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Figure 1 – One-Way Wide Module Joist Concrete Floor Framing System  
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Overview 

A typical floor plan of a 5-story office building located in Los Angeles, CA is shown in Figure 1. The wide-module 

joist floor system with special reinforced concrete shear walls is selected as the structural system. As the building is 

assigned to the Seismic Design Category D, building frame is to be designed to resist the gravity loads only and the 

lateral load effects are resisted by the shear walls. 6 ft – Module with 66 in. pan width and 6 in. rib width shall be 

utilized. 

 

Code 

Building Code Requirements for Structural Concrete (ACI 318-11) and Commentary (ACI 318R-11)  

Minimum Design Loads for Buildings and Other Structures (ASCE/SEI 7-10) 

International Code Council, 2009 International Building Code, Washington, D.C., 2009 

 

Design Data 

Floor Heights: 

Typical Floor-to-Floor Height 12 ft 

First Story Height 16 ft 

 

Material Properties: 

Concrete: 

Unit weight of normal weight concrete, 150wc  pcf,  

Specified compressive strength, 5000'f c  psi 

 

Reinforcing Steel: 

Specified yield strength of reinforcement, 60000fy   psi, 

Specified yield strength of transverse reinforcement, 60000fyt   psi 

 

Loads: 

Dead Loads 

Self-weight is to be determined. 

Superimposed dead load, 20  psf (Typical floor levels only) 

 

Live Loads 

Minimum uniformly distributed live loads, Lo, and minimum concentrated live loads are given in ASCE/SEI 7-

10, Table 4-1. 

Typical Floor Level, Live load, 80Lo  psf (Average value of 80 psf is considered by inspection of Table 

4-1 for Office Buildings) 

Minimum concentrated live load of 2000 lb uniformly distributed over an area of 2.5 ft2 needs to be located 

so as to produce the maximum load effects in the structural members per ASCE/SEI 7-10, 4.3. For 

simplicity, this requirement is not considered in this example. 

Roof Live Load, 20Lo  psf (Ordinary flat roofs) 

 

Required fire resistance rating = 2 hours  
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Solution  

1. PRELIMINARY SIZING 

1.1. Determine the preliminary slab and joist sizes for 6’-0” wide-module joist system 

1.1.a. One-way Slab 

In lieu of detailed calculation for the deflections, ACI 318 gives minimum thickness for one-way 

slabs in Table 9.5 (a). 

End Spans:  9.3
5.18

72

5.18

l
h  in 

Interior Spans: 4.3
21

72

21

l
h  in 

 

The slab thickness for wide-module joists is generally governed by the fire rating. From IBC 2009, 

Table 720.1(3), for 2-hour fire rating, the minimum slab thickness is 4.6 in.  

Therefore, select slab thickness as 5 in for all spans. 

 

1.1.b. One-way Joist 

Since the wide-module joist systems do not meet the limitations of ACI 318, 8.13.1 through 

8.13.3, the structural members of this type of joist construction shall be designed as slabs and 

beams as stated in ACI 318, 8.13.4.  

In lieu of detailed calculation for the deflections, ACI Code gives minimum thickness for non-

prestressed beams in Table 9.5 (a). 

End Span:  8.20
5.18

384

5.18

l
h  in (governs) 

Interior Span: 3.18
21

384

21

l
h  in 

Therefore, select pan depth of 16 in. which makes the total joist depth as 21 in. 

 

1.2. Determine the preliminary column sizes for 6’-0” wide-module joist system 

1.2.a. Interior Columns 

Select a preliminary size based on the axial load demand. Therefore, the load take-down for an 

interior column is done as follows: 

 

The governing load combination: rL5.0L6.1D2.1U   
where D = Dead Load; L= Live Load; Lr= Roof Live Load 

 

Typical Floor Level Loads 

No. of Floors 4  

Dead Loads, D 

Self-weight of wide-module joist system (16 + 6 + 66) 497  plf (From CRSI Design Handbook 

2008, Table 8-3(b). This is equal to 83.826/497  psf. 

Superimposed dead load 20  psf 

Live Load, L: Calculate the live load reduction per ASCE/SEI 7-10, section 4.8. 

 )
AK

15
25.0(LL

TLL
o            ASCE/SEI 7-10, Eq (4-1) 
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where  

L reduced design live load per ft2 of area supported by the member 

oL unreduced design live load per ft2 of area supported by the member 

LLK live load element factor (ASCE 7-10, Table 4-2) 

TA tributary area in ft2 

 

Tributary Area 960)"0'32"0'30(AT  ft2 

80Lo  psf 

4.39)
9604

15
25.0(80L 


 psf  

which satisfies oL40.0  requirement for members supporting two or more floors per ASCE/SEI 

7-10, section 4.8.1 

 

Roof Level Loads 

Dead Loads, D 

Self-weight of wide-module joist system (16 + 6 + 66) 497  plf (From CRSI Design Handbook 

2008, Table 8-3(b). This is equal to 83.826/497  psf. 

No superimposed dead load at the roof 

Roof Live Load, Lr: Calculate the roof live load reduction per ASCE/SEI 7-10, section 4.9. 

21or RRLL  where 20L12 r   ASCE/SEI 7-10, Eq (4-2) 

20Lo  psf 

6.0R1  since 960AT   ft2 600  ft2 

1R 2  for flat roof 

120.16.020Lr  psf 

 

Total Factored Load on 1st story interior column (@ 1st interior support) 

Total Floor Load    7171439606.396.12083.822.14   lb 1.717 kips 

Total Roof Load   113852960126.183.822.1   lb 9.113 kips 

Assume 24 in square column with 4 – No. 11 vertical bars with design axial strength, max,nP of 

  stystgcmax,n AfAA'f85.080.0P   

    145385856.146000056.142424500085.065.080.0P max,n   lb 

1454P max,n  kips 

Column Self-weight   1.461612415.0
144

2424
2.1 














 

 kips 

Total Reaction @ 1st interior support   10021.469.1131.71715.1   kips 1454  kips.  

Therefore, the interior column size of 24x24 is adequate. 

 

By utilizing the same procedure as outlined above, it is concluded that for the edge and corner 

columns 20x20 size shall be adequate.  
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2. DESIGN OF STRUCTURAL MEMBERS 

Thedesign of the following structural members shall be performed: 

2.1. One-way slab 

2.2. One-way Joist 

2.3. Interior Beam 

2.4. Spandrel Beam 

2.5. Interior Column 

The computer program solutions shall also be represented for each structural member listed above. 

 

2.1. One-way Slab Design 

The typical floor slab design shall be performed. The slab is spanning between joists and designed to carry 

gravity loads. The unit strip of 1 ft shall be considered in the design. Note that ACI 318 does not allow live 

load reduction for one-way slabs.  

 

 
Figure 2.1 – Partial plan view illustrating slab design strip 
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The design involves the following steps: 

2.1.1. Determination of span loads 

2.1.2. Determination of design moments and shears 

2.1.3. Flexural Design 

2.1.4. Shear Design 

2.1.5. Deflections 

2.1.6. Computer Program Solution 

2.1.7. Summary and comparison of design results 

2.1.8. Conclusions and observations 

 

2.1.1. Determination of span loads 

ACI 318, 9.2.1 gives the following load combinations for structural members loaded with dead and 

live loads: 

D4.1U                     ACI 318, Eq. 9-1 

L6.1D2.1U                   ACI 318, Eq. 9-2 

Factored total load per Eq. 9-1: 116.002.015.0
12

5
4.1w u 















   klf per ft 

 Factored total load per Eq. 9-2: 227.008.06.102.015.0
12

5
2.1w u 















   klf per ft 

The span loads are governed by load combination per Eq. 9-2. 

 

2.1.2. Determination of design moments and shears 

Using the approximate coefficients of ACI 318, 8.3.3, the factored moments, and shears are 

determined and summarized in the Tables 2.12.1, and 2.1.2.2 respectively below. 

