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ABSTRACT

Bridges constructed in the high-growth period irpalg the steel-concrete composite
reinforced concrete (RC) slab was damaged withetaigcrease in vehicle traffic, and
become a serious problem. The development of theapt prestressed concrete (PC) slab
that the rapid construction is possible has beemaramed as a replacement of the RC slabs
that received damage, and the RC joint that paejalacement is possible has been adopted
as a method of connecting in longitudinal directidhus, authors have developed a new
type of joint that is combination of lap splice améchanical anchorage fixing the steel pipe
on the tip of the reinforcing bar can be appliedh® slab that the length of the joint part is
short, and thin slab. Results from the experimentadstigation of the wheel loading fatigue
test, the precast PC slab with this new lap-siptice has enough fatigue durability.

Keywords. Precast PC slab, Lap-splice joint, Maits anchorage, Wheel loading fatigue
test, Replacement of RC slab

INTRODUCTION

Bridges constructed in the high-growth period ipalahave already passed 40 years or more,
the steel-concrete composite RC slab was causedgdamith larger increase in vehicle
traffic, and it becomes the serious problem. Thesitierable increase in damage of the RC
slab was reported from about 1965, thus the Spatidins for Highway Bridges of Japan
were revised in 1972. Main causes of damage werep#ssage of heavy vehicles over
design load, excessive prescribing of allowablesstifor reinforcing bar, causing excessive
deflection for the lack of the thickness and theklaf distributing reinforcing bar, etc.

The development of the precast PC slab that thil regnstruction is possible has been
advanced as a replacement of the RC slabs thatvedcdamage, and the RC joint that
partial replacement is possible has been adoptedmasthod of connecting in longitudinal
direction. Loop splice joint that can reduce thmtjgart is generally used for RC joint of
precast PC slab, but the thickness is limited ftbenbending shape of the reinforcing bar.
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Thus, a new type of lap-splice joint that
combination of lap splice and mechanic
anchorage fixing the steel pipe on the tip of t
reinforcing bar that was called End-band-b
(Fig.1) can be applied to the slab that the lelgtr
the joint part is short, and thin slab has be
developed. This new lap-splice joint is provide
by a combination of headed bearing on mechan Figure 1. End-band-bar
anchorage and bond between reinforcing bar w...

concrete. The precast PC slab with the new jointiked SLJ slab that means Short Lapped
Joint slab.

The experimental investigation to establish theglerof a lap-splice, statics bending test,
statics punching shear test and bending fatiguewese executed. Consequently it was
confirmed to have a necessary performance in thespéce length of 15 times of the
reinforcing bar diameter. In addition, the SLJ shetal confirmed which sufficient bending
strength and fatigue durability. This paper presdhe experimental investigation of the
wheel loading fatigue test on the SLJ slab.

TEST PROGRAM

Specimen. The test specimen is shown in Fig.2, and the tsitnaf the joint is shown in
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Figure 2. Test specimen



Fig.3. The test specimen was the prec End-band-bar
slabs that consist of the RC structure ‘ ]
longitudinal direction and PC structur | SRRl SRCE s
with one series of pretensioning tendon = & (3
transverse direction that were connect | @
by the cast-in-place new lap-splice join
The test specimen was designed as
continuous slab with span length of 3.0
and displaced a simply supported sl
with span length of 2.5m that equivalel
design bending moment will act on. Th
test specimen was the width of 2.8m, tl
length of 4.5m, and the new lap-splic
joint was at midpoint of the test specime
It was the same size as the examination Figure 3. New type of lap-splicejoint

the wheel loading fatigue test that had

been experimented on so far in incorporated adirétige agency Public Works Research
Institute of Japan. In addition, the slab thicknibed was calculated as continuous slab with
span length of 3.0m according to the Specificatfonddighway Bridges of Japan published
in 2002 was 180mm.

