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x>
—

Overview and Applications of Precast, Prestressed Concrete

Adjacent Box-Beam Bridges in Korea-

INTRODUCTION:
A prscast consrets box-beam bridge is composed of a setiss of pra-tensionsd ot post

tensioned box-shaped beams, longituingl shear keys placed side by side or al small distances

with concrsts-fillsd joinits, tansvetse 1 in the cross beams (diaphragms)
and the filing of the longitudinal sheer key joints betwesn afjoining howheams. In the United
States, the Ametican Associstion of Stats Highway and Transportation Officials (4 ASHTO) and.
PCI provide preliminary design information for precast, prestressed concrete baxheams for use
in bridge construction. As a. result, a number of ptecast, prestressed concrets bo-beam bridges
have been construsted for short and medium span road and railway crossings 13 Coopetation.
hetween Japanese transporiation authorities and the precast concrele industey produced Japanese
Industrial Stardards (JIS) for precast, prestressed concrets gitdsts in highway bridges S
Weanwhile, Korea has condueted relatively little research on precast, prestressed soncrete bee
beam bridgss. This shady was conducted to identify the recent use and development of precast,
prestressed conerete bor-beam bridges in Karea

Figure | compares the span-to- depth relationship of the precast, prestressed concrete box-
beams in this study with those used in Japm and the U8 Figure | also shows that precast,
prestressed concrete hox beam bridges have been used for spaming up o 35 m (113 f)
Geneally, the length and weight of precast concete beams are limited by transportation
reiquitements, bub thers are many reascns why precast, prestressed concrete bowheam
conslruction has geined pepulasity in Kores. Kotea uses precast, pretensioned concrete boy-
beams for lengths up to 25 m (32 8 and precast, post tensioned conctets box beams consisting
of three o five malch-cast segmerts for giders longer then 25 m (82 f). The precast,
presttessed cancrete hox-beams have 4 depth to span ratio of 0104 which is significantly lower
compatecito 0.7 for -typs girdes predominataly used in Korea. In addition, thets is o need to
cast and cure deck concrete, thus fast and economical construction is possible.«
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SYNOPSIS

Pravast prestressed concreta adjacent box girders are widsly wsed in short and
medium span bvidges. Rapid covstruction and low construchion cost are the main
attractions of this system. Also, the contivcus flat soffit and relafively high span fo-
depth ratio maka this system assthetically pleating Hewevey, rgflective cracking and
lealnge have been reported along the longifudingl joints befiwean adjacent bores in a
veumber of bridges. The craching and ledvage are mainly due fo inadequate design
and detaling of the fransverse comeciion befweean adacent boxes, which evertually
lead to excassive differantial displacemant and rotation of adjacent bores The
reflactiva cracking and laakage allow chlorids-tnduced corrosion of ing stoal
strand and e of the Intdge superstruchre

This paper presents a review of the varics pracfices in the fravsverse design and
defailing of adincent box girder bridges. The basis for calcdating the fransverse
post-tfevsioning jorce according fo the PUT Bridge Design Ml is discussed
Design charts and equations are developed for varicus combivafions of spa length
bridge width, skew angle, and givder depth using the latest AASHTO LRED loading
These aids map be viewed a5 an update fo the farmation in Section § 9 of the PCT
BDM, which was based on an earlier varsion of the AASHTO Bridgs Design
ASbecifications

EEY WORDS: adjacert hoxes shear key, longitudinal joint, transverse design, post-
tentianing, hricge deterioration, rayid construckon, grid anatysis

s it

allowanse specifications. Additional design charts have been proposed to accouat for the
effsct of design parameters, such as span lengh and skew angle, in addition to the existing
parameters (L.e. bridge width and girder depth)), Compating the claborated proposed design
charts with the existing PCI BDM design chart hes shown sigrificant differences. A
sizplified design equation has been developed to determine the required post-tensioning
force per utit length of the tridge as = fanction of its width and box depth. Also, the effect of
span length and skew angle have been presented using correction factors that are celculaed
as a fnction of the devistion from the defalt values (span-to-depth ratio = 30, and skew
angle =0%. A design exampleis preserted to demonstrate the design steps.
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SYNOPSIS

FPracast prestressed concrete adjacert box girders are widely used in short and
mediten span ividges. Rand construction and ow COMSIENicN oOSt ave 3 main
atrations of s spstem. Also, the confivuous flat seffit and relafively high span to-
dapth rafio mae s system cesthetically pleasing However, rgflactive craching and
lealage have been reported along the longitudinal joints between adjacert boxes &
wember of bridges. The craching avd leakage are mamly dve fo madequate design
and detailing of the tramsverse commection betwean adacent boxes, which evevtually
lead to excasswe differenial displacemert and romaficn of adjacert bows. The
reflactive cracking and ladkage aliow chiorics-ndured corrasion of ranforcing steel
o the bridge

This paper presents @ review of the vavicus practices in the fransverse design and
detailing of adjacert bo girder bridges. The basis for calculafing the fransverse
post-iemioning force according fo the PCI Bridge Design Ml 75 discussed
Design charts and equations are developed for various combinatians of span fe
Iridge width, shew angle, and girder depth wing the latest AASHTO LRFD loading
These ads may be viewed as an updals fo the information in Section 8.9 of fhe PCT
BDM_which was based on @n earlier version of the AASHTO Bridgs Design
Secificatons.