 

Table 2.1.2.1 – One-Way Slab Design Moments 

Location Design Moment Value 

End  

Spans 

Exterior Support 

Negative 
29.0

24

5.5227.0

24

lw 22
nu 


 ft-kips/ft 

Mid-span 

Positive 
49.0

14

5.5227.0

14

lw 22
nu 


 ft-kips/ft 

Interior Support 

Negative 
69.0

10

5.5227.0

10

lw 22
nu 


 ft-kips/ft 

Interior 

Spans 

Mid-span 

Positive 
43.0

16

5.5227.0

16

lw 22
nu 


 ft-kips/ft

 
Support 

Negative 
62.0

11

5.5227.0

11

lw 22
nu 


 ft-kips/ft
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Table 2.1.2.2 – One-Way Slab Design Shears 

Location Design Shear Value 

End Span at Face of  

First Interior Support 
72.0

2

5.5227.0
15.1

2

lw
15.1 nu 


  kips/ft 

At Face of all other Supports 62.0
2

5.5227.0

2

lw nu 


  kips/ft
 

 

2.1.3. Flexural Design 

For the one-way slab of a wide-module joist system, single layer longitudinal reinforcement is to be 

provided. The first interior support negative moment governs the design as tabulated in Table 2.1.2.1. 

Therefore, it is favorable to place the single layer reinforcement closer to the top fiber of the concrete. 

The required reinforcement shall be calculated for the first interior support negative moment first. The 

required reinforcement for the end span positive moment shall also be calculated as the low effective 

depth due to the reinforcement location may govern the required reinforcement amount. Finally, the 

required reinforcement for design shall be checked against the shrinkage and temperature 

reinforcement requirement per ACI 318, 7.12.2.1. 

 

Calculate the required reinforcement to resist the first interior support negative moment: 

69.0Mu   ft-kips/ft 

Assume tension-controlled section ( 9.0 ). Note that this assumption shall be verified within the 

calculations below. 

Unit strip width, 12b  in 

 

The one-way slab reinforcement is to be placed on top of the one-way joist top reinforcement. 

Assuming No. 3 bars for both the slab and wide-module joist stirrups and following the 11/2” concrete 

cover to reinforcement requirement of beam stirrups per ACI 318, 7.7, the distance from extreme 

compression fiber to the centroid of longitudinal tension reinforcement, d, is calculated below: 

31.3
8

3
5.05.15d 














 in 

Since we are designing a slab (wide compression zone), select a moment arm, jd approximately equal 

to 0.95d. Assume that 15.331.395.0d95.0jd  in. 

Required reinforcement @ initial trial,     15.3000,609.0

000,1269.0

jdfy

M

2/adfy

M
A uu

s 








  

           049.0As   in2/ft 

 

Use one-iteration to refine this value by inserting it in the equation that finds the depth of the 

equivalent stress block. 

Depth of equivalent stress block, 058.0
12000,585.0

000,60049.0

bcf85.0

fyA
a s 







 in. 

Neutral axis depth, 068.0
85.0

058.0a
c

1




 in. 
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Strain at tensile reinforcement, 005.0143.0003.031.3)
068.0

003.0
(003.0d)

c

003.0
( tt   

Therefore, the section is tension-controlled. Use the value of a, )in058.0a(  , to get an improved 

value for As. 

047.0
)

2

058.0
31.3(000,609.0

000,1269.0

)
2

a
d(fy

M
A u

s 






  in2/ft 

 

Calculate the required reinforcement to resist the positive moment  

49.0Mu   ft-kips/ft 

Assume tension-controlled section ( 9.0 ). Note that this assumption shall be verified within the 

calculations below. 

Unit strip width, 12b  in 

The distance from extreme compression fiber to the centroid of longitudinal tension reinforcement 

69.131.35d  in.  

 

Since we are designing a slab (wide compression zone), select a moment arm, jd approximately equal 

to 0.95d. Assume that 60.169.195.0d95.0jd  in. 

Required reinforcement @ initial trial,     60.1000,609.0

000,1249.0

jdfy

M

2/adfy

M
A uu

s 








  

           068.0As   in2/ft 

 

Use one-iteration to refine this value by inserting it in the equation that finds the depth of the 

equivalent stress block. 

Depth of equivalent stress block, 08.0
12000,585.0

000,60068.0

bf85.0

fA
a

c

ys 






 in. 

Neutral axis depth, 094.0
85.0

08.0a
c

1




 in. 

Strain at tensile reinforcement, 005.0051.0003.069.1)
094.0

003.0
(003.0d)

c

003.0
( tt   

Therefore, the section is tension-controlled. Use the value of a, )in08.0a(  , to get an improved value 

for As. 

066.0
)

2

08.0
69.1(000,609.0

000,1249.0

)
2

a
d(fy

M
A u

s 






  in2/ft 

The required reinforcement from analysis is 0.66 in2/ft. In this example, positive moment value 

controls the design due to the placement of slab reinforcement near top concrete surface even though 

it is not the governing design moment for the slab. 

 

Check the shrinkage and temperature reinforcement requirement per ACI 318, 7.12.2.1. 

108.05120018.0bh0018.0As  in2 / ft 
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Check reinforcement spacing for crack control. 

Per ACI 318, 10.6.4, the maximum spacing of the flexural reinforcement closest to the tension face of 

the slab shall be: 

c
s

c5.2
f

40000
15s 








 , but not greater than 









sf

40000
12  

where 

s maximum reinforcement spacing for crack control 

sf calculated stress in reinforcement closest to the tension face at service load 

cc the least distance from surface of reinforcement to the tension face.  

 

ACI 318, 10.6.4 permits to take sf  as yf3/2  

Therefore, for Grade 60 steel, ACI 318 permits sf  to be taken as 40000f3/2 y  psi. 

5.1cc  in for reinforcement resisting negative moment at supports (i.e. tension at the top) 

125.3cc  in for reinforcement resisting positive moment at mid-span (i.e. tension at the bottom) 

Thus, 

 

At supports 

25.115.15.2
40000

40000
15c5.2

f

40000
15s c

s
















 in (governs @ support) 

But not greater than 12
40000

40000
12

f

40000
12s

s
















 in 

 

At mid-span 

19.7125.35.2
40000

40000
15c5.2

f

40000
15s c

s
















 in (governs @ mid-span) 

But not greater than 12
40000

40000
12

f

40000
12s

s
















 in 

 

Therefore, for this one-way slab, the shrinkage and temperature reinforcement requirement per ACI 

318, 7.12 governs the required reinforcement area ( 108.0As  in2 / ft) and crack control requirement 

per ACI 318, 10.6.4 governs the reinforcement spacing ( 19.7s  in). 

 

The most feasible reinforcement solution that meets both requirements mentioned above is to provide 

welded wire fabric reinforcement, 6 x 6-W5.5 x W5.5. Note that the welded wire reinforcement 

selected provides minimum shrinkage and temperature reinforcement in the slab direction parallel to 

the joists as well. Alternately, rebar can be utilized in lieu of welded wire fabric. As illustrated above, 

reinforcing spacing of 7 in shall meet the spacing requirement for crack control in the main direction. 

It should be noted that two conditions specific to this design contributes to having such a stringent 

spacing requirement. These are listed below: 
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- The 5 in. slab has a single layer reinforcement that is placed near the top surface (i.e. clear cover 

from the top surface to the reinforcement is 1.5 in. This result in a high cc  value for the 

calculation of reinforcement spacing for crack control due to positive moment. 

- The stress in reinforcement closest to the tension face at service load, sf , is taken as yf3/2 as 

permitted by ACI 318 without calculation. It is very likely that under the loading considered, the 

stress in the steel be lower than yf3/2 . The sf  value is expected to be in the range of yf3/1 to 

yf2/1 . Even it is assumed to be yf2/1 , s value will be 12 in. The designer may choose to 

calculate the actual sf  value which may justify utilizing No. 3 @ 12 in. in the main direction.  

