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Abstract: In view of the shortcomings of existing evaluation method of bearing capacity of concrete members
at home and abroad and combining with Code for Maintenance of Highway Bridges and Culverts etc. the
resistance coefficient values which correspond to the reliability index limits of different kinds of concrete
members are analyzed under the guidance of calibration method. Then the grading standard to evaluate
bearing capacities of flexural members of existing bridges under different structural safety levels is proposed.
The reliability indexes of different kinds of bridge members under this grading standard are checked by using
the actual distribution pattern of resistance and load effects in Unified Standard for Reliability Design of
Highway Engineering Structures. The grading standard to evaluate bearing capacity of reinforced concrete
members is proposed under the premise that the reductions of lower limit of reliability indexes of 4 kinds of
members with different reliability levels cannot higher than one order of magnitude difference. The analytic result
shows that the proposed grading standard of bearing capacity not only reduced the workload of grading calculation
of bearing capacity improved the maintenance examination and evaluation system of existing bridges but also

has universal applicability it can be used in evaluating the bearing capacity of members of existing bridges.
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Tab.1 Suggested reliability index values of existing Yr
highway bridge structures YN Y2 » S
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Tab.2 Grading standard of bearing capacity of existing bridge members based on reliability ( security level II)
1 2 3 4 5
B=4.20 3.95<B <4.20 3.70<B <3.95 3.20<8 <3.70 B<3.20
B=4.7 4.45<B<4.7 4.20<B <4.45 3.70<p <4.20 B<3.70
(1) ( ) (2) 0.5
R (
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Tab.3 Grading standard of checking calculation indexes of bearing capacity of existing bridge members ( security level II)
1 2 3 4 5
R/(yo yr S) =q @ <R/(yo vz S) <q a3 <R/(yoyg S) <a, ay<R/(yoyr S) <a3  R/yovyrS) <ay
R/(yo y&S) = @ <R/(yo yrS) <a a3 <R/(yo yrS) <a, ay <R/(yo yrS) <as R/(yo yrS) <ay
7-8
(l]
a; =1. 0,
’ R, =R(f. a) f ;oay °
a, 4
o S
7-8 Ve ’
Z =g(RS;S,) =R-S;-5, (3)
R ;
Sce SQ o
( »
. 2. 3 ¢ )
. 4.1
3
110 .
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Fo(x) = °
0.043 7G,, V2w
- . " -1.014 8G
% Sen + Son + . S.)< exp| - X V1% O] gy 4
0( ; YR i legq Qlk Uy ; Yo ij) J_x 0.003 86, (4)
R( ¥ £ a’) (2) G
Yo N o
N 1.1, 1.0, 0.9; : M(':1014 8GIkl
Yo oo ( oc =0.043 76, 5.=0.043 1.
) Yei = :
1.2; S i i Yo
( Osc = Osclsc Msg = KsoS i (5)
) Yo = 1.4 SQlk Mscy Oson Sgs Osg S N
( ) > ;Ko =S5¢/Sax
; SQ/'k °
J v
ks =1.014 §;
7 S Ja 8¢ =0.0431 '
yQ~ ay 4.2
v Yi ; R(*)

e v K ( JTJ021—85) -20 - 20
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( 100 a) ° Osg = Osohsq Msq = KsoSou (7)
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Ko = So/So Sy
R e | I
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Tab.4 Probability distribution function and statistical parameters of vehicle load effect maximum value in design reference period

Ksq SSQ
0.686 1 0.156 9 F (r=0. 637 65¢,)
. . w (x) =exp { —exp 5 0545
0. 608 3 0.158 1 F = (r=0.565 05¢,)
P OUS : w () =exp { —exp 0.075 0,
4 SQk 95% C L
( 5%) 7 §q3
SQk o
S(’)k o
51
5 ( )
Tab.5 Effect standard values of different vehicle loads in R
design reference period ( extreme value I )

Sor =0. 887 1S, 510

Sor =0. 787 85,

Sor =0. 928 05, .

