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Abstract This paper presents an experimental investigation on the structural performance of precast ribbed panel
specimens and bridge deck specimens fabricated from the panels. The panel specimens are developed for permanent
deck forms of railway bridges (PSC girder). The decks of railway bridges have short span lengths compared with
highway bridges. Therefore, precast panels for railway bridges are different from those of highway bridges. The
precast panels have ribs designed for crack control at the bottom of the sections. Two kinds of specimens were
examined: one with 400-mm width and one with 1200-mm width. Three specimens of each type were fabricated,
and a total of 12 specimens were tested. In this test, the ultimate load, strain of the reinforcement and concrete, crack
width, deformation, and slip were measured. The structural performance of the specimens was assessed using the
Korea railway bridge design code and Eurocode. All specimens met the current design criteria for structural strength
and serviceability.
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Fig. 2. Precast panel section
(a) LB-Deck (b) Short-span precast concrete
panel for railway bridge deck
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Fig. 3. Cross section (width=400mm)
(a) Precast panel (LB18B)
(b) Composite specimen (CLBI18B)
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Fig. 4. Cross section (width=1200mm)
(a) Precast panel (LB18P)
(b) Composite specimen (CLB18P)
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Fig. 5. Longitudinal section
(a) Precast panel (LB18P)
(b) Composite specimen (CLB18P)

Table 1. Test specimens

Test imen Width The number
est specime (m) A
LBI8B 400 3
Precast panel

LB18P 1200 3

Composite CLB18B 400 3
(panel + topping

concrete) CLBI18P 1200 3
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Bttt o9 AEAE A7he Table 29 Helstaic.

Table 2. Material properties

Material Material Properties
Concrete Average compressive strength

(Precast panel) fom = 44.5MPa
Concrete Average compressive strength

(Topping) fom = 36.9MPa
Rebar Yield strength f't/ = 505MPa
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Fig. 6. Loading test (width = 400mm)
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Fig. 7. Installed crack gages

3.2 HEXH stExsHA

A E BHEA L} npR7 A & w07 A
AatgAlst A3e] WAL AN F
gt 1A= wEAlet FdsA A7+ T
27} 90mm o] ZAste] 434 A a7} = =
F atsAlst AT FA due] ddeid
vate] e 2 3ol Ae} 3Tk ‘LTZH% UTMe]
AA G BFS Fig. 8ol VBT

&l



Az wpee

§ ZalfiE Sduh G4 Hietee] BA%C) dhat AgA AT

F7lel mhe BA%L

i

54 ﬂmn

Al K] O]’ L,

41 D2|FI|AE THE EHEZY
(LB18B, width=400mm)

in*E g BEALRISB)= A7 4
oA ste-AR e 71717}
kgl om, oF 33kN7HA = A9 Aol 7k
Asg Boltprt kel vl dE 23& a=HA S3ket

MR S=1

—LB18B(1)

Load (kN)

—LB18B(2)
—LB18B(3)
— -Construction Load (5.00kN)

10 15 20 25 30 35 40 45 50 55 60 65 70
Deflection (mm)

Fig. 9. Load-Deflection curves of LB18B
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LBISB 37} ¥Ale] A4aEAsae A% ¢ o
T2 217} 46.2kN, 44.1kN, 43.75kNCo.2 313 &5 714
ato] A SRl o]2= Sl 35.6kNS /33
sl skl TSIt (Table 3 %)

Table 3. Ultimate load of the test specimens
Factored

Ultimate load Ultimate | design | Safety

Test (kN) moment |moment**| Factor
spec?fnen test (kN-m)
(kN-m) | Concrete

];i\St Calc(;l’a fed @ ® standard | /@
- - manual@

LB (1) | 46.23 1.30 16.41 9.24

_18B (2) | 44.10 35.6 1.24 15.66 1.776 8.82
(3) | 43.75 1.23 15.53 8.74
CLB (1) | 248.6 1.11 88.25 5.14
_18B (2) | 2549 | 223.88 1.14 | 90.49 17.17 5.27
(3) | 248.8 1.11 88.32 5.14
LB (1) |125.58 1.19 | 4458 8.37
18P (2) [123.73| 10530 1.18 | 43.92 5.328 8.24
(3) | 131.55 1.25 | 46.70 8.77
CLB (1) {620.30 0.92 | 220.21 4.28
18P (2) |674.05| 671.64 1.00 | 239.29 51.50 4.65
(3) |678.45 1.01 | 240.85 4.68

