �¤P RC ��¾µ� d�W6

2�, ¶eu�F 80 mm�� 100 mm� �G$ ¶

e�A¦]h PMC��h 23 kN/m
3

, �>?F ��

� ������ |�5 ¤k 27 kN/m
32� 8¯

�5 «_ Rµ Z �[G�.. Table 8� �T

®¯ �[F rsET ¶eG�, $�G� Z �T

J ¶eu� 80 mm, µT¶e �A¦] 23 kN/m
3#

�d� ^RGH ¶eu� 100 mm� ª{- PMC

µT¶e� ¤k 1.3%, �>?F ��� �����

� |��_ ¤k 2.4% ª{õ_ E#.. ·5, d�

�T_ �[5 �Q, d�G� ß8 $�G��

ª{��{ XG� ª{��E. 8^12� 1h «

2� jì	.. *+�, �d�% d�4��_ Rµ

5 �Q Table 9% �J PMC ��# ¤k 1.0%,

�>?F ��� ������ |��_ ¤k 1.7%

�Y 4��J Õ�G� «2� B³ �.. �[�Q

� d�- µ]� Æ�� c2� ¶eu� Z �A

¦]J \ 18% �Y 8¯�   +Y µ]� 4�

� Õ�]h 2% inJ:�, &12� 4�5 «

2� �� �..

Table 7. Specification of RC slab bridge

Marking Length Width Rating Curve fc fy

Bridge factors 12m 25.8m 1 0
o

27 MPa 400 MPa

Cross section

Table 8. Results of the review on RC slab bridge with dead load and section force

Marking Pavement load Dead load Moment at the section

Variation of moment 

at the section

Original design 

factors

t = 80 mm

Wc = 23 kN/m
3

36.9 kN/m 707.0 kN/m 525.8 kN·m -

Structural

 analysisvof PMC

t = 100 mm

Wc = 23 kN/m
3

46.2 kN/m 716.2 kN/m 532.7 kN·m 1.3%

Structural analysis 

of EFS-Con

t = 100 mm

Wc = 27 kN/m
3

54.2 kN/m 724.3 kN/m 538.7 kN·m 2.4%
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4.3. RC ���

Table 10h 15 m �¤P RC +Åµ� �d� W6

2� ¶eu�F 100 mm� �G$ ¶e�A¦]h

PMC ��h 23 kN/m
3

, �>?F ��� ������

|�5 ¤k 27 kN/m
32� 8¯�GH &B³_

bLG�.. d��T_ �d�%� �TQ RµG

H 4��_ Rµ5 �Q, Table 11� �TY%

Table 12� 4�� �[% �J ¶eu�{ 80 mm��

100 mm� ª{ � ?¶e � PMC� ¤k 1.2%, �

>?F ��� ������ |��_ ¤k 2.2% �Y

4��J Õ�G�.. �[�Q � d�- µ]� Æ�

� c2� ¶eu� Z �A¦]J 8¯�   +

Y µ]� 4��h \ 2% �Y Õ� �2j, �p1

# 4�� ST��� 4�� Õ�]J �k i�GH,

&12� 4�5 «2� B³ �..

4.4. PSC Beam�

Table 13h PSC Beamµ� d� W62� 30 m

PSC Beamµ� ^5 ¶eu� Z µT¶ep �A¦]

ª{� *� &B³_ bLG� A5 d��»J(

Table 14� �T ®¯�[F rsET, ¶eG�, $

�G� Z �TJ �d� ^RGH PMC� ¤k

Table 9. Evaluate safety factor in RC slab bridge section force

Marking

Factored moment at 

the section(M
u
)

Nomina flexural 

resistance(ΦM
n
)

Safety factor

(ΦM
n
/M

u
)

Decrease of 

safety factor

Original design

 factors

t=80 mm

W
c
=23 kN/

1337 kN·m/m 1959 kN·m/m 1.465 -

Structural analysis 

of PMC

t=100 mm

W
c
=23 kN/

1346 kN·m/m 1959 kN·m/m 1.455 1.0%

Structural analysis 

of EFS-Con

t=100 mm

W
c
=27 kN/

1353 kN·m/m 1959 kN·m/m 1.448 1.7%

Table 10. Specification of RC rigid-frame bridge

Marking Length Width Rating Curve fc fy

Bridge factors 15 m 10.7 m 1 0° 27 MPa 400 MPa

Cross section

Table 11. Results of the section force diagram

Original design factors Structural analysis of PMC Structural analysis of EFS-Con



68 ,-./012/345

J. of Korean Inst. Resources Recycling Vol. 22, No. 2, 2013

2.2%, �>?F ��� ������ |��_ ¤k

2.8% ª{õ_ E#.. !"�� ^5 d��T Â�

F �d� �TQ 4��_ Rµ5 �Q, Table 15%

�J PMC ��� ¤k 1.6%, �>?F ��� ���

��� |��_ ¤k 1.7%�Y 4��J Õ�Gj, &

12� ��§h �_ «2� �� �..

