
 

 

 





INTRODUCTION  

Flexural stresses are the result of external, or imposed, bending moments. In most cases, they control the 

selection of the geometrical dimensions of the prestressed concrete section regardless of whether it is 

pretensioned or post-tensioned.  

The design process starts with the choice of a preliminary geometry, and by trial and adjustment it converges to 

a final section with geometrical details of the concrete cross section and the sizes and alignments of the 

prestressing strands. The section satisfies the flexural (bending) requirements of concrete stress and steel 

stress limitations. Thereafter, other factors such as shear and torsion capacity, deflection, and cracking are 

analyzed and satisfied. While the input data for the analysis of sections differ from the data needed for design, 

every design is essentially an analysis. One assumes the geometrical properties of the section to be 

prestressed and then proceeds to determine whether the section can safely carry the prestressing forces and 

the required external loads. Hence, a good under- standing of the fundamental principles of analysis and the 

alternatives presented thereby significantly simplifies the task of designing the section. As seen from the 

discussion in Chapter 1, the basic mechanics of materials, principles of equilibrium of internal couples, and 

elastic principles of superposition have to be adhered to in all stages of loading. Maryland Concert Center 

parking garage, Baltimore. (Courtesy, Prestressed Concrete Institute.) 
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In view of the preceding, this chapter covers the major aspects of both the service- load flexural design and the 

ultimate-load flexural design check. The principles and methods presented in Chapter 1 for service load 

computations are extended into step-by- step procedures for the design of prestressed concrete linear 

elements, taking into con- sideration the impact of the magnitude of prestress losses discussed in Chapter 3. 

Note that a logical sequence in the design process entails first the service-load design of the section required in 

flexure, and then the analysis of the available moment strength M, of the section for the limit state at failure. 

Throughout the book, a negative sign (-) is used to denote compressive stress and a positive sign (+) is used to 

denote tensile stress in the concrete section. A convex or hogging shape indicates negative bending moment; a 

con-cave or sagging shape denotes positive bending moment, as shown in Figure 4.1. Unlike the case of 

reinforced concrete members, the external dead load and partial live load are applied to the prestressed 

concrete member at varying concrete strengths at various loading stages.  
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These loading stages can be summarized as follows:• Initial prestress force P, is applied; then, at transfer, the force is 

transmitted from the prestressing strands to the concrete. • The full self-weight W, acts on the member together with the 

initial prestressing force, provided that the member is simply supported, i.e., there is no intermediate support. 

• The full superimposed dead load Wsp including topping for composite action, is ap-plied to the member. 

 Most short-term losses in the prestressing force occur, leading to a reduced pre-stressing force Pe.  

• The member is subjected to the full-service load, with long-term losses due to creep, shrinkage, and strand relaxation 

taking place and leading to a net prestressing force P • Overloading of the member occurs under certain conditions up to 

the limit state at failure. A typical loading history and corresponding stress distribution across the depth of the critical 

section are shown in Figure 4.2, while a schematic plot of load versus defor-(-) Compressive stress(+) Tensile stress(-) 

Compressive stress(+) Tensile stress(a)(b) Figure 4.1 Sign convention for flexure stress and bending moment. (a) 

Negative bending moment. (b) Positive bending moment. 

 

 

Sign convention for flexure stress and bending moment. (a) Negative bending moment. (b) Positive 

bending moment. 



The prestressing force P that satisfies the particular conditions of geometry and loading of a given element (see Figure 1.2) 

is determined from the principles of mechanics and of stress-strain relationships. Sometimes simplification is necessary, as 

when a prestressed beam is assumed to be homogeneous and elastic. 

Consider, then, a simply supported rectangular beam subjected to a concentric pre- stressing force P as shown in Figure 

1.2(a). The compressive stress on the beam cross section is uniform and has an intensity.  

where Ac= bh is the cross-sectional area of a beam section of width b and total depth h. A minus sign is used for compression 

and a plus sign for tension throughout the text. Also, bending moments are drawn on the tensile side of the member. If external 

transverse loads are applied to the beam, causing a maximum moment M at midspan, the resulting stress becomes  
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And  
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where 𝑓𝑡  = stress at the top fibers 

𝑓𝑏 = stress at the bottom fibers. 

C=
1

2
h for rectangular section 

𝐼𝑔= gross moment of inertia of the section ( 𝑏𝑕3/12) 

Equation 3 indicates that the presence of prestressing-compressive stress - P/A is reducing the tensile flexural stress Mc/I to the 

extent intended in the design, either 

 

𝑓 =  
−𝑃

𝐴𝑐
 ……………………………………….….(1). 



Figure1: Concrete fiber stress distribution in a rectangular beam with straight 

tendon. (a) Concentric tendon, prestress only. (b) Concentric tendon, self-

weight added. (c) Eccen- tric tendon, prestress only. (d) Eccentric tendon, self-

weight added.. 



