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Flexural & Fatigue Evaluation of Link Slab for Continuous Girder-Type
Precast Modular Bridges

Bong-Chul Joo," Jae-Joon Song,l) and Sang-Yoon Lee"”
YKorea Institute of Construction Technology, Structural Engineering Research Division, Goyang 411-712, Korea

ABSTRACT The modular technology has been already applied in automotive industry, plant and shipbuilding industry. Recently,
the modular technology was applied in bridge construction. The modular bridge is different from the existing precast bridges in terms
of standardized design that the detailed design of members is omitted by using the standard modules; the design of the modular bridge
is completed by only assembling the standard modules without design in member level. The girder-type precast modular bridge has
been developed as a simply supported bridge. The girder-type precast modular bridge could be applied to the multi-span bridges
through the continuity method. The continuity of the girder-type precast modular bridge is achieved by using the link slab which is
easy to construction and appropriate to the rapid construction. The link slabs have been used as the type of reinforced concrete
structure in US from the 1950’s. In 2000's, the link slab using the engineered cementitious concrete (ECC link slab) has been
developed. In this study, the RC type link slab which is more reproducible and economic relative to the ECC link slab was used for
the continuity of the girder-type precast modular bridges, and the construction detail of RC type link slab was modified. In addition,
the modified iterative design method of RC type link slab was proposed in this study. To verify the proposed design method, the
flexural tests were conducted using the RC type link slab specimens. Also, the fatigue test using the mock-up specimen was

conducted with cyclic loading condition up to two million cycles.

Keywords : modular bridge, link slab, continuity method, flexural test, fatigue test

.M B

o
e
&

e A, ZUE, 4 AR FoloA] 9]
H A&s) ed 7lE=2, d4E Jd AA-A
sf, REsE s o, 599 e
z3sto] AAES P8k TEs o
ofof| A & 2 al(Lego) 53} o] AR
Aes ol YO T WS A}
w7zl gk A7 JyHIL G
A5k & AR AMFAA o] BekE A,
2 373 Aok HelA 7Ee] =¥ uEde
3t Ay ey REEE AR 2YE o RE

o,
to

fo
-z

>,
S
Y
k
M\

o

e
.
Ml

off

Mz o

N
-z

td
i

= o ¢
S

~
oL
1o tHl

e
kY
El
ol

it o

*Corresponding author E-mail : sylee@kict.re.kr

Received December 24, 2012, Revised September 4, 2013,
Accepted September 4, 2013

(©2013 by Korea Concrete Institute

o =] REZY] #F o] 3R} EAEHA H
o oA wEe] AfolE vernE AA/AEY REY
S A%3E=E go] Fest o] A= oA
b AN denE AAAZE AgE] ZgsAE
DEHuFS AHsksks Wl et ATE S5k
e A9 A= hA T A A HEEA] Al
ol SR WHA At EA A Hu, AFolSH
T 2LHsle g AEFES S8t 9 Ik =
3 AL FHA A E 2~477F vlt} AlFo]SHE Fol
2T W3le] 2 MEFFPo] FTRE| JIFS v A UE
= 3la 9tk ol9} e AlFo|SH = AFo|ZAAE
FHksh=d], ol 8 TA AH TIPS "o
2o, 7] FAMY A fasky, dol vhol
Jq' L

E v
S HasglsAY FAFolS wEgs A8 e v
o] FE3] Ao gk psc A o] A4 Ank

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ 517
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



OF WEuE AXIAA 0|9 P& BAF AU,

7 9 ARFORARD AN BEFEE AL

o 2 QAN g @Ak Ad)

oy QA S Qe

L ogow TREY.