4.5. Steel Box Girder�

Table 16h Steel Box girderµ� �d� W62�

2 × 45 = 90 m Steel Box Girderµ� ¶eu�F 100 mm

� �G$, ¶e�A¦]_ PMC��h 23 kN/m
3

, �

>?F ��� ������ |�5 ¤k 27 kN/m
32�

8¯�5 «_ Rµ Z �[G�.. Table 17� !"

��d��T_�d��TQ4��_Rµ5�

Q PMC ��� ¤k 1.2%, �>?F ��� ����

�� |��_ ¤k 1.4%�Y 4��J Õ�G�..

Table 18Q �J Æ¼ #�[�Q, PMC ���

¤k 8�#J �^ 2.5%, G�#J �^ 1.5%

Table 12. Evaluate safety factor in RC rigid-frame bridge

Marking

Factored moment

at the section, M
u

(kN·m)

Nomina flexural

resistance, ΦM
n

(kN·m)

Safety factor

(ΦM
n
/M

u
)

Decrease 

of safety factor

Edge Center Edge Center

Original design 

factors

t = 80 mm

W
c
= 23 kN/m

3
1180 1042 1633 1564 1.384 -

Structural analysis 

of PMC

t = 100 mm

W
c
= 23 kN/m

3
1190 1051 1633 1564 1.372 1.2%

Structural analysis

 of EFS-Con

t = 100 mm

W
c
= 27 kN/m

3
1199 1059 1633 1564 1.362 2.2%

Table 13. Specification of PSC Beam Bridge

Marking Length Width Rating Curve fc fy

Bridge factors 30 m 12.6 m 1 0
o

27 MPa 400 MPa

Cross section

Table 14. Results of the review on PSC beam bridge with dead load and section force

Marking Pavement load Dead load

Moment 

at the section

Variation of moment 

at the section

Original design

factors

t = 80 mm

W
c
= 23 kN/m

3

0.920 kN/m 14.985 kN 9.277 kN·m -

Structural analysis

of PMC

t = 100 mm

W
c
= 23 kN/m

3

1.150 kN/m 15.425 kN 9.484 kN·m 2.2%

Structural analysis

of EFS-Con

t = 100 mm

W
c
= 27 kN/m

3

1.350 kN/m 15.625 kN 9.534 kN·m 2.8%
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Õ�G�2(, �>?F ��� ������ |��

_ ¤k 8�# �^ 3.2%, G�#J �^ 2.1%

4��J Õ�G�.. 4�� �p� 125% J8_ D

EG$ g2:� &1 ��§h �� «2� B³ 

�..

5. � �

º �&��� �>?F ��� ������ |�5

$�Y ;�<= µT¶e� $�G� ª{� ^5 ®

¯_ �[G� AGH U? µT¶e�� ò< 16 

$ g� PMC ��Q Rµ'³GH .�Q �h �$

_ �_ � g�..

1. ;�<=6 �>? �×� %� ��� ����

�F J6GH Ä£¤ +¥� ¢¦ ;�<=F �²

¤k, ���� #5 �¡C ª{� #5 "-LÅ=R

ÔG, �h b1�Q ¨Y� ®¯2� LÅ=] ÔÕ a

� &QF �_ � g�.. ·5 �YÊC��Y �¬

� Ä£¤ ;�<=E. �Ö�Y, 
�Y, !��Y t

u k�5 �Y�U_ jìW� ��� �����F

Table 15. Evaluate safety factor in PSC Beam bridge

Marking

Factored moment 

at the section(M
u
)

Nomina flexural 

resistance(ΦM
n
)

Safety factor

(ΦM
n
/M

u
)

Decrease of safety 

factor

Original design 

factors

t = 80 mm

W
c
= 23 kN/m

3
69.780 91.720 1.314 -

Structural analysis 

of PMC

t = 100 mm

W
c
= 23 kN/m

3
70.655 91.720 1.298 1.6%

Structural analysis 

of EFS-Con

t = 100 mm

W
c
= 27 kN/m

3
70.720 91.720 1.297 1.7%

Table 16. Specification of steel box girder bridge

Length Width Rating Curve fc fy

90 m 12.455 m 1 0° 27 MPa 400 MPa

Table 17. Evaluate safety factor in steel box girder bridge

Marking

Factored moment at 

the section(M
u
)

Nomina flexural 

resistance(ΦM
n
)

Safety factor

(ΦM
n
/M

u
)