* ¢ Calculated ultimate load is based on the plastic moment

** : Factored design moment is obtained by using the dead load
factor 1.35 and the live load factor 1.85 in the Korea railway
Bridge Design Code(2011)

g T AE JHH HEA(LRISB)E
FTAFH HHY F2EAE HFoR Al

=

“*(Cracking factor)=
whe FAE AN A
Hl dEo}OiD}[Z 71.

ot

o] 2-8-¢ wj FAjel| 283}
v, 2ol sdehs AdAe sFAlst 229 &%
9] A7) 5.0kNejTh

LB18B Aol tjgh A etFAlst AgelA 7t

Hu

L



A7 &8 e) =2 A A9 A3E, 2018

TAEA sk 2719

“*(Cracking factor)

7L A e, FAe 1
oAl 0.44, 0.79, 0.99% 37)]¢]
AFeER & saolA o] MR

2t} (Table 4 #%)

& %

Table 4. Comparison of cracking load and design load

Cracking load . Design Cracking
(kN) Cracking | moment factor
Test moment | (kN-m)
specimen Test Calcul test Concrete
D ated* | @/Q |(kN-m)® standard @/
@ manual@
(1) | 11.38 0.65 4.04 0.44
I;;SB 2)| 630 | 736 | 1.17 2.24 1.78 0.79
3) | 507 1.45 1.80 0.99
s PO : . —
_13B (2) [ 29.60 | 52.43 | 1.77 1051 13.63 1.30
3) | 47.93 1.09 17.01 0.80
(1) | 1492 1.00 6.81 0.78
—I;?P (2) | 15.40 | 15.00 | 1.33 5.64 533 0.744
(3) | 16.98 1.25 6.03 0.88
(1) | 114.28 1.38 40.56 1.01
iléls (2) | 94.56 |157.28 | 1.66 33.56 40.90 1.22
(3) ] 91.73 1.71 32.56 1.26

* ¢ Calculated cracking load is based on the concrete compressive
strength 44.5MPa.
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Table 5. Concrete compressive strain at the ultimate load

Ultimate Compressive
Test panel load Strain Remark
(kN) (ue)
(1) 46.23 3480, 5475
LBISB | (2) 44.10 3640, 4932
(3) 43.75 3841, 4342
(1) 248.6 1830, 1807
Concrete
CLBISB | (2) 254.9 3181, 3439 .
ultimate
3) 248.8 3532, 2697 .
strain
(1) 125.58 4811, 4382 €, = 3000
LBI8P | (2) 123.73 4788, 4386 .
3) 131.55 5998, 4493 b
(1) 62030 2602, 2367
CLBI8P | (2) 674.05 5258, 5684
(3) 678.45 2986, 4025
4.2 SMEEXI(CLB18B, width=400mm)
Fig. 119] 8547 1< B oF 200kN~250kN
74 78] Aol 7PAE dke-He] HAE Kot o]
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Fig. 12. Load-crack width curves of CLB18B
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Table 6. Crack width of service load state

. . Allowable
' Service Crackmwldth Crack DO x100
Specimen load* @ K
KN) (mm) width@ (%)
(mm)

()| 27.85 0.0714 23.8

CLB T —
1B 2)| 27.65 0.0518 17.3
3)| 27.68 0.0071 03 2.4
CLB (1| 8273 0.01684 ’ 5.6
18P 2)| 82.65 0.01210 4.0
3)| 8233 0.01875 6.3

* : Experimental loading close to the calculated service load

Table 7. Comparison of the measured deflection and
the allowable deflection of test specimens

Design . Allowable
spe]:i)frtlen load* De::j:[:)lon deflection Reamrk
(kN) (mm)
(1) 0.24
CLB =
_1sB | (2| 13.63 0.16 2.67 Allowable
3) 0.15 deflection
(1) 0.43 1/600 of
ilé]; @ | 40.90 0.16 2.67 span length
(3) 0.21

* @ Design load is the sum of Cast-in placed concrete and live load
except self weight of concrete panel
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Fig. 14. Load-Deflection curves of LB18P

Fig. 15 sle-1rE% 4o A4+= LBI8P(1), LB18P(2)

