Ch-3

Strength Analysis of Beams According to ACI Code
3.1 DESIGN METHODS

From the early 1900s until the early 1960s, nearly all reinforced concrete design in the United States was performed by the working-stress design method (also called allowable-stress design or straight-line design). In this method, frequently referred to as WSD, the dead and live loads to be supported, called working loads or service loads, were first estimated. Then the members of the structure were proportioned so that stresses calculated by a transformed area did not exceed certain permissible or allowable values.

After 1963 the ultimate-strength design method rapidly gained popularity because (1) it makes use of a more rational approach than does WSD; (2) a more realistic consideration of safety is used; and (3) it provides more economical designs. With this method (now called strength design) the working dead and live loads are multiplied by certain load factors (equivalent to safety factors) and the resulting values are called factored loads. The members are then selected so they will theoretically just fail under the factored loads.
3.2 ADVANTAGES OF STRENGTH DESIGN

Among the several advantages of the strength design method as compared to the no longer permitted working-stress design method are the following:
1. The derivation of the strength design expressions takes into account the non linear shape of the stress-strain diagram. When the resulting equations are applied, decidedly better estimates of load-carrying ability are obtained.
2. With strength design, a more consistent theory is used throughout the designs of reinforced concrete structures. For instance, with working-stress design the transformed-area or straight-line method was used for beam design, and a strength design procedure was used for columns.
3. A more realistic factor of safety is used in strength design. The designer can certainly estimate the magnitudes of the dead loads that a structure will have to support more accurately than estimating the live and environmental loads. With working-stress design the same safety factor was used for dead, live, and environmental loads.  For this reason, use of different load or safety factors in strength design for the different types of loads is a definite improvement.
4. A structure designed by the strength method will have a more uniform safety factor against collapse throughout. The strength method takes considerable advantage of higher-strength steels, whereas working-stress design did only partly so. The result is better economy for strength design.
5. The strength method permits more flexible designs than did the WSM. For instance, the percentage of steel may be varied quite a bit. As a result, large sections may be used with small percentages of steel or small sections maybe used with large percentages of steel. Such variations were not the case in the relatively fixed working-stress method. If the same amount of steel is used in strength design for a particular beam as would have been used with WSD, a smaller section will result. If the same size section is used as required by WSD, a smaller amount of steel will be required.
3.3 STRUCTURAL SAFETY

The structural safety of a reinforced concrete structure can be calculated with two methods. The first method involves calculations of the stresses caused by the working or service loads and their comparison with certain allowable stresses. Usually the safety factor against collapse when the working-stress method was used was said to equal the smaller of [image: image2.png]f'c/fc



 or [image: image4.png]fy/fs



·

      The second approach to structural safety is the one used in strength design in which uncertainty is considered. The working loads are multiplied by certain load factors that are larger than one. The resulting larger or factored loads are used for designing the structure. The values of the load factors vary depending on the type and combination of the loads. To accurately estimate the ultimate strength of a structure, it is necessary to take into account the uncertainties in material strengths, dimensions, and workmanship. This is done by multiplying the theoretical ultimate strength (called the nominal strength herein) of each member by the strength reduction factor which is less than one. These values generally vary from 0.90 for bending down to 0.65 for some columns.

       In summary, the strength design approach to safety is to select a member who's computed ultimate load capacity multiplied by its strength reduction factor will at least equal the sum of the service loads multiplied by their respective load factors. Member capacities obtained with the strength method are appreciably more accurate than member capacities predicted with the working-stress method.
3.4 DERIVATION OF BEAM EXPRESSIONS

      Tests of reinforced concrete beams confirm that strains vary in proportion to distances from the neutral axis even on the tension sides and even near ultimate loads. Compression stresses vary approximately in a straight line until the maximum stress equals about[image: image6.png]0.50f'c



. This is not the case, however, after stresses go higher. When the ultimate load is reached, the strain and stress variations are approximately as shown in Figure 3.1.

The compressive stresses vary from zero at the neutral axis to a maximum value at or near the extreme fiber. The actual stress variation and the actual location of the neutral axis vary somewhat from beam to beam depending on such variables as the magnitude and history of past loadings, shrinkage and creep of the concrete, size and spacing of tension cracks, speed of loading, and so on.

      If the shape of the stress diagram were the same for every beam, it would easily be possible to derive a single rational set of expressions for flexural behavior. Because of these stress variations, however, it is necessary to base the strength design on a combination of theory and test results.

Although the actual stress distribution given in Figure 3.2(b) may seem to be important, any assumed shape (rectangular, parabolic, trapezoidal, etc.) can be used practically if the resulting equations compare favorably with test results. The most common shapes proposed are the rectangle, parabola, and trapezoid, with the rectangular shape used in this text as shown in Figure 3.2(c) being the most common one.

If the concrete is assumed to crush at a strain of about 0.003 (which is a little conservative for most concretes) and the steel to yield at fy, it is possible to make a reasonable derivation of beam formulas without knowing the exact stress distribution. However, it is necessary to know the value of the total compression force and its centroid.
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      Whitney replaced the curved stress block with an equivalent rectangular block of intensity [image: image10.png]0.85f'c



 and depth[image: image12.png]


, as shown in Figure 3.2(c). The area of this rectangular block should equal that of the curved stress block and the centroid of the two blocks should coincide. Sufficient test results are available for concrete beams to provide the depths of the equivalent rectangular stress blocks. The values of [image: image14.png]


 given by the Code (10.2.7.3) are intended to give this result. For[image: image16.png]


  between 17 and 28 MPa, [image: image18.png]By



 shall be taken as 0.85. For  [image: image20.png]


 above 28 MPa, [image: image22.png]By



 shall be reduced linearly at a rate of 0.05 for each 7 MPa of strength in excess of 28 MPa, but [image: image24.png]By



shall not be taken less than 0.65.The values of [image: image26.png]By



 are reduced for high-strength concretes primarily because of the shapes of their stress-strain curves.
For concretes with [image: image28.png]f'c > 28



 MPa, 
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Based on these assumptions regarding the stress block, statics equations can easily be written for the sum of the horizontal forces and for the resisting moment produced by the internal couple. These expressions can then be solved separately for [image: image31.png]


 and for the moment[image: image33.png]Mn



.
A very clear statement should be made here regarding the term [image: image35.png]Mn



 because it otherwise can be confusing to the reader. [image: image37.png]Mn



is defined as the theoretical or nominal resistingmoment of a section. In Section 3.3 it was stated that the usable strength of a memberequals its theoretical strength times the strength reduction factor, or, in this case, [image: image39.png]OMn



.
The usable flexural strength of a member,[image: image41.png]OMn



must at least be equal to the calculatedfactored moment, [image: image43.png]Mu



 caused by the factored loads[image: image45.png]OMn = Mu



.
For writing the beam expressions, reference is made to Figure 3.3. Equating the horizontal forces C and T and solving for a, we obtain:
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Because the reinforcing steel is limited to an amount such that it will yield well before the concrete reaches its ultimate strength, the value of the nominal moment [image: image51.png]Mn



 can bewritten as
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And the usable flexural strength is:
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If we substitute into this expression the value previously obtained for [image: image55.png]


 (it was[image: image57.png]pdfy/0.85*f'c
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 to [image: image61.png]Mu



we obtain the following expression:
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, we can solve this expression for [image: image70.png]


