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One-Way Wide Module (Skip) Joist Concrete Floor System DesigfACI 318-14)

A typical floor plan of a Story office building is shown belowWidemo dul e | oi st s, or Askipbo
standard onevay joists, except the pans are 53 in. or 66 in. wide. For the 53 in. pans, the pan depth varies from 16 in.

to 24 in., and for 66 in. pans, the range is 14 in. to 24 in. \Widdule systemare economical for long spans with

heavy loads and improved vibration resistafse® referencesThe gravity loadsreatment is shown in this example

and the laterablad effects are rested by reinforced concres@ear wallsThe design procedures showrAgl 318

14 are illustrated in detail in this example. The hand solution is also used for a detailed comparison with the analysis

and design results of the engineering software progrEeam
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Code

Building Code Requirements for Structural Concrete (ACFB4Band Commentary (ACI 318R4)
Minimum Design Loads for Buildings and Other Structures (ASCE/SHI)7

International Code Council, 2@ International Building Code, Washington, D.C.120

References

1 Notes on ACI 318.1 Building Code Requirements for Structural Concrete, Twelfth Edition, 2013 Portland
Cement Association.

1 Concrete Floor Systems (Guide to Estimating and Economizing), Second Edition, 2002 David A. Fanella

1 Simplified Design of Reinforced Concrete Buildings, Fourth Edition, 2011 Mahmoud E. Kamara and Lawrence
C. Novak

1 spBeam Engineering Sofase Progam Manual ¥0.00 STRUCTUREPOINT 224

1 spColumnEngineering Softare Progam Manual ¥0.20, STRUCTUREPOINT 25

1 ContactSupport@ StructurePoint.otg obtain supplementary materiafpBeanmodel:DE-OneWay-Slab
ACI-14.slbx DE-OneWay-JoistACI-14.slbx DE-One'Way-Interior-BeamACI-14.slbx andDE-OneWay-
ExteriorBeamACI-14.slby

1 ContactSupport@ StructurePoint.otg obtain supplementary materiatpColumnmodel:DE-Interior-Column
ACI-14.colx, DEEdgeExteriorColumnACI-14.colx and DECornerColumnACI-14.coly

Design Data

Floor-to-Floor Height = 12 ft (provided by architectural drawings)

w. = 150 pcf

f.6 = 5,000 psi

fy = 60,000 psiFor flexural reinforcement)

fyr = 60,000 psiFor shear and torsional reinforcement)

Superimposed dead log8DL = 20 psfframed partitions, wood studs plaster 2 sides

ASCE/SEI 710 (Table C31)

Typical Floor Level, Live load,, = 80 psf Office building ASCE/SEI 710 (Table 41)

Roof Live Load,L, = 20 psf (Ordinary flat roofs) ASCE/SEI 710 (Table 41)

Required fire resistance rating = 2 hours
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1. Preliminary Member Sizing

1.1.

a)

b)

Preliminary slab thickness and joist dimensions

In this example deflection will be calculated and checked to satisfy project deflection limits. Minimum member

thickness and depths from ACI 318 will be used for preliminary sizing.

Oneway Slab

Usingminimum thickness fosolid oneway slabs infable 7.3.1.1for the solid slab spanning between thos.

End Spans h=— =— 300in. ACI 31814 (Table7.3.1.1)
24 24
. I 72 :
Interior Spans:  h, 253 =§3 257 in. ACI 31814 (Table7.3.1.1)

Theminimumslab thickness for wideodule joistdor 2-hour fire rating is 4.8in.

IBC 2012 (Table 720.1(3))

Therefore, seled slab hicknessof 5 in. for all spans.

Oneway Joist

The widemodule joist systems do not meet the limitation&\Gt 318-14, 9.8.1.1through 9.8.1.4 Therefore,

the structural members of this type of joist construction shall be desigtiestandard provisions falabs and
beams. ACI 31814 (9.8.1.8)

Usingminimum thickness for neprestressed beamsTiable 9.3.1.1For theribs (part of thgoists) supporting

the solid slab.

End Span: h :|— -—-Sﬁl 20.76 in(governs) ACI 31814 (Table 9.3.1.1)
18,5 185
. | 384 .
Interior Span: h= 1 :Z 18.29in ACI 31814 (Table 9.3.1.1)

Therefore, selegib depth of 16 infor atotal joist depthof 21 in.
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1.2. Preliminary column sizes

a) Interior Columns

Select a preliminary size based oa #xial load demand. Determiimgerior columnloads as follows

The governing load combinatiob:= 1.20 xD + 1.60 xL + 0.50 xL, ACI 31814 (Eq. 5.3.1b

Where

D = Dead LoadL = Live Load L, = Roof Live Load

Typical Floor Level Loads

# of Floors= 4

Dead LoadsD

Selfweight of widemodule joist system (séegure?):

43+4.33 0]
23A+A§ 23%7 ﬂ60_5 7‘2
Joist average thickness —£ = ¢ g $6.63in. .55 fi
Total Width 72

Weight of the joist 0.55x 150pcf= 82.83 psf.

Superimposed dead load20 psf

Live Load,L: Calculate the live load reduction pe8CE/SEI 710

Q

a
L=L, %.25 +—> _ ASCE/SEI7-10 (Eq 4-1)
x K, 3 A
g LL
Where
L = Reduced design live load pet fif area supported by the member
Lo = Unreduced design live load pet @if area supported by the membeB0 psf
K. = Liveload element factor 4 ASCE/SEI 710 (Table 42)
Ar = Tributary area = (30 x 32) = 966 ft
L=80 2025 +2_ 3 3936 ps
C V43 960 =

Which satisfies0.40 xL, requirement for members supportitrigp or more floors.  ASCE/SEI7-10 (4.7.2)
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Roof Level Loads

Dead LoadsD

Selfweight of widemodule joist systertseeFigure?2):

43+4.33 0
s 22 96505 72
: . 22A+A ¢ 2 = .
Joist average thickness —= = #6.63in. H.55f
Total Width 72

Weight of the joist 0.55x 150pcf= 82.88psf.

No superimposed dead load at the roof

Roof Live Load,,: Calculde the roof live load reduction

L=L R R, 12 1¢ 20 ASCE/SEI 710 (Eq 42)
Where:

Lo = 20 psf

Ri = 0.60sinceAr=960ffO0 660 ft

R, = 1.00for flat roof

Lr = 20x%0.60 x 1.00 = 12.00 psf

Total Factored Load orf'story interior column (@ Stinterior support)

Total Floor Load = 4 x [1.20 x (82.88 + 20) + 1.60 x 39.36] x 96805;906.05 |b 715.91 kips

Total Roof Load= [1.20 x 82.88 + 1.60 x 12.00] x 9601%3,904.00 |b 413.90 kips

Assume 24 in square column with 411 vertical bars with design axial strengthRmaxof

FPne=0.802 7 80.85 3 (A2 A) f, A, ACI 31814 (22.4.2)

n,max

P ... =0.8030.65 30.85 5, 000(( 324 23 4 -1.)56 60,800 4 )3% 3 53,857-60 It

n,max

P =1453.86 kip:

n,max

Column Self-weght = g.20 325241—434 801505 12 4320ikg
e G - u

Total Reaction @ Slinterior support = 1.15 x (715.91 + 113.90) + 43.20 = 997.48 kips < 1,453.86 kips

Therefore, th@reliminaryinterior column size of 24 i 24 in. is adequate.
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b) Edge (Exterior) Columns

Select a preliminary size based on the axial load demand. Therefore, the leddvtaki®r an edge column is

done as follows:

The governing load combinatiob:= 1.20 xD + 1.60 xL + 0.50 xL, ACI 31814 (Eq. 5.3.1b)

Typical Floor Level Loads

# of Floors = 4

Dead LoadsD

Self-weight of widemodule joist system (séégure?2):

Weight of the joist 82.83 psf

Superimposed dead load = 20 psf

Live Load,L: Calculate the live load reduction peSCE/SEI %10

o

a
L=L, ¥.25 AL ASCE/SEI 710 (Eg. 41)
x K 3 A
(; LL
Where:
L = Reduced design live load pet @f area supported by the member
Lo = Unreduced design live load pet @if area supported by the member = 80 psf
K = Live load element factor = 4 ASCE/SEI 710 (Table 42)
P ~
Ar = Tributay area:;goT32 84180 t?
(; -
A 15 0
L=80 £0.25 +—_ 2 47.39 ps
8‘9 J4s 480 2

Which satisfies 0.40 k, requirement for members supporting two or more floors. ASCE/SEI %10 (4.7.2)
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Roof Level Loads

Dead LoadsD

Weight of the joist 82.88 psf

No superimposed dead load at the roof

Roof Live LoadL,: Calculate the roof live load reduction

L=L R R, 12 1¢ 2C ASCE/SEI| %10 (Eq 42)
Where:

Lo = 20 psf

R; = 1.2071 0.001 xAr = 1.207 0.001 x 480 = 0.7.&ince 200 ft< Ar = 480 f£ < 600 ft

R, = 1.00 for flat roof

Lr = 20 x 0.72 x 1.00 = 14.40 psf

Total Factored Load orf'storyedgecolumn (@ interior support)
Total Floor Load = 4 x [1.20 x (82.88 + 20) + 1.60 x 47.39] x 4882,594.18 Ib= 382.59 kips
Total Roof Load = [1.20 x 82.88 + 1.60 x 14.40] x 4888,795.20 Ib 58.80 kips

Assume 20 in square column with 411 vertical bars with design axial strength@maxof

FPe =0.802 7 80.85 3 (At A) f, A, ACI 31814 (22.4.2)

n,max

7P, .. =0.80230.65 g0.85 8, 000(( 320 20 4-1p6 60,800 4 )3@ 3 64,897-60 It

n,max

P =1064.90 kips

n,max

Column Self-wepht = .20 326201_430 80.15,(5 12 30:00iky
e G - u

Total Reaction @ Sinterior support 1.15 x (382.59 + 58.80) + 30.00 = 537.60 kips < 1,064.90 kips

Thereforethe preliminaryedgecolumn size of @in. x 20 in. is adequate.
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c) Corner Columns

Select a preliminary size based on the axial load demand. Therefore, the ledovtakier a corner column is

done as follows:

The governing load combinatiob:= 1.20 xD + 1.60 xL + 0.50 xL, ACI 31814 (Eq. 5.3.1b)

Typical Floor Level Loads

# of Floors = 4

Dead LoadsD

Self-weight of widemodule joist system (séégure?2):

Weight of the joist 82.88psf

Superimposed dead load = 20 psf

Live Load,L: Calculate the live load reduction peSCE/SEI %10

a
L=L, ¥.25 AL ASCE/SEI 710 (Eg. 41)
x K 3 A
(; LL
Where:
L = Reduced design live load pet @f area supported by the member
Lo = Unreduced design live load pet @if area supported by the member = 80 psf
K = Live load element factor = 4 ASCE/SEI 710 (Table 42)
PR ~
Ar = Tributay area:;goT32 8240 2
(; -
L=80 2025 +2 _ 9 5g73ps
o V43 240 =

Which satisfies 0.40 k, requirement for members supporting two or more floors.

