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Investigation of Sectional Force on Increasing of Dead Load
with Bridge Deck Overlay using Electric Arc Furnace Slag Sand
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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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Table 1. Physical and chemical characteristics of rapid-set cement
Time of setting Finerzless Specific Cement compounds(%)
Initial set | Final set | (em7g) | gravity | .9 C,S CiAS C,AF CA CaSO, | Ca(OH),
30min. 40min. 5,602 2.9 16.0 16.0 30.0 6.0 3.0 20.0 5.0
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Table 2. Physical properties of fine aggregates

Items Max size(mm) Specific gravity | Water absorption(%) | Unit weight(kg/m®) | Solid volume(%)
Electric arc fumace 5.00 3.70 0.41 2,554 70.0

oxidizing slag aggregate

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
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gk W72 AbslE el tiste] WALl ool
& sl QAstE EAFRE HIAZ] ZAE AR
stk A= AslE . AZ2Ale A9 1)
wEte], vl e F4ES AU Qo] FAle] EH
HAe]7h Bolstn AH&o] 70%el el FAE A=
Al AIRIE A7t Ax5E A7, 1z F3E A
z7} 7FsslA Aok B Ago] Aled Ao &g
A 54 # 7]52 KS F 4571(FIYES #A7|=2
AetEeia A KS F 2526EZHES Aol Al
AlE AL Qe 75 UEAT e AS ARsglen o
HE-& Table 29} 72t} 3 B Ao Abed #2%
Ae FHEA] Q297] £ HNXF 19 mm =
ANE ARS-3H Tt

T3 B A AleE A7) Askeia Aol
gk A7FE AE 578 2, Table 3 2 Fig. 13+ 2
o] KS T+Ad ¥ AxE Hom FFY=IFA
% 12mm~0.6mm He] AL 7P B 7S
Skl Quth ol AVE AlslEE| vt FAAIFLRE A
sbElo] gdst JEE 7HE S & 5 JdeH, 9
£ B3 A% AFE A v 9% EdAgex
=88 F3 Qth
2.13. Z2H
B Ao AMed gelae ) Al AEow A
2 2l - el AR e TR 47%9)
53%2] el olth. AlME REElE9 ZIAYE
AREEIE 2 AN AFow wAAEAT F3g
Z B4g gE2ld ZagEd dE FHeEHy
Al Fo|tt.

¥ (M 2wy A

i

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

Table 3. EFS sieving separation results

Size Unit Passing each sieve(%)
number(mm) Result Standard
10 % 100 100
5 % 100 90 ~ 100
25 % 100 80 ~ 100
1.2 % 90 50 ~90
0.6 % 51 25~65
0.3 % 17 10~35
0.15 % 6 2~15
FM 236

(a) natural sand

(b) electric are furnace

Fig. 1. Shape of fine aggregates.

2.2. HigHHy
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Modified Concrete, ©]5} PMC) HI3tES B2t Zlo]
t} o]2 AwE™, EFS-ConS PMC i tiv] &)
AFAF 60 kg/m’e} A2~ 51 kg/m*S A7
S48 7 Tt ol e SATA 2 e A
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Table 4. Specific mix of the PMC and EFS-Con

W/C | S/a Unit mass(kg/m®)

% | % | 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

Curing time(MPa)
Strengths Specimens
4hrs. 1day 7days
PMC 34.1 34.9 46.5
Compressive
EFS-Con 36.9 52.6 55.8
PMC 6.0 7.4 8.1
Flexural
EFS-Con 7.6 10.1 10.7
PMC 1.5 2.0 2.8
Adhesive
EFS-Con 1.5 2.7 2.7

Table 6. Change of unit weight

Specimens #1 #2

#

3 | Average | Remark

PMC 228 2.26

2270 | 100%

EFS-Con 2.68 2.69
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ofBETIERY Audow ol tie pxs| g Ak Table 99 o] PMC FH A5 1.0%,
Agot MHANEG Al 71E A T SHEe] I AZANE A2 &gz Z]ﬂﬁ‘l—% A5 1.7%
Z A7ste AFHEE PMCEHE S48 2Esly BE b Eo] Fashe 2R MUY AEA
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Table 7. Specification of RC slab bridge
Marking Length Width Rating Curve fc fy
Bridge factors 12m 25.8m 1 0° 27 MPa 400 MPa