Sor =0. 821 88, 4.3

85
Qf\
1-12
o £, .Qp 3 o
{ 2
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R = (R, = R(f. *a) i=12"n (9)
° gq R = \QPRP = \QPR (Qfl .fki) . (‘Qa[ * ak)
1 =12 - n (10)
§q = «3/ évqléquéqu (8) R,
¢ v La Ry=R( ) R(-)
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0, Tab.7 Statistical parameters of resistance R of existing
6. reinforced concrete members
6 Q, Ke 8r
Tab. 6 Statistical parameters of calculation pattern 2, of ( ) 1.3743 0. 1546
reinforced concrete members 1.0821 0.1322
Hap dop 1.2262  0.1414
( ) 1.0105 0.070 2 1.6717  0.2883
1.000 0 0.040 0 T 2.056 4 0.2230
1.098 0 0.071 0 1.204 2 0.144 7
1.486 0 0.2832 1.436 2 0.1517
T : 1.901 1(2.0152") 0.088 4 ( ) 0.991 2 0.258 8
1.065 0 0.088 0 (1) T Kk
1.0700 0. 0950 (14) 4 (2)
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Tab.8 Calculation of sub coefficients and grading limit values for resistance of flexural members and oblique section shear

members ( rectangular section) in different reliability indexes

p Yr YR
4.2 3.95 3.7 3.2 a a a 4.7 445 4.2 3.7 a a ay
0.1 1.2297 1.1856 1.1430 1.0624 0.964 0.929 0.864 1.9094 1.7779 1.6554 1.4353 0.931 0.867 0.752
0.25 1.1644 1.1223 1.0818 1.0051 0.964 0.929 0.863 1.7884 1.6651 1.5503 1.344 0.931 0.867 0.752
0.5 1.1020 1.0601 1.0202 0.9451 0.962 0.926 0.858 1.6532 1.5387 1.4322 1.2407 0.931 0.866 0.750
1.0 1.0650 1.0174 0.9728 0.8914 0.955 0.913 0.837 1.5100 1.4030 1.3038 1.1263 0.929 0.863 0.746
1.5 1.0606 1.0082 0.9592 0.8706 0.951 0.904 0.821 1.4421 1.3369 1.2399 1.0673 0.927 0.860 0.740
2.5  1.0646 1.0064 0.9520 0.8544 0.945 0.894 0.803 1.3841 1.2783 1.1811 1.0099 0.924 0.853 0.730
0.1 1.2419 1.1974 1.1544 1.0732 0.964 0.930 0.864 1.9290 1.7962 1.6725 1.4501 0.931 0.867 0.752
0.25 1.1875 1.1450 1.1041 1.0266 0.964 0.930 0.865 1.8285 1.7027 1.5856 1.3750 0.931 0.867 0.752
0.5 1.1278 1.0873 1.0482 0.9743 0.964 0.929 0.864 1.7126 1.5949 1.4852 1.2880 0.931 0.867 0.752
1.0 1.0675 1.0275 0.9893 0.9175 0.963 0.927 0.859 1.5790 1.4702 1.3689 1.1867 0.931 0.867 0.752
1.5 1.0413 1.0004 0.9612 0.8888 0.961 0.923 0.854 1.5053 1.4010 1.3042 1.1301 0.931 0.866 0.751
2.5 1.0212 0.9775 0.9366 0.8613 0.957 0.917 0.843 1.4274 1.3278 1.2353 1.0693 0.930 0.865 0.749
(1) (2)p p=Sox/Scx .
9 . ( )

Tab. 9 Calculation of sub coefficients and grading limit values for resistance of axial tension members and axial compression

members( short columns) in different reliability indexes

P Yr YR
4.2 3.95 3.7 3.2 a, ay ay 4.7 4.45 4.2 3.7 a, a3 ay
0.1 1.3417 1.2964 1.2526 1.1693 0.966 0.934 0.872 1.2545 1.2056 1.1587 1.0703 0.961 0.924 0.853
0.25 1.2708 1.2275 1.1858 1.1065 0.966 0.933 0.871 1.1880 1.1414 1.0968 1.0128 0.961 0.923 0.853
0.5 1.2052 1.1616 1.1198 1.0415 0.964 0.929 0.864 1.1257 1.0796 1.0356 0.9535 0.959 0.92 0.847
1.0 1.1713 1.1205 1.0727 0.9855 0.957 0.916 0.841 1.0951 1.0428 0.9936 0.9041 0.952 0.907 0.826
1.5 1.1700 1.1134 1.0605 0.9648 0.952 0.906 0.825 1.0969 1.0393 0.9856 0.888 1 0.947 0.899 0.810
2.5 1.1774 1.1142 1.0552 0.9489 0.946 0.896 0.806 1.1087 1.0450 0.9855 0.8785 0.943 0.889 0.792
0.1 1.3549 1.3092 1.2651 1.1812 0.966 0.934 0.872 1.2668 1.2176 1.1703 1.081 1 0.961 0.924 0.853
0.25 1.2954 1.2518 1.2098 1.1298 0.966 0.934 0.872 1.2112 1.1643 1.1191 1.0340 0.961 0.924 0.854
0.5 1.2307 1.1890 1.1487 1.0723 0.966 0.933 0.871 1.1506 1.1057 1.0627 0.9815 0.961 0.924 0.853
1.0 1.1669 1.1253 1.0855 1.0107 0.964 0.930 0.866 1.0901 1.0460 1.0039 0.9251 0.96 0.921 0.849
1.5 1.1408 1.0975 1.0564 0.9801 0.962 0.926 0.859 1.0652 1.0199 0.9769 0.897 3 0.957 0.917 0.842
2.5 1.1216 1.0751 1.0313 0.9513 0.959 0.919 0.848 1.0478 0.9997 0.9545 0.8719 0.954 0.911 0.832
1. 0o 4.7
. 3.7, y, 1.1 0.9
Yo
1.1 0.9 o 11