ASCE/SEI 710 (4.7.2)
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Roof Level Loads

Dead LoadsD

Weight of the joist 82.88psf

No superimposed dead load at the roof

Roof Live Load L,: Calculate the roof live load reduction

L=L R R; 12 1¢ 20 ASCE/SEI 710 (Eq 42)

Where:

Lo = 20 psf
Ry = 1.207 0.001 xA;=1.207 0.001 x 240 = 0.96 since 2006 & Ar = 240 f& < 600 f
R, = 1.00 for flat roof

L, =20 x 0.96 x 1.00 = 19.20 psf

Total Factored Load orf'story corner column (@ exterior support)

Total Floor Load = 4 x [1.20 x (82.88 + 20) + 1.60 x 59.73] x 2208;721.02 Ib 208.72 kips
Total Roof Load =[1.20 x 82.88 + 1.60 x 19.20] x 2481,240.80 Ib 31.24 kips

Assume 20 in square column with 411 vertical bars with design axial strength@maxof

FPe =0.802 7 80.85 3 (At A) f, A, ACI 31814 (22.4.2)

n,max

7P, .. =0.80230.65 g0.85 8, 000(( 320 20 4-1p6 60,800 4 )3@ 3 64,897-60 It

n,max

P =1064.90 kips

n,max

Column Self-wepht = .20 326201_430 80.15,(5 12 30:00iky
e G - u

Total Reaction @ ®interior support = 208.72 + 31.24 + 30.00 = 269.96 kips < 1,064.90 kips

Thereforethe preliminaryedge column size of 20 i®.20in. is adequate.
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2. Design of Structural Members

The design of the following structural membégerformedand compared with results of the engineering
software programspBeam
2.1.0neWay Slab
2.2.0neWay Joist
2.3.Interior Beam
2.4.Exterior Beam
2.5. Interior Column
2.1. One-Way Slab Design

A unit strip of 1 ftis consideredor the desigrof slab spanning between ribidote thatACI| 31814 does not

allow live load reduction for oneay slabs.

30'-0" 30"-0" 30'-0"
] LI LI L] |
1?_0"
1% ﬁ i
- Slab 32'-0"
Design
Strip
m ] [] -

Figure3i Partial Plan View lllustrating Slab Design Strip

Slabdesign involves the following steps:

2.1.1. Determination of span loads

2.1.2. Determination of design moments and shears

10
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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

The followinggravity load combinationare considered

U=140D ACI 31814 (Eq. 5.3.1a)

w, =1.40 3239152 8.15 § 0:02 0.E2kips/ft perft
& e

U=120D *60L: ACI 31814 (Eq. 5.3.1b)

w, =1.20 32%% 9.15¢ (}.028 1:60 0.980 .2psift per ft

Span loads are governed the secondbad combination.
2.1.2. Determination of design momentand shear

The factored moment and sheean bedeterminedusing the simplified method the requirements are
satisfied ACI| 31814 (6.5.1)

Members are prismatic.

Loads are uniformly distributed.

Vv
V
V LOD3 0. 08 ki ps0.G825kipsétperft)t O 3
V There are at least two spans.

\Y

The longer of two adjacent spans does not exceed the shorter by more than 20 percent.

Thus, the approximate coefficients can be used. The factored moments and shears are detedmined

summarized ithefollowing tables ACI 31814 (Table 6.5.2 and Table 6.5.3)

11
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Table 17 One-Way Slab Design Moment Values

Location

Design Moment Value

2 .
Exterior Support Negative W, Iy =0'233 5.50 .29 ft-kips
24 24 ft
312 _kipn<
End Spans | Mid-span W, 1y _0.2% 5.50 .49 ft-kips
14 14 ft
312 0. . ~Kips
Interior Support Negative W - 0.2% 5.50 £.69 ftkip
10 10 ft
312 0. . Kips
Mid-span Positive Wl - 0.2% 5.50 .43 ft-kip
16 16 ft
Interior Spans
32 Kips
Support Negative M :O'233 5.50 £.62 ft-kip
11 11 ft

Table 27 One-Way Slab Design Shear Values

Location Design Shear Value
. . w, 3 | .23 5.50 kips
End Span at Face of First Interior Support 115 “2 t =115 9 72 ﬂp
w31 _0.23 550 kips
At Face of all other Supports “2 L= > .62 fltp

12
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2.1.3. Flexural Design

For the oneway slab of a widenodule joist systeng single layeof longitudinal reinforcement is provided.

The first interior support negative moment governs the design as tabulatedlel. Therefore, it is

favorable to place the single layer reinforcement closer to the top fiber of the concrete slab. The required
reinforcement shall be calculated for the first interior support negative moment first. The required
reinforcement for the engban 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 againstithieimumshrinkage and temperature reinforcement requirement per
ACI131814(24.4.3.2.

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

M., = 0.69ft-kips/ft

Usewelded wire fabric reinforcement,>66-W5.5 x W5.5 with 1.5 in. concrete cover. The distance from

extreme compression fiber to the centroid of longitudinal tension reinforcemhentalculated below:

d =5.00 -1.50 %3 FE37ir

To determine the area of steel, assumptions have to be made whether the section is tension or compression
controlled, and regarding the distance between the resultant compression and tension forces along the slab
section fd). In this example, tensiecontrolled section will be assumed so the reduction faci®equal to

0.9, andd will be taken equal t6.92 x d. The assumptions will be xied once the area of steefisalized.
Assumgd = 0.92 x d= 0.9 x 3.37 = 3.34 in.

Unit strip width,b =12 in

A = M, = 0.69 12,000 @:_046Lﬁ
f3 £, 3d 0.90 80,000 3.34 ft

Recal @ul fadre thh 6.046irc?par fa |

Lo AT, 0046 60,000
0.85 fj ® 0.85 5,000 %2

6054 in

c=2 004 oo63in

b, 085

80.003 g, 08003 _§
e= Od4  0.003 = 037 0.003 0.157 0.0
T 0963 3%'

13
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Therefore, the assumption that section is terswrtirolled is valid.

A= M _ 0.6% 12,000 @:046ﬁ

f3fy3§‘@|g 0.90 6,000 &370054 g
g —_—

c

1-O:0r

Calculate the required reinforcement to resist the positive moment:

My = 0.49 ftkips/ft
The distance from extreme compression fiber to the centroid of longitudinal tension reinforcement:
d=5.00i 3.37 =1.63 in.

To determine the area of steel, assumptions have to be made whether the section is tension or compression
controlled, and regarding the distance between the resultant compression and tension forces along the slab
section jd). In this example, tensiecontrolled section will be assumed so the reduction faci®equal to

0.9, andd will be taken equal t6.975 x d. The assumptions will be verified once the area of steel is finalized.
Assumgd = 0.975xd=0.975x% 1.63 = 1.59 in.
Unit strip width,b = 12 in

M 0.4 12,000 in

A=—Tu__ = ’ 8:068 —
f3f,3d 0.90 60,000 E59 ft

Recal @l fad re &M 6.06%irct u al

s f
Q= A* f,  _0.068 60,000 6081 in.

0.85 fi d 0.85 5,000 %2

(o] :i _@' &095 in

b, 085

40.003 q’d 08003 .§
8 =g— ¢ 0.003 = 183 0.003 0.049 0.0
' ¢ c o= 0@55 %

Therefore, the assumption that section is terswntrolled is valid.

0.49 12,000 in

0081 5 H
0.90 69,000 @3 3

|-O:On |

a
2

14
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Check the shrinkage and temgierre reinforcement requirement:

H)

s 2
A =0.0018% A G:0018 12 sso.yogf‘t— o.ooifﬂr ACI 31814 (Table 24.4.3.2)

Check reinforement spacing for crack control:

The maximum spacing of the flexural reinforcement closest to the tension face of the slab shall be:

s=15 %‘M} 225 G3 but not greater &m 12 %@ ACI 31814 (Table 24.3.2)
¢ = ¢ls

Where

s = Maximumreinforcement spacing for crack contriol.

fs = Calculatedstress in reinforcement closest to the tension face at servigekénad

cc = Theleast distance from surface ofrm@rcement to the tension face, in

60,000 46;000 p: ACI 31814 (24.3.2.1)

Use f :g f,

wiino

c. = 1.50 in.for reinforcement resisting negative moment at supports (i.e. tension at the top)
c. = 3.24 in.for reinforcement resisting positive moment at +gn (i.e. tension at the bottom)
Thus,

At supports

& 4Q,00
410,00

440,000

s=15 3aef— 82.50 ¢ 15 8 2.50 1.50% 11.4&: (governs @ support)
¢ s F -

440,000 0 440,000 6
0

But not greater thas =12 So——— ¢ 2 &—— g 1Zin
(; fs = 940,000 -
At mid-span
a 0 5 5
s=15 33340—000 5250 ¢3 155 40,00 8 50- 3.24 36.90n= (governs @ migspan)
¢ f = ¢40,00 =

a 0 5 &
But not greater thas =12 33;40’—000 o B 893@00
c f, = ¢40,000 =
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Therefore, for this onevay slab, the shrinkage and temperature reinforcement requiremextpaid-14
(Table 24.4.3.2overns the required reinforcement arda< 0.108 iri/ft) and crack control requirement
perACI 31814 (Table 24.3.2)joverns the reinforcement spacisg-(6.90in.).

