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ABSTRACT

Purpose: This study verified the safety of the improved box-type girder behavior by comparing and
evaluating the bending behavior results of a full-scale specimen based on the analytical behavior of the
splice element PSC U-shaped girder with integrated tensioning systems. Method: Based on the results of
the service and strength limit state design using the bridge design standard(limit state design method),
the applied load of a 40m full-scale specimen was calculated and a static loading experiment using the
four-point loading method was performed. Result: When the design load, crack load, and ultimate load
were applied, the specimen deflection occurred at 97.1%, 98.5%, and 79.0% of the analytical deflection
value. When the design load, crack load, and ultimate load were applied, the crack gauge was measured at
0.009~0.035mm, 0.014~0.050mm, and 6.383~5.522mm at each connection. Conclusion: The specimen
behaved linear-elastically until the crack load was applied, and after cracks occurred, it showed strain-
hardening up to the ultimate load, and it was confirmed that the resistance of bending behavior was
clearly displayed against the applied load. The cracks in the dry joints were less than 25% of grade B
based on the evaluation of facility condition standard. The final residual deformation after removing the
ultimate load was 0.114mm, confirming the stable behavior of the segment connection.

Keywords: Integrated tensioning, Spliced, PSC U-shaped, Full-scale specimen, Dry joint, Residual
deformation

0]

19
o
re
ey
rlr
™,
o3l
)
>,
[o
ko
o
2

:

o

AT AR ] AHgRHA 2 SRIREAVSE A 23S o2 40m AP A A 7}
APk ofof digt 43 A 4] A sheAlsh dde skt A8 AASHS, o
| 288 off 342 A FE oH] 97.1%, 98.5% 1211 79.0%°] sidsh= A A
Jo] st AA5Hs, T EstE H SRtsksol 28w o EA= ZF 2 F-0l141 0.009~0.035mm,
0.014~0.050mm, 6.383~5.522mm= A5 At A&: o Foks AstA7HA] A= ed2ez 7
SoIAL T ELA F SelE 7 MR E- oS Holw 2H8sksol tistol | A& 750l §
go] Uehda2 Selstaint. Adi@ Al 925 (Dry Joint) a2 A= FHH7 BSF 71
25% mRke] Az AZRe] gdA A5E Felstdly et AA § AFA AR WIS
0.114mmEHA AITHE AZR-2] Hg A 755 &felstgirt.

HA-Gol: BT, 2Fol2, AT, PSCAITAl UBAY, AHid A3Al, A1HE A

=] = bos
ER

o 3, 6
I
g flo FN i )
=4
ofl
il
ol
i
1o
Uoll
N
offt
Y g
o
i
ol |o
N
N
Olt
ol
£
L
i
1o
2
2o
ox.
o
o
olN
i)
kl
>
e
M
re
-
ol
3
H
u
=

w@mmam
ol
o
)
44
e
ol
o
[

HN

by



Journal of the Society of Disaster Information | Vol. 20, No. 2, June 2024

ME

f

=]

= FArE W] -8-d0] =2 PSC 19 At= 2000 F4E o] % H|oFARl MfR-&= YERtal thMinistry
Land, Infrastructure and Transport, 2023). 2000 ©|7doi= AASHTO7|5Fe] A3 PSC 18 A9 =, 25, 30, 35m 747t
o5 AlEolk= e 23 AL HE PSC 19 T AT7F gt wagel BE=| Sl o 713 7o) gt A-id
24 TRREPSC 19 T A o] Aol X1d8H9th(Cho et al., 2004; Kim et al., 2020). PSC 18 T A= At
AlEol T, AN 5] =20l F-gdste] AASHTO A= 2t 50m 77 Ao wage]] 2-8-/do] a1, T1 o] ko]
oAM= PSC BMAY A A -2 7HEhAy ohiH A7 A4S 710 2 7 AT (Korea Expressway Corperation, 2007).
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A et o] e Falgo] 2] Lol PSC 19 Tl 7T 20m, 25m AFelelA] A 80| T 955
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13,250 l 13,500 l 13,250
*

(b) Longitudinal section

Fig. 1. Distribution of sensors and actuator for the mockup test(units: mm)
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(b) Section B-B

(a) Section A-A
Fig. 2. The cross section of PSC U shaped girder for the mockup test (units: mm)
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Fig. 3. Cross Setion of Bridge applied for PSC U shaped girders(units: mm)

Table 1. Materials and geometric properties of PSC U shaped girder for the mock up test

| Strands
1,400

(¢) Section C-C

Properties Girder Concrete slab Strands Properties Girder Girder+Slab
Jei 2 40.00 ) Sou: 1,860 5
Strength (MPa) fom 13740 Jor 2 27.00 £ 1581 Area (mm°) 1,217,430 1,872,119
Mass (KN/m’) 245 24.5 - Inertia (mm*)  488,268,056,000  947,239,643,737
E (MPa) 30,891 @ 27,804 @ 200,000 5 (mm) -900 -1,243