(the percentage of steel required for a particular beam) with the following results:
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3.5 STRAINS IN FLEXURALMEMBERS
      As previously mentioned, Section 10.2.2 of the Code states that the strains in concrete members and their reinforcement are to be assumed to vary directly with distances from their neutral axes. (This assumption is not applicable to deep flexural members whose depths over their clear spans are greater than 0.25). Furthermore, in Section 10.2.3 the Code states that the maximum usable strain in the extreme compression fibers of a flexural member is to be 0.003.Section 10.3.3 states that for Grade 420 reinforcement and for all prestressed reinforcement we may set the strain in the steel equal to 0.002 at the balanced condition. (Theoretically, for 420MPa steel it equals[image: image74.png]L 222 _ 00021
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). In Section 3.4 a value was derived for[image: image76.png]


, the depth of the equivalent stress block of abeam. It can be related to c with the factor [image: image78.png]By



 also given in that section.
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Then the distance [image: image81.png]


 from the extreme concrete compression fibers to the neutral axis is:         [image: image83.png]



Ex. 1: Determine the values of [image: image85.png]a,c,and e,



for the beam shown in figure below [image: image87.png]fy = 420MP, f'c =21 MPa and d = 530mm



.
[image: image88.png]3¢25

0.003

350





[image: image89.png]As fy 3+491+420
085+f'c=b  085+20%350

99.025 mm




[image: image90.png]



[image: image91.png]< 0.003 (530 —116.5)
0003 = ——————"=
1165

.0106





3.6 BALANCED SECTIONS, TENSION-CONTROLLED SECTIONS,

AND COMPRESSION-CONTROLLED OR BRITTLE SECTIONS:
      A beam that has a balanced steel ratio is one for which the tensile steel will theoretically yield at the time the extreme compression concrete fibers attain a strain equal to0.003. Should a flexural member be so designed that it has a balanced steel ratio or be a member whose compression side controls (that is, if its compression strain reaches 0.003 before the steel yields), the member can suddenly fail without warning. As the load on such a member is increased, its deflections will usually not be particularly noticeable, even though the concrete is highly stressed in compression and failure will probably occur without warning to users of the structure. These members are compression controlled and are referred to as brittle members. Obviously, such members must be avoided.

      The Code, in Section 10.3.4, states that members whose computed tensile strains are[image: image93.png]g, =0.005



 at the same time the concrete strain is [image: image95.png].003




are to be referred to as tension-controlled sections. For such members the steel will yield before the compression side crushes and deflections will be large, giving users warning of impending failure. Furthermore, members with [image: image97.png]g, > 0.005



are considered to be fully ductile. The ACl-Code chose the 0.005 value for [image: image99.png]


 to apply to all types of steel permitted by the Code, whetherregular or prestressed. The Code further states that members that have net steel strains or [image: image101.png]


values between 0.002 and 0.005 are in a transition range between compression-controlled and tension-controlled sections.
3.7 STRENGTHREDUCTION OR [image: image103.png]


 FACTORS
     Strength reduction factors are used to take into account the uncertainties of material strengths, inaccuracies in the design equations, approximations in analysis, possible variations in dimensions of the concrete sections and placement of reinforcement, the importance of members in the structures of which they are part, and so on. The Code (9.3) prescribes [image: image105.png]


values orstrength reduction factors for most situations. Among these values are the following:

- 0.90 for tension-controlled beams and slabs

- 0.75 for shear and torsion in beams

- 0.65 or 0.70 for columns
- 0.65 or 0.70 to 0.9 for columns supporting very small axial loads

- 0.65 for bearing on concrete

[image: image106.emf]
The sizes of these factors are rather good indications of our knowledge of the subject in question. For instance, calculated nominal moment capacities in reinforced concrete members seem to be quite accurate, whereas computed bearing capacities are more questionable.

For ductile or tension-controlled beams and slabs where[image: image108.png]£ =0.005



, the value of [image: image110.png]


for bending used is 0.90. Should [image: image112.png]


be less than 0.005 it is still possible to use the sections if [image: image114.png]


is not less than certain values. This situation is shown in Figure R.9.3.2 in the ACI Commentary to the 2011 Code.

Members subject to axial loads equal to or less than [image: image116.png]P <0.10f'cAg



 may be used when [image: image118.png]


isas low as 0.004 (ACI Section 10.3.5). Should the members be subject to axial loads [image: image120.png]= 0.10f'c Ag



they may be used when [image: image122.png]


 is as small as 0.002. When [image: image124.png]


values fall between 0.002and 0.005, they are said to be in the transition range between tension-controlled and compression-controlled sections. In this range [image: image126.png]


 values will fall between 0.65 or 0.70 and 0.90as shown in the figure.

The procedure for determining [image: image128.png]


 values in the transition range is described later in this section. It must be clearly understand that the use of flexural members in this range is usually uneconomical, and it is probably better, if the situation permits, to increase member depths and/or decrease steel percentages until [image: image130.png]


is equal or larger than 0.005. If this is done, not only will [image: image132.png]


 values equal 0.9 but also steel percentageswill not be so largeas to cause crowding of reinforcing bars. The net result will be slightly larger concrete sections, with consequent smaller deflections.
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      The bottom half of Figure above gives values for c/d ratios. If c/d for a particular flexural member is [image: image136.png]= 0.375



, the beam will be ductile, and if > 0.600 it will be brittle. In between is the transition range. You may prefer to compute c/d for a particular beam to check its ductility rather than computing[image: image138.png]pore,



.
Continuing our consideration of Figure, we can see that when [image: image140.png]


 less than 0.005, the values of[image: image142.png]


will vary along a straight line from their 0.90 value for ductilesections to 0.65 at balanced conditions where [image: image144.png]


is 0.002. Later, we will learn that [image: image146.png]


 canequal 0.70 rather than 0.65 at this latter strain situation if spirally reinforced sections are being considered. For this range of varying [image: image148.png]


values, the value of [image: image150.png]


may be determined by proportions or with the following formula, which is also shown in the figure.
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3.8 MINIMUM PERCENTAGE OF STEEL
     A brief discussion of the modes of failure that occur for various reinforced beams was presented in Section 3.6. Sometimes because of architectural or functional requirements, beam dimensions are selected that are much larger than are required for bending alone. Such members theoretically require very small amounts of reinforcing.

     Actually, another mode of failure can occur in very lightly reinforced beams. If the ultimate resisting moment of the section is less than its cracking moment, the section will fail immediately when a crack occurs. This type of failure may occur without warning. To prevent such a possibility, the ACI (10.5.1) specifies a certain minimum amount of reinforcing that must be used at every section of flexural members where tensile reinforcing is required by analysis, whether for positive or negative moments. In the following equations, bw  represents the web width of beams.
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Section 10.5.3 of the Code states that the preceding minimums do not have to be met if the area of the tensile reinforcing furnished at every section is at least one-third greater than the area required by moment. 
ACI Section 10.5.4 states that for slabs and footings of uniform thickness, the minimum area of tensile reinforcing in the direction of the span is that specified in ACI Section 7.12 for shrinkage and temperature steel. When slabs are overloaded in certain areas there is a tendency for those loads to be distributed laterally to other parts of the slab, thus substantially reducing the chances of sudden failure. This explains why a reduction of the minimum reinforcing percentage is permitted in slabs of uniform thickness. 
ACI-Code 2011- 10.5.4 — For structural slabs and footings of uniform thickness, As-min in the direction of the span shall be the same as that required by 
7.12.2.1. Maximum spacing of this reinforcement shall not exceed three times the thickness, nor 450 mm.
7.12.2.1 — Area of shrinkage and temperature reinforcement shall provide at least the following ratios of reinforcement area to gross concrete area, but not less than 0.0014:

(a) Slabs where Grade 280 or 350 deformed bars are used ..........................0.0020

(b) Slabs where Grade 420 deformed bars or welded wire reinforcement are used .......0.0018

(c) Slabs where reinforcement with yield stress exceeding 420 MPa measured at a yield strainof0.35 percent is used..........................[image: image154.png]



7.12.2.2 — Shrinkage and temperature reinforcement shall be spaced not farther apart than five times the slab thickness, nor farther apart than 450 mm.