The most feasible reinforcement solution that meets both requirements mentioned above is to provide welded
wire fabric reinforcement, 8 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,deformed barsan be utilized in lieu of welded wire fabric. It should be noted that two conditions

speeific to this design contribute having such a stringent spacing requirement.

These are listed below:

1 The 5in. 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 @.k. This result in a highc: value for the calculation of

reinforcement spacing for crack control due to positive moment.

1 The stress in reinforcement closest to the tension face at servich, lmathken ag/3f, as permitted by
ACI 31814 without calculation. It is very likely that under the loading considered, the stress in the steel
will be lower thar2/3f,. Thefsvalue is expected to be in the rangd 3t to 1/2f,. Even if it is assumed

to bel/2f,, svalue will be 12 in.
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2.1.4. Shear Design

FromTable2 above, the shear value in end span at face of first interior support governs.

3

v, =115 3wu2 02% 5.50

Kips

L %15 0F2—
ft

The design shear at a distantteaway from the face of support,

V, =0.72 -0.23 %3 @:.69%5

Shear strength provided by concrete

A= {2 JTi b d) ACI 31814 (Eq. 22.5.5.1)

fV, =075 2.00 1.00475,000 2 1§3 2@77.%%) zgﬁﬁ

v, =069 KPS sy 20gKPS
ft ft

Therefore, thelab shear capacity is adequate.

2.1.5. Deflections

Since the preliminary slab thickness mehimum thickness requiremenhe deflectiorcalculations are not
required. Wless govared by fire rating requirements; as in this exanpkser thicknesses and consequently

cost savings can be achieved through deflection computations. Deflection values are calculated and provided
for every model created spBeanProgram and can be used by the engineer to mak#oadtloptimization

decisions.

17
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2.1.6. Computer Program Solution

spBeanProgram can be utilized tmalysis andlesignbeams andneway slab systems. The omay slab

is modeled as-tt unit stripsupported on ribsTheribs provide some rotational stiffness at the supports. In
spBeamsolution, the rotational stiffness is assumed as 32 kipéin/rad for modeling the joist supports.
Also, for oneway slab run, theib widths assumed as 6.iand modeled through dummy columns of 6xn

12 in with zero height (i.e. column stiffness is zero, but the @imension of the column is utilized to push
the design moments 3.ifrom the support centerline). In this example, wdafined bar size #2 is defined

in spBeanto represent welded wire fabric, W5.5, with the cresstional area of 0.055%(seeFigure4).

Sp Definitions

=| % Materials
= Bar Set
_ Concrete
T Reinforcing Steel
Einrareing Steet Bar set User-defined T
* Reinforcement Criteria
Slabs & Ribs
Beams + Mew X Delete Import / Export
Beam Stirrups No. Size  Diameter Area Weight
-
- in in® Ib/ft
* Options
Design & Modeling 1 2 0.264 0.053 0.187
# 7 7
~ Load Case/Combo. 2 3 0273 0.110 0276
3 #4 0.500 0.200 0.668
Llood Cases
, L 4 #5 0.625 0.310 1.043
Load Combinations
5 #0 0.750 0.440 1.502
[ =7 0.875 0.600 2.044
7 =8 1.000 0.790 2,670
8 #9 1.128 1.000 3400
g =10 1.270 1.270 4,303
10 =11 1410 1.560 5.313
1 #14 1.693 2.250 7.650
12 =18 2257 4,000 13,600
OK Cancel

Figure4i spBeanReinforcement Databa$dJserdefined Bar Set

The program calculates the internal forces (shear force and bending moment), moment and shear capacities,
immediate and longerm deflections and required reinforcements. The graphical and text results are
provided below for input and output of theBeanprogram.The graphical and text results are provided here

for both input and output of trpBeanmodel.

Refer tospBeanmanual (Chapter R Section 2.2.1.4Special Considerations for Joist Systems)

Refer tospBeanmanual (Chapte2 i Section 2.3.2. Modeling of Supports

18
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STRUCTUREPOINT - spBeam v10.00 (TM)

Page |1
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoint\spBeam\DE-One-Way-Slab-ACI-14.slbx 12:03 PM

1. Screenshots
1.1. Extrude 3D view

Project: One-Way Slab

Diagram:  Model View (Extrude)
Slabs

Figure51 spBeanModeli Isometric View of 15 Spah 1 ft Wide Unit Strip of OnéNay Slab
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STRUCTUREPOINT - spBeam v10.00 (TM)

Page | 2
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoint\spBeam\DE-One-Way-Slab-ACI-14.slbx 12:03 PM

1.2. Loads - Case A - SELF

T N} 62.5 psf
= g »4/}5‘/(/625 psf
_ S 48P || b
> b i gijf’/vﬁz.S psf
) SOt P 625 pst

sﬁi’»»/’}GZ.S psf

Project: One-Way Slab

Diagram:  Model View (Load Case: A - SELF)
Slabs; Columns

Figure6i spBeamModeli SelfWeightLoads units in |b/fé
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STRUCTUREPOINT - spBeam v10.00 (TM) Page | 3
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985

5

11/25/2025

C:\StructurePoint\spBeam\DE-One-Way-Slab-ACI-14.slbx 12:04 PM

1.3. Loads - Case B - Dead

Project: One-Way Slab

Diagram:  Model View (Load Case: B - Dead)
Slabs; Columns

Figure7i spBeamModeli DeadLoads units in Ib/&
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STRUCTUREPOINT - spBeam v10.00 (TM) Page | 4
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoint\spBeam\DE-One-Way-Slab-ACI-14.slbx 12:04 PM

1.4. Loads - Case C - Live

(>
r = 3 ? )
< <L &

< )é’:// 80 psf
L g0 psf

Project: One-Way Slab
Diagram:  Model View (Load Case: C - Live)

Slabs; Columns

Figure8i spBeamModeli Live Loads (Including Live Load Patterning) units in IB/ft
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STRUCTUREPOINT - spBeam v10.00 (TM) Page | 5
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoint\spBeam\DE-One-Way-Slab-AClI-14.slbx 12:04 PM

1.5. Internal Forces

08 b7
e 2PV TV T T pm pm pm o pm e em e pm 2O
I !
E I
b n
g !
= "
I
3
g 1
& 7l
g
5 ]
1
1! 064 |
076 071 071 071 071 U071 U071 U071 w071 U071 U071 071 071 072
o W
-09
081 0 g 081
1l 2484 Jooas |oog4 foags |oags [joass [joass [foass [fogss |ogss [fooas foaga o9 |
-1 "
Thoan oa1 |
a U | U U | | | i | | | | |
g I | | | | I I | | | | | |
Q <
= i 0 I " " i i U U U n i 0 i
E =
o
‘5\ 1 " " | 0 n i () i i W W i 0 i "
gk .
s ]I I I | | | | | | I I | | | I |
ﬂ:) -1 I I 1| I | | | l | | 1| i | n n
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g Jloae o 043 |lo43 o4z Joas Joa3 [0z [oaz Jloaz |04z [oas [oa3 -
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09
Legend:
—— Envelope

Project: One-Way Slab

Diagram: Internal Forces

Figure9i spBeamModeli Internal Forces (Shear Force Diagram and Bending Moment Diagram)
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Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985

C:\StructurePoint\spBeam\DE-One-Way-Slab-AClI-14.slbx

STRUCTUREPOINT - spBeam v10.00 (TM)
1.6. Moment Capacity
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= Zone Limits

Face of Support

— = Support Centerline

—— Envelope Curve
—— Capacitv Curve

Legend:

O.Aﬂi 0.43H 043 0.43? 0.43 O.AJi 0.43| 043 0_43? 0.42 04

04

043

0.42

Figurel0i spBeanmModeli Moment Capacity Diagram

0.49|

AIVIVIVIVIVIVIVIVIVIVIVIVIVIVI

One-Way Slab
Moment Capacity

Y-diy - Aypede) Juawop

Project:
Diagram:
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STRUCTUREPOINT - spBeam v10.00 (TM)
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985
C:\StructurePoint\spBeam\DE-One-Way-Slab-ACI-14.slbx

1.7. Shear Capacity

Page |7
11/25/2025
12:04 PM
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Legend:
—— Envelope Curve — = Support Centerline — = Critical Section
—— Capacitv Curve —— Face of Subport
Project: One-Way Slab
Diagram:  Shear Capacity

Figurelli spBeanmModeli Shear Capacity Diagram
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Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoint\spBeam\DE-One-Way-Slab-AClI-14.slbx 12:04 PM

1.8. Deflection
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Legend:
—— Dead Load —— Live Load
— — Sustained Load —— Total Deflection

Project: One-Way Slab

Diagram:  Deflection

Figurel2i spBeamModeli Immediate Deflection Diagram
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—— Continuous
—— Discontinuous

Legend:

Flexural and Transverse Reinforcement

Figurel3i spBeanmModeli Reinforcement Diagram

One-Way Slab
Reinforcement

Project:
Diagram:
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2.1.7. Summary and Comparison of Results

