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Minimum Thickness of Long Span RC Deck Slabs
for Composite 2-girder Bridges Designed by KL-510 Load Model
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Abstract : The minimum thickness of long-span deck slab is proposed by checking the limit state according to the Korean highway
bridge design code(limit state design). Both minimizing thickness and ensuring safety of deck slab are important design factors to
increase a competitive price of the long span deck slabs. The required thicknesses for satisfying flexural capacity, preventing punching
shear failure and limiting deflection were calculated by considering KL-510 load model which has increased total load compared to
DB 24 from 432 kN to 510 kN. The results of the required thickness for various limit states were compared to propose the minimum
thickness as a function of span length of deck slabs. The proposed minimum thickness is influenced by satisfying flexural capacity and
limiting deflection. It turns out to be similar compared to the results of the previous study by ultimate strength design method even if

the live load model was increased in total weights.
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Fig. 1. Example of finite element analysis model
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Fig. 2. Comparison of the design trucks

Table 1. Multiple presence factors”_

Number of loaded lanes Multiple presence factors

1 1.0

2 0.9
3 0.8
4 0.7
>5 0.65
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Fig. 3. The stress—strain curve of concrete.
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Fig. 5. Minimum thickness for punching shear design

26 Wojzl A4 ZA Aololn], di= fakol
ot}
@ =085 6.5 (p f)' " = 0.10 £, ®)

A7 vae AHETe] e SR AU

10.0
8.0 |
£
g’ 6.0 1
= 60t
S
—
5]
o 4.0
=
[
(=]
2.0 t o
— - -L/800 -==L/1000
e L 0 —&—L=4m
0.0 . -
140 150 160 170 180 190 200 210
Thickness (mm)
(a) span length : 4 m
10.0
8.0 f
Py
£
E o
= 6
-]
—
Qo
@ 40
=
[
[a]
2.0 t
— - -L/800 - =-L/1000
L/12(I) —E—L 6m
0.0

210 220 230 240 250 260 270 280
Thickness (mm)
(c) span length : 6 m

Fig. 6. Deflections according to the deck thickness

ok

PRI SIS|X|, M292 M3%, 2014

S EZA (046, fq— 010 f,) BT} ZAL oo
s, fa.ot fare A4 FAESY AAYSEE=S}
AAZEoIh k(= 1+ v/200/d )= GEE1Y T4
2 335 ALRA 2080 2 5= gtk 2 Fw
B2A 0 9 w27 gk sl 53t kel Ay

© 2 s, A A4 A= %k
Q1 0.02, Ha3HAE SHulEes AEA AN 5
o8l 229l 0.0030.2 7ML} f, S ZE|AEd
2 3] 5ol Yol T fEE gEEHolnE 11y
EZ] oottt HAAG| AFsr] gt HaFA=
200 mmE HA| Y= SO RA o AR5 93
Fagt FARG 2HA ALES=T ol B4 HAA
= BT Ao 7|RkgE Aot

—_

> o

3.2. AFBEAINENS TiRfet 24T

AFGRA R Hstel HAZIEAAE S B,
FAt AYS AW I FHS Ak 9
ool ATHINZ 5 vterm AAS 913 AN

10.0
8.0 |
£
£
S
c
2
e—
Q
-]
=
[
a
2.0 |
— - -L/800 - =-L/1000
— -+ L/1200 —&—L=5m
0.0 . . - - ' :

190 200 210 220 230 240 250 260
Thickness (mm)

(b) span length : 5 m

10.0

®
=)

6.0 L

4.0

Deflectlon (mm)

2.8 F

— - -L/800
— - L/1200 —&—L=7m

== -L/1000

0.0 -
240 250 260 270 280 290 300

Thickness (mm)

(d) span length : 7 m

75



A stu= MY FE Ao
5ok, ARgslexetel ofste] &
olA-go] FEAEO| 0% 21}

1A stact ok ARRSHA AN O
Z317] 913 AT 7ok
dasndold e g o

Zaslg o, 2 Rgro] A4
| AR A O3 21 ol
F 7148 v X7 E Fig,

(

S Fect. o]
6ol vehisich

rr

o

Omax = L/800 (AFgHe] E8e] ¢l (6)

%)
)

49)

315

Rl

of

= L/1000 (A T A

=L/1200(Z& Algo] 33}

o

rr

ONPVA, Gy = AAZIZANA AXSHE He) 47 A
argmiels] L uhetk WAR F47E Aem)el.