3.9 BALANCED STEEL PERCENTAGE

An expression is derived for [image: image156.png]s



, the percentage of steel required for a balanced design. At ultimate load for such a beam, the concrete will theoretically fail (at a strain of 0.003), and the steel will simultaneously yield (see Figure below).The neutral axis is located by the triangular strain relationships that follow, noting that Es= 200000MPa for the reinforcing bars:
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      Two expressions are now available for c, and they are equated to each other and

solved for the percentage of steel. This is the balanced percentage[image: image166.png]
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 which is the maximum value of steel percent allowed to be used in the sectionsfor under reinforced beams the ACI Code allow to be multiplied by 0.75 before 2002.  ACI code 2011 used:
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Ex. 2: Determine the ACI design moment capacity [image: image175.png]OMn



of the beam shown in Figure below,  iff’c= 27.5 MPa and fy =420MPa.
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Ex.3: A 2.4m span cantilever beam has a rectangular section of b=200mm and d= 390mm with 3 bars of 22mm diameter, carries a uniform dead load including it’s own weight of 12kN/m and a uniform distributed live load of 10.5kN/m. Check the adequacy of the section, using f’c of 28MPa and fy of 280MPa?
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Ex.4: Determine the allowable moment and the position of neutral axis of a rectangular section which has b = 200mm, d =300mm use f’c= 21MPa and fy= 280MPa, when:
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3.10: Design of Rectangular Beams and One-Way Slabs:

3.10.1: Load Factors
       Load factors are numbers, almost always larger than 1.0, that are used to increase the estimated loads applied to structures. The loads are increased to attempt to account for the uncertainties involved in estimating their magnitudes. The load factors for dead loads are much smaller than the ones used for live and environmental loads. In this regard, you will notice that the magnitudes of loads that remain in place for long periods of time are much less variable than are those loads applied for brief periods, such as wind and snow. Section 9.2 of the ACI-Code presents the load factors and combinations that are to be used for reinforced concrete design. The required strength, U, or the load-carrying ability of a particular reinforced concrete member, must at least equal the largest value obtained by substituting into ACI Equations 9-1 to 9-7. 
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Where U = the design or ultimate load the structure needs to be able to resist
D = dead load, L = live load.
3.10.2 Design of Rectangular Beams
Before the design of an actual beam is attempted, several miscellaneous topics need to be discussed. These include the following:
1. Beam proportions. The most economical beam sections are usually obtained for shorter beams (up to 6.0m or 7.6 m in length), when the ratio of d to b is in the range of 1.5 to 2. For longer spans, better economy is usually obtained if deep, narrow sections are used. The depths may be as large as 3*b or 4*b. However, today’s reinforced concrete designer is often confronted with the need to keep members rather shallow to reduce ﬂoor heights. As a result, wider and shallower beams are used more frequently than in the past. 
2. Deﬂections. Considerable space is devoted to the topic of deﬂection in reinforced concrete members subjected to bending. However, the ACI Code in its Table 9.5(a) provides minimum thicknesses of beams and one-way slabs for which such deﬂection calculations are not required. The minimum thicknesses provided apply only to members that are not supporting or attached to partitions or other construction likely to be damaged by large deﬂection.
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3. Estimated beam weight. The weight of the beam to be selected must be included in the calculation of the bending moment to be resisted, because the beam must support itself as well as the external loads. For instance, calculate the moment due to the external loads only, select a beam size, and calculate its weight. Another practical method for estimating beam sizes is to assume a minimum overall depth, h, equal to the minimum depth speciﬁed by [ACI-318-11, Table 9.5(a)] if deﬂections are not to be calculated. Then the beam width can be roughly estimated equal to about one-half of the assumed value of hand the weight of this estimated beam calculated = bh*24 times the concrete weight per cubic meter. After M is determined for all of the loads, including the estimated beam weight, the section is selected. If the dimensions of this section are signiﬁcant different from those initially assumed, it will be necessary to recalculate the weight and Mu and repeat the beam selection. 
4. Selection of bars. After the required reinforcing area is calculated, select diameter of and numbers of bar that provide the necessary area. For the usual situations, bars of sizes [image: image251.png]036



 and smaller are practical. It is usually convenient to use bars of one size only in a beam, although occasionally two sizes will be used. Bars for compression steel and stirrups are usually a different size.
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5. Cover. The reinforcing for concrete members must be protected from the surrounding environment; that are, ﬁre and corrosion protection need to be provided. To do this, the reinforcing is located at certain minimum distances from the surface of the concrete so that a protective layer of concrete, called cover is provided. In addition, the cover improves the bond between the concrete and the steel. In Section 7.7 of the ACI Code, speciﬁed cover is given for reinforcing bars under different conditions. Values are given for reinforced concrete beams, columns, and slabs; for cast-in-place members; for precast members; for pre-stressed members; for members exposed to earth and weather.
7.7 — Concrete protection for reinforcement
7.7.1 — Cast-in-place concrete ( non-prestress) ,cover for reinforcement shall not be less 
than the following:
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6. Minimum spacing of bars. The code (7.6) states that the clear distance between parallel bars cannot be less than 25mm or less than the nominal bar diameter. If the bars are placed in more than one layer, those in the upper layers are required to be placed directly over the ones in the lower layers, and the clear distance between the layers must be not less than 25mm.

7.6 — Spacing limits for reinforcement
7.6.1 — The minimum clear spacing between parallel bars in a layer shall be [image: image257.png]dyq,



 but not less than 25 mm. 
7.6.2 — Where parallel reinforcement is placed in two or more layers, bars in the upper layers shall be placed directly above bars in the bottom layer with clear distance between layers not less than 25 mm.
7.6.5 — In walls and slabs other than concrete joist construction, primary flexural reinforcement shall not be spaced farther apart than (3h) three times the wall or slab thickness, nor farther apart than 450 mm.
      A major purpose of these requirements is to enable the concrete to pass between the bars. The ACI Code further relates the spacing of the bars to the maximum aggregate sizes for the same purpose. In the code Section 3.3.2, maximum permissible aggregate sizes are limited to the smallest of (a) 1/5 of the narrowest distance between side forms, (b) 1/3 of slab depths, and (c) 3/4 of the minimum clear spacing between bars.
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Ex.5: Design the simply supported rectangular beam with span of 4m support service  dead load of 10kN/m and service  live load of 30kN/m f’c= 21MPa and fy = 400MPa.
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Try section of b = 250mm and h = 500mm

[image: image260.png]0.25+0.5 % 24 = 3 kNIm





Total dead load =10+3=13 kN/m
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  then
Use b= 250mm and d= 380 mm then h = 380 +70 = 450[image: image283.png]> 242.8mm o.k.