1. Design Results
1.1. Top Reinforcement

Notes:
*3 - Design governed by minimum reinforcement.
Span Zone Width Miax Ko Al,min A-.mn A-.nq sp'mv Bars
ft k-ft ft in? in? in? in
1 Left 1.00 0.26 0.250 0.108 0.859 0.017 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 -—
| Right 1.00 0.63 5.750 0.108 0.859 0.042 6.000 2-#2 *3
2 Left 1.00 0.60 0.250 0.108 0.859 0.040 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 —
Right 1.00 0.57 5.750 0.108 0.859 0.038 6.000 2-#2 *3
3 Left 1.00 0.57 0.250 0.108 0.859 0.038 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 -—
Right 1.00 0.58 5.750 0.108 0.859 0.038 6.000 2-#2 *3
4 Left 1.00 0.57 0.250 0.108 0.859 0.038 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 —
Right 1.00 0.57 5.750 0.108 0.859 0.038 6.000 2-#2 *3
5 Left 1.00 0.57 0.250 0.108 0.859 0.038 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 —
Right 1.00 0.57 5.750 0.108 0.859 0.038 6.000 2-#2 *3
6 Left 1.00 0.57 0.250 0.108 0.859 0.038 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 —
Right 1.00 0.57 5.750 0.108 0.859 0.038 6.000 2-#2 *3
7 Left 1.00 0.57 0.250 0.108 0.859 0.038 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 -—
Right 1.00 0.57 5.750 0.108 0.859 0.038 6.000 2-#2 *3
8 Left 1.00 0.57 0.250 0.108 0.859 0.038 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 —
Right 1.00 0.57 5.750 0.108 0.859 0.038 6.000 2-#2 *3
9 Left 1.00 0.57 0.250 0.108 0.859 0.038 6.000 2-#2 '3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 —
Right 1.00 0.57 5.750 0.108 0.859 0.038 6.000 2-#2 *3
10 Left 1.00 0.57 0.250 0.108 0.859 0.038 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 -—
Right 1.00 0.57 5.750 0.108 0.859 0.038 6.000 2-#2 *3
11 Left 1.00 0.57 0.250 0.108 0.859 0.038 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 -
Right 1.00 0.57 5.750 0.108 0.859 0.038 6.000 2-#2 *3
12 Left 1.00 0.57 0.250 0.108 0.859 0.038 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 -
Right 1.00 0.57 5.750 0.108 0.859 0.038 6.000 2-#2 *3
13 Left 1.00 0.58 0.250 0.108 0.859 0.038 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 —
Right 1.00 0.57 5.750 0.108 0.859 0.038 6.000 2-#2 *3
14 Left 1.00 0.57 0.250 0.108 0.859 0.038 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 —
Right 1.00 0.60 5.750 0.108 0.859 0.040 6.000 2-#2 *3
15 Left 1.00 0.63 0.250 0.108 0.859 0.042 6.000 2-#2 *3
Midspan 1.00 0.00 3.000 0.000 0.859 0.000 0.000 —
Right 1.00 0.26 5.750 0.108 0.859 0.017 6.000 2-#2 *3
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1.2. Bottom Reinforcement

Notes:

*3 - Design governed by minimum reinforcement.

spal'l Width Mmu xmn A-,mm Aunn Al.r-q sp?m Bars
ft k-ft ft in2 in? in? in

|1 1.00 0.49 2.750 0.108 0.416 0.069 6.000 2-#2 *3 |

2 1.00 0.42 3.000 0.108 0.416 0.058 6.000 2-#2 *3

3 1.00 0.43 3.000 0.108 0.416 0.061 6.000 2-#2 *3

4 1.00 0.43 3.000 0.108 0.416 0.060 6.000 2-#2 *3

5 1.00 0.43 3.000 0.108 0.416 0.060 6.000 2-#2 *3

6 1.00 0.43 3.000 0.108 0.416 0.060 6.000 2-#2 *3

7 1.00 0.43 3.000 0.108 0.416 0.060 6.000 2-#2 *3

8 1.00 0.43 3.000 0.108 0.416 0.060 6.000 2-#2 *3

9 1.00 0.43 3.000 0.108 0.416 0.060 6.000 2-#2 *3

10 1.00 0.43 3.000 0.108 0.416 0.060 6.000 2-#2 *3

1 1.00 0.43 3.000 0.108 0.416 0.060 6.000 2-#2 *3

12 1.00 0.43 3.000 0.108 0.416 0.060 6.000 2-#2 *3

13 1.00 0.43 3.000 0.108 0.416 0.061 6.000 2-#2 *3

14 1.00 0.42 3.000 0.108 0.416 0.058 6.000 2-#2 *3

15 1.00 0.49 3.250 0.108 0.416 0.069 6.000 2-#2 *3

1.3. Slab Shear Capacity

Span b d Voo oV, V, Xy
in in kip kip ft
11 12.00 1.63 1.000 2.08 0.67 5.61]
2 12.00 1.63 1.000 2.08 0.63 0.39
3 12.00 1.63 1.000 2.08 0.63 5.61
4 12.00 1.63 1.000 2.08 0.63 0.39
5 12.00 1.63 1.000 2.08 0.63 5.61
6 12.00 1.63 1.000 2.08 0.63 0.39
7 12.00 1.63 1.000 2.08 0.63 5.61
8 12.00 1.63 1.000 2.08 0.63 0.39
9 12.00 1.63 1.000 2.08 0.63 0.39
10 12.00 1.63 1.000 2.08 0.63 5.61
11 12.00 1.63 1.000 2.08 0.63 0.39
12 12.00 1.63 1.000 2.08 0.63 5.61
13 12.00 1.63 1.000 2.08 0.63 0.39
14 12.00 1.63 1.000 2.08 0.63 561
15 12.00 1.63 1.000 2.08 0.67 0.39
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Table 3 - Comparison of Hand Solution withspBeanSolution for One-Way Slab
Flexural Design

Span Design Moment Reinforcement Required Minimum Reinforcement (in?/ft)
Location (ft-kips/ft) for Flexure (in?/ft) (Shrinkage & Temperature Reinforcement)
End Span| Hand ‘ spBeam Hand ‘ spBeam Hand ‘ spBeam

Interior 0.108 0.108
Negative 0.69 0.63 0.046 0.042 (2-#2) (2-#2)
. 0.108 0.108
Positive 0.49 0.49 0.068 0.069 (2-#2) (2-#2)
Shear Design
Span . .
Location Vu (kips/ft) L Vn (kips/ft)
End Span Hand ‘ spBeam Hand | spBeam
Nerr 0.69 0.67 2.08 2.08
egative

2.1.8. Conclusions and Observations

Minimum reinforcementequiremengoverned flexural design in this examgpBeanprogram enables the
user to enter the rotational support springs as bowratarditions for joist supports and evaluate various
analysis and design options beyond the limitations of the simplified meffual coefficients traditionally

used to determine moments do not address various types of support and geometry.

Typically, in widemodule joist construction, ongay slab is reinforced with single layer reinforcement
placed near the top in the primary direction. As seen in this example, thisassgrack control criteria to
govern the reinforcement spacing and consequently, it may warrant the use of welded wire fabric

reinforcement instead of deformed bar.

The maximum calculated total immediate (instantaneous) deflection (DL + LL) = 0.003 in., this value can be
compared with maximum permissible calculated deflection limitation per project criteria in accordance to
ACI 31814. ACI 31814 (Table 24.2.2)

In addition to deflection results, parametric studies can be performgmBipamto optimize design and
detailing resultsNote in the reinforcement diagramidure 13) 2-#2 for top reinforcement in the span left
and right zones as well as span bottom reinforcement. One layer is suitable by ingpegtieni0) to meet

the required area of steel for top and bottom reinforcement.
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2.2. One-Way Joist Design

The widemodule joists in this floor are considered as beamg@¢818-14 (9.8.1.8) Therefore, the design of

the joist shall conform to the requirements dfdams peACI 31814 (9.2.4)

301_0” 30!_0" 30'_0?1
B = == O
| /D
Y 32'-0"
A N
0 L] L] 22/ O

Figurel4i Partial Plan View lllustrating OR®@/ay Joist to be Design

Joistdesign 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
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2.2.1. Determination of span loads

The following gravity load combinations are considered:

U=140 D ACI 31814 (Eq. 5.3.1a)
w, =1.40 3%?2% @.15-8 (}.028 6 %83—7)/2 Tls s gwﬁ 1.40=0.62 so.gé(fi%

U=120D %60 L: ACI 31814 (Eq. 5.3.1b)
w, =1.20 g%% @.15-8 (}.028- 6 %8115—7)/2 Tls s glﬁ 1.60 +0.08

w, =1.20 20.62 £.60 0.48 I ;‘E’s

Span loads are governed by the second load combination.

Note that for Floor Live Load Reductiquer ASCE/SEI 710:

L=L, ¥9.25 +L ASCE/SEI 710 (Eq. 41)
X K 3 Ar
(; LL

Where:

Live Load Element FactoK,. = 2 for interior beams ASCE/SEI 710 (Table 42)

Tributary AreaAr = (6 x 32) =192 ft

SinceKy x Ar =2 x192 = 384 ft < 400 f live load reduction is not applicable.
2.2.2. Determination of design momentand shear

The factored moment and shear can be determined using the simplified method if the requirements are
satisfied: ACI 31814 (6.5.1)

Members are prismatic.

Loads are uniformly distributed.

Vv
Vv
V L O D30.48kips/ft O3 x 0.62kipsl/ft)
V There are at least two spans.

Vv

The longer of two adjacent spans does not exceed the shorter by more than 20 percent.
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Thus, the approximate coefficients can be used. The factored moments and shears are determined and

summarized in théollowing tables ACI 31814 (Table 6.5.2 and Table 6.5.3)
Table 4 - One-Way Joist Design Moment Values
Location Design Moment Value
a2 3
Exterior Support Negative W“ZJ” _15t 30.17 57.21 ft-kips
32 3
End Spans | Mid-span w21, = 15% 30.17 98.07 ft-kips
14 4
a2 3
Interior Support Negative Wu10|n :1'51 30.08 436.54 ft-kips
32 3
Mid-span Positive W”16|” =1'51 30 =84.86 ft-kips
Interior Spans
3|2 3
Support Negative w2, ~151 30 423.44 ft-kips
11 11
Table 5 - One-Way Joist Design Shear Values
Location Design Shear Value
3| 3
End Span at Face of First Interior Support 1.1 % =1.15 SF 230'17 26.17 kip
3 5B 30. .
At Face of all other Supports W“2 n o158 230 17 =22.76 kips

" When support beam is wider than the column, the clear kpafthe joists is measured from the face of
the column. For calculating negative momehiss taken as the average of the adjacent clear spans.
ACI 31814 (6.5.2)
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2.2.3. Flexural Design

For the oneway joist of a widemodule joist systemhe end span moment values govern the design as
tabulated inTable4.

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

My = 136.54 ftkips

Use #5 reinforcementwith 1.5 in. concrete cover. The distance from extreme compression fiber to the

centroid of longitudinal tension reinforcemedhtjs calculated below:

d=21 3150 3 o050 1881 il
¢

8

oo
ot

To determine the area of steel, assumptions have to be made whether the section is tension or compression
controlled, and regarding the distance between the resultant compression and tension forces along the slab
section jd). In this example, tensiecontrolled section will be assumed so the reduction faci®equal to
0.9, andid will be taken equal t®.909 x d since we are designing for the negative moment irbaam

(narrow compression zond)he assumptions will be verified once the area of &drlalized.

