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ABSTRACT

In a strengthened bridge deck which received increased service loads, failure patterns of bridge deck vary
depending on deck thickness, compressive strength of concrete, yielding strength of reinforcement, reinforcement ratio
and additional strengthening ratio. General failure pattern that is most commonly reported as punching shear failure
after the main rebar yields, followed by yielding of distributing rebar. In this paper, by proposing a lLimit to the
amount of strengthening material, a brittle failure can be prevented and a ductile failure mode similar to that
developed in unstrengthened deck is derived. In order to calculated the limit strengthening ratio, the yield line theory
and previously proposed plastic punching shear model have been used

Keywords : bridge deck, strengthening ratio, yield line theory, plastic punching shear model
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Fig. 1 Load-displacement relationship of bridge deck
corresponding to non-strengthening and
strengthening case
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Fig. 2 Failure aspect of strengthened section and
remarks

Table 1 Remark details of Fig. 2

Domain Failure aspect

A Under reinforcement

B FRP rupture & concrete crushing

C Over reinforcement

Notes) 0O  Main reinforcement ratio
Os, 5, P 5 max: Balanced, maximum reinforcement
ratio

Op . Strengthening ratio

O b, P pmax' Balanced, maximum strengthening
ratio
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Fig. 4 Proposed yield line types of bridge deck
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Fig. 6 Relationship between strengthening ratio and
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Table 2 Bridge deck variations

Case Deck Diameter Main reinforcement Distributing bar
details (mm) Amount® Ratio Amount® /0
(cm%/m) {cm’/m) x100(%)
1 12.7 6.335 0.003519 4223 67
9 Material 12.7 7.240 0.004022 5.068 70
3 strength 12.7 8.447 0.004693 5631 67
4 (in MPa) : 127 10.136 0.005631 7.039 69
5 =265 127 10558 0.005866 7.240 68
DB-24 6 fy=392.2 12.7 12.670 0.007039 8447 67
7 Height/ 159 13.240 0.007356 8827 67
8 Bt ﬁepth . 159 14.186 0.007881 9.930 70
9 (mm) 159 15.888 0.008827 11.033 69
10 220/180 159 16.550 0.009194 11.348 63
11 19.1 17.906 0.009948 11.937 67
1 127 6.335 0.004223 4223 67
2 Material 12.7 7.240 0.004827 5.068 70
3 strength 12.7 8.447 0.005631 5631 67
4 (in MPa) - 127 10.136 0.006757 7.039 69
5 S =235 127 10.558 0.007039 7.240 68
DB-18 6 /,=2942 12.7 12.670 0.008447 8447 67
7 Height/ 159 13.240 0.008827 8827 67
8 Bff ﬁemh 159 14.186 0.009457 9.930 70
9 (mm) : 159 15.888 0.010592 11.033 69
10 180/150 159 16.550 0.011033 11.348 68
11 19.1 17.906 0.011933 11.937 67
Table 3 Strengthening variations
Case 1 2 3 4 5 6 7 8 9 10 11
Strengthening .

_ amountent/n) 033 | 066 | 099 | 132 165 198 | 220 | 264 | 297 | 330
Stre“ri?;(fnmg — | 0.00015 | 0.0003 | 0.00045| 0.0006 | 0.00075 | 0.0009 | 0.001 | 0.0012 |0.00135| 0.0015
Strengthening .

_ amount (o) 044 | 066 | 088 | 110 1.32 154 | 176 | 198 | 220 | 247
Strel}gai?fnmg — | 0.00024 |0.00037 { 0.00049 | 0.00061 | 0.00073 | 0.00086 | 0.00098 | 0.0011 |0.00122 | 0.00138

Ps, max . - P e max
0.011
00097 2 0.010 Failure before yielding
& 0.008 & B
® = Failure before yielding § 0009
= 0.007 B € 0.008 -
@ [ ¥
£ )
é 0.006 + - 8 o0.007 Fanureffter ielding
S L
E 0.005—F ; //2 7 2, i E 0.006
0.004 [Failure after y:e}g O\ i‘ 0.005
Ps.min / o 1 P min! T i '/
0.0000 0.0004 0.0008 0.0012 ppvm" &6000 0.0004 0.0008 0.0012pplm“
Strengthening ratio, P, Strengthening ratio, P,
(a) For DB-24 bridge deck (b) For DB-18 bridge deck
Fig. 7 Limit strengthening ratio to reinforcement ratio for strengthening of bridge deck
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Fig. 8 DB-18 bridge deck for strengthening example

Table 4 Strengthening property

Strength of sheet (35 26153 k(ng/)Eclmz)
Property Strain for CES
15%
rupture( €)
Number of layer |2 ply( £,=0.22mm)
Strengthening Clear space of sheet 100 mm
method Sheet width 100 mm
Strengthening type StrIe?gtigg ;1Cing
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