In the slab direction parallel to the joists No. 3 @ 12 in. shall suffice. 

 

2.1.4. Shear Design 

From Table 2.1.2.2 above, the shear value in end span at face of first interior support governs. 

72.02/)5.5227.015.1(
2

lw
15.1V nu

u  kips / ft 

The design shear at a distance, d, away from the face of support,  

69.0
12

69.1
227.072.0Vu  kips / ft 

Shear strength provided by concrete 

  215169.11250000.1275.0db'f2(V wcc  lb / ft 15.2 kips / ft 

69.0Vu  kips / ft 21.4Vc  kips / ft . Therefore, the slab shear capacity is adequate. 

 

2.1.5. Deflections 

ACI 318 provides the minimum thickness of nonprestressed one-way slabs in Table 9.5(a) unless 

deflections are calculated. Since the preliminary slab thickness met this requirement, the deflection 

calculations are waived here. Typically, in hand solutions, the designer opts to follow ACI 318, 9.5.2 

in lieu of deflection calculations which can be long and tedious. It should be noted that unless 

governed by fire rating requirements as in this example, in most other cases, lesser thicknesses and 

consequent cost savings can be achieved through deflection computations. 
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2.1.6. Computer Program Solution 

spSlab Program is utilized to design the one-way slab system. The one-way slab is modeled as 1-ft 

unit strip. The exterior spandrel joists along grids 1 and 4 provide some rotational stiffness at the 

support. In spSlab solution, the rotational stiffness is conservatively ignored by modeling the exterior 

supports as pin supports. This results in exterior support moment value being zero and conservatively 

higher positive moment and interior support moment for the end spans. Also, for one-way slab run, 

the joists are omitted in the model and centerline moments are considered for the design moments. 

Note that spSlab allows a user-defined reinforcement sizes as well. In this example, user-defined bar 

size #2 is defined in lieu of welded wire fabric,W5.5, with the cross-sectional area of 0.055 in2 (see 

Fig. 2.1.6). 

 

                     
 

Figure 2.1.6 – spSlab Reinforcement Database – User-defined Bar Set 

 

The program calculates the internal forces (shear force and bending moment), moment and shear 

capacities, immediate and long-term deflections. The graphical and text results are provided in the 

Appendix A for input and output of the spSlab program. 
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2.1.6.1 Isometric View of 15 span - 1-ft wide unit strip of One-way Slab from spSlab 
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2.1.6.2 spSlab Model Calculated Internal Forces (Shear Force & Bending Moment) 
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2.1.6.3 spSlab Model Calculated Immediate Deflections 
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2.1.7. Summary and Comparison of Results 
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Table 2.1.7.1 – Comparison of Hand Solution with spSlab Solution 

Span Location 
Reinforcement Required 

for Flexure (in2/ft) 

Minimum Reinforcement (in2/ft) 

(Shrinkage & Temperature 
Reinforcement) 

End Span 
Hand 

Solution 
spSlab 

Solution 
Hand Solution spSlab Solution 

Interior Negative 0.047 0.058 0.108 0.108 

Positive 0.066 0.083 0.108 0.108 

 

 

2.1.8. Conclusions and Observations 

In this design example, the modeling of the exterior support condition as pin compared to the hand 

solution which utilizes the approximate moments per ACI 318, 8.3.3 does not influence the design of 

flexural reinforcement due to the fact that the shrinkage and temperature reinforcement requirement 

governs the required reinforcement criteria. In general, the pin support assumption may be employed 

by the designer as it yields the conservative values for reinforcement. However, spSlab program also 

enables the user to enter the rotational support springs as boundary conditions for exterior support for 

proper assessment of rotational stiffness effects. 

 

Typically, in wide-module joist construction, one-way slab is reinforced with single layer 

reinforcement placed near the top in the main direction. As seen in this example, this may create 

crack control criteria to govern the reinforcement spacing and consequently, it may warrant the use of 

welded wire fabric reinforcement instead of No. 3 rebar. 
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2.2. One-way Joist Design 

The typical floor one-way joist design shall be performed. The wide-module joists are considered as beams 

per ACI 318, 8.13.4. Therefore, the design of the joist shall conform to  the requirements of T-beams per 

ACI 318, 8.12. 

 

 
Figure 2.2 – Partial plan view illustrating one-way joist to be design 

 

The design involves the following steps: 

2.2.1. Determination of span loads 

2.2.2. Determination of design moments and shears 

2.2.3. Flexural Design 

2.2.4. Shear Design 

2.2.5. Deflections 

2.2.6. Computer Program Solution 

2.2.7. Summary and comparison of design results 

2.2.8. Conclusions and observations 

 

2.2.1. Determination of span loads 

ACI 318, 9.2.1 gives the following load combinations for structural members loaded with dead and 

live loads: 

 

D4.1U                     ACI 318, Eq. 9-1 

L6.1D2.1U                   ACI 318, Eq. 9-2 

 

Check Floor Live Load Reduction per ASCE 7-10, sections 4.8. 

)
AK

15
25.0(LL

TLL
o   ASCE 7-10, Eq (4-1) 

where 

Live Load Element Factor, 2KLL  for interior beams [ASCE/SEI 7-10, Table 4-2] 
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Tributary Area 192)"0'32"0'6(AT  ft2 

Since 3841922AK TLL   ft2 400  ft2, live load reduction is not applicable. 

 

Factored total load per Eq. 9-1: 

 
86.015.0

12

16

12

2/66.86
602.015.0

12

5
4.1w u 



































 

























   klf  

 Factored total load per Eq. 9-2: 

 
608.06.115.0

12

16

12

2/66.86
602.015.0

12

5
2.1w u 



































 

























    

51.1w u  klf  

 

The span loads are governed by load combination per Eq. 9-2. 

 

2.2.2. Determination of design moments and shears 

Using the approximate coefficients of ACI 318, 8.3.3, the factored moments, and shears are 

determined and summarized in the Tables 2.2.2.1, and 2.2.2.2 respectively below. 

 

Table 2.2.2.1 – One-Way Joist Design Moments 

Location Design Moment Value 

End  

Spans 

Exterior Support 

Negative 
3.57

24

17.3051.1

24

lw 22
nu 


 ft-kips 

Mid-span 

Positive 
2.98

14

17.3051.1

14

lw 22
nu 


 ft-kips 

Interior Support 

Negative 
6.136

10

08.3051.1

10

lw 22
nu 


 ft-kips 

Interior 

Spans 

Mid-span 

Positive 
9.84

16

3051.1

16

lw 22
nu 


 ft-kips

 
Support 

Negative 
5.123

11

3051.1

11

lw 22
nu 


 ft-kips

 
 

Table 2.2.2.2 – One-Way Joist Design Shears 

Location Design Shear Value 

End Span at Face of  

First Interior Support 
2.26

2

17.3051.1
15.1

2

lw
15.1 nu 


  kips 

At Face of all other Supports 8.22
2

17.3051.1

2

lw nu 


  kips
 

 

*when support beam is wider than the column, the clear span, ln, of the joists is measured from the 

face of the column. For calculating negative moments, ln, is taken as the average of the adjacent clear 

spans per ACI 318, 8.3.3.  
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2.2.3. Flexural Design 

For the one-way joist of a wide-module joist system, the end span moment values govern the design 

as tabulated in Table 2.2.2.1.  

 

Calculate the required reinforcement to resist the first interior support negative moment: 

6.136Mu  ft-kips 

Assume tension-controlled section ( 9.0 ). Note that this assumption shall be verified within the 

calculations below. 

By assuming the maximum bar size for joist top reinforcement as No. 6, the distance from extreme 

compression fiber to the centroid of longitudinal tension reinforcement, d, is calculated below:  

75.18
8

6
5.0

8

3
5.121d 














 in 

Since we are designing for the negative moment in a T-Beam (narrow compression zone), select a 

moment arm, jd approximately equal to 0.9d. Assume that 88.1675.189.0d9.0jd  in. 