Assumgd = 0.09x d=0.909x 18.81 =17.11 in.

Joist average widthn = =.33in.

6+8.67
2

The required reinforcement at initial trial is calculated as follows:

M, 136.5%4 12,000
& —

= - E774in’
f3f,3d 0.90 80,000 E7.11

Recal @l fadre t&hra.774irc’t u al

A3 f, 1.774 60,000

a= 3414 in
0.8 fj d® 0.85 5,000 7.33

c=2 3244 L6i6in

b, 0.85

40.003 & 08003 _§
6= gd 0.003 = 1§81 0.003 0.011 0.0
CEC 4§16 ga

Therefore, the assumption that section is tersamntrolled is valid.
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A= MDu - 136.548 12, 0003 o E774 ir?
fsfysgg ggogo 69,000 @81 8
The minimum reinforcemershall not be less than
33 f 3 ’
A i :J %, 4 m 7.34 18.81 0.4gin ACI 31814 (9.6.1.2(a))
f, 60,000
And not less than
Agmm:@ %, @ 200 7.34 18.81 0.48ih ACI 31814 (9.6.1.2(b))

60,000

y
Part of the negativenoment steel shall be distributed over a width equal to the smaller of the effective flange

width (72 in) and ! —% 38.40 in ACI 31814 24.3.4

Where the effective width of the overhanging flange on each side of the beam web is the smallest of the

following: ACI 31814 (6.3.2.1)

b,+2 8 K) 867 2H8 35) BB.6FIl, wherehis the slab thickness.

b, +2 35132” 35 o4 a55503 12
G

72.80 in, wheres, is the clear distance to the adjacent web.

-O:On

9947 ir

|-O:On

b, +2 32% 0867 z%-L AP 12
g -

c 8
Therefore, the effective flange width is 72 in

Provide 6#5 bars within 38.4 in widthA, , =(6 0.3) £.86if. k774 if ok.
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Calculate the required reinforcement to resist the positive moment:

M, = 98.07 ftkips

In the positive moment regions, the beam acts asshaped beam. The effective flange width as was

calculated earlier is 72 in.

By assuming#3 bars for joist stirrups and the maximum bar size for joist bottom reinforcem#ntaanl

following the 1.®in. concrete cover to reinforcement requirement of beam stirrugse318-14 (20.6.1)

the distance from extreme compression fiber to the centroid of longitudinal tension reinforagnment,

calculated below:

d=21 51.50 % 050 2%3 86 18:69 i
¢ ¢

Since we are designing for the positive moment inBedm (wide compression zone), select a moment arm,

jd approximately equal t0.99 x d.
Assume thajd = 0.99% x d = 0.9% x 18.69 = 18.57 in.

M, 98.07” 12,000
& —_—

= : E173in’
f3f,3jd 0.90 80,000 F8.57

Recal aul fadre thFal7aic?t ual

_ A®f, _1.17% 60,000

a= 6230 in
0.8 fj b 0.85 5,000 72

_a 0230
b, 085
a0.003 Qd 08003 .4
e = : 0.003 = 1§69 0.603 0.204 0.0
= o Tl

Therefore, the assumption that section is tersamntrolled is valid.

Ao M 98.07 12, oooo __ man
r3f, %d 2 8090 60,000 69-°
(} 2 = (; 2 -

Use 2#7 bundled bars withg, ,,=(2 0.60 £.20if. ®173ih 0.k
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72"

6-No.5 Welded Wire Fabric
| / 6x6xW55xW55

No. 3 Stirrups No. 3 Stirrups

2 -No.7 2-No.7

- 6" I‘ 66" I 6" -

Figurel5i CrossSectional View at Joist Mi&pan (Section 2/2.2 iRigure14)

72"

2-No. 5 Welded Wire Fabric 2-No.5
/ 6x6xW55xW5.5 | ¢
L

1 /4 ¥y

h 12 16"
2-No.7 2-No.7
® ® 1
- 6" I‘ 66” _;I 6" —

Figurel6i CrossSectional View at Joist Near Support Face (Section 3/ZERjime14)
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2.2.4. Shear Design

FromTable5 above, the shear value in end span at face of first interior support governs.

3 3
I 1.p¥ 230.17 26.17 kig

V,=1.153% 1 g15
2

The design shear at a distantteaway from the face of support,

V, =26.17 -1.51 1*%69 23.82 kip

Shear strength provided by concrete

V= {2 T b d) ACI 31814 (Eq. 22.5.5.1)

=0. . . : : : -538. 584ips
fV.=0.754 2.00 1.00,/25,000 234 1859 14538.77 Ib .54ki

SinceV, > f\2/° , shear reinforcement is required.
Try #3, Grade 60 doublkeg stirrups with a 90° hook.
The nominal shear strength required to be provided by shear reinforcement is

V.=V, -V V% v, 92382 519.39 12.38 kip

Lol
©
\‘
(6)]
-O: Ot

Check whethe¥s s less tharB® [T b, d

If Vsis greater tharg® \/f_d %, 4, then the crossection has to beevisedasACI 31814 limits the shear

capacity to be provided by stirrutis 83 \/f_cn b, d ACI 31814 (22.5.1.2)
8 [fi b, & 8=/3000 7.3 18.69 77,540.09lb 77.54|

SinceVs does not exceddf \/f_d %, 4, the cross section is adequate.
Assume#3 stirrups with two legs4(, = 0.22in.?)
Calculate the required stirrup spacing as

_f3A 3, d 0.7 0.22360 218.69
S V, -, 23.82 14.54

¥9.93in ACI| 31814 (22.5.10.5.3)

38



Structure Point

_
CONCRETE SOFTWARE SOLUTIONS Sﬂgeam

Check whether the required spacing based on the shear demand meets the spacing limits for shear
reinforcement peACl 31814 (9.7.6.2.2)

Check whetheVs s less tham? ([T 4, d

42 [fi %, 4 4=/3000 7.3% 18.69 38,70.05lb 38.7 kipg  .3BXips

Therefore, maximum stirrup spacing shall be the smalle$Paind 24n.  ACI 31814 (Table 9.7.6.2.2)

: ed/2 g ®69/2 ¢ 9.34n. _ g
Snax = lESSEr ofg‘”n_ H—Iesser Oflzgin. -gesser of24irg —9uu34

This value governs over the required stirrup spacing &31A. which was based on the demand.

Joist minimum sheareinforcement requirements must dleeckedsincewide-module joists do nagatisfy

ACI 31814 (9.8)

Check the maximum stirrup spacing based on minimum shear reinforcement

o ¢ A3 f,  _ 022 60,000
¥ 075 [fi b, 07535000 7.34

33.93 in. (doesnot govern) ACI 31814 (10.6.2.7a))

¢ Az f, 0.22 60,000

35.99 in (does not govern) ACI 31814 (10.6.2.2(b))
50% b, 5037.34

Stmax

Therefore snaxvalue is governed by the spacing limit pe2l 31814 (9.7.6.2.2)and is equal to 943n.

Use#3 @ 9 in. stirrups

Az f, d
V,=—— N, ACI 31814 (22.5.1.1 and 22.5.10.5.3)
s
3
V, = 0.22 60’9000 18'69119.39 26.40 19.39 45.79 Kil
fV,=0.75345.79 34.34 kipsV> 23.82ki 0.k.

V, . V .
Compute Wheref—u is equal toEC, and the stirrups can be stopped
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av, gaV. o 423825 1839 O
&, Vo, 0 &~ - 0O
f g2 = - N .
x=¢T =62 = Q75 " ¢ 917 12 50 o6in
A 2 8423.82 o
f Eo.75 ¢

2.2.5.

2.2.6.

At interior end of the exterior span, use#®@ 9 in o.c., Place®stirrup 2 in. from the face of supporting
girder.

Deflections

Since the preliminary joist depth met minimum depth requirement, the deflection calculations are not
required. A lesser depth maybe possible and consequently cost savings can be achieved through deflection
computations. Deflection values are calculated rodided for every model created bgBeamProgram

and can be used by the engineer to make additional optimization decisions.

Computer Program Solution

spBeanProgram can be utilized &malysis andesign the ong&vaywide-module joistA single widemodule

joist is modeled as five spancontinuousbeam.

The program calculates the internal forces (shear force and bending moment), moment and shear capacities,
immediate and lorgerm deflection results, and required flexural reinforcement. The graphical and text
results are providelderefor both input and output of trpBeanmodel.

The ribs are modeled as a rectangular longitudinal beam with an equivalent width of 7.33 in. and 21 in. depth
to reflect the sloped sides of the forming pans.
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Figurel7i spBeanModeli OneWay Joist Section
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STRUCTUREPOINT - spBeam v10.00 (TM)
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985
C:\StructurePoint\spBeam\DE-One-Way-Joist-ACI-14.slbx

1. Screenshots
1.1. Extrude 3D view

Project: One-Way Joist
Diagram:  Model View (Extrude)

Slabs; Longitudinal beams

Figurel8i spBeamModeli Isometric Viewi OneWay Joist

Page |1
11/25/2025
12:10 PM
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STRUCTUREPOINT - spBeam v10.00 (TM) Page | 2
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoint\spBeam\DE-One-Way-Joist-ACI-14.slbx 12:10PM

1.2. Loads - Case A- SELF

Project: One-Way Joist
Diagram: Model View (Load Case: A - SELF)

Slabs; Columns; Longitudinal beams

Figurel9i spBeanModeli SelfWeightLoadsunits in Ib/fE
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STRUCTUREPOINT - spBeam v10.00 (TM)
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985
C:\StructurePoint\spBeam\DE-One-Way-Joist-ACI-14.slbx

1.3. Loads - Case B - Dead

Project: One-Way Joist
Diagram: Model View (Load Case: B - Dead)

Slabs; Columns; Longitudinal beams

Figure20i spBeamModeli DeadLoadsunits in Ib/fé

Page | 3
11/25/2025
12:10 PM
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STRUCTUREPOINT - spBeam v10.00 (TM) Page | 4
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoint\spBeam\DE-One-Way-Joist-ACI-14.slbx 12:10PM