Ml A A 4 9l uieh ol Hhew
o ko] 242, FU X7 el A vherae] £
e FhEE A% Halth AR 4
(©)°114 1= utol o] waate] Fay 20| ket A
IME FEEEE vk Az A 7H) 7)o
g HAFAZ TG A6 mo] o S, B

P Fao] gl Aol AW/NES EHAE Has
7= 9F 220 mm, A|gHE 4=9f Abgro] F3Y o]“t: 735l
= oF 235 mmoln] g Aol BAst: Aol o
A= oF 250 mms} o] F7bee AFS % 5 9)
ojlef A2 Avts v e IHSHA] S Ae=m
A iz R BN P S FUT 0B A
sto] oozl grolek. et A AT A o] upEw
T ol wet ko] o] Fasle] A7k
dEbAH, o] ATk o] sl oJshH A Fo]
450
400
t 350 |
E
@ 300
@
£ o280 |
L
F 200 N
—— Minimum thickness for L/1200
150 | --&-- Minimum thickness for L/1000
—_— —©— Minimum thickness for L/800

4 5 6 7
Span length (m)
Fig. 7. Minimum thickness for deflection limits

76

= .
=l

o

ol

1ok

450
—&— proposed
400 | —&— L/1200
- L1000
-©- L/800
350 ' .. flexural(LSD) 5

--#--punching(LSD) _

=

300

250

Thickness (mm)

200

150

100

Spanlength (m)

Fig. 8. Comparison of the thickness for limit states

BPHOR of 4% HE Z71EE Ao W,
wheha] Aol Hie MzbEE Al o)A
=2 Ahgsto] AR kS AT 1T
AEAR ARstgo olF Fig 7ol Ui ol
3] 2 A A2 6 mel visho] e 21712)
AR 7)2S urEsls Z=a)7F oF 270 mm, 290 mm 2
310 mms AFElo] = AL TR 4 ek

SaatA e £
£ upergke] 4

AeeAAE A,
7 sAAEe] i veke SIS Bl Fig. 82
s 2w Avbos SakaAaEe] ofs) Hel o
FARASS shslty] gis) Bag e ALga
Aejo] ol A AR =51 9la) Bag w7
Hasrls AAshs 7o ddow ueHe o
% 9tk 2, ARE 4 mek Tmol] dhstel AW AR 5
257 Slgk A7k b 3A e gon), X7t
me} emol = B AAE Bste] 2R Tt 7k
¥ 2 Aoz et 7 weE AEE 4y 2
A7 LR SANEE et ol uje] g
e s E Aot AA 097 S
o PANS EET F, BE A5 ) el 2
B}E VS o541 o}au 4 (D 2L 2k

A 2tk

(V)]

R

=44L + 65 @

mm

AZNA iy BT FA(mm), L2 i)

Journal of the KOSCS, Voal. 29, No. 3, 2014



KL-510 sts2d S HEst ey

450
400 | e
- —%
E 350 | izl
g =K
® 300 | —
7]
= -+
£ o250 }
2 La
£ 200 | —f— 40L+130
150 proposed
~—+-- 431450
100 : .
4 5 6 7

Span length (m)

Fig. 9. Comparison of the minimum thickness

AZHm)C. 2 4 m ~ 7 me| Hejo|r} g, =3hgh
Ageol thet HEO|A AA vietie] i3l &4
Fe 2 Xl B AT APslr] $8) Dast FA
= "ol it AP gHst] $8) dast =7
Bt o 2] yepgt o, Aol thet AMAdS
Hsl7] 98 Hadt FAEGE A Yept A7
o] AAof| FEFS vAA| Zskot ol= AT E A
Aoz HdAE viebgo] HAHT A4 ol disl ¢hA
slth= Qu]7t ofyw, AA7|EA A AAss BHAA
g7k o] A Aol 7| ZxstER AA| uiettke] A
AT Aol FFE vX = fEe} A FFS
nefstA] K] gy Aol

Aotd wige] AR/ = Ve T2uAA VS
9 APALe] AupAla} vlwste] Fig. 9of LERH S
ok AR (7)ol eJste] A== vieEe] A7
= Az wheh F74E 4 mo~ 7 mo T3l 241 mm
~ 373 mm2] Heje] AiE Bt o] Aik= A3
A9t vl w] 6.3% ~ 8.6% = ZFOZA] FHFH
o2 9F 205 mm = F7HA FAE a8kl ok
a3, AdY AtollA] AAIGE 43L+502] A2 o] =
BEuAA7|EY 4 StollA AHEASE wHESH] Sl
193 FAZEE ZE&SH Fojng AN A
o2 AAE u 7| 22 AAV|EEG o 2 vidg
I A7 a4EE AL ok AL oyt 53
349 Fig. 4914 & A dH3b7] Yol Zast +
A7y AART AR ] ALl FARHl VeSS 7
¢re off A3 AtolAE o] FES sk rtA wi-
FARE A =2ES Ao A g, 7]
£ =2uAA7|EY HAaFAA 40L+1307) v|uE
o AQFALS OF 87% = OB A HHH O 2 OF 40 mm
A gF2 FA7F 8= AR yepgton, 27k
Heloll sl 83% ~ 91% =A] Z|7ko] ZHojRlof uhap

SR ES| X, 29 M3%, 20144

271 1 RC X7+ HIEHEO| 2| A5

A2 71 Aol Bolut AT Helt

o] AtellA+= 7| DB 24 kg vl 277} 5
7 KL-510 8159 815 f3assas Eoto
TFotRon, TR AA7|EEHAVTEEAM S ARt
Aol what kA e ol sl AESke] AR v
o AA Al Zud 5= 9l HAFAE ARISHATE o]
S Soto] ot 22 AES =EsHoth