TN A A g ERA 2] w2 FEEe] Tt

sk de] WA Zsf~E did HY-)(LBISB,

28

off
e
ol
-
=

J

%E]‘ﬂl:} 1:1:5} oi:“:
1T} LBISP 37 A3 A)
A 9 LB18B9} r

i\
ox,
Ny
B
=
=
° ne
N

oo
=
o
il

>~
>
o o

>~
K 0%11
o
_t‘_l‘
Q_L
o ¢

(U
Y
)
=
El
QL
N
S
<,
e
aQ
=2

i

>

g Mo rulo

ol
—

%
et jg ol\ o\

oo ¥ 1l
wek S
2w
-
X0 o [
-

° 4 o
(o

R
Th 2ol %Oﬂol AAE A& %“’J
H3ks 21.17kN9] 71%~80%2]
A7) AFE Aoz Fdot 3 4
R[]0l WE AlEEkso] 2t
33kN-m¢} LB18P 37§ -4 z+z}
A2l &S B
(Cracking factor)©= 1.00, 0.97, 0.88% A]-&-3}
RHlEZL AAstgAe A ATl e 74
LAY o 2 Floz e
LBISP Y-Alol| AlFatgel gt A £

g 4
o

O ok,o
M o
RO

oo o 2

THEE

-l ==

)

O{N
o r
ééﬁé

[m lo

AnuEs}

53 A7)e] BAES BANTE 8F 15.0kN] 2§
& uf @AY FEE2 0.0102mm. 0.0121mm, 0.0201mm
Az 58 % 03mmst vushd Ads] vk
F9e & & Tk LBISP FAle) el Ug
A%} f2as o7l W ANAE ving A3 =
AA7L AR B e Aoz heht g Tels)s
E #d HEALBISB)S} frAMSH A¥E HATh
100 ¢ .
%90 L7
80 | i
70 + A L7
Z 60 | e
3 ,’
3 50 L —LB18P(1)
§ 40 // —LB18P(2)
30 L s —LB18P(3)
- -Eurocode 2
20 3 i
e — Construction load
10 , 4 -=--Cracking load
0 1 1 1 ]
0 0.1 0.2 0.3 04 0.5

Crack width (mm)
Fig. 15. Load-crack width curves of LBISP

H(CLB18P width=1200mm)
HslsAst A3 A3} CLBISP(2)
ol Fululo] o] A}

s %*&J HEs B



AEm uheRg Zefie

szt gy shetme) A% e 4Ed A

2T}

2] CLBI18P(1), CLB18P(3) 2711¢] ¥-A&= AW 5}
¥ 948wtk CLBISP(2), CLBISP(3) 271 -7 ¢]
ekt B E 7Hdste] AP o] 4 671.64kN
| A3 S Hlouk CLBISP(1) A9 45 o] &
219l 92% =21 620.30kNell A 13 E] 9]t} (Table 3
ZZ) CLBISP() A= slso] T7kete] F3tkelsol
TPAIAAA sy} SR Zag B SRiEe] A
Skt om, gk 5 AR FoA dritdo] w2 A
A= Aol #ZE Ik CLBISP3) F-A412 75l
SHe AA gokoy, FwslEe] MAAHA
CLB18P(1)3} v A& A oA Addo] mhe

A - = A

=)

=3
=
=

2

L

gelsllek (Fig. 16 #=)

Fig. 16. Crack pattern in CLB18P
(a) CLB18P(1) (b) CLBI8P(2) (c) CLBI8P(3)

AdA e FYAH A ZAYE
B, CLBISP(1), CLBISP(3) 271
A AES B CLBISPQ)9 ¢
& WY ES nyon, Jyas
B4l mAA] 35k CLB18P(1)
ek

xe
=

m

rEj o

Fig. 17 315~ Aol nhe
AT e 3718 R Estol
I} AlgratEell el 145.06kNS 1
skt Algstet 37 AdA ] F3telet
Z¥7} 23.3%, 21.5%, 21.4%5 5 =3
W27 Feahe Ao E YERITE

mzf
iy
o,

Bl oo o &
fio oL

<)
—_-

29

~
o
o

@
o
o

—CLB18P(1)

%]
o
o

—CLB18P(2)

—CLB18P(3)

N
o
o

- - Factored design load
(145.1kN)

Load (kN)
w
8

[N
o
o

[N
o
o

o

0 5 10 15 20

Deflection (mm)

