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Flexural Performance of Multistage Prestressed and Self-weight Preflex Girder
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Abstract - This paper deals with the flexural performance of a composite girder system designed to readily form a composite
section without a formwork and to easily realize multistage preflexing and prestressing. After a 3-Dimensional finite element
modeling for construction stage analysis, the parametric numerical analysis was performed to analyse the stress distribution on
the composite girder sections and the prestressing effects along with concrete pouring method and strand tensioning method.
Based on the stress distribution analysis, a favorable construction stage model has been rationally chosen and then the ultimate
flexural strengths were evaluated to conduct a comparative study, which exceed the nominal flexural strength suggested by the
current design specification(ASD). It can be concluded that the proposed composite girder and fabrication procedure should have
a sufficient structural performance.
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Fig. 1. Cross-section of multistage prestressed composite girder = ek, A e 3¢l dof 2
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Table 1. Fabrication procedure of the girder system Q3H= A 1A BT A JL7bol] A E 7ol Mof 713
Stage Procedures & Eshe AN R R 7A7E o v A ZelE
G2 9 el aEdy FATE SHREUAY 418 7
Step 1@ @ © &  ® |Steel girder setup _ o =olslo e a1 e
. . AAlol] ZelAEGAS EFORN, FEIE A5t oA
(LGNS SRS S S off 7 FHE R AAeFe] Al-sol = wekA g~
Step 2 Upper concrete preflex
A o)
Table 2. Parametric analysis cases
Step 3 Lower concrete preflex
Cases Upper / lower concrete| Long / short tendon
pouring method prestressing method
Step 4 = 1" stage prestressing 1 Separate Separate
2 Separate Simultaneous
Step 5 Multi-stage prestressing 3 Combined Separate
4 Combined Simultaneous
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Table 3. Girder dimensions

bs ts hf bf tw D h H
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
2,325 | 240 | 372 624 12 980 | 1,364 | 1,604
s

P
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N
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(c) Case 3 (d) Case 4
Fig. 2. Model cases
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Fig. 3. Stress-strain curve

Table 4. Stress-strain data
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Fig. 4. Arrangement of prestressing tendons in lower flange
(concrete member in steel casing)

(a) Upper flange (b) Lower flange

Fig. 5. Reinforcement plan

Upper and lower flange concrete Slab concrete
Ascending Descending Ascending Descending
fe f. f. f.
“ [mpa| © [MPa| © |MPa| © | MPpa
0 0.0 10.0025| 39.9 0 0.0 |0.0025| 23.9
0.0005| 15.8 [0.003 | 39.6 [0.0005| 10.7 [0.003 | 23.7
0.001 | 27.7 |0.0035| 39.1 [0.001 | 18.3 |0.0035| 23.5
0.0015| 35.6 |{0.004 | 38.4 |0.0015| 22.7 |0.004 | 23.3
0.0017| 37.6 |0.0045| 37.8 |0.0017| 23.6 |0.0045| 23.0
0.0022| 40.0 |0.005 | 37.0 |0.0022| 24.0 [0.005 | 22.8
- - 10.01 30.4 - - 10.01 20.2
- - 10.05 11.7 - - 10.05 10.2
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B O |l @ | @ | O | O | O |Rectangular Table 6. Construction stage analysis

C ®@ O O | O | O | O |Rectangular

Stage FE modeling

O Free @ Fixed

Steel girder

1
Step (Plate element)

Gr.'ls?'\ 4 /

y[ N Step 2

Upper concrete
(Solid element)

(a) Fixed crack model (b) Rotating crack model
Fig. 7. Total strain crack model Sten 3 Lower concrete
°p (Solid element)
P=3,038,957N Support B
Ist stage
4
Step prestressing

Multi-stage
prestressing

tep 5
.

Fig. 8. Finite element mesh and loading scheme

Support A
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Table 7. Locations for stress evaluation

Location Member
) Upper flange-concrete
@ Upper flange-steel
©) Lower flange-concrete
@ Lower flange-steel

Table 8. Longitudinal stresses in upper flange-concrete

Section Case 1 Case 2 | Case 3 Case 4
Stress
- -0. +1.4 +0. +2.4
Side (MPa) 0.5 0.5
span -
Diff. - 1.9 1.0 2.9
i Stress | 9 1.1 +22 +2.0
Middle (MPa) . . . .
span -
Diff. - -0.2 3.1 2.9

Table 9. Longitudinal stresses in mid-span section along const-
ruction stages

Steel (MPa) Concrete (MPa)
Section Upper Lower Upper Lower
flange flange flange flange
Stage 1 -29.0 +39.7 - -
Stage 2 -61.9 +86.1 - -
Stage 3 -69.7 +123.8 -3.2 -
Stage 4 -83.6 +23.3 -1.3 -13.3
Stage 5 -94.7 -30.9 -0.9 -20.5
Remarks (“-” : Values are not applicable)
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Table 10. Phased member stress
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Stage

Longitudinal stress (MPa)

STEP 1

Steel

+41.0
+273
+135
-03
-14.1
-218
416
-554

—

STEP 2

Steel

+87.0
+5786
+282
-12
=306
-60.0
-894
-11838

m—

STEP 3

Steel

+1274
+887
+499
+11.2
=275
-66.2
|—-1049
-1437

m—

Concrete

+01
-04
——-0.9
-15
-20
25

-35

STEP 4

Steel

+1233
- +864
+495
+125
-244
-614
- -983
-1352

—

Concrete

+0.1
-30
-6.2
-93
=124
-155
-186
=217

—

STEP 5

Steel

+639
+36.2
+85
-192
-46 9
-74.6
-102.3
-1298

m—

Concrete

+2.6
-1.8

-105
-14.9
-19.3
——-237
-280

rir
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Table 11. Phased member displacement

Stage Vertical displacement (mm)
STEP 1 Steel
STEP 2 Steel
Steel
STEP 3
Concrete
Steel
STEP 4
Concrete
Steel
STEP 5
Concrete
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Fig. 10. Ultimate bending behavior (case 1)

Table 12. Nonlinear analysis results

Section Case 1 Case 2 Case 3 Case 4
Maximum

bending moment | 27,329 27,329 27,329 27,329
(KN-m)
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Table 13. Vertical displacements along bending moments

Bending Vertical displacement (mm)
moment
(kN - m) Case 1 Case 2 Case 3 Case 4
5,000 59 52 59 52
10,000 127 108 127 108
15,000 215 178 216 178
20,000 361 274 365 275
25,000 673 456 679 459

Table 14. Comparison of flexural strength with design specifications

Analysis result Design specifications
(FEA) M, M,
kN -m kKN-m |Diff. (%)| kN-m |Diff. (%)
27,329 14,743 85.4 25,064 9.0
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