Note (1) : Strands, SWPC 7B 15.2mm(low-relaxation), APS:138.7mm2
Note (2) : Tensile strength, £, =0.3( £, )%, £, = f.+ AFf
Note (3) : Modulus of elasticity of concrete, £, = 8,500 %< 3/ f., (MPa)
AN Sl Zf

Fig. 3 Thelo] 265 wape]] thgt A 2N thelele Table 201 RoFstAr). Aleal Al 7Anior L2 45
of A2t & Aelo] XY w 22 Table 22] A5 B &2 E 515 Aish DAl = 42 HE Aeiolet. whebA, 221 a24sks:
2 Foi50] Arkd AP At JBe) 71eletFolna olo] g WEEE-S gk
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Table 2. Summary of sectional forces and stresses

Sta. Moment (KN-m) Stress at center of girder(MPa, (+)Comp., (-) Tensile)
(m) Self Slab Superimposed ~ Live Sum. Step Top flange Low flange
0.60  385.59 212.76 33.69 55.81 687.85 Self weight 11.45 -11.22
400 2261.09 1,296.00 752.62 1,053.61 5,363.32 Prestressing -4.63 22.28
9.00 4737274 2,511.00 1,558.28  1,822.52 10,264.54 Slab load 6.58 -6.45
20.00 6,265.53  3,600.00 2,276.49  2,348.87 14,490.89 Summation 13.40 4.61

AR 737 E420.0m 917 Bto] 8 BRAIES 7120 & Fig. 17} 20] 47 Afstel 5315 Py, P,E AXKS)
B A1) 2 o= A 8 Astl o] AARkE(AHg skt

P, + P, =2 x [14,490.90 — (6,265.53+ 3,600.00)]/15.0 = 616.72 kN )
TEoke-2 | HHET} 2-851= At] SUF T shdol 238 E BT 285t = Afstsl= sksolth

Table 22] 511 2-8-52 3HA| 4.6 1MPa(Y=) 25-H Table 104 I E B3 E -3.47MPa(P)oll =S of 7}
2]0] 50|02 o] gatsle] AY2)eh o] A4str

My, = y4 (28 E—ﬂ'+f(,.m)=(947’2_3?72337737)><(—4-61—3.74)=6,363.19kN—m 2(a)
bot ’

2
olo

P = 2% 6,363.19/ (15.0) = 848.42kN 2(b)

crack —

M, =M — (A5 +EHH )0l o el E ) = 28,028.35 — (7,831.91 + 4,500.00) = 15,696.44kN —m
3(a)
P, =2x%15,696.44/ (15.0) = 2,092.86 kN 3(b)
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A8 ) A2 ARSI 4871 7 slgoll thet A eke 8. °Fd215Hd Table 33 £t

Table 3. Summary of deflections by numerical analysis

Load Type Load (kN) Deflection (mm)
Design Load 616.72 27.35
Cracking Load 848.42 37.63
Ultimate Load 2,092.86 246.23
AN X% Y AT
HCH A HE
ST ATHE el iR e Wi A2 T LB WA 0 = n]2] ARfsio] SYH HITI-E AP A A H 2o
O] 1/3 121 Hij#[ 7t & H 23H& AYSIAT. FUF A THES] WWAFH R R E sij#[etal, 5ol 22
HA G2HEE ARSI, Fig. 49 2o YRR o So Ax]H -FbAe ol-8sto] FAIE At S9F AL
HE ZIES BMEstal st e o] ehad & el =olH de & = Eofsto] YT AIRE
ARle =S Fig. 4(a)2t Eo] ST A IHES @ Ze|dld WA o2 ARSI YT A IHES 7Eo=
& SERATUES Asto] Adsh= . 0 mx A dofx] At B HE of-&sto] 75ttt Ad Wil A ofF
737\ (External Tendon)y& WA= FFALE2E o810 7H 1A dolof et ZAERA A 0 2 IS e}l
Sto 7o) AR gh=staltt. A diolle 2l 2 E B S 77 A= flste] e ~E= ARzl wid
= HiAISIATE A Fed 5o 55 e B S ARt B4 Fo] s BE eIl 2R EE
ERdsto] U At olx] SeBE o] 87 w3} UhAd) o] Adhad A Alake eh=stalch