Check weight of beam:
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Then As can be find from one of the following methods:
First method :
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Second method:
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Third method:  
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Assume using bars with 22mm diameter then number of bars required:
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The cross section required
Checking sol.:  [image: image321.png]As =3 +387 = 1161 mm?
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  Then the section is ductile under reinforced beam.
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Ex.6: Simply supported beam with 6m span, support a service dead load of 15 N/m and point live load at mid span 50kN, Design the beam using f’c = 30 MPa and fy= 420 MPa ,find the depth if the width used b = 250mm and using 0.8 of [image: image331.png]Omax



?

[image: image333.png]% = 375mm try 400mm,



  Assume b= 250mm
Then Wd= 0.25* 0. 4* 24 = 2.4  kN/m  try 3 kN/m 
Total load load = 15 + 3 = 18 kN/m
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mm try 420mm
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Wd= 24*0.25 *0.5 = 3 kN/m  o.k.

As= [image: image351.png]0.01



512 * 250 * 420 = 1587.6 mm2
Check solution: [image: image353.png]As fy 1587.6 =420
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Ex.7: Find the minimum dimension of the cross section for the beam shown with b = 300mm, Use f’c = 25MPa and fy = 400 MPa, then find area of steel for the whole beam?
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Cover 40 + 10 + 22 + 12.5 = 84.5 say 90mm
Then the depth will be corrected to h= 450 + 90 = 560mm
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For negative moment = 202.5kN.m, use the same section b=300& h = 560mm d= 450 try [image: image391.png]0=09
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5*300*450 = 1383.75mm2 using bars with 25mm:
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Tension  steel  reinforcement
3.11 Analysis and design of doubly reinforced rectangular beam
3.11.1  Analysis of doubly reinforced beam:
      The steel that is occasionally used on the compression sides of beams is called compression steel, and beams with both tensile and compressive steel are referred to as doubly reinforced beams. Compression steel is not normally required in sections designed by the strength method because use of the full compressive strength of the concrete decidedly decreases the need for such reinforcement, as compared to designs made with the working-stress design method.

      Occasionally, however, space or aesthetic requirements limit beams to such small sizes that compression steel is needed in addition to tensile steel. 
· To increase the moment capacity of a beam beyond that of a tinselly reinforced beam with the maximum percentage of steel [when[image: image411.png](e, = 0.005



)], it is necessary to introduce another resisting couple in the beam. This is done by adding steel in both the compression and tensile sides of the beam. 
· Compressive steel increases not only the resisting moments of concrete sections but also the amount of curvature that a member can take before ﬂexural failure. This means that the ductility of such sections will be appreciably increased. Though expensive, compression steel makes beams tough and ductile, enabling them to withstand large moments, deformations, and stress reversals such as might occur during earthquakes. As a result, many building codes for earthquake zones require that certain minimum amounts of compression steel be included in ﬂexural members.
· Compression steel is very effective in reducing long-term deﬂection due to shrinkage and plastic ﬂow. 
· Continuous compression bars are also helpful for positioning stirrups (by tying them to the compression bars) and keeping them in place during concrete placement and vibration.
     Tests of doubly reinforced concrete beams have shown that even if the compression concrete crushes, the beam may very well not collapse if the compression steel is enclosed by stirrups. If the compression bars are conﬁned by closely spaced stirrups, the bars will not buckle until additional moment is applied. 

      For doubly reinforced beams, an initial assumption is made that the compression steel yields as well as the tensile steel. (The tensile steel is always assumed to yield because of the ductile requirements of the ACI Code). If the strain at the extreme ﬁber of the compression concrete is assumed to equal 0.003 and the compression steel, A's , is located two-thirds of the distance from the neutral axis to the extreme concrete ﬁber, then the strain in the compression steel equals 2/3 × 0.003 = 0.002. If this is greater than the strain in the steel at yield, as say 420/200000=0.0021 for 420MPa steel, the steel has yielded. It should be noted that actually the creep and shrinkage occurring in the compression concrete help the compression steel to yield.
      Sometimes the neutral axis is quite close to the compression steel. As a matter of fact, in some beams with low steel percentages, the neutral axis may be right at the compression steel. For such cases, the addition of compression steel adds little, if any, moment capacity to the beam. It can, however, make the beam more ductile.

      When compression steel is used, the nominal resisting moment of the beam is assumed to consist of two parts: the part due to the resistance of the compression concrete and the balancing tensile reinforcing, and the part due to the nominal moment capacity of the compression steel and the balancing amount of the additional tensile steel as illustrated in Figure. In the expressions developed here, the effect of the concrete in compression, which is replaced by the compressive steel, A's, is neglected. This omission will cause us to overestimate Mn by a very small and negligible amount (less than 1%). The ﬁrst of the two resisting moments is illustrated in Figure (b).
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      The second resisting moment is that produced by the additional tensile and compressive steel (As2 and A's), which is presented in Figure (c).
[image: image414.png]Mn, =A's * fy(d — d")




      Up to this point it has been assumed that the compression steel has reached its yield stress. If such is the case, the values of As2 and A's will be equal because the addition to T of As2fy must be equal to the addition to C of A's fy for equilibrium. If the compression steel has not yielded, A's must be larger than As2. Combining the two values, we obtain:
[image: image415.png]Mu = OMn = O[Mn, + Mnz] = O[As1 = fy (d —3) + A's * fy(d )]




      The addition of compression steel only on the compression side of a beam will have little effect on the nominal resisting moment of the section. The lever arm, z, of the internal couple is not affected very much by the presence of the compression steel, and the value of T will remain the same. Thus, the value Mn = Tz will change very little. To increase the nominal resisting moment of a section, it is necessary to add reinforcing on both the tension and the compression sides of the beam, thus providing another resisting moment couple.
       In each of these problems, the strain[image: image417.png]


, in the compression steel is checked to determine whether or not it has yielded. With the strain obtained, the compression steel stress fs', is determined, and the value of As2 is computed in the expression:
[image: image418.png]



      In addition, it is necessary to compute the strain in the tensile steel,[image: image420.png]


 because if it is less than 0.005, the value of the bending, φ, will have to be computed, in as much as it will be less than its usual 0.90 value. The beam may not be used in the unlikely event that [image: image422.png]


 is less than 0.004.

      To determine the value of these strains, an equilibrium equation is written compressive strength equal to tensile strength. Only one unknown appears in the equation, and that is c. Initially the stress in the compression steel is assumed to be at yield (f's = fy).  Summing forces horizontally in the force diagram and substituting [image: image424.png]By



c for a leads to:
[image: image425.png]As*fy=085fc+ax*b+As*fs'
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From figure below: [image: image429.png]es'= %0003




If the strain in the compression steel [image: image431.png]es' > ey = fy/Es



, the assumption is valid and fs'  is at yield, fy .If  [image: image433.png]es’ < ey



, the compression steel is not yielding, and the value of c calculated above is not correct. A new equilibrium equation must be written that assumes fs' < fy .
[image: image435.png]As+ fy = 0.85fc+c By +b+A's* Es~=20.003



  and Es=200000MPa
      The value of c determined enables us to compute the strains in both the compression and tensile steels and thus their stresses. 
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Ex.8: Find the ultimate moment capacity for the section below, using fy = 345MPa and f 'c=27.6MPa?
[image: image794.png]Wa=10kN/m
WL=35 kN/m

9m o 3.5.4

Wu= 87.67KN/m
NN

Mu= + 639.58 KN.m




As = 4828mm2 and As' =2414mm2   Assume fs = fs’=  fy =345MPa   
[image: image437.png]As*fy=085fcxc*Byxb+Asx*fy