Required reinforcement @ initial trial,     88.16000,609.0

000,126.136

jdf

M

2/adf

M
A

y

u

y

u
s 








  

          80.1As   in2 

 

Use one-iteration to refine this value by inserting it in the equation that finds the depth of the 

equivalent stress block. 

Depth of equivalent stress block, 47.3
33.7000,585.0

000,6080.1

bf85.0

fA
a

c

ys 






 in. 

Neutral axis depth, 08.4
85.0

47.3a
c

1




 in. 

Strain at tensile reinforcement, 005.00108.0003.075.18)
08.4

003.0
(003.0d)

c

003.0
( tt   

Therefore, the section is tension-controlled. Use the value of a, )in47.3a(  , to get an improved value 

for As. 

78.1
)

2

47.3
75.18(000,609.0

000,126.136

)
2

a
d(f

M
A

y

u
s 







 in2 

According to ACI 318.10.5.1, the minimum reinforcement shall not be less than 

49.075.1833.7
000,60

000,53
db

f

f3
A w

y

c
s 


 in2 

and not less than 46.0
000,60

75.1833.7200

f

db200

y

w 


  in2 

ACI Code Section 10.6.6 states that “part” of the negative-moment steel shall be distributed over a 

width equal to the smaller of the effective flange width (72in) and 4.38
10

384

10

l
 in.  

Provide 6-No. 5 bars within 38.4 in width.  

  86.131.06A prov,s  in2 78.1  in2 O.K. 
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Calculate the required reinforcement for the positive moment, 2.98Mu  ft-kips 

 

In the positive moment regions, the beam acts as a T-shaped beam. The effective width 

of the overhanging flange on each side of the beam web is the smallest of the following 

per ACI 318, 8.12.2 

 

5.90)1217.30(25.0l25.0 n  in 

66.8840266.8)58(2bw  in 

72666125.5bw  in 

Therefore, the effective flange width is 72 in 

Assume tension-controlled section ( 9.0 ). Note that this assumption shall be verified within the 

calculations below. 

 

By assuming No. 3 bars for wide-module joist stirrups & the maximum bar size for joist bottom 

reinforcement as No. 7 and following the 11/2” concrete cover to reinforcement requirement of beam 

stirrups per ACI 318, 7.7, the distance from extreme compression fiber to the centroid of longitudinal 

tension reinforcement, d, is calculated below: 

 

69.18
8

7
5.0

8

3
5.121d 














 in 

Since we are designing for the positive moment in a T-Beam (wide compression zone), select a 

moment arm, jd approximately equal to 0.95d.Assume that 76.1769.1895.0d95.0jd  in. 

Required reinforcement @ initial trial, 23.1
69.1895.0000,609.0

000,122.98

jdf

M
A

y

u
s 







 in2 

Assume that the depth of the equivalent stress block, a, is less than the slab thickness, then, use one-

iteration to refine this value by inserting it in the equation that finds the depth of the equivalent stress 

block. 

 

Depth of equivalent stress block, 
bf85.0

fA
a

c

ys




 
where b is the effective flange width of 72 in. 

241.0
72585.0

6023.1
a 




 in which is less than the slab thickness. Therefore, it checks. 

Neutral axis depth, 284.0
85.0

241.0a
c

1




 in. 

Strain at tensile reinforcement, 005.0194.0003.069.18)
284.0

003.0
(003.0d)

c

003.0
( tc   

Therefore, the section is tension-controlled. Use the value of a, )in241.0a(  , to get an improved 

value for As. 
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18.1
)

2

241.0
69.18(000,609.0

000,122.98

)
2

a
d(f

M
A

y

u
s 







 in2 

Use 2-No. 7 bundled bars with 20.1As  in2 > 18.1  in2 O.K. 
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Section 2/2.2 Cross-sectional View at Joist mid-span 

 

 

 
 

Section 3/2.2 Cross-sectional View at Joist near support face 

 

2.2.4. Shear Design 

From Table 2.2.2.2 above, the shear value in end span at face of first interior support governs. 

2.26
2

17.3051.115.1

2

lw15.1
V nu

u 


 kips 

The design shear at a distance, d, away from the face of support,  

9.23
12

69.18
51.12.26Vu  kips / ft 

Shear strength provided by concrete 

  1453169.1833.750000.1275.0)db'f2(V wcc  lb 5.14 kips 

Since
2

V
V c

u


 , shear reinforcement is required. 

Try No. 3, Grade 60 double-leg stirrups with a 90° hook. 

The nominal shear strength required to be provided by steel is 

 6.123.19)
75.0

9.23
(V

V
VVV c

u
cns 


 kips 
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Check whether sV  is less than dbf8 wc  

If sV  is greater than dbf8 wc , then the cross-section has to be increased as ACI 318-11.4.7.9 limits 

the shear capacity to be provided by stirrups to dbf8 wc . 

7749869.1833.7000,58dbf8 wc   lb 5.77 kips 

Since sV does not exceed dbf8 wc . The cross-section is adequate. 

Assume No. 3 stirrups with two legs ( 22.0Av   in2) 

Calculate the required stirrup spacing as 

7.19
5.149.23

69.186022.075.0

VV

dfA
)d'req(s

cu

ytv 








 in. 

Check whether the required spacing based on the shear demand meets the spacing limits for shear 

reinforcement per ACI 318, 11.4.5.1. 

Check whether sV  is less than dbf4 wc  

If sV  is greater than dbf4 wc , then the maximum spacing of shear reinforcement 

given in 11.4.5.1 and 11.4.5.2 shall be reduced by one-half per ACI 318.11.4.5.3 

3874969.1833.7000,54dbf4 wc   lb 75.38 kips 

Since sV does not exceed dbf4 wc , the maximum stirrups spacing limits per ACI 318.11.4.5.1 

govern. Therefore, maximum stirrup spacing shall be the smallest of 
2

d
and 24 in. 







 24;

2

d
Min(max)s in

 





 24;

2

69.18
Min in 

35.9(max)s  in.  

This value governs over the required stirrup spacing of 19.7 in which was based on the demand. 

 

For a wide-module joist, the minimum shear reinforcement requirements shall need to be checked as 

wide-module joists does not fit into the category of concrete joist construction defined by ACI 318, 

8.13.  

Check the maximum stirrup spacing based on minimum shear reinforcement  

34
33.7500075.0

6000022.0

b'f75.0

fA
(max)s

wc

ytv 



 in (does not govern) 

36
33.750

6000022.0

b50

fA
(max)s

w

ytv 



 in (does not govern) 

Therefore, (max)s value is governed by the spacing limit per ACI 318, 11.4.5.1, and is equal to 9.35 

in. 

Use No. 3 @ 9 in. stirrups 

7.463.194.273.19
9

69.186022.0
V

s

dfA
V c

ytv
n 


 kips 

0.357.4675.0Vn  kips > 9.23Vu  kips O.K. 
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Compute where 


uV
is equal to 

2

Vc , and the stirrups can be stopped 

2

l
V

)
2

V
()

V
(

x n

u

cu






  

126
2

1217.30

)
75.0

9.23
(

)
2

3.19
()

75.0

9.23
(

x 





 in. 

At interior end of the exterior span, use 16-No. 3 @ 9 in o.c., Place 1st stirrup 2 in. from the face of 

supporting girder. 

 

2.2.5. Deflections 

ACI 318 provides the minimum thickness of nonprestressed beams in Table 9.5(a) unless deflections 

are calculated. Since the preliminary beam depth met this requirement, the deflection calculations are 

waived here. Typically, in hand solutions, the designer opts to follow ACI 318, 9.5.2 in lieu of 

deflection calculations which can be long and tedious. It should be noted that, in most other cases, 

lesser thicknesses and consequent cost savings can be achieved through deflection computations. 