Fig. 17. Load-Deflection curves of CLB18P

CLB18P A9 atzol we #d% Z4AE Fig
189 vepdleh. fFRF= 2[7]0l we HwdE Hrt
22 A HFAN(CLBISB)9F PHFAZ Case 1, Case
2 ©el gis] 242} Abdete] A dsSATE ASA

i Case 2°] 938t HwtgE Ao} 3] 45
S Heom Case 19 23t HujwtdE AL R o=
28 o ® YElY Case 19 392 #9ZS 3r)st
Aol eHZe] &

A

L

600
| Casel
500
Case 2
400 o
4
=
- 300 -
g —CLB18P(1)
- —CLB18B(2)
200 —cLB18B(3)
----- Eurocode 2 (Casel)
100 - -Eurocode 2 (Case2)
— -Service load
0 o L L L L L L L L )
0 01 02 03 04 05 06 07 08 09 1
Crack width (mm)

Fig. 18. Load-crack width curves of CLB18P

AL A7 (=[]l wE viekt ARg-aksol
st AAAEetE 82.88kNo| A& ) AL
Table 69 2]} T} CLBISB H-A41¢] #dZ& 3§
TDE 03mm2| 5.6%, 4.0%, 6.3%= A3 A& +4

= ZAHAAE KAtk
Table 7°l+= 82.88kN<| &}5o] 288 w A9 =

715 Aeskalh. AEAAZIE=RE[1]9] 715l w



=71 &8 8= A Al19d A3E, 2018

2} upekak A7k 176008 243 31444 2.67mmol
t3ko] 29.6%, 25.1%, 14.6% ¢ Qo] wAate] L&

A NFEE FEI WSS Ao2 Yehygrh

58 B

whekgt A2k WAl He Ada g4 e] A v
S A2 98 ek B ZeaE g G
AR s e Zeplae el AEF
PN} A, e 3 FEEAYES el e
shdo] G4 o5 Fauteie] ShANs} ALEAE 4
Fa] 919 AARFAS} 292 A, e
e Ard mgsdlt

1) LB18B¢} LBI18PE 2B 7} -
ws A8er aghiedt °ﬂ¥7%
AAstEAlst A9S Tt 1%
Fde] ARG FAAEE Jﬂ7}o}aiﬁ¥

2) CLB18B¢} CLBI8PE #B7} -
gy el 23 eV} e E
HgE wF upgae 2T
APA=A, A etEAs A
A g A Feakse] gig ks g

3) LB18B, LBI8PS] 7} 541 3704 F 67) AAA+=
Sl S7tel wh T3 AAFE Koy AAE
off Auj=le] gtof o]2g]on FulHE 714 o]

E2H} o7k & skl A gt Qe

LBISBHA 9] o]&/fe] #d3}52 7.36kNo|™

SAHAE SAZ gt 7F FAe FdHA)st

ok 10kN, 8kN, 5kNOo& vtepyict z; HA)¢

WAE Y ZIYE B3 APDA8] wE A

53815 5.0kNS] HIE 0.44, 0.79, 0 .99 A 74

ol Al AR 2 Jlom

Elyith LB18PH-AJ 2] o]&24 #E3sl52 21.17kN

Kol

4)

Mool R
12 rlo Jm

L
>~

&9

T

ol #EE FAHAE AR Aok AR #d
WSS 14.92KN, 15.40kN, 16.98kN O & LFERRIT
ZF FA e rddAsks A Esks 15.0kN2
H]:= 1.00, 0.97, 0.88 2.2 AATDs52 LA oF
b A ZoR vEeRTh 33 dd BAeA]
A stEo] o] 24 TEaE9] 68.8% ~ 78.2%%

30

5) CLB18B9] 37 A= sk Zbo] whep 2R3 A
AASS Roln F& FA%E AujEo] 5o o
2ylvh =3 7 A= s 7P E ol EA B
Z atzollA g E ek Arenl nped dAA st