Tl gl ANYY TeALE BEe| LY
AN AR BB TAAN AU

4

401' rlo

ot s
Agelx /st d< Alstar i FA A A
Z£3)8l= oS x%ﬁ_z;h:]. B0 Ee AlET Al 3]
#o]7] wjitell F7go] Hatstar R Aol w2 Al
= AskA ok ek AAR dH AAE A%
= WS mbg shtollA ARl 3ol e
sthe wadlude] dA&5st wyow AgsA gron
vhebEs AL 7] ol Attt & 5 itk
AdEH H(link slab)E ©]-&3to] vieaThS AL53HA
v RS wEelA] 1950 d el AREE olEE o
AE AX LAHATE SLolA= 1964 vlo] ol &
Aol A A5 Algd o]Fe] 709l 8od el W
ZYNAE PSC AY W] A58t o m AREE Q)
th 5 wpolo & Aol Mk HATE 3807 el
79070¢] AAEHBTL AlFE o gl Utk vpe]
of & X MAAXF(EZTV-K Bayern 1990)°] °]shd <1
A&YR O HArZolE= 1.5m, dAEHE} AY Aol
BeF2 H2 25emE FRof sk v)Eska gl

20063 Zilch$} Weiher= =53} PSCHUY o]
Abeell sl 2ARE vk ek Akl 18709 wE S
10717 AAEAE AR TPl on, olE F &)
W] AALHnelA Edo] AF vhebA ekt
%3 gl AALARE o] &7 A% P ¥
AL wolFgIT oA F AL wal o
AALHD el et I o 5 glof AU

v Ze AL 19309 o &k gl w3 uherg
A S Aol grom Y Aol ney e
E(ECC, engineered cementitious concrete)®] 7I'&z} &7
o]5 AME3H ECC AAEHEE FHg3ro o=k
Caner®} Ziax= HEAIAE ol&st dA&HEE 2
A AZ: AYATE FASATE dAdo] 12.55 m(E R
o] 72t 6myal 2747 A W 247 2ALE @
= AGA 20 E AFeta teke AR EzdelA dAE
o] AeSAES A :

A8 o2 44U QAR o
21 ECCE A&sta A4 dHs o
ddsdgr "ON% Ajtst AFATE

=

m°"

_4

=]

PVA(polyvinyl alcohol) 4+ ELE]EJ
T A, 7 Wl I WY sYe 2t o O]H A 50l
o} o]¢} 2 EAJC] ECCE AdE&H Bl A &ato] o
AE HAATIE 2o AdEHE Adds fadd
o7 AAZGoRAN AAY FHHUFWEF FHYo
HaEo] AdsEo] I s lsil Tt

518 | =232 ESe| ==& M257 X|5= (2013)

71% wietast adsdnst dat

Ak A7 23YE H¥
(Aol at)ok AdEBe] ehAn|A 73T Abolef
A9l = Mol F7he Fof 7|E AdEHy Het
o] B SEPT @S X F e A W

k& AAEAY o5 il ddE
= A9E don 2005Hel= ECCE A A
ALEHAE(5.5m *x 2025 m x 0225 m)E AA| wEFe] AW
7@%?‘5]— H]— o]q_lo)

°of A= ZANAE B A&
o] A-dA et “ﬁl‘ﬂ“ﬂ zﬂl‘*oh ;q]om AN
Hell dist AP8S HES= HA o] Slvh Albe A
dedn AA e dFS Slste] ddEdn nie
ARAAE AAAZ L AdsdEe] M B w4
A HSATS TR e, A wFA A"
BARSE APAE o] &ste] 200%H3] F 2T HEAES
T3

2. @& H(link slab)

21 s H Iy

03: ok
2 r2 ok

A7 S (Fig 1(a) F3) UIF-A18H A3 0
A 2 2 AdES A%stels w(els), %
2 W Fig. 1(b) 303 &de] Ay, = wiehak
Z35sh= WhH(o]3h A AA W Fig 1(c) Z2)°] 9l
QA e A A FEEYT A7) ILHT"}O1
12
1

rlo

k9

J

3ol stel & RRAEA YRAYLA WA
wo] olof tjsk FEsh wo] Aotk et A4

A e J1E AAAd B gel A adatd
o nheh AN PHoE AE FEEI} 1
ARAE $E7h A o) A3} fAbe A ma
g AGRAA kR 9
3 10 2 WEFS AE3A Y]
O A%s) el v

2
oo Mt
>
&
oz Hz
=]