[image: image438.png](4828 —2414)- 345 _ .0,
€ =085-27.6-300~085 mm




[image: image439.png]a=0.85+139.2 = 118.3mm




[image: image440.png]*0.003 = 0.00297




[image: image441.png]gy [y _ 345
Y =Es " 200000

= 0.001725 < es’ then fs’ = fy as assumed




And     As2*fy  = As' * fy    As2 = As' = 2414mm2   and As1= 4828-2414 =2414mm2
[image: image442.png]5301392

139.2

+0.003 = 0.00842 > 0.005 then 0= 0.9




[image: image443.png]Mu = O[Mn, + Mn,] = O[As1 + fy (d ,%) + A5+ fy(d—d)]
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[2414* 345 (530 ——)+ 2414+ 345(530 — 70)]

To¢ = 697.7kN.m





Ex. 9: Compute the design moment strength of the section shown if fy = 420MPa and

F'c =  27.6 MPa.
As =3217 mm2 and As' =760mm2
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Assume fs = fs’=  fy =420MPa   
[image: image445.png]As*fy=085fcxc*Byxb+Asx*fy




[image: image446.png](3217-760)+420 _ . q¢
€ =085+27.6+350~0.85 m




[image: image448.png]a =0.85+147.86 = 125.68 mm



  
[image: image449.png]_14786-70

es' = 147.96 +0.003 = 0.00158




[image: image450.png]oy [y _ 420
Y =Es " 200000

=0.0021 > s’ then fs' < fy not as assumed




[image: image451.png]As«fy = 085fcrcxpy+b+A'ssEs 20003

c
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[3217* 420=0.85+27.6*c+0.85+350+760+200000+ *0. 003] *C



  
[image: image454.png]c—70

3217+ 420 =0.85+27.6+c+0.85+ 350+ 760+ 200000 * *0.003

c




[image: image455.png]1351140+ ¢ = 6979.35* c? + 456000 * ¢ — 31920000




[image: image456.png]2 —128.26+c—4573.5=0 ——c¢=157.33mm





[image: image457.png].85+ 157.33 = 133.7mm





[image: image458.png]_ 157.33-70

es' = 15733 +0.003 = 0.001665 < ¢y




[image: image459.png]fs' = 0.001665 * 200000 = 333MPa




[image: image460.png]oy [y _ 420
Y =Es " 200000

=0.0021 > es' then fs' < fy




And     As2*fy  = As' * fs'    [image: image462.png]Aas'-fs1 _ 760-333
v 320

As2 = =602.57mm?



 

As1= As – As' = 3217 -602.57=2614.43 mm2 

[image: image463.png]+0.003 = 0.00901 > 0.005 then @ =0.9




[image: image464.png]Mu = O[Mn, + Mn,] = O[As1 + fy (d ,%) + A5+ fy(d—d)]




[image: image465.png]133.7
Mu = 0.9] 2614.43 = 420 (6307T)+ 760+333(630—70)]/10°




[image: image467.png]Mu = 684.087 kN.m



.

Ex. 10:  Find the ultimate moment capacity and maximum live load that could be applied for the section of the beam below, using fy= 400 MPa and f 'c =21MPa?

[image: image796.png]720mm
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As2=As’=628.6mm2 ,  As =2946 mm2 
Assume fs = fs’=  fy =400MPa   
[image: image468.png]As*fy=085fcxc*Byxb+Asx*fy
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[image: image470.png]*0.003 = 0.00212




[image: image471.png]oy [y _ 400
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=0.002 < s’ then fs’ = fy as assumed




[image: image472.png].85+ 203.7 = 173.145 mm





And     As2 = As' [image: image474.png]= 628mm?



 

As1= As – As' = 2946 -628.6 = 2317.4 mm2 

[image: image475.png]5102037

203.7

+0.003 =0.004511 < 0.005 then O = 0.9
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[image: image477.png]Mu = O[4s1~ fy (d —%) + s+ fy(d —d)]




[image: image478.png]173.145

Mu = 0.8544[ 23174+ 400(510 - )+ 628.6 = 400(510 — 60)]/10°




[image: image479.png]Mu = 455.08kN.m
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Wu= 56.885  kN/m

Wu = 1.2(0.3*0.6*24) + 1.6 WL.L = 56.885   Then     WL = 32.313 kN/m
3.11.2 Design of doubly reinforced beams:
      Sufficient tensile steel can be placed in most beams so that compression steel is not needed. But if it is needed, the design is usually quite straight forward. The design procedure follows the theory used for analyzing doubly reinforced sections.
Ex.11: Design a rectangular beam for MD = 200kN.m and ML = 350kN.m if f'c = 25MPa and fy =420MPa. The maximum permissible beam dimensions are shown in below.
[image: image483.png]Mu =1.2+200+1.6+350= 800kN.m assuming 0= 0.9
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220 0.003+0.005
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[image: image487.png]As1=0.01613+350+ 530 = 2992.12mm?




[image: image488.png]Mul(max) = pbdzfy(l —o. sgp;?')




[image: image489.png]420
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< Mu external




[image: image490.png]Mu2 = 800 — 515

= 284.6kN.m
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  and[image: image494.png]_ 16897

o= 198.78 mm





[image: image495.png],_ 1987860
S =""19g78

= 0.003 = 0.00209 > &y = =0.002 then fs' = fy

200000




[image: image496.png]_ 530—-198.78

&= 198.78 +0.003 = 0.005 = 0.005 then tension control.® = 0.9




[image: image497.png]ps — _ Mu2 2846-10° .00 a— As2
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For compression reinforcement use bars [image: image499.png]028mm Abar = 645mm?




[image: image500.png]use 3028 As’ = As2 = 1935 mm?




For tension reinforcement As= As1 +As2 = [image: image502.png]2992.12



 +1602=4594.12mm2 use bars [image: image504.png]032mm Abar = 819mm? use 6032 As = 4914mm?




Check solution for actual reinforcement: 

[image: image505.png](As —As")fy (4914 —-1935)+ 420

©= 085+ flc-b-f  085-25-350-085 L0 0mm





[image: image506.png].85+ 197.9 = 168.2mm

anda =




[image: image507.png]+0.003 = 0.00209 > 0.002 then fs' = fy




[image: image508.png]_ 530-197.9

&= 1979 +0.003 = 0.00503 > 0.005 then tension control.§ = 0.9




[image: image509.png]168.25
Mu = 0.9[(4914 — 1935) + 420(530 - )+ 1935+420(530— 60)]/10°




[image: image510.png]Mu = 845.85 kN.m > Mu external = 800 kN.m o.k.
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Ex. 12: Find total area of steel required for the section below which supports Mu= 400kN.m , using fy = 420MPa f’c =21MPaand  d’= 65mm if you need compression reinforcement?

Try first as singly reinforced beam with[image: image513.png]Prmax




[image: image514.png]— 0,857+ = 095 _0.0135
Prmas 220 0.003+0005 "




[image: image515.png]Asl= 0.0135+300 * 475 = 1923.75mm?>




[image: image516.png]assuming O = 0.9




[image: image517.png]Mu:(Zl*p*b*dz*fy*(170.59*p*%)




[image: image518.png]420(1-0.59+0.0135+ 22)

0.9+ * + 4752
=0.9+0.0135+300 +475% * 108

< 400kN.m

=290.38kN.m




Comp.  reinf.   required Mn1= 290.38 kN.m 
and   Mn2= 400 – 290.38 = 109.62 kN.m

[image: image519.png]Mu2 109.62+10°

A2 = 5@ —d) ~ 0.9+ 420(475—65)

=707.3mm2




As tension total= 1923.75 + 707.3 = 2631.05 mm2 
[image: image520.png]Asl=fy  1923.75+420

=085~ flesb 085-21-300 o088 MM
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[image: image523.png]0.003-200000(177.5-65)
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fs'= = 3803 MPa < fy = 420 MPa



 then  [image: image525.png]As'* fs' = As2 = fy
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For compression reinforcement use bars 
[image: image527.png]019mm Abar = 284mm? use 3019 As' = 852 mm?