3hak5 223.88kN} H] W}

%= 48.4kNE o]&/Fe] =3ls
H 46919 Z71YS & 4 Tk CLB18P4 37 A
Rl 271 FA=

A F VN A A9 E
AT A Aekata] P ioltﬂ TS B
o]x] Rgth. CLB18P(2), CLB18P(3) T /N A=
A E 7P o2 FestEEel ot 2 8t
Zoll A 32 E T CLBISP(1)E ol &X]9] 92%
< 620.3kNellA] T} = lT}, CLB18P(1)2] o338}
% 620.3kN-> A AlFste 145.06kN T ¥l sk
431 271908 & 5 Utk o] A4 CLB18P(1)
3} CLBI8P(3) F 7| F-Aoll A Fdctufz 7} dojd
o7H FEI ANAFTS HolAE Ygkon} Iy}
£ 7Hgate] A Seketae] 92% ool ak
o o]=e] T o, ?ﬂ‘éfﬂri’]ﬂ' VEREA] oS
< a1este] %‘%Eﬂ*ﬂl#% 2 At x 7
Fataol tate] 2.78u]¢] A4 EO% AR ezl
tjste] &gt JZM, S 23 o & gl
CLB18B 370 Aol 7] Abgsts 59 sheol
;(]-,%_51- o 2R Ho IS 0.0714mmE FE

Z 03mm9| 23.8% olatE s ZA ekt
lﬂr CLB18P F-Aj9] -l AHgats 59 ks
o] Zgg uj o] ¥HZo] 0.01875mm=E F-EH
Z 0.3mme] 6.3% "9l Ao2 Yehdth CLBI1SB
AGA ) AHgate o] akeo] 2HEE w Ao A
Ae 0.0714mmE  FEX  2.67mme]  23.8%,
CLB18P9] 7% Hdl A 0.79mm= 5]E&-X]
2.67mm2] 29.6% = EbTh

=
=

]

=
=
al

~

0.6
=
o

Lﬁ

6)

re
i
K
il

%
oX,
L ofN
ol
:(,)1:!

o e

L% 2
o
&

5

=2
R

[z
N
S
-
£
)

2
0%
8 ©

a0
rdo
o

4

[
=
Hoyg

x
("_81'4
o2
e
)
N
o &
(it (4
[HA N

°
BN
iCial
o

=l
oX
=)
>
b
oX,
Ll
el
-
)
JN
o
rlr
pau)
o
fru
e
m!)
i
O,



Aew vetwg TeAE gda G4 v BAS o AgH 97

References

Korea Rail Network Authority, Railway Bridge Design
Code (Trackbed Part), 2011.

D. H. Seol, K. C. Lee, K. H, Kim, S. G. Youn,
“Development of Short-span Precast Concrete Panels for
Railway Bridge”, Journal of the Korea Concrete
Institute, vol. 28, no. 5, pp. 545-553, 2016.

DOLI: https://doi.org/10.4334/JKCI1.2016.28.5.545

S. G. Youn, G. D. Cho, “Experimental Study on the
Cracking Loads of LB-DECKs with Varied
Cross-Section Details”, Journal of the Korea Concrete
Institute, vol. 23, no. 5, pp. 657-665, 2011.

DOLI: https://doi.org/10.4334/JKCI.2011.23.5.657

Korea Concrete Institute, Study on the Design and
Construction of Precast Concrete Panel (LB-DECK),
KCI R 09-005, 2009.

S. G. Youn, S. H. Park, K. H. Kim, “Improvement of
Design Details of Reinforced Concrete Deck in Railway
Bridges”, KSCE 2015, Convention 2015 Civil Expo &
Conference, pp. 209-210, 2015.

Korea Concrete Institute, Concrete Structure Design
Code, 2012.

Eurocode 2, Design of concrete structures, Part 1.
General rules and rules for building, ENV 1992-1-1,
1992.

Korea Concrete Institute, Concrete Standard Specification,
2009.

L S(Dae-Ho Seol) [E3| 2]

020079 29 : AAGTEh BEE
&8} (F3HAh

02007 39 ~ 20169 29 : R
ol el 2 7T A

02016\ 3¥ ~ A : A3
slgta AR (9hAh

)

#47%, RCTE, PSCTE, Z7%, 0

31

s

ol &

ZHKyoung-Chan Lee) EEIE

02007 2€ : Algdigu A3
A 2Bl E B (RA]

02008 82 ~ 2011 5Y :
University 17-¢

02011 6¥ ~ 2013 39 : E3|F
A

020131 3¢¥ ~ dAA : F=HEEY
=AY AdaT9

o

<gh ol
Ay, BAE A%, Anad 548, PITE
o

[LLe

01996 8¢¥ : A&t EE3st
7 (4Ah

© 199611 39 ~ 2002 8¢ : F=r
E2FA E2AT 4O

0200211 8¢ ~ AA : ALY
Sojgha A 2~8E 8w