(a) Fabrication of segment2, Pre-tensioning

(b) Segment connection, Post-tensioning

(c) Fabrication completed

Fig. 4. Procedure of fabrication of PSC U shaped girder for the mockup test
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Fig. 5. Installation of deflection and crack sensors for loading experiments
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=Sl 7HA] Mg 3@ AN (strain-hardening )= Ho|H 2R85k50f tiste] © A3 A= YERHAL ot

Table 4. Summary of load-deflection results [units : mm]

Load (kN) Deflection Crack sensor

P P Sum. Load Section Section Center Section Section Section Section

! z (P+P) Bl B2 B3 B4 B1,B2 B3,B4
4.55 7.84 12.39 0.515 0.540 0.800 0.505 0.490 0.000 0.002
306.53 310.31 616.84 16.460 16.860 26.560 16.890 16.425 0.009 0.035
422.35 42952 851.87 23.085 23.665 37.080 23.665 22.970 0.014 0.050
496.55 506.00 1,002.55 27.755 28.475 44.560 28.450 27.610 0.017 0.062
1,020.57  1,018.53  2,039.10 123.985 133.460 194.480 130.840 123.842 6.383 5.522
0.60 1.40 2.00 16.095 17.430 14.420 16.310 14.972 0.114 0.089

2,500 2,500 2,500

2,000 / 2,000 1 ' / . 2,000 7
1,500 v 1,500 : | 1,500 /
/ // —Experimetal (Sec.C) / ,’/
1,000 1 - 1,000 / 1,000 .
— Section Bl - - -Numerical Analysis / — - .Section B3
4 -X-Design Load / .
500 ~_-SectionB2 || 500 ~X-Cracking Load 500 / —Section B4
-m-Ultimate Load
0 T T T 1 0

0 T T

0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250

Load (kN)
Load (kN)

Load (kN)

Displacement (mm) Displacement (mm) Displacement (mm)
(a) Section B1,B2 (b) Section C-C (c) Section B3,B4

Fig. 6. Load-deflection curves

o| =4 AAISET AR 515 616.84kNO| A A |of| 2F-8-2 o] A7 B1-B2 T #5222} 16.460mm, 16.860mm
24 0.200mme] A 2jo|E Hol 1 111, AAH B3-B4 THH A2 16.890mm, 16.425mmEA 0.465mm 2] 4 2ol =2
LERTE o] FEots Tt fARE o1 851.87kNol A@Aof 2-8-E o AZR B1-B2 T A3 ZF2F 23.085mm,
23.665mm=4] 0.580mm 2] 2[5 Ho|1l 9131, AR B3-B4 THA A 72 23.665mm, 22.970mmEH 0.695mm 2] Z}0]
2 Vet Fig. 6(a) ' B1-B2 18] D Fig. 6(c) T B3-B4 :LEH of| A 28515 ©F 1.300kN AsPAIA = 61%-
A o] A o2 Holl la= # At A& BAE FYFHTHE(S2)S T B2, B3 9] 7l27]9 Al e
2 TAE FEHE M| THE(S, S3) THH B1, B42] 5157 of| tigt 71 717} DAJok= AEE Holal ek o] B4 =7
shaat-FAFSH5152,039.10kN O | 2F-80h= 7§—°r AAR B1-B2 ©H A2 27} 123.985mm, 133.460mm=EA 9.475mm
o] afolE Holil 9] o, B3-B4 THH AR A2 717} 130.840mm, 123.842mm=ZH 6.998mm 2] z}o] 2 AZE] ]},

AZE(Dry Joint) HS Zxt

A ASHA] G A= Fig. 73 2] AAH B1-B2 THAA] 0.009mm, 125 B3-B4 THHAA 0.035mmE AlZE]
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Q1 FL5E Ao A= GZAE B1-B2 ©HOIA] 0.014mm, 25 B3-B4 THAA 0.050mm=E AZE Qo) =5t
5= Ast Aol A AR B1-B2 ©HHOYA] 6.383mm, A5 B3-B4 THHOA] 5.522mm = AEE] 9t

2,500+ I 2,500 —Section BI-B2 = - Section B3-B4
Ultimate Load : 2,092.86kN - DesignLoad - - ~Cracking Load
2,000 A 2,000
= 1,500 A 1,500 ————F— - "
ot o ,;' ‘ Cracking Load : 848.42kN ‘
g 1,000 € 1,000 !
— —_ _p_ ISR O I O Y = Y Y Y e -
—Section B1-B2 LI O g
300 - - Section B3-B4 300 4y | Design Load : 616.72kN ||
/ EEESSEEEES
1
0 T T T T T T 1 0 T T T
o 1 2 3 4 5 6 7 0.0 0.1 0.2 0.3 04 0.5
Displacement (mm) Displacement (mm)
(a) When ultimate load acts (b) When design and cracking loads act(Graph with expanded section)

Fig. 7. Load-crack curves of connecting section
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