For tension reinforcement As= As1 +As2 = [image: image529.png]1923.75



 + 707.3 = 2631.05  mm2 use bars [image: image531.png]030 mm Abar = 707 mm* and 4030 As = 2828 mm?




Check solution for actual reinforcement: 

[image: image532.png](As —As")fy (2828 —852)+420

© =085+ flc-b-f  0.85-21-300-085  LocSmm





[image: image533.png].85 + 182.3 = 154.955 mm
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[image: image534.png]+0.003=0.00193 < 0.002then fs' = fy = 386 MPa




[image: image535.png]_ 475-182.3

&= 1823 +0.003 = 0.0048 < 0.005 then ® = 0.48 + 83 +¢,

0.48+83+0.0048 = 0.878




[image: image536.png]154.955

Mu = 0.878[(2828 — 852) = 420 (475 - )+ 852 +386(475 — 65)]/10¢




[image: image537.png]Mu = 408.4 kN.m > Mu external = 400 kN.m o.k.




3.12 Analysis and design of T or L beam:

     Reinforced concrete ﬂoor systems normally consist of slabs and beams that are placed monolithically. As a result, the two parts act together to resist loads. In effect, the beams have extra widths at their tops, called ﬂanges, and the resulting T-shaped beams are called T-beams. The part of a T beam below the slab is referred to as the web or stem. (The beams may be L shaped if the stem is at the end of a slab.) The stirrups in the webs extend up into the slabs, as perhaps do bent-up bars, with the result that they further make the beams and slabs act together.

      There is a problem involved in estimating how much of the slab acts as part of the beam. If, however, the ﬂanges are wide and thin, bending stresses will vary quite a bit across the ﬂange due to shear deformations. The farther a particular part of the slab or ﬂange is away from the stem, the smaller will be its bending stress.

      Instead of considering a varying stress distribution across the full width of the ﬂange, the ACI-318-14 Code (6.3.2.1). The objective is to have the same total compression force in the reduced width that actually occurs in the full width with its varying stresses.
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      The hatched area in Figure above shows the effective size of a T beam. The code states the table below for width of beams with ﬂanges on both sides of the web and one side.
Table 6.3.2.1 Dimensional limits for effective overhanging
flange width for T-beam.

	Flange location
	Effective over hanging flange width beyond face of web

	Each side of web
	Least of
	8hf

	
	
	Sw/2

	
	
	Ln/8

	One side of web
	Least of
	6hf

	
	
	Sw/2

	
	
	Ln/12


Where Sw =clear span between web, Ln = length of beam.
6.3.2.2 Isolated non-prestressed T-beams in which the flange is used to provide additional compression area shall have a flange thickness greater than or equal to 0.5bw and an effective flange width less than or equal to 4bw.
  [image: image540.png]>§*bw and bf < 4+ bw





      The analysis of T beams is quite similar to the analysis of rectangular beams in that the speciﬁcations relating to the strains in the reinforcing are identical. To repeat brieﬂy, it is desirable to have [image: image542.png]


 values ≥ 0.005, and they may not be less than 0.004 unless the member is subjected to an axial load ≥ 0.10*f'c* Ag.  [image: image544.png]


 values are almost always much larger than 0.005 in T beams because of their very large compression ﬂanges. For such members, the values of c are normally very small, and calculated [image: image546.png]


 values very large.

      The neutral axis (N.A.) for T beams can fall either in the ﬂange or in the stem, depending on the proportions of the slabs and stems. If it falls in the ﬂange, and it almost always does for positive moments, the rectangular beam formulas apply, as in Figure (a). The concrete below the neutral axis is assumed to be cracked, and its shape has no effect on the ﬂexural calculations. The section above the neutral axis is rectangular.
       If the neutral axis is below the ﬂange, however, as shown for the beam of Figure (b), the compression concrete above the neutral axis no longer consists of a single rectangle, and thus the normal rectangular beam expressions do not apply.
[image: image547.emf]
3.12 .1 Analysis of T or L Beams
     The calculation of the design strengths of T beams depend on the neutral axis position, if it falls in the ﬂange then is was considered as rectangular sections, while it is T section if the neutral axis is at the web. The procedure used for both cases involves the following steps:

1. Check As min as per ACI Section 10.5.1 using bw as the web width.
[image: image548.png]



[image: image549.png]



2. Compute T = As fy .

3. Determine the area of the concrete in compression (Ac) stressed to 0.85f'c
C = T = 0.85f'c* Ac    and     [image: image551.png]As=fy
T vese




4. Calculate a, c and [image: image553.png]et.



 .

5. Calculate φMn .
Ex. 13: Determine the design strength of the T beam shown in Figure below, with f'c= 25MPa and fy = 420MPa. The beam has a 10m span and is cast integrally with a ﬂoor slab that is 100mm thick. The clear distance between webs is 1250mm.
[image: image554.png]
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 ≤ 10000/4=2500 mm
         ≤250+16*100=1850mm
         ≤1250+250=1500mm             Then use [image: image558.png]b.ss = 1500mm the lesser.
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[image: image561.png]As(actual) = 2950 mm? > 441.7 mm?




[image: image562.png]T = Asfy =2950+420 = 1239000 N




C = T = 0.85f'c* Ac    and     [image: image564.png]1239000
Ac=
0.85+25

=58305.88 mm?




Flange area = 100*1500 =150000[image: image566.png]mm? > Ac then rectangular section.
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[image: image570.png]0.0318 > 0.005 then 0 = 0.9
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Ex.10:find the moment section capacity for the (T) beam shown,using f’c= 20MPa and fy=400MPa. Try  As=4800mm2.
  [image: image573.png]>§*bw and bf < 4+ bw





  [image: image575.png]>§*250 =125 and bf < 4+ 250 = 1000mm
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[image: image577.png]T +-200

14
*250 * 660 = 461.2 mm?® = J00 " 2507660 =5775 ‘mm? (govern)




[image: image578.png]As(actual) = 4800 mm? > 577.5 mm?




[image: image579.png]T = Asfy =4800+400 = 1920000 N




C = T = 0.85f'c* Ac    and     [image: image581.png]1920000
Ac=
0.85+20

=112941.2 mm?