 

2.2.6. Computer Program Solution 

spSlab Program is utilized to design the one-way wide-module joist. The single wide-module joist is 

modeled as a T-beam. 

The program calculates the internal forces (shear force and bending moment), moment and shear 

capacities, immediate and long-term deflection results, and required flexural reinforcement. The 

graphical and text results are provided below for both input and output of the spSlab model. 
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2.2.6.1 Isometric View of One-way Joist from spSlab 
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2.2.6.2 spSlab Model Calculated Internal Forces (Shear Force & Bending Moment) 
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2.2.6.3 spSlab Model Calculated Immediate Deflections 
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2.2.7. Summary and Comparison of Design Results 
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Table 2.2.7.1 – Comparison of Hand Solution with spSlab Solution 

Span Location 
Required Reinforcement 

Area for Flexure (in2) 
Reinforcement Provided 

End Span 
Hand 

Solution 
spSlab 

Solution 
Hand Solution spSlab Solution 

Interior Negative 1.78 1.610 6 – No. 5 6 – No. 5 

Positive 1.18 1.008 2 – No. 7 2 – No. 7 

 

 

2.2.8. Conclusions and Observations 

In this design example, the one-way joist system is modeled as a continuous T-beam representing 

single one-way joist.  There is a good agreement between the hand solution and computer solution. 
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2.3. Design of a Continuous Beam along Grid B (Interior Frame) 

Design of the interior beam along grid B shall be performed. In the wide-module joist construction, the 

supporting beam depths shall be same as the overall joist depth. Therefore, the beam depth is set at 21 in. 

This depth satisfies the minimum thickness requirement of ACI 318, Table 9.5 (a) so that the deflection 

computations can be waived. 

 
Figure 2.3 – Partial plan view showing interior beam along grid B 

 

The design involves the following steps: 

2.3.1. Determination of span loads 

2.3.2. Determination of design moments and shears 

2.3.3. Flexural Design 

2.3.4. Shear Design 

2.3.5. Deflections 

2.3.6. Computer Program Solution 

2.3.7. Summary and comparison of design results 

2.3.8. Conclusions and observations 

 

2.3.1. Determination of span loads 

ACI 318, 9.2.1 gives the following load combinations for structural members loaded with dead and 

live loads: 

 

D4.1U                     ACI 318, Eq. 9-1 

L6.1D2.1U                   ACI 318, Eq. 9-2 

 

Check Floor Live Load Reduction per ASCE 7-10, sections 4.8. 
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)
AK

15
25.0(LL

TLL
o  ASCE 7-10, Eq (4-1) 

where 

Live Load Element Factor, 2KLL  for interior beams [ASCE/SEI 7-10, Table 4-2] 

Tributary Area 960)"0'32"0'30(AT  ft2 

80Lo  psf 

4.47)
9602

15
25.0(80L 


 psf which satisfies oL50.0  requirement for members 

supporting only one floor per ASCE 7-10, section 4.8.1 

Live Load, L 52.1320474.0   klf 

 

Try 36 in width for the beam (slightly larger than the column width that helps facilitate the forming, 

and reduces the beam longitudinal vs. column vertical bar interference) 

Joist & Slab Weight

 

 
40.2

12

36
3215.06/

12

16

12

2/66.86

12

5







 



































 

 klf 

Beam Weight 79.015.0
12

36

12

21







  klf 

Superimposed Dead Load, SDL 64.03202.0   klf 

Factored total load per Eq. 9-1:   36.564.079.040.24.1U   klf  

Factored total load per Eq. 9-2:   02.7320474.06.164.079.040.22.1U   klf  

Span loads are governed by load combination per Eq. 9-2. 

 

2.3.2. Determination of span loads 

Using the approximate coefficients of ACI 318, 8.3.3, the factored moments, and shears are 

summarized in the Table 2.3.2.1, and 2.3.2.2 respectively below. 

 

Table 2.3.2.1 –Interior Beam Design Moments 

Location Design Moment Value 

End  

Spans 

Exterior Support 

Negative 
2.348

16

17.2802.7

24

lw 22
nu 


 ft-kips 

Mid-span 

Positive 
9.397

14

17.2802.7

14

lw 22
nu 


 ft-kips 

Interior Support 

Negative 
5.553

10

08.2802.7

10

lw 22
nu 


 ft-kips 

Interior 

Spans 

Mid-span 

Positive 
344

16

2802.7

16

lw 22
nu 


 ft-kips

 
Support 

Negative 
3.500

11

2802.7

11

lw 22
nu 


 ft-kips
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Table 2.3.2.2 – Interior Beam Design Shears 

Location Design Shear Value 

End Span at Face of  

First Interior Support 
7.113

2

17.2802.7
15.1

2

lw
15.1 nu 


  kips 

At Face of all other Supports 9.98
2

17.2802.7

2

lw nu 


  kips
 

 

2.3.3. Flexural Design 

For this interior beam, the end span moment values govern the design as tabulated in Table 2.3.2.1.  

Calculate the required reinforcement to resist the first interior support negative moment:  

5.553Mu  ft-kips 

Assume tension-controlled section ( 9.0 ).Note that this assumption shall be verified within the 

calculations below. 

 

Clear cover to the stirrup is 1.5 in. per ACI 318, 7.7.1. However, in order to avoid interference with 

joist negative moment reinforcement, the clear cover to the girder top reinforcement is required to be 

increased by lowering the girder top reinforcement. 

 

By assuming the maximum bar size for beam top reinforcement as No. 8, the distance from extreme 

compression fiber to the centroid of longitudinal tension reinforcement, d, is calculated below:  

88.17
8

8
5.0

8

6

8

3
5.121d 














 in 

Since we are designing for the negative moment in a Rectangular Beam (narrow compression zone), 

select a moment arm, jd approximately equal to 0.9d. Assume that 09.1688.179.0d9.0jd  in. 

Required reinforcement @ initial trial,     09.16000,609.0

000,125.553

jdf

M

2/adf

M
A

y

u

y

u
s 










64.7As  in2 

Use one-iteration to refine this value by inserting it in the equation that finds the depth of the 

equivalent stress block. 

Depth of equivalent stress block, 0.3
36000,585.0

000,6064.7

bf85.0

fA
a

c

ys 






 in. 

Neutral axis depth, 53.3
85.0

0.3a
c

1




 in. 

Strain at tensile reinforcement, 005.00122.0003.088.17)
53.3

003.0
(003.0d)

c

003.0
( tt    

Therefore, the section is tension-controlled. Use the value of a, )in0.3a(  , to get an improved value 

for As. 

51.7
)

2

0.3
88.17(000,609.0

000,125.553

)
2

a
d(f

M
A

y

u
s 







 in2 

According to ACI 318.10.5.1, the minimum reinforcement shall not be less than 
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28.288.1736
000,60

000,53
db

f

f3
A w

y

c
min,s 


 in2 

and not less than 15.2
000,60

88.1736200

f

db200

y

w 


  in2 

Provide 10 – No. 8 bars with provided reinforcement area of 7.90 in2 which is greater than required 

reinforcement of 7.51 in2.  

Check the requirement for distribution of flexural reinforcement to control flexural cracking per ACI 

318-11, 10.6. 

Maximum spacing allowed, 




















s
c

s f

40000
12c5.2

f

40000
15s  

   62.28/85.088.170.21cc  in. 

Use 40f
3

2
f ys  ksi 

45.862.25.2
40000

40000
15s 






 in. (governs) 

12
40000

40000
12s 






 in. 

Spacing provided for 10-No. 8 bars   42.3625.2236
9

1
 in. 45.8 in. O.K. 

Check the spacing, s provided, is greater than the minimum center to center spacing, smin where  




















.agg.max33.1

d

1

maxds bbmin  

where maximum aggregate size is ¾” 

211smin  in 

Since the spacing provided is greater than 2 in. Therefore, 10 – No. 8 bars are O.K. 