110
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Tab. 10 Calculation of sub coefficients and grading limit values for resistance of compression members with large

eccentricity and small eccentricity ( short columns) in different reliability indexes

)

p Yr YR
4.2 3.95 3.7 3.2 a, as ay 4.7 4.45 4.2 3.7 a, a; ay
0.1 1.2693 1.2228 1.1780 1.0932 0.963 0.928 0.861 1.1844 1.1391 1.0955 1.0133 0.962 0.925 0.856
0.25 1.2018 1.1575 1.1148 1.0342 0.963 0.928 0.861 1.1217 1.0786 1.0371 0.9589 0.962 0.925 0.855
0.5 1.136 7 1.0928 1.0509 0.9722 0.961 0.925 0.855 1.0636 1.0206 0.9797 0.9030 0.960 0.921 0.849
1.0 1.0964 1.0470 1.0005 0.9159 0.955 0.913 0.835 1.0365 0.9874 0.9413 0.8573 0.953 0.908 0.827
1.5 1.090 8 1.0364 0.9856 0.8938 0.950 0.904 0.819 1.0393 0.9851 0.9344 0.8428 0.948 0.899 0.811
2.5 1.0939 1.0336 0.9774 0.8765 0.945 0.894 0.801 1.0513 0.9914 0.9353 0.8342 0.943 0.89 0.793
0.1 1.2819 1.2350 1.1898 1.1044 0.963 0.9280 0.862 1.1960 1.1504 1.1065 1.0236 0.962 0.925 0.856
0.25 1.2258 1.1810 1.1379 1.0563 0.963 0.928 0.862 1.1436 1.0999 1.0581 0.9489 0.962 0.925 0.830
0.5 1.1641 1.1214 1.0803 1.0025 0.963 0.928 0.861 1.0863 1.0447 1.0047 0.9292 0.962 0.925 0.855
1.0 1.1013 1.0594 1.0192 0.9439 0.962 0.925 0.857 1.0297 0.9888 0.9495 0.8761 0.960 0.922 0.851
1.5 1.0736 1.0306 0.9898 0.9141 0.960 0.922 0.851 1.0070 0.9646 0.9244 0.8501 0.958 0.918 0.844
2.5 1.0518 1.0064 0.9637 0.8853 0.957 0.916 0.842 0.9914 0.9464 0.9040 0.8265 0.955 0.912 0.834
1 > R/yoyeSe
( ) 5.4
Tab. 11 Checking calculation result of reliability indexes of
bridge members in safety levels I and III ( basic combination) p
( )
4.7749 5.124 4 8~ 10 ~
vo=1.1 4.8809 5.158 7 N
4.7 5.2 a; =
A s s 0.96 a,=0.94 a,=0.92; 8~ 10
3.592 1 4.209 5 ( ) N N
¥ =0.9 3.558 6 4.168 3
37 4 a, =0.94 a,
=0.91 a, =0.89.
Yo 12,
12 R
° o S (
Y (JTG D60—2004)
° S =5cSc + Yol Sk gy
o 8~ 10 -
> o
Ja