1.4. Loads - Case C- Live

Project: One-Way Joist
Diagram:  Model View (Load Case: C - Live)

Slabs; Columns; Longitudinal beams

Figure21i spBeanModeli Live Loads (Including Live Load Patterninghits in lb/ff
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1.5. Internal Forces

Shear Diagram - kips

-30.0

-160.0

Moment Diagram - kip-ft

160.0

{ S L e OO T o A N A IO 1 R 1 U |

STRUCTUREPOINT - spBeam v10.00 (TM) Page | 5
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoint\spBeam\DE-One-Way-Joist-ACI-14.slbx 12:10PM
6.82
5.10 4.87 473
L, P ; ; i |
|
I
|
I
1
|
1
I
1
| -2217
SEE 2473 -24.87 -25.10
-154.53 -154.53
| 141.78 -135.25 |H13630 13630 |H135.25 4148 |
| i ! ! | |
739 I l I I 7396 |
1 1 1 1
| | | |
1 1 ') 1
! ! | |
1 1 1 I 1 I
| | | | | |
1 1 1 1 1 I
| | 72.82 | 7477 | 72.82 | |
88.98 88.98
1 1 1 1 1 I
| | | [ | |
Legend:
—— Envelope
One-Way Joist

Project:

Diagram:

Internal Forces

Figure22i spBeanmModeli Internal Forces (Shear Force Diagram and Bending Moment Diagram)
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STRUCTUREPOINT - spBeam v10.00 (TM) Page | 6
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoint\spBeam\DE-One-Way-Joist-ACI-14.slbx 12:10PM
1.6. Moment Capacity
-160.0
=il [ [ [ [ [ | I [ | [
i 1 | 1 1 1 | 1 1 L 1 '
| '128‘46 s | | | 1 1|1744 -Tp8.46 | |
- | | T el 1219 | 1219 W 128 | | |
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- I | v I ; I I i I | y I I
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- | | I | 1 | | 1 | | 1 | |
. | | | I | | I | I | | | |
.xI: 1 I 1 I 1 | I 1 1 1 1 I I
_g- — | | I | | | | I | 1 | | |
> | | L | L | | A | | A | |
g | | | | |
8 1 1 1 1
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= —
[ | | |
7 ! 72.82 ! 7477 ! 72.82 !
- 8898 I I I I 8898
1 I 1 1 1 1
1 [ | | | |
1 I I 1 1 1
1 | | | | |
160.0
Legend:
—— Envelope Curve — = Support Centerline == = Zone Limits

Project: One-Way Joist

Diagram: Moment Capacity

Figure23i spBeamModeli Moment Capacity Diagram

—— Capacitv Curve

—— Face of Support
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1.7. Shear Capacity
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-40.0
Legend:
—— Envelope Curve — = Support Centerline = = Critical Section
—— Capaditv Curve —— Face of Support

Project: One-Way Joist
Diagram:  Shear Capacity

Figure24i spBeanmModeli Shear Capacity Diagram
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Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985
C:\StructurePoint\spBeam\DE-One-Way-Joist-ACI-14.slbx

1.8. Deflection

-0316

Page | 8
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12:10 PM
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Legend:
—— Dead Load —— Live Load
— — Sustained Load —— Total Deflection
Project: One-Way Joist
Diagram: Deflection

Figure25i spBeamModeli Immediate Deflection Diagram
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1.9. Reinforcement
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Stirrups

Continuous
—— Discontinuous

Legend:

Flexural and Transverse Reinforcement
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2.2.7. Summary and Comparison of Results

1. Design Results
1.1. Top Reinforcement

Notes:

*5 - Number of bars govemed by maximum allowable spacing.

Span Zone Width M, X A, min A max Areq SPrrov Bars
ft kip-ft ft in? in? in? in
1 Left 320 56.01 0.833 0.488 2930 0.686 8.817 5#5 *5
Midspan 320 0.00 15917 0.000 2930 0.000 0.000 _—
| Right 320 128.46 31.000 0.488 2930 1.658 7.054 6-#5
2 Left 320 117.44 1.000 0.488 2930 1.503 7.054 6#5
Midspan 320 0.00 16.000 0.000 2930 0.000 0.000 -—
Right 320 111.28 31.000 0.488 2930 1.417 8.817 54#5
3 Left 320 112.19 1.000 0.488 2930 1.430 8.817 5#5
Midspan 320 0.00 16.000 0.000 2930 0.000 0.000 —
Right 320 112.19 31.000 0.488 2930 1.430 8.817 54#5
4 Left 320 111.28 1.000 0.488 2930 1.417 8.817 54#5
Midspan 320 0.00 16.000 0.000 2930 0.000 0.000 -—
Right 320 117.44 31.000 0.488 2930 1.503 7.054 6-#5
5 Left 320 128.46 1.000 0.488 2930 1.658 7.054 6#5
Midspan 320 0.00 16.083 0.000 2930 0.000 0.000 =
Right 320 56.02 31.167 0.488 2930 0.686 8.817 5#5 *5
1.2. Bottom Reinforcement
Span Width M,.. Xinax A, min A max A req SPerov Bars
ft kip-ft ft in2 in? in2 in
|1 0.61 88.98 14.710 0.484 25815 1.064 4.022 2-#7 |
2 0.61 72.82 16.300 0484 25815 0.870 4022 2-#7
3 0.61 7477 16.000 0484 25815 0893 4022 2-#7
4 0.61 72.82 15.700 0484 25815 0.870 4022 2-#7
5 0.61 88.98 17.290 0484 25815 1.064 4022 2-#7
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1. Design Results

1.1. Longitudinal Beam Transverse Reinforcement Demand and Capacity
1.1.1. Beam Transverse Reinforcement Capacity

Notes:

*8 - Minimum transverse (stirrup) reinforcement governs.

Required Provided
Span Start End X V. Comb/Patt A/ls A, Sp A/ls oV,
ft ft ft kips in%in in? in in?fin kips
1 0.000 1.083 2.391 1857 U1/0dd -— —_— - —_— —_—
1.083 10.120 2.391 1857 U1/0dd 0.0048 0.22 87 0.0254 35.86 "8
10.120 17.849 10.120 6.91 U1/0dd 0.0000 —_— — — 7.26
I 17.849 30.750 29.443 2296 u1/82 0.0100 0.22 88 0.0249 3544 I
30.750 32.000 29.443 2296 U1/S2 -— —_— - —- -
2 0.000 1.250 2.557 21.24 u1/82 -— _— - — -
1.250 14.080 2.557 2124 u1/82 0.0080 0.22 93 0.0236 34.36
14.080 17.920 14.080 3.86 U1/82 0.0000 —— = — 7.26
17.920 30.750 29.443 2087 U1/S3 0.0075 0.22 93 0.0236 34.36
30.750 32.000 29443 2087 U1/S3 -— —_— - — —
3 0.000 1.250 2557 21.01 U1/S3 — — - — —
1.250 14.080 2557 21.01 U1/S3 0.0077 0.22 93 0.0236 34.36
14.080 17.920 14.080 363 U1/S3 0.0000 —_— = ——- 7.26
17.920 30.750 29.443 21.01 u1/s4 0.0077 0.22 93 0.0236 34.36
30.750 32.000 29.443 21.01 u1/s4 -— —_— - —- —
4 0.000 1.250 2.557 20.87 u1/s4 -— —— ——- —
1.250 14.080 2.557 20.87 u1/s4 0.0075 0.22 93 0.0236 34.36
14.080 17.920 17.920 3.86 U1/S5 0.0000 —_— - — 7.26
17.920 30.750 29.443 2124 uU1/85 0.0080 0.22 93 0.0236 34.36
30.750 32.000 29.443 2124 uU1/S5 -— —_— - — —
5 0.000 1.250 2557 2296 U1/S5 — —_— ——- -
1.250 14.151 2557 2296 uU1/S5 0.0100 0.22 88 0.0249 3544
14.151 21.880 21.880 6.91 U1/0dd 0.0000 —_— - — 7.26
21.880 30917 29.609 1857 U1/0dd 0.0048 0.22 87 0.0254 3586 *8
30.917 32.000 29.609 1857 U1/0dd -— — - — —

Table 6 - Comparison of Hand Solution withspBeanSolution for One-Way Joist

Flexural Design

Span Design Moment Reinforcement Required Reinforcement Provided
Location (ft-kips) for Flexure (in.?) for Flexure (in.?)
End Span Hand spBeam Hand spBeam Hand ‘ spBeam

Interior Negative 136.54 128.46 1.774 1.658 6-#5 6-#5
Positive 98.07 88.98 11733 1.064 2-#7 2-#7
Shear Design
Span Location Vu (Kips/ft) L Vn (kips/ft)
End Span Hand ‘ spBeam Hand ‘ spBeam
Interior Negative 23.82 22.96 34.34 35.44
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2.2.8. Conclusions and Observations

In this design exampléhe oneway joist system is modeled as a continuotme@m representing single ene
way joist. There is a good agreement between the hand solution and computer Sdhttothat the

coefficients traditionally used to determine moments do not address various types of support and geometry.

The maximum calculated total immediate (instantaneous) deflection (DL + LL) = 0.316 in., this value can be
compared with maximum permissible calculated deflection limitation per project criteria in accordance to
ACI 31814. ACI 31814 (Table 24.2.2)

In addition to deflection results, parametric studies can be performgmBipamto optimize design and
detailing resultsWith a minimum spacing of 1 in. between th&2, two stirrups, and 105n. cover on each
side, a total width of 6(in. is required.The rib width at the bar level is 6.385 in. which is slightly less than
required. For detailing purposes, one of the following options can be used:

1. Bottom bars can be bundled. This practice is often found in joist construction.

2. Stirrups can be rotated by a small angle to preserve the minimum spacing.

3. Bottom bars can be raised sufficiently to achieve the required width taking into the account the reduction

into the moment capacity.

4. Other detailing options provided by the builder/formwork supply.

2-#7 L-4'—-—2-#7 bundled bars

1.44" 1

[~—6.00" —

As Designed As Detailed

Figure27i Joist CrossSection
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2.3. Designof Beam along Grid B (Interior Frame)
In wide-module joist construion, the supporting bearmometimes referred to as girdéepthis typically set to

matchthe overall joist depth. Therefore, the beam depth itos¥t in. This depth need to satisfy the minimum

depthrequirement oACI 318-14 (Table 9.3.1.1%0 that the deflection computations can be waived.