All the values on Table 2.3.3.1 are calculated based on the procedure outlined above. 

 

Table 2.3.3.1 – Reinforcing Design Summary 

 End Span Interior Span 

 
Exterior 

Negative 
Positive 

Interior 

Negative 
Positive Negative 

Design 

Moment, Mu 

(ft-kips) 

348.2 397.9 553.5 344 500.3 

Effective depth, 

d (in) 
17.88* 19.0** 17.88 19.0 17.88 

As req’d (in2) 4.57 4.92 7.51 4.22 6.73 

As min (in2) 2.28 2.42 2.28 2.42 2.28 

Reinforcement 6-No. 8 7-No. 8 10-No. 8 6-No. 8 9-No. 8 
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 * The beam top bars are to be placed below the joist top bars. 

** The beam bottom bars are to be placed at the bottom-most layer. The joist bottom bars, then, shall 

be spliced at joist-beam intersection.  

 

2.3.4. Shear Design 

From Table 2.3.2.2 above, the shear value in end span at face of first interior support governs. 

Shear in end members at face of first interior support 

7.113
2

17.2802.715.1

2

lw15.1
V nu

u 


 kips 

The design shear at a distance, d, away from the face of support, 

2.103
12

88.17
02.77.113Vu  kips 

Shear strength provided by concrete 

  6827388.173650000.1275.0)db'f2(V wcc  lb 3.68 kips 

Since
2

V
V c

u


 , shear reinforcement is required. 

Try No. 3, Grade 60 four-leg stirrups ( 44.0Av   in2) with a 90° hook. 

The nominal shear strength required to be provided by steel is 

5.461.91)
75.0

2.103
(V

V
VVV c

u
cns 


 kips 

Check whether sV  is less than dbf8 wc  

If sV  is greater than dbf8 wc , then the cross-section has to be increased as ACI 318-11.4.7.9 limits 

the shear capacity to be provided by stirrups to dbf8 wc . 

36412088.1736000,58dbf8 wc   lb 1.364 kips 

Since sV does not exceed dbf8 wc . The cross-section is adequate. 

Calculate the required stirrup spacing as 

1.10
3.682.103

88.176044.075.0

VV

dfA
)d'req(s

cu

ytv 








 in. 

Check whether the required spacing based on the shear demand meets the spacing limits for shear 

reinforcement per ACI 318, 11.4.5.1. 

Check whether sV  is less than dbf4 wc  

If sV  is greater than dbf4 wc , then the maximum spacing of shear reinforcement given in 11.4.5.1 

and 11.4.5.2 shall be reduced by one-half per ACI 318.11.4.5.3 

18206088.1736000,54dbf4 wc   lb 1.182 kips 

Since sV does not exceed dbf4 wc , the maximum stirrups spacing limits per ACI 318.11.4.5.1 

govern. Therefore, maximum stirrup spacing shall be the smallest of 
2

d
and 24 in. 
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





 24;

2

d
Min(max)s in

 





 24;

2

88.17
Min in 

94.8(max)s  in.  

This value governs over the required stirrup spacing of 10.1 in based on the demand. 

Check the maximum stirrup spacing based on minimum shear reinforcement  

9.13
36500075.0

6000044.0

b'f75.0

fA
(max)s

wc

ytv 



 in (does not govern) 

7.14
3650

6000044.0

b50

fA
(max)s

w

ytv 



 in (does not govern) 

Therefore, (max)s value is governed by the spacing limit per ACI 318, 11.4.5.1, and is equal to 8.94 in. 

Use No. 3 @ 8 in. stirrups 

1.1501.910.591.91
8

88.176044.0
V

s

dfA
V c

ytv
n 


 kips 

6.1121.15075.0Vn  kips > 2.103Vu  kips O.K. 

Compute where 


uV
is equal to 

2

Vc , and the stirrups can be stopped 

2

l
V

)
2

V
()

V
(

x n

u

cu






  

113
2

1217.28

)
75.0

2.103
(

)
2

1.91
()

75.0

2.103
(

x 





 in. 

At interior end of the exterior span, use 16-No. 3 @ 8 in o.c., Place 1st stirrup 2 in. from the face of the 

column. 

 

2.3.5. Deflections 

ACI 318 provides the minimum thickness of nonprestressed beams in Table 9.5(a) unless deflections 

are calculated. Since the preliminary beam depth met this requirement, the deflection calculations are 

waived here. Typically, in hand solutions, the designer opts to follow ACI 318, 9.5.2 in lieu of 

deflection calculations which can be long and tedious. It should be noted that, in most other cases, 

lesser thicknesses and consequent cost savings can be achieved through deflection computations. 

 

2.3.6. Computer Program Solution 

spSlab Program is utilized to design the interior beam. The interior beam is modeled as a rectangular 

beam. 

The program calculates the internal forces (shear force and bending moment), moment and shear 

capacities, immediate and long-term deflection results, and required flexural reinforcement. The 

graphical and text results are provided below for both input and output of the spSlab model. 
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2.3.6.1. Isometric View of Interior Beam from spSlab 
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2.3.6.2. spSlab Model Calculated Internal Forces (Shear Force & Bending Moment) 
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2.3.6.3. spSlab Model Calculated Immediate Deflections 
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2.3.7. Summary and Comparison of Design Results 

 
 

 
 

 
 

Table 2.3.7.1 – Comparison of Hand Solution with spSlab Solution 

Span Location 
Required Reinforcement 

Area for Flexure (in2) 
Reinforcement Provided 

End Span 
Hand 

Solution 
spSlab 

Solution 
Hand Solution spSlab Solution 

Interior Negative 7.51 6.576 10 – No. 8 9 – No. 8 

Positive 4.92 4.045 7 – No. 8 6 – No. 8 
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2.3.8. Conclusions and Observations 

In this design example, the interior beam is modeled as a continuous rectangular beam. There is a 

good agreement between the hand solution and computer solution. 
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2.4. Design of a Continuous Beam along Grid A (Exterior Frame) 

Design of the interior beam along grid B shall be performed. In the wide-module joist construction, the supporting 

beam depths shall be same as the overall joist depth. Therefore, the beam depth is set at 21 in. This depth satisfies 

the minimum thickness requirement of ACI 318, Table 9.5 (a) so that the deflection computations can be waived. 

The beams of the exterior frame shall be designed and detailed for the combined effects of flexure, shear, and 

torsion according to ACI 318. 

 

 

 
Figure 2.4 – Partial plan view showing exterior beam along grid A 

 

The design involves the following steps: 

2.4.1. Determination of span loads 

2.4.2. Determination of design moments and shears 

2.4.3. Flexural and Torsion Design 

2.4.4. Shear Design 

2.4.5. Deflections 

2.4.6. Computer Program Solution 

2.4.7. Summary and comparison of design results 

2.4.8. Conclusions and observations 

 

2.4.1 Determination of span loads 

ACI 318, 9.2.1 gives the following load combinations for structural members loaded with dead and 

live loads: 

 

D4.1U                     ACI 318, Eq. 9-1 

L6.1D2.1U                   ACI 318, Eq. 9-2 
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Check Floor Live Load Reduction per ASCE 7-10, sections 4.8. 

)
AK

15
25.0(LL

TLL
o  ASCE 7-10, Eq (4-1) 

where 

2KLL  for edge beams without cantilever slabs 

Tributary Area 505)"10'16"0'30(AT  ft2 

80Lo  psf 

8.57)
5052

15
25.0(80L 


 psf which satisfies oL50.0  requirement for members 

supporting only one floor per ASCE 7-10, section 4.8.1 

Live Load, L 97.0
12

10
160578.0 






   klf 

Try 24 in width for the beam (slightly larger than the column width that helps facilitate the forming, 

and reduces the beam longitudinal vs. column vertical bar interference) 

Joist & Slab Weight

 

 
24.1

122

24
1615.06/

12

16

12

2/66.86

12

5














































 

 klf 

Beam Weight 525.015.0
12

24

12

21







  klf 

Superimposed Dead Load, SDL   34.012/101602.0   klf 

Factored total load per Eq. 9-1:   95.234.0525.024.14.1U   klf  

Factored total load per Eq. 9-2:   08.4
12

10
160578.06.134.0525.024.12.1U 






   klf  

Span loads are governed by load combination per Eq. 9-2. 

