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Economical Improvement by Adopting Limit State Design Code
*
Takashi Chou

In Japan there are many views that it is too early to modify the design code
for the reinforced concrete structures from the current working stress design
method to the limit state design method. Main reasons for such views are con-
sidered as follows.

(1) The reliability assurance level-I, which is expected to adopt in the lim-
it state design code, gives a little improvement on reliability, because reli-
ability theory is not applied exactly in such a case.

(2) There is a question about accuracy of the code calibration.

(3) It does not necessarily follow that economical structures are designed.

(4) Available statistical data are restricted.

The purpose of this paper is to provide some concrete discussions for the
above questions, especially for economical aspect by proposing a code calibra-
tion method which gives economical designs. Formulations to evaluate the safety
levels of the current designs and the limit state designs, using the safety in-
dex which is defined by Hasofer and Lind, are presented.

The following conclusions can be drawn:

1. Some accurate indices of the current designs calculated using the defini-
tion by Hasofer and Lind differ considerably from them calculated using the
first order approximation. However, there is a slight difference among the re-
sults of code calibration for a limit state of the ordinary load condition. By
using the Hasofer's index, the design inequal%ties are obtained as

o g
A £G5 080> Lasd e, B £(gor ,0K 0> Lo +L.ssuE ... (D)

in which A and B denote the cases of road structures and railway structures;
£(.)= resistance; cg and Ug = the characteristic values of concrete and steel
strengths; and M§ and ME = the characteristic values of dead and live loads. By
using the iirst order approximation, they arekobtained as

g g
A: £z 05 )2 Lo +1ssuE B £ L0k )3 1.85Mf +1.75ME. .. (2)

2. The variabilities of safety level in individual designs become small if
the design method is modified to the limit state design method. The safety in-
dices of the limit state designs take on values from 3.14(A),4.47(B) to 3.59(A)
,4.7(B), while those of the current designs take on values from 2.79(A),3.89(B)
to 4.09(A),4.9(B).

3. The results of the code calibration taking the above improvement on reli-
ability into comnsideration obtained as

K
[} g
Ar £G75 L0k )r Lo3svs vl L B: £y ok 0> Lesul +ef. L.(3)

4, A cost reduction ratio, which is a ratio of cost of the limit state de-
signs using Eq.(3) to that of the current designs, can be obtained by

Ay o Le35+L.aEK B: ) = L:65+1.6EK e (8)
L45+1.6Ek 1.8+1.85tk

in which £ is a ratio of ME to MK, As tEk takes on values usually from 0-4, A
is approximated by 0.9. Then the cost reduction amounts 10% of the cost of the
current designs.

* Dept. of Civ. Engrg., Faculty of Engrg., Shinshu University