. ¥, =1.45
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Tab. 12 Suggested values of checking calculation index grading

limit coefficients of bearing capacity of existing bridge members

a;

ay as ay

0.960 0.921  0.850
0.961  0.924  0.856
« ) 0.959  0.920 0.847

( ) 0.956 0.915 0.839
0.930 0.865 0.748
0.957 0.916 0.838

(1) p(2) ap~ Ay~ ay

Y. =1.2

Yr 13 o
13

13
Tab. 13 Suggested values of sub coefficients for resistance of

existing bridge members

Yr
1.114 (1. 125 4)
1.221 (1.233 4)
( ) 1. 149 (1. 160 0)
( ) 1.142 (1.1506)
1.639 (1.2521)
1.079

85

6

p 0.1, 0.25.
0.5. 1.0, 1.5. 2.5
p
p
14,
14
p 0.1~
2.5 0.1~7.5
p
0.1~2.5
0.1~2.5
14
( )
p 1 2 o

1.0 2

09

s LN TR

0.8
——42 -e-395
071 —A=3.7 “=32
06 1 1 1 L 1 1 1
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0.8
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Fig. 1 Sub coefficient for resistance varying with ratio p

between live and dead load standard value effects
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14 p
Tab. 14 Influencing regularity of ratio p between live and dead loads on sub coefficients and

grading limit values for resistance of flexural members

P YR Yr
4.2 3.95 3.7 3.2 a, as ay 4.2 3.95 3.7 3.2 a, as ay
0.1 1.2297 1.1856 1.1430 1.0624 0.9640 0.929 0.864 1.2419 1.1974 1.1544 1.0732 0.964 0.930 0.864
0.25 1.1644 1.1223 1.0818 1.0051 0.964 0.929 0.863 1.1875 1.1450 1.1041 1.0266 0.964 0.930 0.865
0.5 1.1020 1.0601 1.0202 0.9451 0.962 0.926 0.858 1.1278 1.0873 1.0482 0.9743 0.964 0.929 0.864
1.0 1.0650 1.0174 0.9728 0.8914 0.955 0.913 0.837 1.0675 1.0275 0.9893 0.9175 0.963 0.927 0.859
1.5 1.0606 1.0082 0.9592 0.8706 0.951 0.904 0.821 1.0413 1.0004 0.9612 0.8888 0.961 0.923 0.854
2.5 1.0646 1.0064 0.9520 0.8544 0.945 0.894 0.803 1.0212 0.9775 0.9366 0.8613 0.957 0.917 0.843
3.5 1.0695 1.0080 0.9507 0.8480 0.942 0.889 0.793 1.0136 0.9683 0.9258 0.8485 0.955 0.913 0.837
4.5 1.0730 1.0096 0.9505 0.8444 0.941 0.886 0.787 1.0098 0.9635 0.92 0.8411 0.954 0.911 0.833
5.5 1.0759 1.0111 0.9506 0.8423 0.940 0.884 0.783 1.0077 0.9605 0.9163 0.8363 0.953 0.909 0.830
6.5 1.0782 1.0121 0.9508 0.8409 0.939 0.882 0.780 1.0063 0.9585 0.9139 0.8329 0.952 0.908 0.828
7.5 1.0798 1.0131 0.9512 0.8398 0.938 0.881 0.778 1.0052 0.9572 0.912 0.8304 0.952 0.907 0.826
0.1~2.5 1.1144 1.0667 1.0215 0.938 0.957 0.916 0.841 1.1145 1.0725 1.0323 0.957 0.962 0.926 0.858
0.1~7.5 1.0966 1.0413 0.9893 0.8949 0.949 0.902 0.815 1.0663 1.0221 0.9802 0.9028 0.958 0.919 0.846
1% -1.60 -2.38 -3.15 -4.61 -0.80 -1.58 -3.07 -4.32 -4.70 -5.05 -5.66 -0.41 -0.79 -1.45
105 14
1.00F 0 2
ha 0.90F p p<0.5
R 0.85F
R
2 0.80r
1.0 2 p=
0.75] o, —8—ay —Ah—ay 1.0
0.70 g e : ST :
0 1 2 3 4 51 6 7 14
VAT 38 T AR R L AL
(a) —fUBATRA °
1.051
1.00F 7
0.95 e S e S D G S SN
éﬁ e S _ _ _ 4 »
N 0.90F =
L AY
&R (LXSM
R
2 080F
0.75F —— () —@— (3 —h— Uy
0.70 e
0 1 2 3 4 S 6 7
VAT A AR AE (R 2N LA
(b) HHIBATIRA
. ) (1)
Fig.2 Grading limit values for resistance varying with R/ YrS ) °
ratio p between live and dead load standard value effects R,
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