 

2.4.2 Determination of span loads 

Using the approximate coefficients of ACI 318, 8.3.3, the factored moments, and shears are 

summarized in the Table 2.4.2.1, and 2.4.2.2 respectively below. 

 

Table 2.4.2.1 –Exterior Beam Design Moments 

Location Design Moment Value 

End  

Spans 

Exterior Support 

Negative 
4.202

16

17.2808.4

24

lw 22
nu 


 ft-kips 

Mid-span 

Positive 
3.231

14

17.2808.4

14

lw 22
nu 


 ft-kips 

Interior Support 

Negative 
7.321

10

08.2808.4

10

lw 22
nu 


 ft-kips 

Interior 

Spans 

Mid-span 

Positive 
9.199

16

2808.4

16

lw 22
nu 


 ft-kips

 
Support 

Negative 
8.290

11

2808.4

11

lw 22
nu 


 ft-kips
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Table 2.4.2.2 – Exterior Beam Design Shears 

Location Design Shear Value 

End Span at Face of  

First Interior Support 
1.66

2

17.2808.4
15.1

2

lw
15.1 nu 


  kips 

At Face of all other Supports 5.57
2

17.2808.4

2

lw nu 


  kips
 

 

2.4.3. Flexural, Shear, and Torsion Design 

For this exterior beam, the end span moment values govern the design as tabulated in Table 2.4.2.1.  

Calculate the required reinforcement for negative flexural moment, 7.321Mu  ft-kips 

Assume tension-controlled section ( 9.0 ).Note that this assumption shall be verified within the 

calculations below. 

 

Clear cover to the stirrup is 1.5 in. per ACI 318, 7.7.1. However, in order to avoid interference with 

joist negative moment reinforcement, the clear cover to the girder top reinforcement is required to be 

increased by lowering the girder top reinforcement.  

 

By assuming the maximum bar size for beam top reinforcement as No. 8, the distance from extreme 

compression fiber to the centroid of longitudinal tension reinforcement, d, is calculated below:  

88.17
8

8
5.0

8

6

8

3
5.121d 














 in 

Since we are designing for the negative moment in a Rectangular Beam (narrow compression zone), 

select a moment arm, jd approximately equal to 0.9d.Assume that 09.1688.179.0d9.0jd  in. 

Required reinforcement @ initial trial,     09.16000,609.0

000,127.321

jdf

M

2/adf

M
A

y

u

y

u
s 








  

44.4As  in2 

Use one-iteration to refine this value by inserting it in the equation that finds the depth of the 

equivalent stress block. 

Depth of equivalent stress block, 61.2
24000,585.0

000,6044.4

bf85.0

fA
a

c

ys 






 in. 

Neutral axis depth, 07.3
85.0

61.2a
c

1




 in. 

Strain at tensile reinforcement, 005.0014.0003.088.17)
07.3

003.0
(003.0d)

c

003.0
( tt    

Therefore, the section is tension-controlled. Use the value of a, )in61.2a(  , to get an improved value 

for As. 

31.4
)

2

61.2
88.17(000,609.0

000,127.321

)
2

a
d(f

M
A

y

u
s 







 in2 

According to ACI 318.10.5.1, the minimum reinforcement shall not be less than 
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52.188.1724
000,60

000,53
db

f

f3
A w

y

c
min,s 


 in2 

and not less than 51.1
000,60

88.1724200

f

db200

y

w 


  in2 

All the values on Table 2.4.3.1 are calculated based on the procedure outlined above. 

 

Table 2.4.3.1 – Reinforcing Design Summary (Flexure only) 

 End Span Interior Span 

 
Exterior 

Negative 
Positive 

Interior 

Negative 
Positive Negative 

Design 

Moment, Mu 

(ft-kips) 

202.4 231.3 321.7 199.9 290.8 

Effective depth, 

d (in) 
17.88 19.0 17.88 19.0 17.88 

As req’d (in2) 2.64 2.84 4.31 2.44 3.87 

As min (in2) 1.52 1.61 1.52 1.61 1.52 

 

The actual selection of reinforcing bars will be delayed until the torsion requirements for 

longitudinal steel have been determined. 

 

Calculate the factored Torsional Moment, uT  

Since beam between grids 1 and 2 is part of an indeterminate framing system in which redistribution of 

internal forces can occur following torsional cracking, the maximum factored torsional moment uT  at 

the critical section located at a distance d from the face of the support can be determined from the 

following per ACI 318, 11.5.2.2 (a): 
















cp

2
cp'

cu p

A
f4T  

This type of torsion is referred to as compatibility torsion, the magnitude of which is greater than the 

factored torsional moment, min,uT , below which torsional effects can be neglected, where 
















cp

2
cp'

cmin,u p

A
fT

 
Since the beams are cast monolithically with slab and joists, cpA  and cpp  for the beam can include a 

portion of the adjoining slab. The effective width, eb , of the overhanging flange must conform to ACI 

318, 13.2.4: 

0.16521hhb fe   in. (governs) 

0.2054h4b fe   in. 

584)516()2421(Acp  in2 

122)162421(2pcp   in. 



   
 

 
45 

 

2796p/A cp
2
cp    in.3 

The torsional properties of the beam ignoring the overhanging flange are the following: 

504)2421(Acp  in.2 

90)2421(2pcp  in. 

2822p/A cp
2
cp    in3 2796  in3 

Therefore, ignore flange per ACI 318, 11.5.1.1. 

5986372822000,5475.0Tu   in.-lbs 9.49  ft-kips 

It is assumed that the torsional loading on the beam is uniformly distributed along the span. 

 

Determine the Adequacy of Cross-sectional Dimensions for the Torsion 

For solid sections, the limit on shear and torsion is given by: 




























 '
c

w

c

2

2
oh

hu
2

w

u f8
db

V

A7.1

pT

db

V
 

Using 88.17d   in., the factored shear force at the critical section located at a distance d from the face 

of the support is:  

60
12

88.17
08.41.66Vu   kips.  

Also, the nominal shear strength provided by the concrete is:  

dbf2V w
'
cc   

Assuming a 1.5-in. clear cover to No. 4 closed stirrups at bottom and 2.125 in clear cover to No. 4 

closed stirrups at top. 

        4.3355.05.1125.2245.05.1125.221Aoh  in2 

       5.735.05.1125.2245.05.1125.2212ph  in 

3.269
4.3357.1

5.73120009.49

88.1724

60000
2

2

2





















psi

3.530]000,58)
88.1724

88.172450002
[(75.0 




 psi  

Therefore, the section is adequate. 

 

Determine the Transverse Reinforcement Required for Torsion 




cotfA2

T

s

A

yto

ut  

where 

 1.2854.33585.0A85.0A oho  in2 

 45  

Therefore, 

0233.0
45cot600001.285275.0

120009.49

s

At 



 in2 / in per leg 
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Determine the Transverse Reinforcement Required for Shear 

From Table 2.4.2.2 above, the shear value in end span at face of first interior support governs. 

Shear in end members at face of first interior support 

1.66
2

17.2808.415.1

2

lw15.1
V nu

u 


 kips 

The design shear at a distance, d, away from the face of support, 

60
12

88.17
08.41.66Vu  kips 

Nominal shear strength provided by concrete: 

6068788.172450000.12db'f2V wcc  lb 7.60 kips 

Design shear strength provided by concrete: 

  4551588.172450000.1275.0)db'f2(V wcc  lb 5.45 kips 

Since the factored shear force, uV , exceeds one-half of the design shear strength provided by concrete, 

2

Vc
, shear reinforcement is required per ACI 318, 11.4.6.1. 

