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Panels

ABSTRACT

Half-depth panels were developed with the merits of CIP (Cast In Place) decks and precast decks for constructability and fast
construction. In this paper, details of half-depth panels with pre-tensioning were suggested. For evaluation of structural performance,
five half-depth panel specimens were fabricated and static tests were conducted. The cross-sections of these specimens were composed
of pre-tensioned half-depth panels and pre-tensioned two-span half-depth panels. Test parameters were the amount of the prestressing
force and the longitudinal reinforcements. Static tests on simply-supported slabs showed that ultimate strength was 1.55 times greater
than calculated nominal strength. The flexural strength was only 10 % increased and the influence on crack width control was negligible
when the member of tendons was increased twice. For two-span continuous specimens, the ultimate strength increased 1.2 times and
1.38 times respectively as the reinforcement was additionally provided. The verified half-depth panels by this research can be effectively
utilized for the fast replacement or construction of bridges.
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Fig. 1. Concept of Half-Depth Deck
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Fig. 3. Test Specimen Details
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Table 1. Test Specimen

Parameters Size et. al.
Half-depth deck Precast
(IEA) half-depth deck | 'Om(’)‘ 13 fnf 3MX Tendon 4EA
HDIS-1 (IEA) :
Joint connection It\Iumber of 2.0m x 3.363m x Tendon 2EA
(4EA) ransverse 0.24m
HDI1S-PTI tendon (2EA) Tendon 4EA
HDIS-PT2 iIs of Tendon 4EA
HD2S-TI1 Details of 1, 1 x6.706mx| Tendon
transverse joint 0.24m (2-span
HD2S-TJ2 (2EA) ’ continuous)

Form work and
Arrangement of
rebar

Installation of
prestress force

Pouring precast
concrete

Surface treatment

Steam curing (steel brushing)

Tendon cutting

[ -

Pouring Cip concrete

Steam curing Completion

Fig. 4. Fabrication Procedure
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Table 2. Compressive Strength of Concrete
Compressive strength of concrete ¥ CRO2
Curing period| Precast deck CIP deck | CIP deck concrete i:; u LVDT
concrete concrete (schmidt hammer) ' A Tendon gauge
- Strain gauge
3 days 27.10 MPa 20.50 MPa - AT ®  Concrete gauge
28 days 41.64 MPa 20.79 MPa 30.0 MPa AT ¥ Crack width gauge

B B AP At Bee] YRgHEe B 529
MPazA) A1) AR 573221 400 MParieh 37 2351)
oF|, 7o) PR it 1834 MPaz ST

Table 3. Tensile Strength of Rebar and Tendon

Test Results
Tendon Jpu = 1,975 MPa fpy = 1,834 MPa
Re-Bar fy = 529 MPa
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(c) Gauge Plan

(d) 3D View

Fig. 5 HD1S-1 Specimen
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Table 4. Comparison of Test Results

0.2mm Cracking Load(kN)
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R . . Exp./Cal.

Specimen direct calculation |(0.2mm Cracking Load) xp/Ca
HDI1S-PTI 129 223 1.72
HD1S-PT2 169 197 1.16

Ultimate Strength(kN)
. Calculati .

Specimen (Nom?nca:: :t:::)llllgth) Experiment Exp./Cal.
HD1S-PT1 261 457 1.75
HD1S-PT2 325 504 1.55

_ _1 ___________________ S egmgngt PR
1200
Ultimate Strength : 1331.4 kN
1000
""""""""" Nominal Flexural
g 800 Strength (+) : 920 kN
E ----------------- Nominal Flexural
3 600 Strength (-) : 710 kN
400
—DT1(Left)
200 DT2(Center Negative M)
DT3(Right)
-20 -10 0 10 20 30 40 50

Displacement (mm)

Fig. 25. Load-Displacement Curve for HD2S-TJ1 Specimen

144HH Ho@eRs | 874) 2 ZkS HofrEy Qu) 2 B
ER A3 A} gl QFATS HolHA Zsicht

s} Agste] 5 W)
ik AR Al AHg Bt
4 k= AR gro] FEAERE
A gk 2zt

FA7E QFgs} AL vhr=
HP7| sl As 2 &
dlcle] Q1A Avs uk
1,218 kN, F-EFIERE= 940 kKNOo 2 213izko]
1.098) 1.418] ZA 37k