1) SskebA e el ek ZEel A Bol ek Ak
5 Rl S T 51E 2719 FblE 2
511 DB 24 3152 A8 712 AAvIEe Aviel
FARE 5202 ehdth KLSI0 515 RS DB
24 sk Hl3l B3t SO AL o
A2A G} el B Al GREe X ShER
W7t §AP) mEE Ao e,

2) T A4 shee] Sy e el B
doll Agtel] $I8) Wask Sl 44 YA
H7h4J) 7] 2ste] AsEiglonE B Al o3 2
A FAEch WS A apEdch S5 o)
TG oA UR W U B G EYstol
A% IS AT 5 G ol aFHLG:

3) AHgRAAEO thato] %) AR /1% 5t
7 glo) Bast FAS SRR AS o)§at vus

wst7] 918} Bag T viwsg AF 5
TEfshe Aol A4 ARe FE5 99 B
Y AAo] o) el FARG 2 7
MyE o nE Har 256 JFE v

o
=
Sl
=
N
—_

o
N
K
ol
mlI

4) SRRHAVTE W ARSRHAV S E Ol g A3
= gHsl7] fd a3t FAE Hlaste] HES &
< Aol tisf HEe A AlSshe 2aFAA
= Attt AgHAE 7|1E AAVE 23l o
AREANRS et AR Aot Blud o FatAos
oF 7.5% 571 FAE Q76h= Z o2 BluE o
PAE Rt @ Aol we 845 =T &
ARgE poln, 7| ERuAA7ES HAaFA A

HlShE oF 13% ZaEl AukE Aga

A 2 0] =2 20139 % Addista wid
THe] Ao AU ofdf A=Y

77



1)

2)

3)

4)

5)

6)

78

i
40

References

Ministry of Land, Transport and Maritime Affairs, “Korean
Highway Bridge Design Code(Limit State Design)”, Korea
Road and Transportation Association, 2012.

Ministry of Land, Transport and Maritime Affairs, “Korean
Highway Bridge Design Code”, Korea Road and
Transportation Association, 2010.

E. S. Hwang, “Development of Vehicular Load Model
using Heavy Truck Weight Distribution(I)-Data Collection
and Estimation of Single Truck Weight”, Journal of the
Korean Society of Civil Engineers, Vol.29, No.3A, pp.
189-197, 2009.

E. S. Hwang, “Development of Vehicular Load Model
using Heavy Truck Weight Distribution(I)-Multiple Truck
Effects and Model Development”, Journal of the Korean
Society of Civil Engineers, Vol.29, No.3A, pp. 199-207,
2009.

H. H. Hwang and C. B. Joh, “Minimum Design Thickness
of RC Deck Slabs for a composite Two-Girder Bridge
Considering Serviceability and Constructability”, Journal
of the Korean Society of Civil Engineers, Vol. 25, No. 6A,
pp. 981~988, 2005.

H. H. Hwang, C. B. Joh, J. W. Kwark and Y. W. Lee,
“Minimum Design Thickness of Prestressed Concrete
Deck Slabs for composite Two-Girder Bridges”, Journal of
the Korean Society of Civil Engineers, Vol. 26, No. 1A, pp.
183~190, 2006.

)
o
ol
Jo

7) H.J. Lee and C. H. Jung, “Minimum Thickness of Long
Span Bridge Deck Slabs for Two-Girder Bridges”, Journal
of the Korean Society of Civil Engineers, Vol. 27, No. 3A,
pp- 303~311, 2007.

8) H. H. Hwang, C. B. Joh, H. J. Yoon and B. S. Kim,
“Punching and Fatigue Behavior of Long-Span Prestressed
Concrete Deck Slabs”, Engineering Structures, Vol. 32,
Issue. 9, pp. 2861~2872, 2010.

9) C.H. Jung and H. J. Lee, “Static and Fatigue Behavior of
the Long Span Precast Decks”, Journal of the Korean
Society of Civil Engineers, Vol. 23, No. 4A, pp. 721~731,
2003.

10) W.J. Park and H. H. Hwang, “Prediction of Failure Mode
Under Static Loading in Long Span Bridge Deck Slabs by
FEM”, Journal of the Korea Institute for Structural
Maintenance and Inspection, Vol. 16, No. 4, pp. 52~59,
2012.

11) Korean Society of civil Engineers, “Commentary of
Korean Highway Bridge Design Code”, 2008.

12) J. W. Park, H. H. Hwang, S. O. Kang, K. S. Cho and W. J.
Park, “Evaluation for Relative Safety of RC Slab Bridge of
Applying Limit State Design Code on Korean Highway
Bridge”, Journal of the Korean Society of Safety, Vol. 28,
No. 5, pp. 41~48, 2013.

Journal of the KOSCS, Voal. 29, No. 3, 2014