25.800

40p 2,500 4502.000 , 3500

3500 2000, 3500 , 3500

, 2,000 450 2.500 4D

Cross section

AH7

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 Vari:tti(t)ﬁe Osfecmtizrr?em
Origifr;i]to(ri: e Wé Z gg r]:l]ilt;m3 36.9 kN/m 707.0 kN/m 525.8 kKN'm -
analsyzlil;tg;aLMc Wt;lgokr;‘?m} 462KN/m | 7162KN/m 532.7 KN-m 13%
S“i?‘gilsagifs‘s Wt;lz();) | S42KNm | 7243 KN 538.7 kKN-m 2 4%

J. of Korean Inst. Resources Recycling Vol. 22, No. 2, 2013
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Table 9. Evaluate safety factor in RC slab bridge section force

Markin [Factored moment at| Nomina flexural Safety factor Decrease of
& the section(M,) resistance(®M,,) (®M,/M,) safety factor
Original design t=80 mm : .
factors W.=23 KN/ 1337 kKN'm/m 1959 kN-m/m 1.465 -
Structural analysis =100 mm : . o
of PMC W.=23 kN/ 1346 kN-m/m 1959 kN-m/m 1.455 1.0%
Structural analysis =100 mm : . o
of EFS-Con W.=27 KN/ 1353 kKN'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 15m 10.7 m 1 0° 27 MPa 400 MPa
l 17,000 l
0,900x0, 300
Cross section = =20
z
¥
| | L, | |
2,000 2,000 2,000 2,000

Table

11. Results of the section force diagram

Original design factors

Structural analysis of PMC

Structural analysis of EFS-Con

173,94

52,97
55,01
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179,94
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4.3. RC 2l

Table 10 15m ©77F RC ZHlwe] A4
o7 IALAE 100 mmE ZAH3IL E
PMC FHE 23 kN/m?, A8 7|2 Alslsd| oz
283 A 27 kN/mPe g sl Fxase
AAEATE AATHEE S YA ek dHE e} v|ws)
o FHE&S W3 A, Table 119 W =<}
Table 129] P& ZHES} 7o LASFAI7E 80 mmollA
100 mmZ F7k=]o] AEALEE PMCO A 1.2%, Z*
ZAE AR AelEaz XS S 22% =
gl At AEAR 7] AAIE wge] Fof

A #ow TATA 2 G91dFge] 42 Hre
© o] PSS o 29 A graEgion), HAA
9l g % ECES

4.4, PSC Beamll

Table 13& PSC Beami o] A4 W&2Z 30m
PSC Beamwol| gt 2457 2 wHEGA] Hold
7l w2 FEENE AAE] fgt dARkEeH
Table 149] T8 JFAEES A¥HH, s, L
AelEs 2 Aol JAA tinste] PMCY B¢
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Table 12. Evaluate safety factor in RC rigid-frame bridge

Factored moment Nomina flexural
) at the section, M, resistance, ®M,, Safety factor Decrease
Marking (kN-m) (kN'm) (®M,/M,) of safety factor
Edge Center Edge Center
Original design t=80 mm
factors W, =23 kN/m? 1180 1042 1633 1564 1.384 -
Structural analysis t=100 mm o
of PMC W, =23 KN/m® 1190 1051 1633 1564 1.372 1.2%
Structural analysis t=100 mm o
of EFS-Con W, = 27 KN/ 1199 1059 1633 1564 1.362 2.2%
Table 13. Specification of PSC Beam Bridge
Marking Length Width Rating Curve fc fy
Bridge factors 30m 12.6 m 1 0° 27 MPa 400 MPa
12.600
0.450 11.700 0.450
I I
‘\ Z=Z T - 0.080 [
Cross section /7 o]
| im0 | 4 @ 2.500 = 10.000 | 1m0 |
1 ~1so0 12.600 © <1300 |
Table 14. Results of the review on PSC beam bridge with dead load and section force
Marking Pavement load Dead load Moment. Variation of mf)ment
at the section at the section
ioi i t=280 mm
Original design 0.920 kN/m 14.985 kN 9277 kN'm -
factors W, =23 kN/m®
i t=100 mm
Structural analysis L 1150 kKim 15.425 kN 9.484 KN'm 22%
of PMC W,.=23 kN/m
i t=100 mm
Structural analysis 1,350 kN/m 15.625 kN 9.534 kN-m 2.8%
of EFS-Con W, =27 kN/m?

