




GENERAL STRENGTH AND SERVICEABILITY - USD 31 8-65 

150LCenera l  requirements 
(a) All provisions of this code, except those of Part IV-A, shall apply 

to the design of members by ultimate strength method, unless other- 
wise specifically provided in this Part IV-B. 

(b) Bending moments in an axially loaded member shall be taken 
into account in the calculation of the strength required of the member. 

(c) Except as provided in (a), analysis of indeterminate structures, 
such as continuous beams, frames, and arches, shall be based on the 
assumption of elastic behavior. For buildings of usuaI type of construc- 
tion, spans, and story heights, approximate methods as provided in 
Chapter 9 are acceptable for determination of moments and shears. 

(d) Except where approximate values for bending moments are used, 
the negative moments calculated by elastic theory, for any assumed 
loading arrangement, at the supports of continuous flexural members 
may each be increased or decreased by not more than 10 percent, pro- 
vided that these modified negative moments are also used for final 
calculations of the moments at other sections in the spans corresponding 
to the same loading condition. Such an adjustment shall only be made 
when the section at  which the moment is reduced is so designed that p, 
( p  - p’) , or ( p w  - p t ) ,  which ever is applicable, is equal to o r  less than 
0.50 times the reinforcement ratio pa, producing balanced conditions at 
ultimate strength as calculated by Eq. (16-2). 

1503-Assumptions 
(a) Ultimate strength design of members for bending and axial load 

shall be based on the assumptions given in this section, and on satis- 
-faction of the applicable conditions of equilibrium and compatibility of 
strains. The simplified design equations given in Chapters 16 and 19 
are satisfactory. 

(b) Strain in the concrete shall be assumed directly proportional to 
the distance from the neutral axis. Except in anchorage regions, strain 
in reinforcing bars shall be assumed equal to the strain in the concrete 
at the same position. 

(c) The maximum strain at  the extreme compression fiber at ulti- 
mate strength shall be assumed equal to 0.003. 

(d) Stress in reinforcing bars below the yield strength, fv, for the 
grade of steel used shall be taken as 29,000,000 psi times the steel strain. 
For strain greater than that corresponding to the design yield strength, 
fz/, the reinforcement stress shall be considered independent of strain 
and equal to the design yield strength, f,,. 

(e) Tensile strength of the concrete shall be neglected in flexural 
calculations. 

( f )  At ultimate strength, concrete stress is not proportional to strain. 
The diagram of compressive concrete stress distribution may be assumed 
to be a rectangle, trapezoid, parabola, or any other shape which results 
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in predictions of 'ultimate strength in reasonable agreement with the re- 
sults of comprehensive tests. 

(g) The requirements of ( f )  may be considered satisfied by the 
equivalent rectangular concrete stress distribution which is defined as 
follows: At ultimate strength, a concrete stress intensity of 0.85 f; 
shall be assumed uniformly distributed over an equivalent compression 
zone bounded by the edges of the cross section and a straight line 
located parallel to the neutral axis at a distance a = k,c from the fiber 
of maximum compressive strain. The distance c from the fiber of 
maximum strain to the neutral axis is measured in a direction per- 
pendicular to that axis. The fraction kl shall be taken as 0.85 for 
strengths, f;, up to 4000 psi and shall be reduced continuously at a 
rate of 0.05 for each 1000 psi of strength in excess of 4000 psi. 

1504-Safety provisions* 
(a) Strengths shall be computed in accordance with the provisions of 

Part IV-B. 
(b) The coefficient + shall be 0.90 for flexure; 0.85 for diagonal ten- 

sion, bond, and anchorage; 0.75 for spirally reinforced compression 
members; and 0.70 for tied compression members. 

(c) The strength capacities of members so computed shall be at least 
equal to the total effects of the design loads required by Section 1506. 

1505-Design strengths for reinforcement 
(a) When reinforcement is used that has a yield strength, f,, in excess 

of 60,000 psi, the yield strength to be used in design shall be reduced 
to 0.85 f, or 60,000 psi, whichever is greater, unless it is shown by ten- 
sion tests that at a proof stress equal to the specified yield strength, f,, 
the strain does not exceed 0.003. 

(b) Designs shall not be based on a yield strength, f,, in excess of 
75,000 psi. Design of tension reinforcement shall not be based on a 
yield strength, f,, in excess of 60,000 psi unless tests are made in com- 
pliance with Section 1508 (b). 

1 5 0 L D e s i g n  loads? 
(a) The design loads shall be computed as follows: 

1. For structures in such locations and of such proportions that 
the effects of wind and earthquake may be neglected the design 
capacity shall be 

The loads D, L, W, and E are the loads specified in the general 
code of which these requirements form a part. 

.U = 1.50 + 1.8L (15-1) 

*The coefficient Q, provides for the possibility that small adverse variations in material 
stren,gths, workmanship, dimensions, control, and degree of supervision, while individually 
within required tolerances and the limits of good practice, occasionally may combine to re- - .  
sult in undercapacity. 

tThe provisions of Section 1506 provide for such sources of possible excess load effects as 
load assumptions, assumptions in structural analysis, simplifications in calculations, and 
effects of construction sequence and methods. 
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