Using theminimumdepthfor nonprestressed beamsTable 9.3.1.1
ACI 31814 (Table 9.3.1.1)

360 ¥9.46 in. (governs) < 21 in.
18.5
ACI 31814 (Table 9.3.1.1)

h:l_

End Span:
18.5

h:|— 360 ¥.14in

Interior Span:
21 21
Thereforethe preliminarybeam depth satisfies the minimwaapthrequirement

301_0” 30‘_0!1 -
|

-——30-0"

20"

7S]

—— Beam along
' Intetior Frame
\

Figure28i PartialPlan View ShowingInteriorBeam along grid B

Beam (girderdesign 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
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2.3.1.

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
Determination of span loads
Dead Load:

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)

e5 £44(6+8.67) /2 816 O_ {2 : 5 ips
Joist& Slab V\Eight:{al% f%e(% 3192 86 Eu & 1368 2_4@';'_9“
g 1c¢ SRR 1 P t
. az1 36 0 kps
Bean Weight= 6.15 079——
g &2 12 ¢ ft
klps

Superimposed Dead Loa8DL=0.02 332 9.64—— f
Live Load:
Check for live load reduction p&SCE/SEI 710

a 15
L=L, ¥0.25 +—= ASCE/SEI %10 (Eqg. 41)

o K 3 Ar

(; LL
Where:
L = Reduced design live load pet @if area supported by the member
Lo = Unreduced design live load pet éf area supported by the member = 80 psf
K = Live load element factor = 2 for interior beams ASCE/SEI #10 (Table 42)
Ar = Tributary area = (30 x 32) = 966 ft
L=80 2025 + 22 O 4739 s

o J23 960 +
Which satisfie€.50 xL, requirement for members supportioge floor ASCE/SEI 710 (47.2)
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L=2739 5, 45p KPS
1,000 ft

Load Combination:

The following gravity load combinations are considered:

U=140D ACI 31814 (Eq. 5.3.1a)

w, =1.40 {240 ©.79 8.6 140 383 5.5‘%}(?—5

U=120D %*60L: ACI 31814 (Eq. 5.3.1b)

w, =1.20 {240 ©.79 864 160 152 120 3.83 1.68 1.522 —_k:c'i’s—

The span loads are governed by the second load combination.
2.3.2. Determination of design momentand shear

The factored moment and shear can be determined using the simplified method if the requirements are
satisfied: ACI 31814 (6.5.1)

Members are prismatic.
Loads are uniformly distributed.
L O D31.52k i p s3I xf3.83kigy/ft)

There are at least two spans.

< < < < <

The longer of two adjacent spans does not exceed the shorter by more than 20 percent.

Thus, the approximate coefficientarc be used. The factored moment and slaeardetermined and
summarized in théllowing tables ACI| 31814 (Table 6.5.2 and Table 6.5.3)
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Table 7 - Interior Beam Design Moment Values

Location

Design Moment Value

Exterior Support Negative

w12 7.0 28.17
16 16

=348.25 ft-kips

w312 7.02 28.17

End Spans | Mid-span =398.00 ft-kips
14 14
312
Interior Support Negative W, Iy :7'028 28.08 553.90 ft-kips
10 10
3|12 7. .
Mid-span Positive W“16” ! 0?623 344.14 ft-kips
Interior Spans
3 2
Support Negative w1, - 102 28 500.56 ft-kips

11

Table 8 - Interior Beam Design Shear Values

Location

Design Shear Value

End Span at Face of First Interior Support

3
115 % =1.15 ‘023228'17 £3.75 ki

At Face of all other Supports

w3l 7.0% 28.17

n

2

=98.91 kips
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2.3.3. Flexural Design
Forthis interior beamthe end span moment values govern the design as tabulatsolén.

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

My = 553.90 ftkips

Use#8 barswith 1.50 in. concrete coveperACI 31814 (Table 20.6.1.3.1)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 reinforcemeiithe distance from extreme compression fiber to the centroid of
longitudinal tension reinforcemert, is calculated below:

5 18.60 il

d=21 3950 3 2+ 050
c 8 8

ol
ol oo
-0

To determine the area of steel, assumptions have to be made whether the section is tension or compression
controlled, and regarding the distance between the resultant compression and tension forces along the slab
section jd). In this example, tensiecontrolled section will be assumed so the reduction faci®equal to
0.9, andd will be taken equal t0.919 x d since we are designing for the negative momeatrectangular

beam(narrow compression zone). The assumptions will be verified once the area of steel is finalized.
Assumgd = 0.919x d=0.919x 18.00 = 16.54 in.

Interior beanmwidth, b = 36 in.

The required reinforcement at initial trial is calculated as follows:

M, _ 553.9¢ 12,000

= : 442 in’
f3 f,3jd 0.90 80,000 ¥6.54

A

Recal @au | fadre & &442aic?t u al

_ A3 f, 7.443 60,000

a= 2918 in.
0.85 fi d 0.85 5,000 36

b, 0.85

a0.003 Qd 08003 . ¢
e= - 60.003 = 1§00 0.603 0.043 0.0
TE 2 3%33 ga

Therefore, the assumption that section is tersamntrolled is valid.
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A= Mou - 553.9¢ 102,0002 = 7442 ir?
r3f, &d 2 8090 60,000 002
g 2 - g 2 -
The minimum reinforcement shall not be less than
33 f H 3
A ¥ %, d 32NP000 545 18 32 20t ACI 31814 (9.6.1.2(a))
’ f, 60,000
And not less than
200 200 .
= — 4 = 363 18 32.16ir. ACI 31814 (9.6.1.2(b
A i f, B, 60,000 ( (b)
Provide 16#8 bars:A ,,, =(10 30.79 Z.90id. 24421t o.k.

Maximum spacing allowed:

Check the requirement for distribution of flexural reinforcement to control flexural cracking:

s=15 22090 85 50 ¢ 12 g@o ACI 31814 (Table 24.3.2)
C fs - C's

c.=21 418 ©.50 ﬁ}; o8 25 ir
¢ 8 =

Use fs=§ i, % 60,000 46000 p: ACI 31814 (24.3.2.1)
340,000 & .

s=15 &2 950 250 875 it (governs
&0,000 2 © )
340,000 &

s=12 3aae—’ 5 E2in.
40,000 2

Spacing provided for 188 bars

_(b,-23d) (36 2 2625

Sprov = &42in. &75in o.k.
#of bars- 1 9
Whereds = 2.625 infor #3 stirrupas shown in thé&llowing figure CRSI 2002 (Figure 12)
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Cover 11" § § i
——1—‘—-—

71 #3 Stirrups with #5 and
#6 Bars. R = 0.75"

R @ @ " #4 Stirrups with #7 through
(R) #18 Bars. R = 1.00"

[ S S A N & 5

R "h&\\\*\\\\\9\\‘\\\\\\.\\\“v

de 1_s | s | s | ds

\ ‘ ‘ [

\ o2dy

(b -2d5) g 22" for #3 stirrup

bu * 3" for #4 stirrup
lin. b 2nd
S, =d, +the largest of d, N, . .=1+ (;J
1.33xmax. agg. S

Figure29i MaximumNumber ofBars inBeams

Check the spacing,provided, is greater than the minimum center to center spasinghere

<] lin. [
s, =d, “he largest of d | CRSI 2002 (Figure 159)
{1.3% maxagg .
Wherema xi mum aggregate size is 1o
1.00
Smin =1.00 +max 1.00 U =1.00 4.00 2.00

f1.33* 0.75 =1.00;
Since the spacing provided is greater th&9 . Therefore, 168 bars ar@.k.

All the values orTable9 are calculated based on the procedure outlined above.
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Table 9 - Reinforcing Design Summary for Interior Beam
End Span Interior Span
Exterior Negative Positive | Interior Negative | Positive | Negative
Design Moment,Mu (ft-kips) 348.25 398.00 553.90 344.14 | 500.56
Effective depth,d (in.) 1800 18.825" 18.00° 18.&25" 18.00°
Asr eq08 (in 4,522 5.013 7.442 4301 6.664
Asmin (in.?) 2.29 2.37 2.29 2.37 2.29
Reinforcement 6-#8 7-#8 10-#8 6-#8 9-#8
" The beam top bars are to be placed below the joist top bars.
™ The beam bottom bars are to be placed at the battosi layer. The joist bottom bars, then, shall be splice
joist-beam intersection.

2.3.4. Shear Design
FromTable8 above, the shear value in end span at face of first interior support governs.

3 702 28.17

V, =1.15 3Wu2 %15 1%3.75 kip

The design shear at a distantteaway from the face of support,
V, =113.75 - 7.02 %g $03.21 kif

Shear strength provided by concrete

Vo= {2 T b d) ACI 31814 (Eq. 22.5.5.1)

va=0.753(2.oo 3.00.35,000 36 ;Ls 68:730.78 b  6&%

. v, . . .
SinceV, > 2° , shear reinforcement is required.

Try #3, Grade 6@our-leg stirrups(A, = 0.44 in?) with a 90° hook.

The nominal shear strength required to be provided by shear reinforcement is

v 2103.21 & .
V.=V v =2y &= 991.64 45.98 ki
sThn e F % Eors 2 P

Check whethe¥s s less thas® \[fi b, d
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If Vsis greater tha8® \[fj ®, @, then the crossection has to be revised &SI 318-14 limits the shear

capacity to be provided by stirrups88 \[Tj b, @ ACI 31814 (22.5.1.2)

8 [fi b, & 8=/5000 36°18 3366,564.16 b 366:56 k

SinceVs does not exceedf \/fj %, 4, the cross section is adequate.