Subsequently, the details of the specimen weredddcas follows. The precast PC slab in
transverse direction was introduced a prestresprbyensioning system with strand of
15.2mm that was located with 300mm spacing at upioerand 150mm at lower. In order to
avoid any tensile stress in concrete at serviaestgssing force was equal to approximate
7MPa compressive stress of concrete at the supewwogins and 11MPa at the inferior.
Longitude reinforcing bar consisted of 16mm diameteupper and 19mm at lower with
150mm spacing and the cast-in-place joint in trarsy direction was consisted of 22mm
reinforcing bar.

Materials. The Precast Tablel. Test resultsof concrete materials

PC slab was cast concret _

by high early strength Precast sl Joini
Portland cement and th Compressive Elastic {Compressive Elastic
joint ‘was consisted of strength | modulus| strength | modulus
special super-high early 5 2 5 2
strength cement. (N/mn7) | (N/mn?) | (N/mm?) | (N/mim)
Designed compressive Test star 61.7 34096 64.5 356111
strength of concrete wa¢ | Test end 63.2 35039 64.8 35868
50MPa with 8cm slump

and maximum size of Table2. Test resultsof steel materials

coarse aggregate wa

20mm. Designed value o Yield Tensile Elastic
0.2% proof strength of strength | strength | modulus
the pretensioned interna 2 2 2
stranpd of 15.2mm was (N/mm) | (N/mnr) | (N/mim)
1,600N/mrﬁ and yleldlng PreStreSS"'\JJ 915.2 1785 1965 194
strength of reinforcing strand

bar was 345 N/mrh The 16 378 562 185

: Reinfocing
test vale of compressive 19 384 563 188

strength and  elastic bar 22 394 594 185




modulus of concrete by cylinde
specimens (diameter=100mn
height=200mm), mechanica
property of reinforcing steel anc
presteresssing steel are shown
table 1 and table 2.

Test method. The wheel loading
fatigue test was used testin
equipment of incorporatec
administrative  agency  Public
Works Research Institute of Jape

(Fig.4).
The wheel load moved in the

range of +1.5m at the startin ; ; ;
point that was midpoint of the Figure 4. Whee loading fatigue test

specimen over the steel block

. 450 ==
(width=500mm, length=200mm) 200 |[L864's RCslab
that were arranged on the te Slab thickness 198 —

. . 350 HDestruction numbur of times :2,7000

specimen. And it was the steppe Destruction load 15N
load gradual increase loadin =300 /
which by 19.6kN increases ever %250
40,000 times from 157.0kN of the 2599 s
initial load. For the purpose o & ., __‘ 1996's RC slab
acquiring data, the static loadin = Slab thickness 220 i
examination was performed in th 50 Destruction numbur of times :25,6400
middle of the wheel loading '
fatigue test (at the time of loa 0

0 4 8 12 16 20 24 28 32 36 40 44 48 52

gradual increase). In addition, th _ _
Wheel loading number of timéx 10%)

static loading was conducted ¢

the wheel loading number o _. . .
times of 0 and 40,000 times Figures. Relationships between the wheel load

Thereatter, it was carried out jus ~ @nd thewheel loading number of times

after load gradual increase as fc.
every 40,000 times, and the loading position wathatjoint in the midpoint of the test
specimen.

The relationship between the wheel load and theeiMbading number of times is shown in
Fig.5. The legends of “1964’'s RC slab” and “199R€ slab” in the figure were the test
results of the RC slabs that were designed acaprtinthe Specifications or Highway
Bridges of Japan published each in 1964 and 1986h#d been experimented on so far in
incorporated administrative agency Public WorkseResh Institute of Japan. In addition,
“1996’s RC slab” was carried out about several sypietest specimens and illustrated lowest
one case.

Measurement. In the static loading examination, the deflectafrnthe test specimen, the
crack width between the precast PC slab and theircagace lap-splice joint, the strain of
reinforcing bar and the strain of the concreteapface were measured. The measurement
was conducted at maximum and minimum (Non-loadiogdl in each static loading.