KEY WORDS: ajacert baxes shear key, longiudinal joist, # msverse design, pod-
tentioning, bridge deterioration, rapic construstion, grid analysis.

misinun thickness of 5.9 inch is taquisec, The transvosse shoar foros is detemined as
funclion. of the bridge widkh-o-span raic, longitudinal flex wal rigj by, and longitudina
temgional rigily. Scme stale DOTs, auch as Mickigan, canbine the s of o sciurl
concrste slah and transvaros post-tensiering. This ie based on the sssumption that both she s
and flexwe forces nuet be transvereally v snefersed o the joints betwesn adjacerd b es 1o
control both transl ational androtational deformations”

In Japan, acjacent bos grders are designe L vaing similor sections ond design eriteria to those
e in Unated States, How ever, longiluding joints are detailed dfferently and wangverce
post lensi aming i significanily higher. C ssl-in-place concrels is placed in full.depth joints
that are 6.7 in wide and 22 in Jong After owing pos-tensioning is appliedthrough sever o
ducts located av different elevations. ALl boxes are coveted with 7 10 3 in asphlt concrete
weaing muface. Using the Jopanese procice, longtudinl crocking ond concrete
detericrction has rarely been reperted  For post-tensioring amangement mnd joirt

dimensans, refer to El-Remaily, e olf

hesw ey wace itz ased L st e Sddepl of the precet b Loz
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5 Tos ke tled the ffetivmuess f apaliang ke zimvese Pos Tensoring
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ToxFeoro 0, Wanav ors0 Conmscion 18 achieved by Uang o mid-dopth sheat ey Ty fillod wih
castrin-place coneete in addition to heavy franaverse post-tengioning applied aimilar to the
Japanese practice. The choice of » mid-cepth shear key was baged on a detailed anolysis and
full-scale lestin
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The State of Otogons has developed empisivel transverse dosign and detaiing proce dures for
adjacert box girders that have demonateted satigfactory performance over the years. The
devel opecl syretem 15 bogeel on g transverse throaded ios of several locations ascording ta
the gpan Length, grouting partial.depth dhear keys, and providng recesses a3 ¥ in chamfez ot
the boticm ¢dgec of the beam to prevert cpalling due o sirece concertration.

The tendts of the contueted resech by Wost Virgnia Departmont of Tranporiation on
aeveral bricges that hadjoint fractuxe and lopping erocking teveaed thal vertical chear falue
in the key was due to inadsquate gout instolaion and transverse e foree’. As o result of
his shudy, the West Visginia DOT changeits practice as follows

1. Post tensioned b st ength ties s usnd

2. A poweble spaxy i ueed instead of & non shuink gout in the shesr key

3. The sufaces to be grouted are sand-blasted.

In Mg Y ok, before 19932, deptiy of shear keye was around 12 fn from the tope of the pr ecast
beams’, Transverse tendons with a force of 30 Kp were used o induce anoverse
comprassion. scross the widlh of the bridgre. Spens up to 50 1 Long had 1o transverse
tencon, but thoae betwoen. 50 £t and 73 £t in lengih had ene trangverse tendon a the certer,
For thom longer than 75 f, tendons were used orly ot the ovter quarter-points, The bridge
contiratyin trangverse direction wos inaured by providing a cast-in place deck dab over the
beams with a thickness of 6 i nd reinforced with welded wire fabric Due to survey in
19907 it was indicated that 54% of sach bridges buil betwsen 1985 and 1990 had developed

al cracks over the ehear keys. In 1952, two major changss were adopted in Wew
Ve dacign standardo
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full-scale testing’.

HA

In Korea, transverse connection 18 achieved by using a mid-depth shear key fully filled with
cast-in-place concrete in addition to heavy transverse post-tensioning applied similar to the
Japanese practice. The choice of a mid-depth shear key was based on a detailed analysig and
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1996,

on reducing the cracking of the deck slab”.

o

1. Shear keys were increased to almost the full-depth of the precast box beams.
2. The number of transverse tendons was increased to three for spans less than 50 ft and
to five for longer spans.
Since adoption of the changes, more than 100 of the bridges had been built statewide. In
a suwrvey was conducted to evaluate the effectiveness of implemented design changes.
The survey indicated that 23%b of the bridges built between 1993 and 1996 experienced
longitudinal cracks. This indicated the effectiveness of applying transverse Post-Tensioning
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Prefabricated Precast Prestressed Concrete Hollow Slab Bridge System
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