Since the factored shear force, uV , exceeds the design shear strength provided by concrete, cV , 

minimum shear reinforcement per ACI 318, 11.4.6.3 shall not be sufficient and the shear reinforcement 

shall be provided to satisfy ACI 318, Eq. 11-1 and 11-2. 

un VV   

scn VVV   

Therefore, the nominal shear strength required to be provided by steel: 

3.197.60)
75.0

60
(V

V
VVV c

u
cns 


 kips 

If sV  is greater than dbf8 wc , then the cross-section has to be increased as ACI 318-11.4.7.9 limits 

the shear capacity to be provided by stirrups to dbf8 wc . 

24274788.172450008dbf8 wc   lb 7.242 kips 

Since sV does not exceed dbf8 wc . The cross-section is adequate. 

The required transverse reinforcement for shear is: 
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Calculate total required transverse reinforcement for shear and torsion 
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A
2

s
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.in/.in
0233.02018.0

2

  0647.0  in.2/in.  

Minimum transverse reinforcement for shear and torsion is calculated per ACI 318, 11.5.5.2 
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but shall not be less than 60000/2450f/b50 ytw  = 0.020 in.2/in. 

Provide 0647.0
s

A
2

s

A tv   in.2/in. as closed stirrups. 
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Maximum spacing of transverse torsion reinforcement per ACI 318, 11.5.6.1 is: 

Minimum of 19.9)12;19.9(Min)12,8/5.73(Min)12;8/p( h  in 

Spacing limits for shear reinforcement per ACI 318, 11.4.5.1 is: 

Minimum of 94.8)24;94.8(Min)24;2/88.17(Min)24;2/d(  in (governs) 

Assuming No. 4 closed stirrups with 2 legs (area per leg 20.0 in2), the required spacing, s, at the 

critical section is 

18.60647.0/40.0s  in 94.8 in 

Provide No. 4 closed stirrups spaced at 6 in. on center.  

In view of the shear and torsion distribution along the span length, this same reinforcement and 

spacing can be provided throughout the span length.  

 

Determine the Longitudinal Reinforcement Required for Torsion per ACI 318, 11.5.3.7 
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The minimum total area of longitudinal torsional reinforcement per ACI 318, 11.5.5.3 
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where 

0233.0s/At  in.2/in 010.060000/2425f/b25 ytw  in2/in 
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Use 71.1A l in2 

 

According to ACI 318, 11.5.6.2, the longitudinal reinforcement is to be distributed around the 

perimeter of the stirrups, with a maximum spacing of 12 in. There shall be at least one longitudinal bar 

in each corner of the stirrups. And longitudinal bars shall have a diameter at least 0.042 times the 

stirrup spacing, but not less than 3/8 in. In order to meet maximum spacing requirement a rebar is to be 

provided between corner bars at all four sides. This configuration leads to eight-bars; three at top, three 

at bottom, and one at each side. Therefore, the reinforcement are per bar is 22.0
8

71.1
A s  in2.  

 

Use No. 5 bars for longitudinal bars which also meets minimum bar diameter requirement of 3/8 in. At 

the negative moment regions (support-top) and positive moment region (midspan-bottom), the required 

longitudinal torsional reinforcement shall be provided as addition to the area of required flexural 

reinforcement. At midspan-top region where flexural reinforcement is not required by analysis, 3-No. 5 

bars shall be provided. Class B lap splice is to be provided. 
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Table 2.4.3.2 – Reinforcing Design Summary (Flexure + Torsion) 

 End Span Interior Span 

 
Exterior 

Negative 
Positive 

Interior 

Negative 
Positive Negative 

Required Longitudinal 

Reinforcement (in2) 
2.64 2.84 4.31 2.44 3.87 

Required Torsional 

Longitudinal 

Reinforcement (in2) 

0.66 0.66 0.66 0.66 0.66 

Required Total 

Longitudinal 

Reinforcement (in2) 

3.30 3.50 4.97 3.10 4.53 

Reinforcement 5-No. 8 5-No. 8 7–No. 8 4-No. 8 6-No. 8 

 

Check the requirement for distribution of flexural reinforcement to control flexural cracking per ACI 

318-11, 10.6. 

Maximum spacing allowed, 




















s
c

s f

40000
12c5.2

f

40000
15s  

   62.28/85.088.170.21cc  in. 

Use 40f
3

2
f ys  ksi 

45.862.25.2
40000

40000
15s 






 in. (governs) 

12
40000

40000
12s 






 in. 

Spacing provided for 4-No. 8 bars, (governs the maximum spacing check) is 

  60.3224
3

1
 in. 45.8 in. O.K. 

Check the spacing, s provided, is greater than the minimum center to center spacing, smin where  




















.agg.max33.1

d

1

maxds bbmin  

where maximum aggregate size is ¾” 

211smin  in 

Spacing provided for 7-No. 8 bars, (governs the minimum spacing check) is 

  30.3224
6

1
 in. 0.2 in. O.K. 

Therefore, the reinforcement selections in Table 2.4.3.2 meet the spacing requirements. 

 

 



   
 

 
49 

 

2.4.4. Deflections 

ACI 318 provides the minimum thickness of nonprestressed beams in Table 9.5(a) unless deflections 

are calculated. Since the preliminary beam depth met this requirement, the deflection calculations are 

waived here. Typically, in hand solutions, the designer opts to follow ACI 318, 9.5.2 in lieu of 

deflection calculations which can be long and tedious. It should be noted that, in most other cases, 

lesser thicknesses and consequent cost savings can be achieved through deflection computations. 

 

2.4.5. Computer Program Solution 

spSlab Program is utilized to design the exterior beam. The exterior beam is modeled as a rectangular 

beam. 

The program calculates the internal forces (shear force and bending moment), moment and shear 

capacities, immediate and long-term deflection results, and required flexural reinforcement. The 

graphical and text results are provided below for both input and output of the spSlab model. 

 

                        
 

Decremental reinforcement design solve option is utilized. This option makes the program start from 

the Max. Bar Size under Reinforcement Criteria for designing the reinforcement and works its way 

down to Min. Bar Size. The use of this option results in 5-No. 8 bars top reinforcement at the first 

interior support @ end span. If this option is unchecked, the program shall provide 9-No. 6 bars. 
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2.4.5.1. Isometric View of Interior Beam from spSlab 
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2.4.5.2. spSlab Model Calculated Internal Forces (Shear Force & Bending Moment) 
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2.4.5.3. spSlab Model Calculated Immediate Deflections 
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2.4.6. Summary and Comparison of Design Results 
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Table 2.4.6.1 – Comparison of Hand Solution with spSlab Solution 

Span Location 
Required Reinforcement Area for 

Flexure + Torsion (in2) 
Reinforcement Provided for 

Flexure + Torsion 

End Span 
Hand 

Solution 
spSlab Solution 

Hand 
Solution 

spSlab Solution 

Interior Negative 4.97 3.779+1.691*(3/8)=4.413 7 – No. 8 5 – No. 8 + 1 – No. 8 

Positive 3.50 2.258+1.691*(3/8)=2.892 5 – No. 8 3 – No. 8 + 1 – No. 8 
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2.4.7. Conclusions and Observations 

In this design example, the exterior beam is modeled as a continuous rectangular beam representing. 

There is a good agreement between the hand solution and computer solution. 
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2.5. Design of Interior Column by spColumn 

2.5.1 Determine Service Loads 

Total service loads on 1st story interior column (@ 1st interior support) are reorganized based on the 

calculations on section 1.2: 

Total service dead load     6.5911.461000/96083.8212083.82415.1   kips 

Total service live load     1.1881000/9601216.39415.1   kips 

 

2.5.2 Moment Interaction Diagram  

 

                          
Figure 2.5 – P-M Diagram for Interior Column from spColumn Software Program 