Variation of safety 

factor

Original design 

factors

t = 80 mm

Wc = 23 kN/m
3

83.480 116.77 1.399 -

Structural analysis

of PMC

t = 100 mm

Wc = 23 kN/m
3

84.196 116.77 1.387 1.2%

Structural analysis

of EFS-Con

t = 100 mm

Wc = 27 kN/m
3

84.294 116.77 1.385 1.4%

Table 18. Evaluate principal stress in steel box girder bridge(maximum negative-flexure section)

Marking

Upper stress( MPa) Lover stress( MPa)

Stress

Allowable

stress

Safety factor

(ΦM
n
/M

u
)

Decrease of 

safety factor

Stress

Allowable

stress

Safety factor

(ΦM
n
/M

u
)

Decrease of 

safety factor

Original 

design 

factors

t = 80 mm

W
c
= 23 kN/m

3
138.8 190 1.369 - 172.1 218 1.267 -

Structural 

analysis of 

PMC

t = 100 mm

W
c
= 23 kN/m

3
141.4 190 1.344 2.5% 174.1 218 1.252 1.5%

Structural 

analysis of 

EFS-Con

t = 100 mm

W
c
= 27 kN/m

3
142.1 190 1.337 3.2% 174.9 218 1.246 2.1%
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J65 ;�<= �{ {�GH ��� �����

�>?� @6C_ D#G�..

2. ��� ������ �>?F 100% |�² ¤k,

��� �p� �h �A¦]2� #GH /0 ;�<

=� RGH 18% �Y �A¦]J ª{G� «2� S

� �2( JO5 ;�<=� �A¦] ª{� ^5

&" �T Â�� ®¯_ '³5 �Q, 100 mm�

¶d- µT¶e� ¤k ¶eG� ª{� *� �p

$�G�h \ 1 ~ 2% JW� ª{G� «2� B³

 �..

3. $�G� ª{� *� G�ß� �5 !?(d

�tÅ=)h ¶eu� 100 mm Z �A¦] 27 kN/m
3

c�� \ 2% JW� ª{ �2( µT¶eG� ª

{� *� ^8 &"� �T�[F �M5 �Q, �

T 4��('6#/��#)J \ 3% JW� Õ�G

� «2� jì	.. �Oj � d�- &"J ('

5 d� 4��_ DEG$ g� 89J(, ¶eG� ª

{� �B �T 4�� Õ�]J �k i�GH ���

�����F J65 E�?� µT¶e 16 L �A

¦] ª{� #B &"� &1 4�C�� ®¯_

i|� �� «2� B³ � �À!�"# ��� �

����� ;�<=6 �>?��� @6C Z X6C

_  ) *+ � g_ «2� �� �..

%�& '

º �&� 2011l V[B�! cdµ¿R&D�,#-

+ �.@À� �&R ��(Q�/0 11TRPI-C057479-

01)� �B �M- «2� J� Õ@12Ñ..

(�)*

1. Son U. S et al., 2010 : The Shrinkage Characteristics of

Concrete in Using Oxidized Electric-Furnace Slag Aggregate,

Spring Conference of the Korea Concrete Institute, pp. 253-

254. 

2. Jo B. S et al., 2009 : Appraisal of Concrete Performance and

Plan for Stable Use of EAF Oxidizing Slag as Fine

Aggregate of Concrete, Journal of Korea Concrete Institute,

21(3), pp. 367-375.

3. Lee H. H et al., 2008 : Utilization of Electric Arc Furnace

Stainless Steel Oxidizing Slag as Fine Aggregate for Cement

Concrete, RIST, 22(1), pp. 60-68.

4. Kim S. M et al., 2008 : Study on Utilization of Electric Arc

Furnace Oxidizing Slag as Fine Aggregates for Cement

Concrete, Journal of Korea Civil Engineering, 28(3A), pp.

407-415.

5. Moon H. Y et al., 2002 : Utilization of Electric Arc Furnace

Slag and Converter Slag after Aging for Concrete Aggregate,

Journal of Korea Concrete Institute, 14(4), pp. 597-607.

6. Jung W. K et al., 2012 : Study of Polymer Rapid Setting

Cement Concrete Using Electric Arc Furnace Oxidizing Slag

Aggregate, Journal of the Korean Institute of Resources

Recycling, 21(1), pp. 30-40.

7. Korea Iron & Steel Association, 2012 : www.kosa.or.kr

�  !

•6� (7)89IMC :;<=> ?@

<=$

•A BCD )21* 1+ EF

" # $

•6� (7)89IMC :;<=>

?@<=$

•A BCD )21* 1+ EF

% & '

•GHIBJ KLMBN MBOP

•6� (7)89IMC :;<=>

?@<=$