(a) Multi-span bridge with simple supported bridge

(b) Connected by whole section

(c) Connected by slab

Fig. 1 Continuous bridge systems
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Fig. 2 Schematic of RC link slab
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(a) Putting on the superstructure modules which have
bridge decks

(b) Installing the reinforcing bars at the link slab

(c) Filling and curing the concrete

Fig. 4 Construction procedure of continuous systems in
modular bridge
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4—| Assumne: Length of debond zone, Ly

Calculate:
Deflection angles at the girder ends, &
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2™ Woment of inertia of link slab, I,

I

| Caleulate: Moment induced in link slab, M |

|

| Calculate: Area of remforcing bars, A, |

Mot Available

Available

Cal A

Assume: A

Check
Strength & Crack width

Fig. 5 Design procedure of a link slab
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Table 1 Dimensions of link slab

Effective Thickness, ~ Cover , Effectwe

width, b, (m)| A (mm) thickness, d height, d
7 (mm) (mm)
2.75 200 70 130

Table 2 Angle of deflection at the end of the girder
induced by design load

2" Dead load Live load Total

Deflection| Angle |Deflection| Angle” |Deflection| Angle
(mm) (rad) (mm) (rad) (mm) (rad)

11.9 |0.00106 | 39.2 |0.00354 | 51.1 | 0.00460

(I)Angle of deflection

Table 3 Moment of inertia of the link slab

b (m) | A (m)| " (mY)|7,” "] [ =(,+1,)/2 (m")

275 | 0.2 ]0.001833|0.000508 0.001171
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Table 4 Maximum moment of the link slab

E;s Lls [Is emax M (kN ) m)

(MPa) | (m) | (m*) | (rad) |Live load| 2™ Dead load

32,902 | 1.8 |0.001171/0.00460 151.5 454
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Table 6 Check Limits of specifications

Table 5 Désign conditi9n énd area of longitudinal tension Limits of Design
reinforcement in link slab Check items |specifications'” values Satisfaction
Factored |Design|Calculated| Design Design - (mm) (mm)
moment, M, | width A, A, moment, ¢M, Rebar spacing 315.5 100 OK
(kN-m) |(mm)| (mm®) | (mmd) (kN-m) Crack width 0.295 0.135 OK
384.7 2750 | 10028 10454 398.5 WAllowable crack width in corrosion condition
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Table 7 Specimens for flexural bending test

Name of Moment of Applied  |Fiber volume
specimens inertia rebar ration (%)
HI-RC 0
EE—— IL+1I, D22
_ g cr
HI-FRCa “5 @100 mm 0.5
HI-FRCb 1.0
EI-RC 0
D19
EI-FRCa I @100 mm 0.5
EI-FRCb 1.0
m 1 7 I T
| | m | [P

Fig. 6 Shape and dimensions of specimens for the flexural
bending test (unit: mm)

Fig. 7 Schematic of load condition for test (unit: mm)

Fig. 8 View of flexural bending test
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Fig. 9 Shape and dimensions of specimens for the fatigue test
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Fig. 10 Schematic of load condition for fatigue test

Fig. 11 View of fatigue test
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(a) HI series

(b) EI series

Fig. 12 Response of moment versus angle of deflection

Table 8 the moment at target angle of deflection”

HI series (kKN - m) EI series (kN -m)
Design| RC | FRCa | FRCb |Design| RC | FRCa | FRCb

111 | 112 | 125 120 | 67.1 | 80 | 118 102
OTarget angle of deflection: 0.0046 rad
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HI-FRCb 1.0% 13/11 140.9 215 0.17
EI-RC 0.0% 12/11 148.4 235 0.16
D19
EI-FRCa VA @100 mm 0.5% 14/13 125.7 275 0.2
EI-FRCb 1.0% 14/14 122.1 195 0.22
(a) HI-RC (b) HI-FRCa (¢) HI-FRCb
(d) EI-RC (e) EI-FRCa (f) EI-FRCb

Fig. 13 Crack pattern of specimens for the moment capacity test
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Fig. 16 Crack pattern of specimen for the fatigue capacity test

Fig. 17 Crack width of link slab in cycles loading
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