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Flexural Behaviors of PSC Composite Girders in
Positive Moment Regions
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ABSTRACT Prestressed composite girder with concrete infilled steel tubes (PSC-CFT girder) is new type of bridge girder which
enhances the resisting capacities due to the double composite action of PSC composite girder and concrete infilled tube. The flex-
ural behaviors of PSC-CFT girder in the positive moment regions are investigated based on the experimental observations recently
performed on two of 4.4 m long specimens. The mechanical and structural roles and failure mechanism of the composite action
are discussed through comparing the test results with those numerically predicted by the three methods of one- and three-dimen-
sional nonlinear finite element analyses, and section analysis method.
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Fig. 1 Schematic description of Specimen A

Test beam moment diagram

Table 1 Design of mix proportion (w/c =0.42%)

Specimen Cement | - Water ag;ggeate agcg(;:gs:te - Slump
3 3
(N/m’) | (N/m’) (Nm) | () (mm)
Conerete | 420 | 1966 7290 8450 | 150
slab

Concrete

flod tuhe| 4920 | 2075 7070 8190 | 200
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Table 2 Mechanical properties of concrete

Types of Age Compressive|  Tensile Modulus of

s;:/é::i;gn at test | Strength | strength ) oaghiciry

(days) | fo mpay | Ji (MPa) | Ee (MP2)

o 30 28.0 2.8 23,100
concrete
Concrete

filled tube| °° 333 32 21,200

Table 3 Mechanical properties of steel

Yield Tensile [Modulus of]| . )
i . .. |Yield ratio
Specimen stress strength | elasticity %)
fy (MPa) | £, (MPa) | E, (MPa) o
58400
(10mm thick)| > 469 | 193,100 | 667
85400
(14mm thick)| > 465 | 196200 | 663
SPPH 42
68 mm thick| > 415 | 175300 | 859
SD35-D10 364 539 197,700 67.6
SWPC B PS 1721 1903 202400 %5
012.7 mm
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Fig. 2 Details of specimen A (unit: mm)
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Fig. 3 Locations of LVDTs (unit: mm)
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Fig. 5 Locations of strain gauges for cross section A and B
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Fig. 6 Stress distribution of composite section under ultimate
loads
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Fig. 7 Discretization of Specimen A for 1-D. FEM (Unit : mm)

Fig. 8 Discretizations of Specimen A for 3-D. FEM

5.2 3X H[MY FEIANY

33k HIAdE fete st AFusty E3YE 7
Z2ATFANA 23 E vAY AFsida TH4REH
AdTE FHoZ JhE - A+ T New-MICROFEME
AHgste] ettt iﬂal.‘é TR e FIYEY]
B494, 48 2 d3¥9-E xZele 39 EagE
AEg d=37] 9 Wlllam and Warnke”®] B9
ZAFE o) g3ty e ) A A zFA0e AL
sdRoen, ZAe FA4EDE von Mises I FES At
3t A A S BAEH FHALEAFTLRE 7}
A3 AR S AN 29 PSAAlY A
29L& Rankine®| FAFEE AHE-ste] HZ 2 PSHA
o] A5g BAEAEH ALY AFTLRE /AT A
298 A8t

A8 9] 339 S8 A mdge AgA 75184
WA-S 33 Fig. Salr 2ol AMEAL 142 £F
3t ey e siRen, 2aldEs PG e A+

g /I E 8EA 334 %?izﬂ KA AH8EH e,
e AAF 5709 ARHESE 2= 484 Mindlin €8
A AHESIRE, B2 9 pSHAE HEE 349 As
TE zte 24d Efa 22F At 721389
9o 28A EfA 942 2ddE PSAAY LE3}
2 Fo] Zrte] I AEHAE 53l WHoZ &

g3

2
[

S
6.1 AEHEM ¥ ot 4

Table 4= A9 FE3}F, ITkF, FEIFA A



Tahle 4 Test results of specimen A

Table 6 Effects of prestrssing on specimen A

Specimen | P, (kN) | P, (kN) | §, (mm) |3, (mm) |8, (mm)
Specimen|  gor | 1,063 16 | -157 | -41.0
A-1
Specimen
AD 807 1,006 1.8 -13.9 -35.8

P,:Yield load, 6,: Displacement under yield load
P,: Ultimate load, J,: Displacement under ultimate load
O, : Deflection due to prestressing force

Table 5 Ultimate loads of specimen A

specimen Pue Pus Pul Pu3 Pus Pul Pu3
kN) | (kN) | (KN) | (KN) | P, | P, | Py,

Spe:iflnen 1,063 0.98 | 0.95 | 0.96

- 1,042 [ 1,014 | 1,020

peAcifznen 1,006 1.04 | 1.01 | 1.01

¢ : Experiment, 1:1-D. FEM
s : Sectional analysis, 3 :3-D. FEM
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Sectional -\, b ppnt | 3D, FEM
analysis
P, (kN) 1,042 1,014 1,020
P 826 798 808
P
— 126 127 1.26
Pu

P, :with PS tendon

A «
P, . without PS tendon

Table 7 Effects of prestressing on ductility

8

P, (N) | P, (kN) |8, (mm) | 3, (mm) 6_”

¥y

Case 1| 836 1,020 | -153" | -36.7 24
Case 2| 664 810 | —12.6 | -23.6 1.9

* : Deflection ineluding initial value
Case 1:with PS tendon, Case 2 : without PS tendon

Fig. 9 Local failures observed at web and upper flange of
specimen A-1
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Fig. 10 Applied load vs. deflection curves
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Fig. 11 Applied load vs. strain curves of specimen A-1
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Fig. 13. Comparisons of predicted and measured N.A. of Specimen A-1
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