F

Figs. 26 and 27 3153} €le] W Ee] JAHAE HofFaL
Atk ZejxEd 2 dEle] 7382 1,860 MPao]al, =¥
TP rEY A E918Ee oF 1,282 MPaE A& gtk dwlo)

27) el EEE 2
29 A=} 2= 9lon], \ig 1

oI5k ghe olgle] Wvle] asst
g Yol el /%] eyl
BEgINE A FdHe 29 o) G s gee

gt} a5 Aol S ik 7ol o1t A% 25
v Ajole the 92s5e] Reeo] AERA FA vl
o] o7l Fejslof gk o] wsly] Mo Eaels
o] sl ARk SR sl Fo] ws

ol 22 W wiglo)e]RalEe Rk vigo] 348 27}

o°"

e r&

N
-

N

Vol.34 No.6 December 2014 1717



1400
1200 ot
L - Maximum Loading : 1331.4 kN
1000 1
Al
é\ 800 /
% /
]
S 600 /.-
* —T1-1
400
T2-1
200 T3-1
‘ — T4
0 T T T T
0 1000 2000 3000 4000 5000

Strain (LOE-6)

Fig. 26. Load-Strain Curves of Left Tendon for HD2S-TJ1

1400

Maximum Loading : 1331.4 kN

1200 =

1000 -
§800
3
3 600 |
—T1-2
400
T2-2
200 - T3-2
— T4
0 ‘ - ‘
0 500 1000 1500 2000 2500 3000 3500

Strain (10E-6)

Fig. 27. Load-Strain Curves of Right Tendon for HD2S-TJ1
S ek T1-1 €e1e] 7% APl meslr] ol fidEo]

WakE AL Wde] 22k MR E Alo]A} dirle] 2] ole
ehel Ao wekeich 2] Ui} oo Rlsi MaRe

1718 Journal of the Korean Society of Civil Engineers

1200

1000
Maximum Loading : 1331.4 kN

Load (kIN)
/

—Con'c-1(Top Left) 200 -

Con'c-3(Top Right) ‘
-3000 -2500 -2000 -1500 -1000 -500 0
Strain (10E-6)

Fig. 28. Load-Strain Curves of Top Concrete for HD2S-TJ1

1200
1000
Maximum Loading : 1331.4 kN
é 800
3
S 600
—Con'c-4(Bottom Left) e
Con'c-5(Bottom Center) 200 1
Con'c-6(Bottom Right) /
Ay
-4000 -3000 -2000 -1000 0 1000

Strain (10E-6)

Fig. 29. Load-Strain Curves of Bottom Concrete for HD2S-TJ1

1400

1200
Maximum Loading : 1331.4 kN

1000

—CR2(Positive Moment)

0 0.5 1 15 2 2.5
CrackWidth (mm)

Fig. 30. Load-Crack Width Curve for HD2S-TJ1

S el

Fig 31 8329 shlues nofrm glrk Agwae)
Ao 7L A AREERe] A 240 mm BRHERS] A9



Fig. 31. Failure Mode of HD2S-TJ1
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Table 5. Comparison of Test Results

0.2mm Cracking Load(kN)
Cracking load of .
) direct calculation | EXperiment Exp./Cal.
Specimen — - (0.2mm — -
Positive. | Negative Cracking Load) Positive. | Negative
M M M M
HD2S-TI1| 432 353 490 1.13 -
HD2S-TI2| 441 374 780 1.68 -
Ultimate Strength(kN)
Calculation
Exp./Cal.
) (Nominal strength) . xp/Ca
Specimen — - Experiment — -
Positive. | Negative Positive. | Negative
M M M M
HD2S-TI1| 920 710 1,331 1.44 1.87
HD2S-T12| 1,102 980 1,598 1.45 1.63
DU oy WAAET fiol we Al e 27

u: o&‘l

5
E RO ook BIRRS B3 Al A 2 ASS
rferer 4o 9o,

Fig. 36 FualeRe] $2iele mokea ik v
o] Q= A e FEAEXR]
297} B 2| eIk Fig 378 €ivle] WEE vlm e
M t'zﬂ 9] omzqgur dide] W Ee] v A7) BAFETe]

ke 749 Bew) Wigle] FEARS U] e Sl sk
°f= if°—2<>l ‘%f& Foll W] ejslgd] Adshs o=
kgt