Flexural stress distribution throughout loading history. (a) Beam section. (b) Initial prestressing 

stage. (c) Self-weight and effective prestress. (d) Full dead load plus effective prestress. (e) Full-

service load plus effective prestress. (f) Limit state of stress at ultimate load for under 

reinforced beam. 



eliminating tension totally (even inducing compression), or permitting a level of tensile stress within allowable 

code limits. The section is then considered uncracked and behaves elastically: the concrete's inability to 

withstand tensile stresses is effectively compensated for by the compressive force of the prestressing tendon. 

The compressive stresses in Equation 2 at the top fibers of the beam due to pre- stressing are compounded by 

the application of the loading stress - Mc/I, as seen in Figure 1 (b). Hence, the compressive stress capacity of 

the beam to take a substantial o external load is reduced by the concentric prestressing force. In order to avoid 

this limitation, the prestressing tendon is placed eccentrically below the neutral axis at midspan, to induce 

tensile stresses at the top fibers due to prestressing. [See Figure 1 (c), (d).] If the tendon is placed at 

eccentricity e from the center of gravity of the concrete, termed the cgc line, it creates a moment Pe, and the 

ensuing stresses at midspan become 
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Since the support section of a simply supported beam carries no moment from the external transverse load, 

high tensile fiber stresses at the top fibers are caused by the eccentric prestressing force. To limit such 

stresses, the eccentricity of the prestressing tendon pro- file, the cgs line, is made less at the support section 

than at the midspan section, or eliminated altogether, or else a negative eccentricity above the cgc line is used 



Basic Concept Method 

In the basic concept method of designing prestressed concrete elements, the concrete fiber stresses are 

directly computed from the external forces applied to the concrete by longitudinal prestressing and the external 

transverse load. Equations 4 and 4 can be modified and simplified for use in calculating stresses at the initial 

prestressing stage and at service load levels. If Pi, is the initial prestressing force before stress losses, and Pe, 

is the effective prestressing force after losses, then 

γ= 
𝑃𝑒

𝑃𝑖 
    ………………………………….(6) 

 

 can be defined as the residual prestress factor. Substituting 𝑟2 for 
𝐼𝑔

𝐴𝑐
, in Equations 4, where r is the radius of 

gyration of the gross section, the expressions for stress can be rewritten as follows: 

(a) Prestressing force only :                𝑓𝑡 = - 
𝑃𝑖

𝐴𝑐
 ( 1- 

𝑒𝑐𝑡

𝑟2 ) ………………………(7) 

 



Figure 2: Prestressing tendon profile: (a) Harped tendon; and (b) Draped 

tendon  



The change in eccentricity from the midspan to the support section is obtained by raising the prestressing 

tendon either abruptly from the midspan to the support, a process called harping, or gradually in a parabolic 

form, a process called draping. Figure 2(a) shows a harped profile usually used for pretensioned beams and 

for concentrated trans- verse loads. Figure 2(b) shows a draped tendon usually used in post-tensioning. 

Subsequent to erection and installation of the floor or deck, live loads act on the structure, causing a 

superimposed moment Ms,. The full intensity of such loads normally occurs after the building is completed and 

some time-dependent losses in prestress have o already taken place. Hence, the prestressing force used in 

the stress equations would have to be the effective prestressing force Pe. If the total moment due to gravity 

loads is MT, then 

𝑀𝑇 = 𝑀𝐷 + 𝑀𝑆𝐷 + 𝑀𝐿…………………………………(8) 

where :  

MD = moment due to self-weight 

MSD = moment due to superimposed dead load, such as flooring 

ML = moment due to live load, including impact and seismic loads if any 





𝑃𝑖 = 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑟𝑒𝑠𝑡𝑟𝑒𝑠𝑠𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 𝑁 ; 
Ac: area of cross section (mm2); 
I: moment of inertia of the cross section (mm4); 
e: eccentricity of prestressing steel below centroid (mm); 
𝐶𝑡, 𝐶𝑏: top and bottom fiber distance from centroid (mm);  

) (mm); 
𝐼

𝐴
s of gyration =(iur: rad  

𝑃𝑒: 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑝𝑟𝑒𝑠𝑡𝑟𝑒𝑠𝑠𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 𝑎𝑓𝑡𝑒𝑟 𝑎𝑙𝑙 𝑙𝑜𝑠𝑠𝑒𝑠 𝑁 ; 
f: stress (MPa) 

 

Figure 3:  Elastic fiber stresses due to the various loads in a prestressed beam. (a) Initial prestress 

before losses. (b) Addition of self-weight. (c) Service load at effective prestress. 





































































Reviewing  






