22%, FFAE A2 AslEdas XS8YES AF
2.8% S7VeHe HQlth niekgte] oish AAGHE W3}
£ Q4A gy} obdE-S vwd A3, Table 159
7Zro] PMC 3989 A9 1.6%, JZAS A= AsiE
B2z XSPS T%3 % o] AAshy, F
zHo 7 BEAH ZAow A=)

[e]
35
o
= -
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e

4.5. Steel Box Girder !
Table 162 Steel Box girderw o] YA Ygo=z

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

2x45=90m Steel Box Girderi2®] ¥AF7S 100 mm
2 A8k, TAGIEZS PMCEHE 23 kN/m?, 2+
ZAE A2 A X35 F$ 27kNm’eE
AT Hlw 2 HESIICE Table 179] bt
A SEEs) PdeS vws A
= 12%, AAE A7z ek
14%4 = ePdgo] 43Tt
3 SHHREAF, PMC 3R
2.5%, 3tA-eHe] Hdl 1.5%

A
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Table 15. Evaluate safety factor in PSC Beam bridge

Markin Factored moment | Nomina flexural Safety factor Decrease of safety
e at the section(M,) | resistance(®M,) (®M,/M,) factor
Original design t=80 mm
factors W, =23 KN/m® 69.780 91.720 1.314 -
Structural analysis t=100 mm o
of PMC W, = 23 kKN/m? 70.655 91.720 1.298 1.6%
Structural analysis t=100 mm o
of EFS-Con W, =27 kN/m? 70.720 91.720 1.297 1.7%
Table 16. Specification of steel box girder bridge
Length Width Rating Curve fc fy
90 m 12.455m 1 0° 27 MPa 400 MPa
Table 17. Evaluate safety factor in steel box girder bridge
Markin Factored moment at | Nomina flexural Safety factor Variation of safety
e the section(M,,) resistance(®M,) (dM,/M,) factor
Original design t=80 mm
factors We =23 kN/m? 83.480 6.7 1.399 )
Structural analysis t=100 mm o
of PMC We =23 kKN/m? 84.196 116.77 1.387 1.2%
Structural analysis t=100 mm o
of EFS-Con We =27 kN/m? 84.294 116.77 1.385 1.4%

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

Upper stress( MPa) Lover stress( MPa)
Marking Stress Allowable |[Safety factor| Decrease of Stress Allowable |[Safety factor| Decrease of
stress (®M,/M,) |safety factor stress (®M,/M,) |safety factor
Original
. t=80 mm
design W, =23 kKN/m? 138.8 190 1.369 - 172.1 218 1.267 -
factors
Structural t=100 mm
analysis of _ 3 | 1414 190 1.344 2.5% 174.1 218 1.252 1.5%
W,.=23 kN/m
PMC
Structural =100 mm
analysis of _ 3 | 1421 190 1.337 3.2% 174.9 218 1.246 2.1%
W, =27 kN/m
EFS-Con
Aasigon, ZEAE AVR Asedar X3 S AES] flote] dA wHEAgelA g A8
S A9 A48 HAW 3.2%, 3kAsHol A 2.1% 3 e PMC 393 HaZAsle] vad e 48
gl ATk & A= 125% ol & < S F UTh
Hala glovg 2 EARE gle 2o= d4E 1. FIYES JZA| 7%l ste 7= Alskse)
ek, a8 olgdle] 247 B2 A BAYES A2
A5, edaR A3 F54 VIR QI E-AIHEH]
5.4 = A3, e AHg3 W FFOT AMEF AT 5
o BAE AL 4 AT E FESAE F1E
2 AT s IZAE A7E sk m X3k o] &7 FAYERT 4%, IE, FAE B
IRE FAYE wHFEFY uAsks STkl tg 9 T e AREEs vUeilo] HV|r Astedas
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