TEST RESULT

Deflection. The relationship

between the deflection at th > [| A on PON AN ] Zgg
midpoint of the test specimen an 200 ||~ 1996's slab(Maximurf) A 400
the wheel loading number o 0 San(tminimum ] 350
times is shown in Fig.6. For the = 3002
reference, the relationshif £ 1 250%
between the wheel load and whe 2 2003
loading number of times on the 2 {150 &
test result of 1996s RC slab is & 100
also shown. 1 50

: : : — 0
The deflection increased with th 0 100000 200000 300000 400000 500000

wheel loading number of times Wheel loading number of timés 10%)

and suddenly increased at tF_. _ ) _
wheel load of 353kN (the loadin¢Figure 6. Relationships between the deflection at

number of times from 400,00¢ themidpoint of the specimen and the wheel
times to 420,000 times) and th loading number of times
wheel loading fatigue test wa:

terminated because of exceedir
the deflection limit of the testing NN NS )77
equipment.  Afterwards, static ARAEE WIS ASARIS ,‘}f/},{; H
loading was performed to loadin: TS ES Y ’YVVAQ:%Q/%
load of 392kN (loading limit of I A = A —
the testing equipment), but dic I O e Ty TUF(M;/\\M
not lead to destruction. Ny B IR RE DJ:{“EXRQ S

_ s v == I MU W NINE W\
Because the destruction load ¢ g 8 A2 LSRR
the 1996’s RC slab is 275kN (th \
loading number of times of |
260,000 times), it was confirmer Lower side Wheel loading rage
which the SLJ slab have th
enough fatigue durability in L2 M L T2l N7 N \,’\ L
comparison with the 1996’s RC [ 5D : ,n' ]
slab. : i ]

] (

Crack behavior. Crack pattern at L : 5 —
the time of the wheel loading L e [‘i
fatigue test end (the loading —| -
number of times of 420,00C § = T
times) is shown in Fig.7. Crack: — 1/ U
were dispersed approximatel | B N d
equally in the precast slab and tt \ ) [
cast-in-place lap-splice joint. — ‘ -
Thus, the precast slab and tr \ A R E E RV Ay VN
joint were functioned as one Upper side and side
structure. In addition, the crack )
along the longitude reinforcing Figure7. Crack pattern

bar in the joint were not; of the
reinforcing bar it is thought that pulling out didt occur.



CONSTRUCTION RESULT

After developing, the SLJ slat
was  adopted in Kyusht
Expressway Mukaizano Bridge
The Mukaizano Bridge that is the
four span steel-concrett
composite RC Slab located c
most heavy traffic section of
Kyushu Expressway betwee
Dazaifu IC and Chikushino IC.
Because the deterioration of th
RC slab was remarkable, th
replacement of the RC slab we
carried out using the SLJ slabhe
construction situation is shown i

Fig.8. Figure 8. Replacement of Mukaizano Brige
CONCLUSIONS

The SLJ slab (the slab thicknes. 459

180mm) did not lead to ;iigbi'fﬂifnz':sb_zm

destruction to the wheel Ioadinq Destruction nur.nburoftimes:25,60 0 ]_‘
number of times of 420,000 time  3°0 [|pestruction load :276N $

(wheel load of 353kN) in the =300 N - f

wheel loading fatigue test. A< =250

shown in the Fig.9, this was i S, , 2:;1Jbst|§i2kne55'1am

result more than destructiol E Destruction numburof times :42,3000
number of times of 27,000 time: £1%° ---H\. Destruction load :358N

on 1964's RC slab (the slal 100 ;ifb“t'fﬂffnj:sb_lm

thickness: 190mm) and 256,00 50 [|Destruction numburof times :2,7090

times on 1996's RC slab (the sla o [IDestuction load 152N

thickness: 250mm). The SLJ sla 0 4 8 12 16 20 24 28 32 36 40 44 48 52

was able to confirm which it came
and exceeded the fatigu
durability of the 1996's RC slak
for the punching shear withou
increasing the slab thickness
the 1964's RC slab.

Wheel loading number of timés 10%)

Figure 9. Relationships between the wheel load
and loading number of times at the midpoint
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