Eas. (-4 o}83lo] 7 =T a% 02mmolrje] st
F3h 9gEske vlarste] HefshA Table 59} Lok



ng- ZIpHollon that e

(M

@

©)

@

o
O
O

o>
o
¥

ZalRAg o) AR ) Al Al ol
So vk 991o) ofsh el wslels skl At
AR o] 1] wiel] U Solx elubae) e
TRl el uls) e 4SS B Hlow vk
218 o] A A1) Z7)e] vl Alatste] e
e 24 e Wik DU OE AR gt
F ARRAR WHle) B Wi Fae] A%l make
e KAk WEIe] R 449 AR ]
A7k 2091 ARRANT L1 O 2 HAEs ngom,
e el w0l A58 1 oF BmmAE S2psl)
A ko, ) Hshde] Qg B2 MIBE A
FEL AR W] o Wol Soltt A A= FA
AP} QSR o] AN vhgom G bt A7 20
A= TBe) Ao 2 G VA = Ao e
W /b0 2 SR e Belshs 2o wekErh
G olgol tiigh Aol BABEo) A A4S 7
WY o] Fol QA% She] Fataeln], T pyo] F
o W REshe 20w 2 v QA Shiol feld slox
bk

5le) ARRIE 8 HuRley opde] Fr Hale) o
23} §Idle] WMYEE FHARS el o) HY B2

[JASN

Py S

B W) Qe BAel] ke BAlRT) Juier
13

i

gl =

o] A= (P Alglo & aYslo] old] Tl=e]a
FEAFHIENEHEENTY A87|EATAge] A
A Q(137314271%A01)0l] 2J8] Y- =S5

References

American Concrete Institute (ACI). (2001 Reapproved) ACI committee
224.3 joints in concrete construction, Control of Cracking in
Concrete Structures, ACI 224, Detroit.

American Concrete Institute (ACI). (2008). ACI Committee 318,
Building code requirements for structural concrete and commentary
and notes, ACI 318-08, Detroit.

Chung, C. H., Kim, Y. S., Hyun, B. H. and Kim, I. G. (2009).
“Strength of PSC bridge decks using half-depth precast panel
with loop joint.” J. of KSCE, Vol. 29, No. 5A, pp. 433-445 (in
Korean).

Chung, C. H., Lim. S. J., Hyun, B. H. and Kim, Y. J. (2009).
“Fatigue performance of half-depth precast deck panels with loop
joint.” proc. of 2009 Annual Conference & Civil Expo, KSCE,
Vol. 1, pp. 2289-2292 (in Korean).

Chung, C. H., Sung, Y. E., Hyun, B. H. and Park, S. J. (2008).
“Experimental study on connectability of half-depth deck panels
with loop joint.” J. of KSCE., Vol. 28, No. 4A, pp. 581-590 (in
Korean).

Leonhardt, F., Walther, R. and Dieterle, H. (1973). “Experiments
for determining the load bearing capacity of tension loop joints.”
Deutscher ausschuss fuer stahbeton heft 226, pp. 1-22.

Lewis, S. (2009). Experimental investigation of precast bridge deck
Jjoints with U-bar and headed bar joint details, Master's Thesis,
University of Tennessee, Knoxville, America.

Ministry of Land, Infrastructure and Transport (MLIT) (2012).
Koran bridge design code (Limit State Design), chap. 5.6 serviceability
design (in Korean).

Rosenthal, 1. and Shimoni. J. (1984). “Bending behavior of a double-
loop connection between precast concrete slabs.” Corncrete International
6.11, pp. 30-34.

Ryu, H. K., Kim, Y. J. and Chang, S. P. (2007). “Experimental
study on static and fatigue strength of loop joints.” Engineering
structures, 29.2 pp. 145-162.

Vol.34 No.6 December 2014 1721