Calculate the required stirrup spacing as

_f3A 3, 4 073 0.44260,000 318

Seqg = 0.34 in ACI 31814 (22.5.10.5.3)
RVINEY] 103.21 68.73

Check whether the required spacing based on the shear demand meets the spacing limits for shear
reinforcement peACl 31814 (9.7.6.2.2)

Check whetheVsis less thad® |[fj 4, d

43\/fTi b, 4 4=/5000 36318 3183,282.08 b 183.28 kip¥, AKR

Therefore, maximum stirrup spacing shall be the smalled®aind 24in.  ACI 31814 (Table 9.7.6.2.2)

_ /2 o B2 ne
smax—lesserofgmn_ H—Iesseroflzgin. ﬁesserogdfirg =9

This value governs over the required stirrup spacin@d@4lin which was based on the demaNadte that
since the stirrup spacing is governed hy,ghe size of the stirrup can be kep#asSelecting#4 stirrup size

will produce capacity more than what is required and therefore, be uneconomical.

Check the maximum stirrup spacing based on minimum shear reinforcement

3 f 3
Smax ¢ A T - 04# 60,000 E3.83 in. (does not govern) ACI 31814 (10.6.2.2(a))
0.7% [fi %, 0.75.J 5000 36
Az f, _0.44 60,000 :
Snax ¢ H.67 in. (does not govern) ACI 31814 (10.6.2.2(b))

503 b, 50 236

Therefore snaxvalue is governed by the spacing limit pe€l 31814 (9.7.6.2.2)and is equal to B.

Use#3 @ 8in. stirrups
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A® f,
(VAN N S V] ACI 31814 (22.5.1.1 and 22.5.10.5.3)
S
3 3
vn:wsmm £9.40 91.64 151.04 ki o.k.

fV, =0.75 %151.04 413.28 kips\>  103.21k

vV, . V, .
Compute Wheref—u is equal toEC, and the stirrups can be stopped

AV, 63V, 6 4103215 ®W.64 b
&, b, 0 &n75 0 & g
f g2 = + A= ;
x=¢’ =C ah Z @705 -6 28 Y 12 11873in.
v, 2 103.21 § 2
f Eors 2

At interior end of theexterior span, use #3 @ 8in o.c., Place Sstirrup 2 in. from the face d¢he column

2.3.5. Deflections

Since the preliminary beam depth met minimum depth requirement, the deflection calculations are not
required. A lesser depth maybe possible and consequently cost savings can be achieved through deflection
computations. Deflection values are calculated @nodided for every model created bgBeamProgram

and can be used by the engineer to make additional optimization decisions.

2.3.6. Computer Program Solution

spBeanProgram can be utilized timalyze andlesignthe interior continuous beam along gridThe beam

is modeled as tree span continuowsctangular beam.

The program calculates the internal forces (shear force and bending moment), moment and shear capacities,
immediate and longerm deflection results, and required flexural reinforcement. The graphical and text

results are providelderefor both input and output of ttpBeanmodel.

The beam is modeled as a 36 in. by 21 in. deep rectangular longitudinal beam with column supports. The
supports can be modeled as pinned, fixed, or using actual geometric properties of teelbaanjoint. A
value of 100 isused in this modébr column stiffness sharéndicating the actual column stiffnes&hen
the percentage lies between zero and 100%, the joint stiffness contribution by the column is multiplied by

that percentage. The default value is 100%
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STRUCTUREPOINT - spBeam v10.00 (TM) Page |1
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoinf\spBeam\DE-One-Way-Interior-Beam-ACI-14 slbx 12:15PM

1. Screenshots
1.1. Extrude 3D view

Project: One-Way Interior Beam
Diagram:  Model View (Extrude)

Longitudinal beams

Figure31i spBeamModeli Isometric Viewi Interior Continuous Beam along Grid B
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STRUCTUREPOINT - spBeam v10.00 (TM) Page | 2
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoinf\spBeam\DE-One-Way-Interior-Beam-ACI-14 slbx 12.15PM

1.2. Loads - Case A - SELF

Project: One-Way Interior Beam
Diagram: Model View (Load Case: A - SELF)

Columns; Longitudinal beams

Figure32i spBeamModeli SelfWeightLoadsunits in Ib/fé
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STRUCTUREPOINT - spBeam v10.00 (TM) Page | 3
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoinf\spBeam\DE-One-Way-Interior-Beam-ACI-14 slbx 12.15PM

1.3. Loads - Case B - Dead

Project: One-Way Interior Beam
Diagram: Model View (Load Case: B - Dead)

Columns; Longitudinal beams

Figure33i spBeamModeli DeadLoadsunits in Ib/fé
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STRUCTUREPOINT - spBeam v10.00 (TM) Page | 4
Lic ed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985 11/25/2025
C:\StructurePoinf\spBeam\DE-One-Way-Interior-Beam-ACI-14 slbx 12.15PM

1.4. Loads - Case C- Live

Project: One-Way Interior Beam
Diagram:  Model View (Load Case: C - Live)

Columns; Longitudinal beams

Figure34i spBeamModeli Live Loads (Including Live Load Patterninghits in Ib/ff
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11/25/2025
12:15PM

STRUCTUREPOINT - spBeam v10.00 (TM)
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-1C985-1C985
C:\StructurePoinf\spBeam\DE-One-Way-Interior-Beam-ACI-14 slbx
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Diagram: Internal Forces

Figure35i spBeanmModeli Internal Forces (Shear Force Diagram and Bending Moment Diagram)
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Diagram: Moment Capacity

Figure361 spBeamModeli Moment Capacity Diagram
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1.7. Shear Capacity
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Diagram:  Shear Capacity

Figure37i spBeanmModeli Shear Capacity Diagram
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Diagram: Deflection

Figure38i spBearmModeli Immediate Deflection Diagram
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Flexural and Transverse Reinforcement
Legend:
—— Continuous —— Stirrups

Project: One-Way Interior Beam

Diagram:  Reinforcement

—— Discontinuous

Figure39i spBeanmModeli Reinforcement Diagram
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2.3.7. Summary and Comparison of Results

1. Design Results
1.1. Top Reinforcement

Span Zone Width M nax Kinax A; min A max AS g SPprov Bars
ft k-ft ft in? in? in? in

1 Left 3.00 305.86 0.833 2.291 13.770 3.946 7.578 5-#8
Midspan 3.00 0.00 14.917 0.000 13.770 0.000 0.000 -—
Right 3.00 486.01 29.000 2.291 13.770 6.454 3.789 9-#8
2 Left 3.00 442.68 1.000 2.291 13.770 5.836 3.789 9-#8
Midspan 3.00 0.00 15.000 0.000 13.770 0.000 0.000 -
Right 3.00 442.68 29.000 2.291 13.770 5.836 3.789 9-#8

3 Left 3.00 486.01 1.000 2.291 13.770 6.454 3.789 9-#8
Midspan 3.00 0.00 15.083 0.000 13.770 0.000 0.000 -
Right 3.00 305.86 29.167 2.291 13.770 3.946 7.578 5-#8

1.2. Bottom Reinforcement

sPan Width Mmu xmux As.min As.mux As.roq spProv Bars
ft k-ft ft in? in? in? in
I 1 3.00 316.38 14.072 2.371 14.248 3.938 7.578 5-#8 I
2 3.00 273.73 15.000 2371 14.248 3.387 7.578 5-#8
3 3.00 316.38 15.928 2.371 14.248 3.938 7.578 5-#8

1.3. Longitudinal Beam Transverse Reinforcement Demand and Capacity
1.3.1. Beam Transverse Reinforcement Capacity

Notes:
*8 - Minimum transverse (stirrup) reinforcement governs.

Required Provided

Span Start End X, V, Comb/Patt A/s A, Sp A/s PV,

ft ft ft kip in%/in in2 in in%/in kip

1 0.000 1.083 2.333 82.97 U1/0dd - - e ———— e
1.083 9.524 2.333 82.97 U1/0dd 0.0176/| 044 838 0.0500 109.20 *8

9.524 16.714 9.524 3245 U1/0dd 0.0000|  -----  ----- — 34.37

| 16.714 28.750 27.500 95.14 U1/S2 0.0326/ 044 838 0.0503 109.45 |

28.750 30.000 27500 95.14 u1/s2 ] HE B

2 0.000 1.250 2500 89.23 u1/82 e B ——en B
1.250 13.214 2.500 89.23 U1/82 0.0253| 044 87 0.0506 109.69 *8

13.214 16.786 13.214 13.96 U1/82 0.0000|  ----- — e 34.37
16.786 28.750 27.500 89.23 U1/S3 0.0253| 044 87 0.0506 109.69 *8

28.750 30.000 27.500 89.23 U1/83  ——| - e e e

3 0.000 1.250 2.500 95.14 U1/S3 e e e e

1.250 13.286 2.500 95.14 U1/S3 0.0326| 044 838 0.0503 109.45

13.286 20.476 20476  32.45 U1/0dd 0.0000 - - e 34.37
20.476 28.917 27.667 82.97 U1/0dd 0.0176| 044 838 0.0500 109.20 *8

28.917 30.000 27.667 8297 U1/0dd el o e
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Table 10- Comparison of Hand Solution withspBeanSolution for One-Way Interior Beam
Flexural Design
Span Design Moment Reinforcement Required Reinforcement Provided
Location (ft-kips) for Flexure (in.?) for Flexure (in.?)
End Span Hand ‘ spBeam Hand ‘ spBeam Hand ‘ spBeam
Interior Negative 553.90 486.01 7.4 6.454 10-#8 9-#8
Positive 344.14 31628 4.301 3.938 6-#8 5-#8
Shear Design
Span Location Vu (Kips/ft) L Vi (Kips/ft)
End Span Hand ‘ spBeam Hand ‘ spBeam
Interior Negative 103.2 95.14 113.28 109.45

2.3.8. Conclusions and Observations

In this design example, the interior beam is modeled as a continuous rectangular longitudinal beam. There is
a good agreement between the hand solution and computer solution. Note that the coefficients traditionally

used to determine moments do not addves®us types of support and geometry.

The maximum calculated total immediate (instantaneous) deflection (DL + LL) = 0.529 in., this value can be
compared with maximum permissible calculated deflection limitation per project criteria in accordance to
ACI 31814. ACI 31814 (Table 24.2.2)

In addition to deflection results, parametric studies can be performgmBiramto optimize design and

detailing results.

The reinforcement diagrantigure 39) shows the minimum length required (including the development
length) for flexural design. The bars can be extended and detailed to provide the required support for shear

stirrups.
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Figure40i Interior Beam CrosS§ection (Near the First Interior Support)
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