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Reliability Analysis of Prestressed Concrete Girders

Sang-Jin Kim
School of Ocean Science. Cheju National University. Jeju-Do. 690-756. Korea

Serviceability design criteria for prestressed concrete composite girders are evaluated using the reliability
analysis procedure. The reliability analysis evaluation is applied to AASHTO type girders that are designed
according to the AASHTO LRFD Bridge Design Specification. Span lengths of 12 to 30 m are investigated in
the analysis. Girder spacings of 1.2 to 3.0 m are examined for each considered span length. The serviceability
limit states considered in prestressed concrete bridge girders include allowable tension. allowable compression and
flexural cracking. The reliability analysis was performed using the Rackwitz-Fiessler algorithm. It has been
found that reliability indices vary considerably depending on span length and girder spacing. Sensitivity analysis
is also performed to investigate the effects of statistical variables. The sensitivity analysis shows that the
reliability of AASHTO type girders is considerably sensitive to the variation of the prestressing steel stress and
the area of prestressing steel. However. the girder reliability is not sensitive to the eccentricity of prestressing
steel. Furthermore. the increase in live load moment and impact load moment are not so sensitive as the other

major parameters.
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Fig. 1. Standard AASHTO I-type girder.
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Table 2. Statistics for cross-section

A A& MA =AL Table 13 2ok ] stand .
variable mean (in) dey I distn
Table 1. Design of prestressed concrete girder flange width. & b.+5/32 | 1/4
material design variable used value web thickness. b, bun 3/16
area (Ay) 98.71 mm? total depth 4 h, 1/4 all
.| tensile strength (f,.) | 1860 MPa flange thickness. &/, iy 5/32 | normal
low-relaxation L ensile ffective depth. d
stran effective depth. d,+1/8111/32
(Grade 270) stress (f,) 1200 MPa i ’ mtl
- : slab thickness. 4, | ¢ +0.05| 0.3
effective tensile 993 MP =
stress (f,) o Mra
compressive fobi :
stength 7" (girder) 40 MPa Table 3. Statistics for prestressing strands
compressive strength 30 MPa variable mean (ksi) | COV* dist’s
f (slab) . tensile stress of
initial compressive steel
concrete Yoo 32 MPa
strength /o (girder) initial. £ 189 | 0015 | normal
tensile strength (£,) | 3.98 MPa final. f,. 162.5 0.04 normal
elasticity ratio (n,) 0.866 area of
unit-weight (7,.) 23.6 kN/m? 1/2-diameter 0.1548 0.0125 normal
- 5 strand A
asphalt load/unit area 1.3 kN/m*
*COV: Coefficient of variation
_ Table 4. Statistics for Concrete
PSC 8 HHS st MEzY
variable mean (psi)| COV* dist'n
AgeAgHe ATy A4 ARAE ALY strength £ | o190 | 018 | nomal
T W a5 Aol BAE 712 HeEY g8 tensile 595 015 ]
. s ] i ) strength £, .15 norma
X9 SAXE dastA g o HEd WE lowable tnitial
;e o1 “ ) allowable initial
Ars 7189 SAARZRY AHado tensile stress oy 214 0.18 normal
allowable initial
s o compressive 2960 0.15 normal
stress o,
Agzdel Agel 2oy WsEY FAARE 7] Mo | oos | o5 | normal
Z9] AF 2R(Al-Harthy. 1992: Hassan, 1995: Mirza Stress o
and MacGregor. 1979: Mirza et al. 1979. 1980: allowable final -
.. - tensile stress oy 476 0.18 normal
Siriaksorn. 1980)2 EthZ Table 2 - Table 49 2
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*COV: Coefficient of variation
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Nowak® Zhou (1983)7F A ¢ Al&tE 299 &
Azt SELFE AHEA Table 59 2t

Table 5. Statistics for dead load components

component | bias factor| COV* | distn

D1 | factory-made 1.03 0.08 normal

D:| cast-in-place 1.05 0.10 normal

D;lasphalt surface 1.00 0.25 normal
D, others 1.03~ 1.05]0.08~ 0.10|normal
*COV: Coefficient of variation
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Table 6. Simple span moment

span | M(LRFD) | M(75) | span {M(LRFD)| M(75)

(m) | (kN-m) ! (kN-m)] (m) | (kN-m) |(kN-m)

9 538 728 34 3620 4735

12 784 1062 37 4112 5311

15 1120 1490 40 4627 5875

18 1482 1958 43 5164 6386

21 1866 2446 46 5722 7030

24 2271 2986 49 6302 7805

27 2693 3536 52 6904 8573

30 3148 4133 59 7528 9363
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Table 7. Statistics for impact load

loading truck mean Cov*
single 0.15L 0.8
side-by-side 0.1L 0.8

*COV: Coefficient of variation
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Fig. 2. Initial tensile stress of upper-fiber.
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Fig. 3. Initial compressive stress of lower-fiber.
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10
084
2
©
o
; 06 4
©
£
Z
T 041
s
& o Moo
024 —0—
—— Ap__f +
00 T ¥ -
0 10 20 30 40 50 60
% Change in parameter
Fig. 8 Sensitivity analysis for initial compressive stress.
1.00 <
095 4
e
oa 090 1
1y
3 oss
he}
c
f 0.80
E —— Aru fv-
D 0.75
o —o— Mg+
0.70 Mo» + !
o— 4 |
0.65 i ., i
1] 10 20 30 40 50 60

% Change in parameter

Fig. 9. Sensitivity analysis for final compressive stress.
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Fig. 11. Sensitivity analysis for flexural cracking moment.
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