Flange area = 150*720 =108000[image: image583.png]mm? < Ac then T — section.
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[image: image590.png]720+150+75+ 6.8+ 2501534
720 = 150 + 6.8 * 250

=76.2mm
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 Another Method for Analyzing T Beams

      First, the value of a is determined, if it be less than the flange thickness, hf , rectangular beam and the rectangular beam formulas will apply. And if it is greater than the flange thickness, hf , then T section.
      The beam is divided into a set of rectangular parts consisting of the overhanging parts of the flange and the compression part of the web. The total compression, Cw, in the web rectangle, and the total compression in the overhanging flange, Cf , are computed:

[image: image592.emf]
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[image: image594.png]Cw = 0.85f'c+ax*bw




[image: image595.png]Cf = 0.85fc* (b — bw) (hf)




     Then the nominal moment, Mn , is determined from compression forces  by multiplying Cw and Cf  by their respective lever arms from their centroid to the centroid of the steel:
[image: image596.png]Mn = Cw (d- a/2)+ Cf (d -hf/2)




Or from force balanced=
[image: image597.png]_ 0.85+ flc(beff — bw)hf

A
sf fy




And  [image: image599.png]Asw = As — Asf



Then [image: image601.png]_ lAs-asfify

Cnew =
0.85+frcebw
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  for [image: image605.png]
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Ex.14:  A concrete Slab with 80mm supports on beams the distance between them 1.8m clc with simply supported span of 5m, find ultimate moment capacity for the interior beam, using f’c = 20.7MPa and fy = 345MPa, d=600mm.Use 8 [image: image608.png]


 32= 6436 mm2
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Solution:
[image: image609.png]



[image: image610.png]= 360+ 16 * 80 = 1640mm




[image: image611.png]sgaf beams = 1800mm




Then use [image: image613.png]b.ss = 1250mm the lesser



   For As =6434   mm2 
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[image: image616.png]As(actual) = 6434 mm? > 876.5 mm?
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Py ————



 then  T-section

[image: image619.png]_ 085+ f'c(beff —bw)hf _ 0.85+20.7+ (1250 — 360) + 80

= 3631mm2
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o = 085+ T'e~ bw = 085207360 = L5278mM thenc = 1797




[image: image622.png]£00-179.7
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  for [image: image624.png]
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3.12.2 Design of L and T beams
      For the design of T or L beams, the ﬂange has normally already been selected in the slab design, as it is for the slab. The size of the web is normally not selected on the basis of moment requirements but probably is given an area based on shear requirements; that is, a sufficient area is used so as to provide a certain minimum shear capacity. It is also possible that the width of the web may be selected on the basis of the width estimated to be needed to put in the reinforcing bars. Sizes may also have been preselected, to simplify formwork for architectural requirements or for deﬂection reasons. 

      The ﬂanges of most T beams are usually so large that the neutral axis probably falls within the ﬂange, and thus the rectangular beam formulas apply. Should the neutral axis fall within the web, a trial-and-error process is often used for the design. In this process, a lever arm from the center of gravity of the compression block to the center of gravity of the steel is estimated to equal the larger of 0.9d or (d − (hf/2), and from this value, called z, a trial steel area is calculated (As = Mn /fy z ). 
If there is much difference, the estimated value of z is revised and a new As determined. This process is continued until the change in As is quite small. 
      The bending moment over the support is negative, so the ﬂange is in tension. Also, the magnitude of the negative moment is usually larger than that of the positive moment near midspan. This situation will control the design of the T beam because the depth and web width will be determined for this case. Then, when the beam is designed for positive moment at midspan, the width and depth are already known. 
Ex.15:A simply supported beam(TT) shown below supports service dead load of 20kN/m and service live load of 35kN/m using strength design method find steel area required for the beam ,use f’c= 24MPa and fy = 400MPa d= 510 and d’=60mm?
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Wd= (0.9*0.6 – 0.45*0.6) *24= 6.48kN/m

Wu= 1.2*(20+6.48) +1.6*35 =87.67kN/m

For –ve moment= -536.99kN.m

[image: image628.png]=085 e D05 _ 0163
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[image: image629.png]Mumax = 0« e b+ fy + (1= 0.59*pm*%)




[image: image630.png]400

(1-059-00163-2%)

=09+ * +510% = * 24
Mu =0.9+0.0163 + 300+ 5107 = 400 105

=384.5kN.m




[image: image631.png]< 536.99kN.m then use doubly reinforcement.




Mu2= 536.99 – 384.5 = 152.49  kN.m

As1= 0.0163*300*510 = 2493.9 mm2

[image: image632.png]152.49 = 10°

452 = 597200310 60)
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Ast = 2493.9  + 941.3 = 3435.2  mm2
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Then  As' = As2 = 941.3 mm2

Check:  [image: image639.png]e 14 V207 14
4fy = fy = 4=400 — 400

Prin =




[image: image640.png].00284 = 0.0035 Asmin = 0.0035 *2+300 =510 = 1071 mm?
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For T or L (ACI-Code - section10.5.2 — For statically determinate members with a

flange in tension, As,min shall not be less than the value given by Eq. (10-3) [image: image641.emf]
 except that bw is replaced by either 2bw or the width of the flange, whichever is smaller).

For +ve moment= 639.58kN.m

Try a = hf = 150mm  try [image: image643.png]



[image: image644.png]Mu= 0.9+0.85+ f'c* beff  hf (d — hf/2)




     = [image: image646.png]0.9+0.85+24+900+150 (510~ 150/2)/106 = 1078.15kN.m >
639.58kN.m



    then rectangular section.
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a= 2

TE22 _ 8558 mm < hf o.k.



 
[image: image651.png]_ 0.85+24+900 *85.58

200 =3928.12 mm?2
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 Check:  [image: image653.png]e 14 V207 14
4fy = fy = 4=400 — 400

Prin =




[image: image654.png].0035 = 300 * 510 = 535.5 mm?

.0028 = 0.0035 Asmin=
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Try using [image: image656.png]3928.12

032 mm Abar = 804mm? no.of bars = = 4.88 use 5032




[image: image658.png]As = 4020 mm?



  
[image: image659.png]4020+400 _ o) oo im th 8758 _ 0303
@ =085-24-900 mm then ¢ =g = 105.05mm




[image: image660.png]_ 510—-103.03

8 ="10303

0.003=0.01185 > 0.0050.k.then ® = 0.9




[image: image661.png]87.5¢
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Ex.16: Find area of steel required for the beams B-1and B-2 for the plan shown, using f’c = 20MPa and fy = 400MPa.

Loads    B-1    B-2
Wd        55      27.5 kN/m (including its own weight)

WL      100     50 kN/m
For interior beam B-1: 
[image: image662.png]



          [image: image664.png]< 250+ 16+ 75 = 1450mm




          [image: image666.png]< c¢/c of beams = 3000mm




Then use [image: image668.png]b.ss = 1250mm the lesser




Wu= 1.2 *55 + 1.6 * 100= 226 kN/m

Mu= 226*(5)2/8 = 706.3 kN.m

Try a = hf = 75mm try [image: image670.png]



[image: image671.png]Mu = (D*O.SSf’c*beff*hf(d 7g)




[image: image673.png]75(500-2)
Mu = 0.9 +0.85* 201250 *TEZ =663.4 < 706.3kN.m



 then T- section

[image: image674.png]_ 085+ f'e(beff —bw)hf  0.85+20+(1250—250)+75

— 3188,
I 200 i

Asf




[image: image675.png]400 (500
106

af

Muf = (D*Asf*fy(d 77) =09+3188~ =530.8kN.m




Muw = 706.3 - 530.8 = 175.5 kN.m

[image: image676.png]Muw:(Z)*O.SSf’c*bw*a(d—%)




[image: image677.png]1755+10° = 0.9+ 085+ 20~ 250~ a (500 — %)




[image: image679.png]1000a +91764.

=0 —---




 a = 102.2 mm

[image: image680.png]175.5+10°
Asw=——— 22— 1085.9mm?
0.9400(500 — =5




As-total = 3188 + 1085.9 =  4273.9 mm2

    Check     [image: image682.png]=222 -12023mm
085





[image: image683.png]_ 500—-120.23

ft="17023

+ 0.003=10.0094 > 0.0050.k.then® = 0.9




For exterior beam B-2: 
[image: image684.png]5000
by <5 +250=667mm




         [image: image686.png]<250+ 6 +75=700mm




[image: image687.png]_ (bw + - of beams) _250+3000

- 5 5= 1625 mm




Then use [image: image689.png]b.ss = 667 mm the lesser




Wu= 1.2 *27.5 + 1.6 * 50= 113 kN/m

Mu= 113*(5)2/8 = 353.13  kN.m

Try a = hf = 75mm

[image: image690.png]Mu = (D*O.SSf’c*beff*hf(d 7g)




[image: image691.png]75(500
108

Mu= 0.9+0.85+20+667 + =353.98 = 353.12kN.m




Then rectangular- section

[image: image692.png]353.13+10° = 0.9+0.85+20* 667 * a (500 — a/2)




[image: image693.png]34604.3 = 500a— 0.5+ a*> -—— a®—1000+a + 69208.6





[image: image695.png]1000++1000%-4-692086

748mm < hf o.k.
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Check  [image: image699.png]
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Analysis and design of Irregular sections 
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[image: image702.png]Analysis Judaill
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[image: image704.png]



[image: image705.png]0.85f'c* Acomp = As = fy




                                Then [image: image707.png]Asfy

Acomp = 4o e




[image: image708.png]


[image: image709.png]


[image: image710.png]



اما اذا كان المقطع مثلث ولايحوي اي مستوي يتم مباسرة حساب X بعد حساب  b1) ( من تشابه المثلثات
ثم يتم حساب موقع مركز هذه المساحة 
[image: image805.png]Wab= 30 KN/m(including its ovn weight)
W= 18 kN/m

horsmex FEEERS

Mu= +302.201N.m

202580Nm



  [image: image712.png]ZA-y
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[image: image713.png]Mu=¢As*fy(d—y~)




اما لحساب خضوع الحديد فيجب حساب مساحة الحديد Asb  وثم حساب Asmax
[image: image715.png]0.003=d

——— gt max = 0.005
0.003+et



    [image: image717.png]then a,= B *c,




[image: image718.png]



[image: image719.png]Ast, * fy = 0.85 f'c = Acomp,




[image: image721.png]0.85 f’c+Acompy,

Ast, =
fy



    
Ex.17 : Find the moment section capacity for the beam shown, using f’c = 28MPa and fy = 400 MPa and  As = 2800mm2?

[image: image722.png]1
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[image: image724.png]0.85f'c* Acomp = As = fy



        Then [image: image726.png]2800-400
Acomp ==

= 47058.82 mm2

528




[image: image806.png]300

70

200




Area of         equal = 0.5*300*150 = 22500mm2
 so we must add another area X*b

[image: image728.png]47058.82



= 22500+300*X         

 then X = 81.86 mm   and   a = 150 + 81.86 = 231.86 mm    [image: image730.png]S = 272.78mm



  

Calculate   [image: image732.png]Lo e —390mm et max = 0.005

0.003+ey | 0,003+



  
[image: image733.png]then a, = B *c, =331L5mm




[image: image735.png]Ast, = fy = 0.85f'c* Acomp,



  then   [image: image737.png]0.85 f'c=Acompy

Ast, =22 Les



    

[image: image738.png]Acomp, = 0.5+300+ 150 + (331.5 — 150) » 300 = 76950mm?




[image: image740.png]0.85 f'cxAcompy _ 0.25+22+76950
v 200

Ast, = = 457853 mm?



  [image: image742.png]> Ast, 2800mm?

act =




[image: image743.png]_ 0.003+(650—272.78)

et 27278

=0.00414 then ® = 0.48 + 83+ 0.00414 = 0.82




[image: image744.png]Mn = C1 (650 — 100) + C2( 500 — %)




[image: image745.png]8186
Mu = 0.82+0.85 =30 [ 0.5+ 300 * 150 (550) + 300 * 81.86( 500 — T)] 107¢
=51358 kN.m




Ex.18: Find ultimate section capacity for the section, using f’c =25 MPa and fy =400MPa.

[image: image746.png]100 200 100




[image: image747.png]


  
[image: image749.png]As =4——

m(28)°

= 2464mm’



 
[image: image751.png]0.85f'c* Acomp = As = fy



        Then [image: image753.png]2464-400
Acomp ==

= 46381.2mm2

5225




[image: image755.png]


Area of         equal = [image: image757.png]100(200+400) _ 30000



mm2  so we must add another area X*b

46381.2 = 30000 + 400*X          then X = 40.95 mm   and a = 100+40.95= 140.95 mm

[image: image759.png]__ 14055
025

=165.8mm




  [image: image761.png]0.003(400-165.2)
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Calculate    [image: image763.png]6004 £00-400
600+fy  600+400

240mm > c thenunder reinf.beam also check:




  

[image: image764.png]a, = B *c, = 0.85+ 240 = 204mm




[image: image765.png]Acomp, = 30000+ (204 — 100) = 400 = 71600mm?>




[image: image767.png]0.85 f'csAcompy _ 0.85+25-71600
v 200

Ast, = = 3803.75mm?



    
[image: image768.png]Ast, 0.75* 3803.75 = 2852.81mm?* = Ast, 2464mm?

max act =




[image: image769.png]Vo=
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[image: image770.png]0 = 0.48+ 83 +0.00424 = 0.832




[image: image771.png]_ (400 —-7841)
Mu = pAs = fy(d —y) = 0.832 > 2464 = 400 " = 2637 kN.m




Ex. 16: Find area of steel required for the beams shown, using f’c = 28MPa and fy = 400 MPa, the external moment applied is Mu= 450kN.m?

Try a= 150mm

[image: image772.png]150(530 - =%
Mu =09 +085+28+200+
106

29238 kN.m < 450kn.m




Add part of web: 450-292.38 =157.62 kN.m

157.62*106 = 0.9* 0.85 * 28 [400 * x (530-150-x/2)]
[image: image773.png]760x +36792.7





[image: image775.png]760117607-4-36792.7
2

52mm




[image: image776.png].85f"c = Acomp




[image: image777.png]Ast = 400 = 0.85+ 28 = [200 * 150 + 52 = 400]




Ast = 3022.6 mm2 

[image: image779.png]6004 £00-330
¢p=———= ———=318mm
b= S00+fy  600+400



  

[image: image780.png]a, = B *c, =0.85+318=270.3mm




[image: image781.png]Ast 0.85 f'c* Acomp, 0.85+28+[150+ 200+ 400+ 120.3]
Sty = -

max 7y 200
=4648.14mm? > 2969.73mm? then under reinforced beam.




Sheet no. 2
Q.1 : Check the adequacy of the beam shown using f’c=34MPa and fy=380MPa?
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Q.2: Find maximum load that could be applied on the beam shown , using f’c=30MPa and fy=400MPa and As=2000mm2,the ratio of  live load to dead load =2 (neglect weight of beam)?
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Q.3: determine the maximum live load that could be applied if A’s=0.35 As, f’s= 0.89 fy , fy=400MPa and f’c=30MPa. (Neglect weight of beam)?

[image: image785.png]



Q.4: For the section below find ultimate section capacity if As=3800mm2 for the first two ,f’c=25 and fy=380MPa?
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Q.5: Design the beam shown, it support dead load (including its own weight ) =10kN/m and one concentrated live load of 30kN. Use f’c=24MPa and fy =380MPa?  

[image: image788.png]



Q.6: Find total area of steel required for (positive and negative moment) the beam shown, the material properties are f’c=25MPa and fy= 400Mpa?
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